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(1) BHBEFEEOEHORA
GPS TEC(Total Electron Contents)
DEMETER (BF#E,Te, Ti)

(2) BRI GT D ERI(DEMETER)

Seismo-Electromagnetic Emission in
VLF/ELF range
(3) TSRS DR NOAAT)

(1) GPS TECO#ER

Variation of dTEC, SKp and Dst indexes.

The vertical and horizontal axes indicate
latitude of sub-ionospheric point and DOY
(day of year). A red triangle means the day
of Tottori EQ and its epicentral latitude.
(a)(b) dTEC was calculated at the sub-
ionospheric point between 0383 and 0382
site and 23 satellite. Dst and SKp index is
displayed in black curve and vertical bars
in the panel.
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(2) DEMETER(2004"?§4§*%.% tlg

D€M€1€R Aug. 29 2004

ate m )29/2004 Orbit: 00838_0
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IS|_Electron density (Ne)
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IS Electron tempergture (Te)
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This is the figure which concerns the Kii Peninsula o0 ueke 5 Booen
; 2
earthquake (Sept 5 , M=7.4). You can see changes _ 17s0. " !5_;4
. E .
-waves at he proton cutoff frequency (the two big £ 3% mea i-50
-interferences are due to the control of the satellite).” 1000 1 F?.A 5-30
= . o 30
- change in the ion density o ’
-change of the electron density UTAT  012530/11:48  O131:0710:54  01:3645/1033  014222/10:20  01:48:00/10.0
. 3 4 Lat 70.13 50.57 3043 10.19 -10.05
- (if you can you have to replace the 108 by a 10%) Long 18571 14078 13400 129.28 12491
L 555 203 124 1.04 1.18

- change of the temperature

(3) Thermal anomaly (NOAA)

NOAA thermal image. Kanto area, Japan. NOAA thermal image. Kanto area, Japan.
Background level. NOAA - 14, 14 Dec. Thermal anomaly. Arrows show thermal
1996. 16:45:56 GMT anomaly, cross - earthquake epicenter. NOAA

- 14, 15 Dec. 1996, 16:34:39 GMT.
Earthquake: 21 Dec. 1996, 1:28:45.27 GMT,
36.03N 139.77E, h=44km, M=5.7
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Qext(r,/,m) :the extinction efficiency
r : the radius

m : the refractive index

A : the wavelength

n(r): the particle size distribution

p : the density.
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ThmZ ek L7223, 2003 FEIZE—E L ThRL Rot, ZOBRBITITET 7 KEE
BT DRBRMDENMDH TR, HEREREOE(LBEEICEb- TS L Ebh
D, MW OEETHEERLIZZVDR, COZLEIMSLEEDORED X £ I v 7 HEHR
LTWLZERBBRTE D, Thbb, MERE L MREISHEAE TEDN SO D
B A R VWS, BEWBRRETIHELMIZL VWO EZFThHS, ZOHBICHE
DEATIIE, BRREZBRETAZ LIRS, LN T, HPORAEMEE ORITIC
EXEBR SN THEHORE D ORFNBMHETH 5,

LWV Z LT, BERICEDLIHMRERECHEITICIEES~ v UL 7B L UOHMERH O
HE., ETHEEOHAFEZORIED~ Yy U IBENTH IR, ZHITHEY T— + &
YUV TO/EETHLIATHD, Fi, ERORAE, BRFEICETIERIITCIIR
BT —HEYy FELTEBEBENTVWS, LEN-T, HERORAEICET S KEM L HFE
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SPOT IMAGE #£72%&M L T\ % SPOT 2 IZ## X 7= VEGETATION & > #—iz &
ViR SN T —F % HV /-, SPOT/VEGETATION (3#. 7%, FEHs. EEERISAID 4
Ny ReRb, # L2255 lkm OBBIRE T 5, A THW-F—# % VITO
(Flemish Institute for Technological Research) 23 > Z—% > R TABLTWATFT —F T
(http://free.vgt.vito.be/) . FREERE 7Y » K (§ lkm fFEE) 1V H 7V 7 Ehi- 10
H Z & ® MVC (Maximum Value Composite) 7— % T 5, €K% 10 HIRIZHEI L7 7
ANZEABLTEY, 1998 F 4 ALIBROT—% %y NRFIHATETH 5, AFETITE
B 7 U7 B (SE-ASIA) 2 L7z, Z 0BG O IZE 5 B~ 55 B, H& 68
E~147ETHIHM, BERICBEbLIFHALE L TARRES ZFIE L,

T DO HREIZE S X | Dozier(1989) 1Z NDSI Z A FORTEZE L=,

NDSIne=(TM2-TMS5) / (TM2+TM5) (1)

Z Z C., NDSIw(Normalized Difference Snow Index) li Zv FYy b TMIZ XD ERICES
B, TM2, TMS IZZNEN TM DAV K2 & 5T, L EBERABRICHEY T3,



SPOT/VEGETATION TiixDEERAZE/-/2\\/=H, NDSI 2L FOXTEERET D,
NDSI= (Red-SWIR) / (Red+SWIR) ()

Z ZT. SWIR & Red 1ZZF 1 ZF 1 SPOT/VEGETATION D4 BRI R EJRA R
FOAMETH D, RN REHWS NDSI D/37 4 —< AL Dankers and De Jong
QOO IZB W THERR SN TWA, £Z T, AmTh Q) AU Xk 2 NDSI 2 L7z,
NDSI & [FFIZ VY 5 NDVI (Normalized Difference Vegetation Index) (A AE 4R it 2 )
T DHEDICLLFEONTVWDIEETHY, Q)R TERTE D,

NDVI= (NIR-Red) / (NIR+Red) (3)
Z 2T, NIR & Red IFZNENEHRSN L ROBERIBOT VFVETH D,
2. "&FT—F v b

RBEETBE U A —TEHREENTWAHAKEER AW, Zobhrb, fEE
FOEVINIZRBIT B F R ORGSR X OH R A Fv e,

. #5%
1. ESMm eSO~y v 7

NDSI {Z L 58S « HFHBSWOBMIZ OV TIEIZNETH 037 (Dankers and De  Jong,
2004) & AT 0.4 (Hall e al., 1995) & W\ o =i&im D03, A TILITE - 85K (2005)
DFFFTIZ D X FRBRAVIZ NDSI=0.2 Z3fE & L7z, ZHIUIFETIER TdH 5 Wil NDSI D
BEIX 03 Z FTESTWAZELHENHTHY, TIEHFEARRICB O THEKEES,
SERESNIBMENOEIOFELBEbhd, 1-T 03 2B 5MEZHV5 LHES
AN LT D TH DO, BMERBREOELIIIERFIZREL 1AL 24T NDSI
TAMICIET %, Lo T, A CIIAERMICHES - FESHRE XN o8EE L
TIENDSI=0.2 ZfERTHIE+0TH 2D L Bbi o,

PLEoRE$EZRZAWTH (10 B) BALOERT 7 OFEoMRZER L, LRI
LHEFETLICHAMAZESHEOEEZ L TNDL X HICRZ 20, HEMIZR S L4E
TEOEWS KREV, ERREAICED D MBI E L O i Th b & Ebh b
B, FOX I MR THHEY IAEH, FENETBIRX., BILOHE E&FEEDOK
EDRFITEIZCE S TEVWSERD LI TH D,

FEE A IESNT, NDSI 28 02 % FTEID A% KT LIZRKD, MERH 2 XL
Lze ZOMMMGED EOMESHHIIEENRREVWI ERb2S, ZOMIZENLTCME
DEAIVITREBORELBEbDS TS EEZLND,

2. WAL LRERHO~y T



SPOT/VEGETATION @ NDVI 7 —% & > kb HEAERZ HBT 2B & LT —/EH
WCHWHR TS NDVI=0.1 # AAVWTREDKRMHAZZET LIz L FLE, 20O
POITRERHOFELTEB LN Y REWZ LBbn s,

3. #RttHIE O~y

MADRERM EME/RHOES L L THEMBIF L RO -FBRPK 1 IR, DEE
WIRIZBTIELAEENRRKEN RN, ZOFELEOHEHMBIBIOE S L EWRAAL
N NORIKELET A ENTE S,

4. FREA X2 F ORI E BB B 0%

HRAKKELHIIT A EHREEDOEHE R H 5720, 6msec ZBIME & L CHMERAE R 4
AHREL. RRBRAEN AL S LI CHE LR EZR Lz, BRI fFER X
CERREEICITE TV ERETRERBVYR S 5720, MEICH T THEEEZTo 72,
TORER, T IMZBOTITRERAERE & HDBHES AN LR LTEY .,
FXRBERNTEMREENRHATE 2, LrL, PEOBREFT TIE. fiE O xhisos B
T2 < TP CRERESMOBERHEELEZ 5N 5,

V. &%

Aim TG L L7 1999 4205 2003 EEOM D HARIZ BT A EWERIERAK L. £
INBRIOFEIZBIT 5 EGE E SR OE S OBREHR 1ITRT,

£1 BARIBTIEDERNONBEE KRBT 2REMBEE., SHHEN0E S 0BG

3 AAICI T 5 &R EL AL T E
BHIGE~ B % 3 EAEEE H 3 R 5 B PR b5 R
1999 (262 B) 55 i G )
2000 % (709 R) 5 5 54 B
2001 % (804 H) G+ & i £
2002 % (1207 B) G2 E G =3
2003 (169 B) G = G )

ZDORNPD, 1999 FE0BARIZEBIT 2B A BBV R -7-01F, Ty aiek
WTEERTE o722 e, FE, 22 TIINETHIRICE T 2 FEOBM B EH
DRI EEEELTWA, —F., 2003 13T 20, FERHIRIZ I TEHR OB
MBEP ST EREWOBRN Do BEAEEZ NS, ERDOA L AT
LB L, HWICEDEERMIRITE S IR, TENE TR, 8Lt R
ZER, EVL OB EOHIENH B L HICEbh B,
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H7 T IR AEMORETIREER L LHMERONG EBEETH D, AEITH
WOREIZEEREE L R4, BE LT 2EPDOY —20M#KGIZED L tHERMAT
BHHELXOEHBIBOE SHNEMREICEHDb> TS, ZIUXIOIZME AN ED
STEY, BEIZHAEE - BK - HAEAZOHAEERE LTEDEZBROLENSHD I L
EEWRLTWS, 70, ERMITICED L. W ODOREDHIERAER A N b & H
boTWA X HIZRA, RN O BEEMEI R SN,

51 A 3Tk

Dankers, R. and De Jong, S. M.(2004): Monitoring snow-cover dynamics in Northern
Fenoscandia with SPOT VEGETATION images. International Journal of Remote Sensing, 25
(15), 2933-2949.

Dozier, J.(1984): Snow reflectance from Landsat-4 Thematic Mapper. IEEE Transactions on
Geoscience and Remote Sensing, GE-22, 323-328.

Dozier, J.(1989) : Spectral signature of Alpine snow cover from the Landsat Thematic Mapper.
Remote Sensing of Environment, 28, 9-22.

Hall, D. K., Riggs, G.A and Salomonson, V. V. (1995) : Development of methods for mapping
global snow cover using moderate resolution imaging spectroradiometer data. Remote Sensing
of Environment, 54, 127-140.
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Detectlon of Vegetation Change Possibly Induced by Global Warming with Special
Reference to Forest-Tundra Ecotone of the Northern Yukon Territory, Canada

/]\.% B(RREXFKRE) Kojima, S.(Tokyo Woman's Christian University)
BE (FERPEE)E— MU VTHRELS) Kondoh. A.(CEReS, Chiba University)

J:ﬁi EA((BYE—r-tEoo TRt 24— BITTHRR) Kamibayashi, N.(RESTEC)

Biggest Coniferous Forest in Danger
Global warming brings northern forest disturbance

Boreal forest will catch most
severe influence from global
warming

Changes in distribution of
boreal forest under global
warming. Green denotes the
distribution of boreal forest
at present(upper diagram),
and in future with 5 degrees
centigrade increase in air
temperature.

I'ravel speed could not catch up the warming rate i

- Southern edge of boreal forest in midland region such as Yukon Temtory
will become dry, and grassland will appear. ‘

- South faced slope becomes more dry, and fire clear off the forest

Forest change will not appear over the wide are,

but appear very point first
- In the south-faced slope, drying promote forest fire, and finally turned

to grassland
- Thawing of the permaflost in the north-faced slope change the tundra

to forest

- Boreal forest changes to grassland
- Subarctic alters to shrub
- Arctic becomes polar desert

How we can detect the signals on vegetation changes?
Answer: Satellite Remote Sensing and inspection of the
images with ficld experiences

Long term changes in climate and vegetation

Trends of maximum monthly air temperature(UP) and precipitation of June,

Trend of annual integrated NDVI(UP) and maxinwum NDVIDOWN)
July, August between 1971 and 2000(CRU TS 2.0)

between 1982 and 2000

- Plus anomaly around Whitehorse and Dawson in Totegrated NDVI " - Increase in air temperature around Dawson, Faro, Whitehorse

‘ Increased greenness in Boreal Forest &P Long term warming

- Plus anomaly in tundra zone at northern coast - Decreasing trend of summer precipitation to the north of St. Elias Mts

’ Indication of change in biome Q Drying by mouniain shade

We are analyzing MSS in 1970's and TM, ETM+ in
1990's and 2000's.

- Careful inspection considering topography, biome,
and other knowledge will enable the detection of
vegetation changes.

f'r,;
" Some signal appeared in the discharge in the Yukon
River

Low flow is increasing during past half century at Whitehorse and Frank Creek in the
Yukon River

Posible reasons --- Thawing of permafrost ?

Frank Creek
x5 e

Monthly Discharge(m3/s)
Monthly Discharge(m3/s)

L2 P T A

950 1960 1970 1980 1950 2000
YEAR

—

L
Indication of Forest
Degradarion?
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ETRMERR

FUJIX DS-330

pixel number: 1280X1000
focus length:f=35mm~105mm
[SO100

digital camera

adjustable arm(1m)
electric double release

appendix

-

BF¥LU—-X

shutter speed:1/1000s
iris:F8

focus length:35mm
base line:75cm

dist =a

pixel size:2mm/pixel

imaging spec.

(RIEHIZS vva—hE 5]

3D measuremet |Techno Viewer 3D

software (Techno Vanguard)
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§ SAR interferometry ?
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AT JWMOYKT —F L LTUTFOLIRLORS S, BMEH,
B/ M RREE. RNANRE D,

Visual image NOAA/AVHRR LR 1K)
MODIS (JAXA, HMEKT)
Ice extent RADARSAT (JAXA, &&857)
R0 - BRI O L&)
Ice concentration SSM/I  Near Real Time (NSIDC, JLR 1K)

AMSR-E (JAXA, NASA)
AMSR-E Near Real Time (NSIDC)
AMSR-E {Univ.of Bremen)
Ice thickness SSMA {Kitami)
Ice motion SSM/I, AMSR-E » {Kitami)

PR ELE L O BB RAE T\ 5, SET IR L T %
RADARSATT —# 32X (X UREREEA TR TF
W2y — BB TV D,

R SRRV A 7 o R~ & LT, (6
SSMAF — & BRI &3, EEIBAMSR-E L RAWRRIZ 22> TV
%, NSIDCDNear Real Timel 88 15 1| BB CAB XA T
Lo JAXADAMSR-ERHEE IR B OAME > T 5, JAXAD
AMSR-EZ A v I Ny 7 4 A1k, BESHIZ Y CABMARTWA L
STHY R, THEIRERENRY S OFCRRINLPI T, i
B YORBEROE, WAXIHOHBIIMERTH S,

BREC= VL LTORBIT, RS2 ERIRAVESE.
A 7 O ESERBNR K CERITTH S, SRETHS THRY,
HElk - KEBE LS B DI, FRIX L0 5 A0 HMODISR
RADARSATHAFIE LV, LAl il (2K, BE) . BEss
(BBFRILIN) &0 5 L CIIAMSR-ESE RS 7 5 v Xl o 2k
HEnwEBbhs,
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NOAA observation®
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5 Qv § s 1900
;; Observation ares in the Bea |
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F ssmn

B IPE 1R 136 1ADT 1457 150 9BY I8
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Mean ice drift vectors and path of 8 winters (1993-2001)
: ' G ? o 7 o " ?é
{

- ii;ii;;i ;.?:%2;‘; ¥
Dl depsity!

e

density’

Mean sea ice extent and
transport
by multi-sea ice data in
Okhotsk Sea

- Ice boundaries

- Ice stream
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SPOT/Landsat & IKONOS 7—#4 Z##F L f= R ILRKEIEIZ B T 2 HERBEE=2 1Y LY

Abstract:

OFfis +  AIBTH #
x FEREIELTT A B R 4
sk TR

With the launch of the IKONOS satellite in 1999, imagery with a 4 m spatial resolution in multispectral

mode can now be combined with other satellite data archives for change detection. We demonstrate this

potential by combining SPOT/Landsat and IKONOS image to detect change in the traditional terrace rice

fields for Awaji Island, Hyogo, Japan. According to our analysis using data in 1987 and 2001, losses in rice

paddy fields over this period are faster at the hilly mountainous region and slower in flat agricultural region.
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Combined use of SPOT/Landsat and IKONOS data for terrace paddy fields monitoring.
Nobuyuki MINO, Univ. of Hyogo/ALPHA (Awaji Landscape Plannning & Horticulture Academy)

Chiharu HONGO, Chiba Univ. CERES

Key words: Remote Sensing, IKONOS, Paddy field, Abandonment
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SPOT (16 June 2001)+IKONOS (12 June 2001)

Class Reference  Number  Producers

Name  Totals Correct  Accuracy
Rice planted 37 33 89.19%
Abandoned 35 26 74.29%

Overall Classification Accuracy = 81.94%
Overall Kappa Statistics = 0.6372

SPOT (16 June 2001)+IKONOS (4 July 2001)

Class Reference = Number  Producers

Name  Totals Correct Accuracy
Rice planted 50 43 86.00%
Abandoned 33 25 75.76%

Overall Classification Accuracy = 81.93%
Overall Kappa Statistics = 0.6208
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B Decreases in paddy fields (1987-2001)

G: IKONOS Near IR (Left part: 12 June 2001, Right part: 4 july 2001)
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Characterization of Asian Tropospheric Aerosols
with Multi-wavelength Mie-Raman Lidar and
Skyradiometer
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ABSTRACT

We have extensively observed tropospheric aerosols with lidar and Sun/sky radiometer in
Tokyo. Recently, we have extended the lidar system to dual-wavelength Raman lidar (The
primary laser wavelengths are 355 and 532 nm.). We found that the intensive optical
properties such as Angstrom exponent and lidar ratios derived from the Raman lidar
measurements are quite useful to characterize the aerosols resolving with height. As
highlighted examples, we will show the case studies of Asian dust and Siberian smoke. For
the smoke case (as spherical aerosol case), we retrieved the microphysical properties by
applying an inversion with regularization. The results show an accumulation-mode dominate
size-distribution and a low absorption; the effective radius and the single scattering albedo are
~0.22um and ~0.95, respectively. The column-averaged microphysical properties derived
from the skyradiometer are also consistent with the results. We also estimated the aerosol
direct radiative forcing using the microphysical properties. Further systematic analyses and
improvement of lidar system are now in progress.

Keywords: Raman lidar, Asian dust, Siberian forest-fire smoke, aerosol optical properties,
aerosol radiative forcing

1. INTRODUCTION

Aerosols play an important role in the Earth’s radiation budget through the scattering and
absorption of light, and present a key uncertainty in the assessment of radiative forcing.' They
also serve as cloud condensation nuclei and modulate the cloud properties. East Asia is
considered as a region where emission of anthropogenic aerosol is rapidly increasing due to
growing economy. Recently, the Asia-Pacific Regional Aerosol Characterization Experiment
(ACE-Asia) showed that the spatial variability of aerosol composition and properties is rather
high in this area.” > It is also shown that mineral dust has an indirect effect on clouds by
serving as effective ice nuclei.*® Therefore, it is highly important to study not only column-
averaged but also height-resolved aerosol optical properties regularly, in order to assess their
radiative impact. However, it is rather difficult to perform aircraft measurements frequently.

Nowadays, sophisticated multi-wavelength Raman lidars enable us to characterize
tropospheric aerosols by the observable quantities themselves, and in further to retrieve
microphysical properties from them.”"" From the point of view of feasibility, we installed a
UV-Raman lidar system that emits the third harmonic frequency (355 nm) on the basis of a
second Nd:YAG laser in addition to our existed lidar system at the Etchujima campus (35.66°
N, 139.80° E)of Tokyo University of Marine Science and Technology (TUMSAT).'? Thus

" mrayama(@e kaiyodai.ac.jp; phone +81-3-5345-7464; fax +81-3-5245-7339



our lidar system is capable of measuring backscatter coefficients at 355, 532, 1064 nm,
extinction coefficients at 355 and 532 nm, particle depolarization ratio at 532 nm, and water—
vapor mixing ratio, simultaneously. To our knowledge, this is the first dual-wavelength
Raman lidar installed in East Asia. In this paper, we demonstrate how the dual-wavelength
Raman lidar is useful for the characterization of aerosol optical properties depending on
regional aerosol events. We outline the Raman lidar system and the analysis method in section
2. In section 3, we presents results of observations for the case of Asian dust and Siberian
forest-fire smoke events in the spring of 2003 with emphasis on the aerosol characterization
by observed aerosol optical properties. In section 4, we present the microphysical parameters
of the smoke derived from the inversion code, comparison with the results from the
skyradiometer analysis, and an application for estimating the aerosol radiative forcing using
these results. Most of the results presented here are described in the reference 13.

2. LIDAR SYSTEM AND ANALYTICAL PROCEDURE

We installed a UV-Raman lidar system next to the existing Mie-Polarization-Raman lidar,
which uses the laser beams at 532 (VIS) and 1064 nm (IR)3 2 The schematic view of the full
lidar system is shown in Fig. 1. The UV-Raman lidar system is a stand-alone system, which
employs another Q-switched Nd:YAG laser with a third harmonics generator. The repetition
frequency of the laser pulse is 10 Hz, which is synchronized with the VIS/IR system. The
receiving telescope is of Schmid-Cassegranian type with 35.5-cm diameter and the field of
view is 2 mrad. The optical axes of the laser beams and the telescopes were well co-aligned
each other in the vertically direction. These conditions allow us to observe nearly the same
volume in time and space with both lidar systems. Dichroic mirrors and following narrow
interference filters, which bandwidths are 1-3 nm, are used to separate the backscattered light
from Mie-Rayleigh scattering (355 nm) and from Raman scattering from nitrogen (387 nm)
and water-vapor molecules (408 nm). Similarly the Raman signals at 607 nm and the
Mie/Rayleigh signals at 1064 nm were separated from the signals at 532 nm in the VIS/IR
lidar system. Photo-multiplier tubes are used for the detection. The data were stored every
4094 shots (~7 minutes) using transient recorders (TR20-160, Licel). Typical laser powers
during operation are approximately 100, 100, 200 mJ per pulse for the 355, 532 and 1064 nm
laser beams. Lower height data evaluation were limited by the incomplete overlapping
between the telescope field of view and the laser beams below ~1-1.5 km. Only the
backscatter ratio at 355 nm and the water-vapor mixing ratio are evaluated almost down to the
surface because we can regard the geometrical form factor as identical for both elastic and
inelastic Raman channels. It is not the case for the backscatter ratio at 532 nm presented here
because we used different receivers for the 532 nm and 607 nm signals. At this moment, the
operation of Raman channels is limited in nighttime.

We have analyzed averaged or integrated analog and photon-counting data for observations
lasting a few hours when the vertical structure did not vary significantly. The extinction
coefficient and the scattering ratio of the aerosols at 355 and 532 nm, and the mixing ratio are
derived by the methods given the references 14-16. The atmospheric density profile was
calculated from routine radiosonde observations at Tateno (36.05° N, 140.12° E) at 12 UTC.
Normalization of the scattering ratio is made at an almost aerosol-free height, typically over
10 km. The backscatter coefficients are derived from the backscatter ratios. The backscatter
coefficient at 1064 nm is obtained from the Mie-Rayleigh signal by using the method
proposed by Fernald'” and assuming a lidar ratio of 40 sr. The lidar-derived water-vapor
mixing ratio is normalized so that the lowest value (~75 m above the lidar) matches to the
surface observation at TUMSAT with assuming the error of £10 %. The mixing ratio profile
was converted to the relative humidity one using the temperature and pressure profiles



obtained from the radiosonde data. Deviations of the mixing ratio and relative humidity
obtained from the lidar at TUMSAT to the respective quantities derived with the radiosonde
can be attributed to the spatial distance of the two sites and different measurement times, and
the unknown error of the calibration factor of the lidar.

3. EXAMPLES OF OBSERVATION

3.1.Case of Asian dust

Fig. 2 presents the time-height cross-sections of the backscatter coefficient and total (particle
+ molecular) depolarization ratio at 532 nm on 12 March 2003. The depolarization ratio is an
indicator of irregularly shaped particles. Fig. 3 shows the mean profiles for a measurement
period from 1056 to 1306 UTC. We also indicated the Angstrom exponent (AE) and the
backscatter-related Angstrém exponent (BAE) derived from the profiles of the extinction and
backscatter coefficient at 355 and 532 nm, respectively. The error bars are based on statistical
and estimated systematic errors. The aerosol layer between 3 and 5 km seems to be composed
of two layers as indicated by the horizontal dashed lines A and B in Figure 2: layer A is rather
narrow with the peak at 4.6 km, layer B is broader with the peak at 4.0 km. The lower layer B
carries features of mineral dust as suggested from the high particle depolarization ratio
(PDR>20 %), while the PDR in layer A is as small as 6 %. The mean lidar ratios at 355 (S3ss)
and 532 nm (Ss32) were nearly same within the standard deviations: 48.6(+8.5) and 43.1(x7.0)
st, respectively in the dust-like layer (3.5-4.3 km). The value of PDR and Ss3, is similar to our
previous observations.>'® The value of S3ss 1s close to the lidar ratio observed for Saharan dust
at 351 nm in southern Italy (~50 sr)'’, but smaller than what was observed in Leipzig,
Germany (50-80 sr).lo Mattis et al. also found that S3ss is 10-30 % higher than 8532.]0 The
difference in the lidar ratio values might be attributed to differences in shape, size or
absorption properties of mineral particles.

In addition, we can see interesting differences of aerosol optical properties besides the large
difference of the PDR in the layers A and B; a higher BAE in layer A (~1.2) than in layer B
(~0.3) in Fig. 3, which suggests that layer A might be composed of finer aerosols. Since the
relative humidity in the layers A and B are nearly identical (~40 %) as shown in Fig. 3, we
can reject the assumption that hygroscopic growth of mineral dust reduces the depolarization
ratio.

3.2.Case of Siberian forest-fire smoke

In the spring and summer of 2003, an unusually high number of forest fires occurred in
Siberia.'" Smoke plumes originating from these fires were transported over Japan with
westerly wind. Fig. 4 shows a time-height plot of the backscatter coefficient and the total
depolarization ratio at 532 nm on 21 May 2003. A high aerosol optical depth (7,) at the
wavelength (1) of 500 nm of more than 2.0 was observed in the daytime by collocated Sun
photometer. The back trajectory analyses show that the airmass from 2 to 4 km trace back to
regions of intense forest-fire from the west of Lake Baykal to the east of the border of China,
Russia and Mongolia. The smoke layer sharply dropped off at ~4 km. The upper part (3-4 km)
of the smoke layer showed a depolarization ratio of about 6 %. A similar feature was also
observed in Suwon (37.14° N, 127.04° E), Korea.?°

Fig. 5 shows the mean profiles of optical properties for a measurement from 1040 to 1349
UTC. A prominent layer between 2.5 and 4 km shows different optical properties separated at
the peak (~3.2 km) from the intensive parameters, i.e., Ss3;, PDR, and AE. The upper part
except the rim had the following features: i) BAE is high (~1.9) while AE is small (~0.7), ii)
Ss32 (~65 sr) is apparently higher than S3ss (~40 sr), iii) PDR (~6 %) is higher than that in the



lower part. On the other hand, in the lower part, Ss3; and PDR drop to ~40 sr and ~3 %,
respectively, while AE increases to be ~1.2.

The relationship between S3ss and Ss3p, i.e., Ss35>53ss, is consistent with the observation over
central Europe of aged smoke from Canada during the Lindenberg Aerosol Characterization
Experiment LACE9S. 2L A part of this Siberian smoke was also detected over central Europe
and confirmed the same relationship between S3ss and S532 The non-zero depolanzatlon
ratio might be caused by soil material that was uplifted into the forest fire plume®?, or the
nonsphericity of the particles due to coagulation of smoke particles.”® The latter explanatlon
sounds more presumable because no signature of mineral dust was found by a chemical
analysis of aerosols sampled at the summit of Mt. Fuji (3,776 m above sea level and ~100 km
west from Tokyo) in the same period.24

The relatively small AE (~0.7) in the wavelength range from 355-532 nm for the smoke layer
is supported by the evidence observed by Sun/sky photometer for cases of heavy smoke
events in South America and South Africa®’: a significant positive curvature in the log(z)
versus log(A) relationship, and in fact the analysis of the collocated TUMSAT skyradiometer
(POM-01, Prede) also shows such relationship in the daytime.

4. DISCUSSIONS

4.1. Microphysical properties of the smoke aerosol retrieved from inversion

We applied the method of inversion with regularization only for the case of smoke to retrieve
the microphysical properties using the backscatter coefficients at 355, 532, 1064 nm and the
extinction coefficients at 355 and 532 nm.”*"*® We cannot apply currently the inversion code
for Asian dust case which poses a high PDR, i.e., nonsphericity, because the inversion
strongly relay on the assumption of spherical (Mie) particles. We found 0.22(+0.04) pum for
the effective (surface-area mean) radius and 0.95(x0.06) for the single scattering albedo
(SSA) at 532 nm around the peak of the smoke layer. Fig. 6 shows effective radius and single
scattering albedo for selected height ranges. Comparlson between a typical column- mtegrated
volume size distribution derived from the skyradiometer®’ and that from the present inversion
is indicated in Fig. 7. The results indicate that particles in the accumulation mode are
dominant, which is a typical feature for this kind of aerosols. The relatively high SSA
indicates low absorbing particles. It should be worthwhile to mention that the larger effective
radius of 0.35(+0.07) um with similar SSA of 0.97(£0.04) was retrieved with the same
inversion code for the hemispheric transported smoke over Leipzig, Germany on May 29,
2003, which suggests the evolvement of the smoke aerosols.®

In comparison, we mention that the typical mean radius and the SSA of Asian dust plumes
obtained by intensive airborne in 51tu measurements during the ACE-Asia are 2-3 pm and
0.96(=0.01) at 550 nm, respectlvely

4.2.Estimation of aerosol direct radiative forcing for the smoke case

There are relatively few literatures which presents the radiative forcing calculations using
lidar data??*%*! Here we attempted to estimate the aerosol direct radiative forcing (ADRF) for
the smoke case on 21 May 2003 base on the extinction coefficient proﬁle from the lidar
measurement at 532 nm and micro?hyswal properties derived from the inversion. We used the
radaitive transfer code FSTAR5C.” We estimated the ADRF in the shortwave radiation (0.2-
4.0 um) by assuming the flowing constant atmospheric condition; the temperature, pressure,
relative humidity profiles from the radiosonde data at Tateno, 12 UTC. Daily mean ADRF is
thus evaluated as -39 and —51 W/m? at the top of the atmosphere and the surface,
respectively. Since we used wavelength independent refractive indices of particles from the
inversion, we also calculated the ADRF using the column-averaged size distribution and



refractive indices (wavelength dependent) retrieved from the skyradiometer analysis in the
daytime. We found that both values agree each other if the mean refractive index is similar.
The daily mean heating rate due to the aerosols is also obtained, which maximum reaches
~0.7 K per day just above the peak of the aerosol extinction profile.

5. CONCLUSIONS AND SUMMARY

The distinct optical signatures for mineral dust and aged smoke presented here well
demonstrate how multi-wavelength Raman lidar including a depolarization channel is useful
to characterize tropospheric aerosols resolving with height; for the Asian dust case we found a
high PDR at 532 nm over 20 % and a small wavelength dependence of the lidar ratio between
355 and 532 nm (43-49 sr), for the smoke case we found that a small PDR of 5-8 % or less
and a high wavelength dependence of the lidar ratio: S3ss is ~40 sr, while Ss3; is ~65 sr. We
successfully derived the climate-relevant microphysical parameters, e.g. effective radius and
single scattering albedo, for the smoke case using the inversion code. We also attempted to
evaluate the aerosol radiative forcing based on the height-resolved parameters using the
radiative transfer code. Such an advanced Raman lidar is especially useful for the
characterization of the complex aerosols found over East Asia and has a potential for
application in global aerosol lidar networking in future.
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Fig. 1. Schematic view of the TUMSAT multi-wavelength Raman lidar system.
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ratio at 532 nm over TUMSAT in Tokyo, Japan on 12 March 2003.!
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Estimation of Land Surface Energy Fluxes over the

Tibetan Plateau using GMS data
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A Surface Energy Balance System (SEBS) originally developed for NOAA/AVHRR is applied to GMS-5/VISSR
data in combination with meteorological information. Land surface temperature obtained from GMS data are
input to SEBS to estimate hourly regional distribution of land surface heat fluxes over the Tibetan Plateau. In
SEBS, latent heat flux is obtained as the residual of the energy budget. Estimated fluxes are validated by
corresponding field observations measured by sonic anemometer-thermometer with using the eddy correlation
methodology at Amdo. Diurnal cycle of estimated fluxes is in good agreement with the field measurement. For
example, diurnal range of estimated sensible heat flux decreases from June to August, which reflects the change
of surface characteristics from dry to wet due to frequent precipitation in the summer monsoon. Over the Tibetan
Plateau, the diurnal range of land surface temperature is as large as the annual range, so that the resultant
sensible heat flux has large diurnal variation. Hence, the hourly estimation with GMS data may contribute better
understanding of land surface-atmosphere interaction of this important area.

Key Words: land surface energy flux, surface energy balance, Tibetan Plateau, GMS.

1. Introduction

The Tibetan Plateau has been thought to play an important role in the progress of the Asian
summer monsoon through thermal effects on the surrounding mid-troposphere. In order to
understand the role of the Tibetan Plateau as an elevated heat source in this region, intensive
meteorological observations were conducted in the Global Energy and Water Cycle
Experiment (GEWEX) Asian Monsoon Experiment (GAME) Tibet project. During
GAME/Tibet, surface sensible and latent heat fluxes were measured at a set of sites together
with monitoring of relevant surface parameters. Using the data obtained in these experiments,
the land surface interaction was observed experimentally at these sites, it only represents flux
over a patch scale around the measurement sites. Patch-scale knowledge needs to be

integrated with a regional-scale understanding of the plateau. Remote sensing from satellites




offers the possibility to derive regional distributions of land surface energy fluxes in
combination with sparsely distributed set of field experiment stations. Ma (2003) estimated
the distributions of land surface variables over the GAME/Tibet enhanced observation area by
combining NOAA/AVHRR data with field observations. According to Tanaka et al. (2001),
however, strong diurnal variations are one of the outstanding features of the plateau surface,
which cannot be detected in the data of polar-orbiting satellites. In this study, a method for the
land surface energy fluxes from geostationary satellite data is presented. The retrieval
algorithm SEBS (Surface Energy Balance System) used for NOAA/AVHRR data (Su, 2002)
is applied to GMS/VISSR data.

2. Surface Energy Balance System (SEBS)
The net radiation flux R_ is estimated as

R =(1-0o)R’ +e, R —e. 0Ty (1)

air sfe

where RSi is the downward shortwave radiation which is a function of the solar constant,
atmospheric transmittance at the location and time. a is surface albedo, ¢, and &g are
the emissivity of the air and the surface, respectively. RLl is downward longwave radiation
parameterized by atmospheric temperature, ¢ is Stephan-Boltzmann constant and 7 is
land surface temperature. The soil heat flux G, is estimated by net radiation as

Gy =R, [T +(1- /)T, -T,)] )
where T, and T, are the ratios between G, and R, for bare soil and fully covered
vegetation surface, respectively. The fractional vegetation cover f; is determined by NDVI.
In order to derive the sensible heat flux H, use is made of the similarity theory. Over a
complex landscape there is a height, the blending height, where the distinct impacts of the
underlying surfaces diminish. At the blending height z, wind speed u and air temperature

T,

air

satisfy the general conditions given by Monin-Obukhov’s similarity theory. They are

u=""|In z=dy -¥, z=dy —‘Pm(zﬂ (3)
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where k=04 is von Karman’s constant, p is air density, C, is specific heat constant,

described as

u' is the friction velocity, d, is the zero plane displacement height, z, and z, are the

roughness heights for momentum and heat transfer, ¥, and ‘¥, are the stability correction



functions for momentum and sensible heat transfer, respectively. L Is the Monin-Obukhov
stability length defined as

CiF -u*
L p par (5)
kgH

L

where g is the acceleration due to gravity. Derivation of the sensible heat flux H using
Eqns. (3-5) requires only the wind speed » and temperature 7, at the blending height z

as well as the surface temperature 7, . The latent heat flux AE 1is derived as the residual of

air *

the energy budget theorem for the land surface, i.e.
R, =G, +H+AE. (6)

3. Data

Land surface temperature 7, is one of the most important parameter in diurnal flux

sfe

retrieval. According to Oku and Ishikawa (2004), hourly 7, is estimated by using infrared
split-window technique from GMS-5/VISSR data. Other surface parameters, such as albedo
o and emissivity & , do not vary in inter-diurnal scale severely, but change seasonal scale.
These are estimated from visible reflectance measured in NOAA-14/AVHRR channels 1 and
2, as 1 month mean. All available GMS and NOAA images from May 1998 to April 1999 are
prepared to estimate flux distribution over the Tibetan Plateau.

However, neither GMS nor NOAA data could derive wind speed u and air temperature 7,
at the blending height z, ECMWF 40 years re-analysis data (ERA40) is used. To assess the
reality of ERA40 data, » and T

a

observations at Amdo (32.24N, 91.63E, 4,700mASL). At the 500hPa level, it corresponds to
nearly 1,000mAGL at Amdo, root mean square error (RMSE) between ERA40 and sonde
data of 7,, and u are 1.29K and 3.44m/s, respectively. These RMSEs have a possibility to

. are compared with independent data sets of sonde

induce several-ten W/m? error in daytime and several W/m” in nighttime in sensible heat flux
retrieval. Study area is defined as the area higher than 4,000m ASL. The data in grid format
over longitude and latitude having a resolution of 0.1 degree are interpolated from original
image data that are archived in line-pixel format.

Surface energy fluxes measured at Amdo during GAME/Tibet intensive observation period
are used as ground truth for verification fluxes estimated by presented algorithm. The net
radiation flux is obtained using data from the 4-component radiation system. The soil heat
flux is computed from a thermal conductivity equation with using soil temperature and

moisture profiles (Tanaka et al., 2003). The sensible heat flux is calculated form turbulence
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Fig. 1: A scatter diagram of surface energy fluxes observed at Amdo (horizontal axis) and fluxes
estimated by SEBS (vertical axis). Upper left panel is net radiation R,, upper right is soil heat flux
G,, lower left is sensible heat flux H and lower right is latent heat flux /E.

data measured by sonic anemo-thermometer with using eddy correlation method. A problem
is identified in the latent heat flux data calculated by eddy correlation method, attributed to
the performance of the infrared hygrometer, the latent heat flux is derived as the residual of

the energy budget theorem for the land surface as described in Eq. (6)



4. Validation and Remarks

Surface energy fluxes retrieved by presented algorithm are compared with corresponding
ground truth at Amdo, as is shown in Fig. 1 and Table 1. High correlation coefficient implies
diurnal cycles of retrieved flux are a good match to observed values. Overestimation in net
radiation seems to be attributed to the difference in the spatial resolution between GMS
images and ground based observations. The pixel size of GMS images is about 50km’ at
Amdo, since GMS views the plateau from geostationary orbit at 140E. Surface measurements
are not always representative of the typical value over a GMS pixel, particularly in that
subpixel-scaled cloud formations affect the surface measurement would be missed by GMS.
Estimated soil heat fluxes exhibit considerable RMSE with respect to observed value. This
can be partially explained that Eq. (2) does not take account for soil moisture conditions. Wet
condition in ground soil makes thermal conductance large. This process might be needed to

include soil heat flux retrieval.

Table. 1: Statistics of measured versus retrieved surface energy fluxes at Amdo. R is correlation
coefficient, RMSE is root mean square error in W/m? and N is number of data used. R, is net
radiation, G is soil heat flux, H is sensible heat flux, and /E is latent heat flux.

R, Gy H IE
R 0.9645 0.8228 0.8866 0.8999
RMSE 67.45 46.63 52.78 88.43
N 6477 5588 945 743
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Fig. 2: Time series of surface energy fluxes estimated by SEBS (net radiation R,, soil heat flux G,
sensible heat flux H and latent heat flux /E from upper to lower) at Amdo from May 1998 to April
1999. Unit is W/m”.

Fig. 2 displays seasonal variation of retrieved fluxes. The sensible heat flux decreases and the
latent heat flux increases from June to July. This remarkable change can be seen in observed
fluxes, because the plateau surface becomes wet due to daily precipitation as the monsoon
progress. Fig.3 shows spatial distributions of retrieved fluxes. The greatest advantage of GMS
is that observations of the earth are made from a stationary position which meteorological
phenomena can be monitored continuously, making the analysis intra-diurnal variations over

large scale possible.
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Abstract:

We present a case study in which aerosol optical properties over Chiba land area are derived from
Landsat/TM visible channel data. First, the surface albedo value is obtained for each pixel from the
atmospherically corrected TM image (January 14, 1999) with relatively small aerosol optical thickness
(AOT). After the correction using the 6S code, this ‘clean’ image provides the “p map” that can be used
as a reference. Second, a test image (December 13, 1998) with relatively large AOT is compared with the
clean image to study the aerosol optical properties. By changing the aerosol particle radius, this test image
is also subjected to the atmospheric correction, and the resulting surface albedo is compared with the p
map. The parameter optimization is carried out on the basis of the standard WMO-WCP55 continental
aerosol model, with the contribution from WMO-WCP112 water-soluble particles. The aerosol particle
radius over Chiba area on December 13, 1998 is found to be 4.0 10 pm, slightly smaller than the

radius of the standard water-soluble particles.

1. INTRODUCTION

Atmospheric correction is indispensable to retrieve accurate surface albedo from
satellite images in the visible and near infrared bands. The essential parameter for the
correction is the accurate value of aerosol optical thickness (AOT) [1-3]. The
wavelength dependence of AOT is also important, and in general, this is automatically
given by the aerosol model (such as the continental, maritime or urban aerosol model)
[2,3]. The actual aerosol property at the time of the satellite overpass, however, is
unknown for most cases. On the other hand, simulation studies indicate that the
relationship between the ground albedo and the AOT can vary significantly in

accordance with the aerosol properties such as the size distribution and the refractive
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index. Thus, even if the value of AOT is given from the ground observation (e.g. by
means of a sun photometer), different assumption about the aerosol model can lead to a
different value of the surface albedo as a result of the atmospheric correction [3].

In this paper we present an algorithm of deriving the aerosol size distribution from
Landsat/TM images. The algorithm is demonstrated on the image observed over the
Chiba land area. By means of the radiative transfer calculation, the aerosol size
distribution is determined from the condition that the apparent albedo at the top of the
atmosphere agrees with the “reference” surface albedo. This reference albedo is
obtained from the atmospheric correction of the ‘clear’ image (see Part I: Determination
of spatial distribution of aerosol optical thickness). On the other hand, the apparent
albedo is obtained from the TM image with ‘turbid’ atmospheric condition. As for the
AOT values, we make use of the values measured by a sun photometer operated on the

campus of Chiba University.

2. METHODOLOGY

We employ the 6S radiative transfer code [4] for determination of the aerosol size
distribution. The code gives the apparent albedo once the surface albedo, AOT and the
aerosol model are specified. In addition to the seven standard models such as the
continental, maritime, and urban models, the 6S code allows the user to specify
detailed aerosol parameters in a form of the multi-modal log normal distribution, the
modified gamma distribution, or the Junge power-law distribution. In the standard
aerosol model equipped in the 6S code, the user can also modify the volumetric
percentage of four basic components (dust-like, water-soluble, oceanic and soot
aerosols). Table 1 shows the default percentage of these components [5], given as the
WMO-WPCS55 standard aerosol models. While the continental and maritime models
have large influence of the water-soluble component, the urban aerosol model is
remarkably contributed by soot aerosols with large absorption.

As explained in Part I, the analysis of TM data over Chiba land area indicates that
reasonable values of the AOT can be retrieved when continental or maritime aerosol
models are employed, but not with the urban model. In view of this effect, here we rely
on the continental model, and the surface albedo is simulated for various values of the
particle radius Ry of the water-soluble component. Table 2 shows the specification of
four basic components given in WMO-WCP112, where the mean particle radius of the
water-soluble component is 0.005 pm. Here we change the value of this parameter in a
range of 0.001 to 1.0 um. In order to focus on the effect of this size distribution, other

parameters including the reflective index are fixed in the present simulation.
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Table 1. Volumetric percentage for WMO-WPCS55 standard aerosol models.

Dust Like Water Soluble Oceanic Soot
Continental 2.265x10° 0.9383 0.0617
Maritime 0.9996 4.208x10™
Urban 1.651x107 0.5925 0.4075

Table 2. Specifications of the four basic components in WMO-WCP112:
Ry is the mean radius, ¢ the standard deviation, V' the volume
concentration, N the particle number concentration, and n-in; the

refractive index.

Dust Like Water Soluble Oceanic Soot
Ry [um] 0.500 0.005 0.300 1.180x107
o 2.99 2.99 2.51 2.00
V [um’/em’] 1.140%10 1.140x10™ 5.114 5.978x10”
N [em?] 5.473 1.869x10° 2.761x10 1.806x10°
n, at 488 nm 1.530 1.530 1.377 1.750
n; at 488 nm 8.00x107 5.00x10° 1.38x10°® 4.50x10"

The best value of the particle radius Ry is sought under the condition that ground
albedo values in the clear-day image agree with the values from the turbid-day image
after the atmospheric correction. The target pixel is the one that corresponds to the
location of the Chiba University. From the data on January 14, 1999 (clear day), we
obtain p(C)4g5 =0.14 and p(C)560 = 0.16 for TM channel 1 and 2, respectively. The turbid
image is observed on December 13, 1998 with AOT values (observed at Chiba
University) of t4g5 = 0.294 at 485 nm and 1569 = 0.241 at 560 nm.

3. RESULTS AND CONCLUSION

Figure 1 shows the relationship between the aerosol particle radius Ry and the
ground albedo 0 4ss at 485 nm (TM channel 1) obtained from the turbid image. This
value has been obtained through the radiative transfer calculation by assuming that the
calculated AOT at 485 nm (7’4g5) is equal to the value from the sun photometer (t4s5). In
the calculation, the AOT value at 550 nm (t550) was changed from 0.0 to 0.4. The digital
number (DN) of the target pixel is 75 for channel 1. The ground albedo V560 at 560 nm
(TM channel 2) is also obtained from the same calculation with the corresponding pixel
DN value of 31. In Fig. 1, the calculated albedo P P4gs for channel 1 agrees with the
reference albedo p(c)485 =0.14 at Ry =4.0X 107 and Ry = 4.7 X 10 um. Similarly, we
obtain p(T)5(,o = p(c)56o = (.16 for channel 2 for the particle radius of Ry = 4.0X 102
and Ry = 6.5 X 10 um. Consequently it is likely that the aerosol model over Chiba area
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Figure 1: Relationship between the aerosol particle radius A, and
atmospherically corrected ground albedo. The solid line shows the
result at 485 nm (TM channel 1) and dotted line is at 560 nm
(channel 2).

on December 13, 1998 can be described as the continental aerosol model with the
particle radius of 4.0 107 um. This value is only slightly smaller than the standard

water-soluble particle which is the main component of the continental model.
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Abstract: ‘Yamase’ clouds are one of typical marine boundary-layer clouds, for which the present
state-of-the-art performance of weather prediction models and general circulation models is not good enough to
simulate properly the clouds, mainly because of coarse spatial-resolution of those models. Yamase clouds
frequently appear over the North-Western Pacific Ocean east off the Sanriku district in summer under easterly
cool winds, called Yamase, blown out from Okhotsk anti-cyclones. In order to validate numerical simulation and
satellite remote sensing of Yamase clouds, we have carried out cloud observations on board the Koufu-maru of
the Hakodate Marine Observatory in June of recent years. Here we discuss the optical and microphysical
properties of the Yamase clouds, estimated from the shipboard observation and satellite remote sensing during
the 2003 Koufu-maru cruise, in which for the first time we observed the evolution features of Yamase
clouds from their formation to decade. Remote sensing using the contemporary AVHRR data from
NOAA-17 in the morning orbit revealed that the Yamase clouds were rather thin, stratiform low-level clouds
with an area-averaged optical thickness and effective particle radius of about 12 and 13 um, respectively, and
with a mean liquid-water-path of about 110 gm™.

(Key Words: Yamase clouds, marine boundary-layer clouds, cloud microphysical properties, satellite remote
sensing, NOAA-17/AVHRR data, shipboard observation, 2003 Yamase event)

1. INTRODUCTION

Marine stratiform clouds appearing in the maritime atmospheric-boundary-layer (ABL) play a
significant roll in the Earth’s radiation budget due to their large horizontal extent, long lifetime, and
high reflectivity for solar radiation. The state-of-the-art performance of such models as numerical
weather prediction and general circulation models is not good enough to simulate properly the
low-level stratiform clouds, mainly because of coarse spatial-resolution of these models. Generally,
the marine stratiform clouds occur in a wide regional scale under some characteristic synoptic weather
condition, but within the vertically thin ABL. Recently, many studies have tried to simulate the
boundary-layer clouds by using various cloud resolving models. However, even high-resolution
models still have difficulties to reproduce ‘correct’ features of cloud structure and physical properties;
the simulated cloud structure and properties tend to differ for different models and/or resolutions [1].
Moreover, there are very few observational data available to validate the model performance. The
cloud physical properties are generally different for different cloud types and different stages of the
cloud lifetime, so they are highly variable with time and space. Satellite remote sensing is an efficient
technique to observe wide-area distributions of cloud properties. However, it is critically important to
validate the performance of satellite remote sensing through comparison with in-situ measurements.

‘Yamase® clouds are one of typical marine boundary-layer clouds, that appear over the ocean east
off the Sanriku area (the east of the Northern District of the Main Island of Japan) in early summer
season under easterly cool winds, i.e., the so-called Yamase [2], blown out from Okhotsk anti-cyclones.
We are studying the formation processes of Yamase clouds through numerical simulations by using a
non-hydrostatic cloud-resolving model [1, 3]. The preliminary results suggest that the model-produced
clouds strongly depend on the used spatial resolution as well as parameterizations of such physical
processes as turbulence, cloud and radiation processes. Further, we are going to retrieve the cloud
properties such as optical thickness and effective particle radius of Yamase clouds from the AVHRR
data of NOAA satellites. To validate the results from the numerical simulation and satellite remote
sensing of Yamase clouds, we have carried out a few times of shipboard observations in June of the
latest years. Here we present the cloud optical and microphysical properties estimated from satellite
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remote sensing and the shipboard observation for the Yamase event in June 2003. The 2003 summer in
the northern Japan is remembered as an unusually cool summer with severe shortages of insolation
and crop damage due to the Yamase weather.

2. SHIPBOARD YAMASE OBSERVATION

The cloud observations on board a ship have been carried out within the Yamase Intensive
Experiment (YIE) conducted by the Sendai District Meteorological Observatory and the Hakodate
Marine Observatory (HMO) of the Japan Meteorological Agency, in collaboration with the Center for
Atmospheric and Oceanic Studies (CAOS) of Tohoku University. The marine observation vessel
Koufu-maru of the HMO operated the shipboard YIEs in an area east off the Sanriku [4] in June of the
recent years. In addition to the routine marine weather observations and intensive GPS-sonde
launchings, the CAOS-group conducted cloud observations for measuring cloud parameters by using
various radiometric instruments as well as an aerosol particle-counter aboard the Koufu-maru. The
measured parameters can be used in validation of the products from satellite remote sensing and
numerical simulations. Among these parameters, cloud liquid-water-path (LWP) and cloud-base height
are particularly useful parameters for the validation; they were measured by a dual-frequency
microwave-radiometer (Radiometric Co., WVR-1100) and a laser ceilometer (ImpulsePhysik, LD-25),
respectively. Further, the temperature, humidity and wind profiles measured by GPS-sondes can be
compared with the model-simulated profiles.

In the 2003 YIE, we fortunately encountered a Yamase event, in which, for the first time, we
observed a series of the formation and evolution processes of Yamase clouds from the evening of 22
June through the evening of 24 June 2003. The Koufu-maru stayed near the point (39°N, 143°E) for
operating the YIE from the afternoon of 22 June to the morning of 25 June. Figure 1 shows time
variation of the temperature and humidity profiles in the lower troposphere during the Yamase event.
In the figure, the cloud-base heights measured by the ceilometer and the wind profiles measured by the
GPS-sondes are also plotted. Over the location of Koufu-maru, the lower part of ABL became cool
and humid with the inflow of Yamase wind in the evening of 22 June, and very low Yamase clouds
(might be fogs) appeared with the cloud-base heights of a few tens meters in the night of 22 June
through the morning of 23 June. During the daytime of 23 June, the cloud-base was lifted up, at
highest, to 300 m with the development of mixing in the ABL, although the cloud layer became rather
thin and patchy; the cloud-base height gradually decreased during the night down to about 100 m in
the morning of 24 June. In the daytime of 24 June, the cloud-base was again lifted up, and finally it
reached the heights higher than 1 km in the night, when the ABL was well mixed with an almost
constant equivalent temperature up to about 1.2 km. In the morning of 25 June, the low-level Yamase
clouds disappeared over the Koufu-maru site. The mean cloud-base height averaged over the duration
was about 270 m, and the corresponding mean LWP was about 60 gm for the Yamase cloud measured
on board the Koufu-maru. The observational data of time variations of the atmospheric profiles and
associated cloud fields will be useful for validation of simulations of the Yamase event.

Time [U ; Time [UTC] <

Fig. 1. Time variation in UTC of the temperature (/eff) and relative humidity (right) profiles,
interpolated from those measured by the GPS-sondes launched from the Koufu-maru, in the
marine lower atmosphere from 21 June to 25 June 2003. In the figure, the cloud-base
heights (black dots) measure by the ceilometer and the wind profiles (red arrows) measured
by the GPS-sondes are also superimposed.
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3. SATELLITE REMOTE SENSING

The cloud optical thickness (t.) and effective particle radius (r.z) of the Yamase clouds have been
retrieved from the contemporary NOAA/AVHRR data in a wide area in the Western North Pacific region. The
AVHRR data used in the present study were processed from the High Resolution Picture Transmission data of
NOAA-17 satellite in the local morning orbit; the data are being archived at Tohoku University, Sendai.
Simultaneous data of the visible and near-infrared reflected radiances in the AVHRR channels 1 (0.58
- 0.68 um) and 3A (1.57 - 1.78 um), respectively, were used to retrieve 1, and 7.4 The infrared channel
data in channels 4 (10.3 — 11.3 um) and 5 (11.5 — 12.4 um) were used to discriminate low-level water
clouds from higher-level clouds by estimating the cloud-top temperatures. In the satellite data analysis,
we employed the atmospheric profiles from the NCEP/NCAR reanalysis data, and the sea surface
temperatures from the NGSST (new generation sea surface temperature) products released from the
CAOS [5]. From the retrieved 1. and 7.4, the liquid-water-path LWP can be estimated by using the
approximate relation, LWP=2pt..; /3, where p is the density of liquid water. The performance of
satellite remote sensing was validated by comparing the satellite-derived LWP and the shipborne
WVR-measured LWP for the collocated scenes. During the 2003 YIE cruise, we had two scenes for
which the Koufu-maru site was completely covered by low-level clouds and the NOAA-17 satellite
simultaneously observed the clouds over the site. For the two cases, the satellite-derived LWP and the
WVR-measured LWP agreed with each other within an uncertainty of 20 gm™. Therefore, the satellite
remote sensing of the low-level clouds can be regarded as reasonable and reliable.

Figure 2 shows an example of the retrieved 1. and 7.4 for the low-level clouds in the morning of 24
June 2003. The easterly surface winds are also depicted by the arrows superimposed on the panels.
The figure shows a wide distribution of optically thin and uniform, stratiform low-level clouds in the
Western North Pacific region. However, in some locations, the cloud distribution exhibits band-like
features and cellar structures, particularly, in the leeward places. The retrieved 1. and 7.5 are, in general,
positively correlated each other with larger 7.4 for larger 1., and vice versa; this suggests that the cloud
was, as a whole, in a developing stage. However, the opposite correlations between 1. and r.; were
also noticed in some places, where there might be dominated by drizzle and precipitation formation or
ship-track clouds [6]. The cloud distribution features and the t. vs 7.4 correlations changed in time and
location during the Yamase event.

From the five days’ remote sensing during 23 June to 27 June, the occurrence probability of the
retrieved 1., r.,; and LWP were analyzed for the low-level clouds in a wide area of about 400
kmx400km, east off the Sanriku district. Figure 3 shows the frequency histograms of the retrieved 1.,
regand LWP. Tt is shown that most clouds were fairly thin with optical thicknesses between 4 and 20
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Fig.2. Optical thickness (leff) and effective radius (right) retrieved from the AVHRR data
of NOAA-17 for the low-level clouds on 24 June 2003. The black areas indicate the areas
of no data and/or covered by higher clouds. The white arrows indicate wind velocity at
1000 hPa from the NCEP/NCAR reanalysis data.
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(mean nalue of 12) and with rather uniform particle radii between 8 and 16 pm (13 pm). The mean
value of LWP averaged over the area was about 110 gm™.
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Fig. 3. Frequency histograms of the
—_ retrieved  optical thickness (A),
&, ] effective radius (B), and liquid-
g - water-path (C) for the low-level
o clouds observed by NOAA-17 during
r 23 June to 27 June 2003 in the Western
North Pacific region.
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4. Concluding remarks

We have investigated the optical and microphysical properties of Yamase clouds in June 2003 by
means of the shipboard observation on Koufu-maru and remote sensing using the contemporary
AVHRR data from NOAA-17 satellite. For the first time, we could observe the evolution features of
maritime low-level clouds in Yamase event from their formation to decade. The present results can be
used to validate numerical simulations of the 2003 JYamase event by using non-hydrostatic
cloud-resolving models. The shipboard experiment should be continued to accumulate more
observational data usable to validate and improve the performance of numerical models and satellite
remote sensing of low-level clouds for different weather conditions and different places.
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Abstract: All-sky Survey High Resolution Air-shower (Ashra) telescope has been developed to
detect cosmicray neutrinos with extremely high energy, larger than 106 eV. The important
features of the telescope system are the wide FOV (50X 50 deg) with high angular resolution (1
arcmin) and a high-speed, highly sensitive imaging system with an intelligent triggering capability.
In this paper we report an imaging lidar on the basis of this novel telescope system applied to the
detection of atmospheric aerosols. Because of the wide acceptance angel, the bistatic configuration
enables light detection in the forward-scattering mode, greatly enhancing the signal-to-noise ratio.
Eye-safe lidar operation is achieved with a laser wavelength in the operational wavelength range of

the Ashra telescope (300-420 nm). Simulation studies are undertaken to establish the retrieval

algorithm of aerosol distribution from the bistatic measurement.

1. Introduction

The All-'sky Survey High Resolution
Air-shower (Ashra) telescope project is a
combined effort in the different categories of
physics, and

cosmicray physics, particle

remote-sensing techniques of atmospheric
sounding. In this project, the CEReS group is in
charge of the application of the Ashra telescope
to the monitoring of the atmosphere. The novel
concept of Ashra telescope has been developed
by the group of Institute for Cosmic Ray
Research (ICRR), University of Tokyo. The
remarkable features of the system are a wide
field-of-view (FOV) (50 X 50 deg) with high
angular resolution (1 arcmin = 0.29 prad) and a
high-speed, highly sensitive imaging system
with an intelligent triggering capability 14.
The imaging lidar observation? is conducted
in which, unlike the

in bistatic mode,

conventional monostatic lidar, the telescope is
placed apart from the laser source. The light
scattered in the atmosphere is detected in the
0<6<180 deg.
Although bistatic measurements of aerosols

scattering-angel range of
have so far been reported?, the scanning of
the laser beam was not attempted, leading
mainly to the detection near the backscattering
scheme. In contrast, forward scattering yields
high signal-to-noise (S/N) ratio owing to the
general property of the Mie scattering from
aerosols. In the case of Ashra system, another
advantage is the usage of the intelligent
triggering. This greatly contributes to reduce
the background light and thereby to increase
the S/N These features make the
three-dimensional, wide area, and real-time

ratio.

monitoring of atmospheric aerosols possible.
Moreover, using the laser wavelength at 351nm
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or 355 nm, which are in the design wavelength
of Ashra telescope (300-420 nm), ensures
eye-safe lidar operation, since the level of
maximum permissible exposure (MPE) is very
high in this wavelength region.

In this paper, we describe the scheme of
bistatic lidar measurement, with the results of
related simulations

experiment of the bistatic lidar measurement.

and our preliminary

2. Bistatic measurement of aerosol

The basic configuration of the bistatic
measurement is shown in Fig. 1. A laser and a
telescope are located separately, with a baseline
distance of L. The laser is illuminating a
direction @aser (elevation angle), while the
telescope is observing the beam path toward a
direction 6view. In this bistatic measurement,
the lidar equation is written as

P=P Kri;ds AIEES ) P (D

where Pis the received signal intensity, P the
emitted laser intensity, K the efficiency of the
receiving optics, A the area of telescope’s mirror,
r the distance between the target (aerosol
particle) and the telescope, and 6wat the
scattering angle. The portion of the laser beam
path subtended by the FOV for a single pixel of
the array detector is denoted as ds, which is
given as

o = Oy 0))
sin (0, )

The generalized scattering coefficient, S (bscat),
is defined as

B(escat) = al -fi(escat) + a’2 .fZ(Gscat) . (3)

Laser

Fig.1 Schematic diagram of the bistatic measurement.

Here, 6rov is the FOV for a single pixel, « the
extinction coefficient, and fthe phase function.
Subscript 1 is for aerosol and 2 for air molecule.
The transmittance along the combined laser
path and viewing path is expressed as

T =exp[-(z,+ 7,) |- )

Here, =© 1is the optical thickness of the
transmitter side and = that of the receiver side.

These parameter are given as

. Jla@raned )
Sinelaser

o [lei@)+a@a ©

! sin@

view

3. Inversion of bistatic lidar data

In this section, we describe the inversion
procedure used to derive the spatial
distribution of the aerosol extinction coefficient
from the bistatic lidar data. We assume that
the laser beam is scanned as shown in Fig. 2.
The viewing direction is numbered with an
index 7 (=0, 1, ...) and the laser beam direction
with 7 (= 0, 1, ...). The aerosol extinction
coefficient (i.e. the product of the aerosol
number density and the total cross section) at
the intersection defined by indices 7 and ; is
expressed as a1 2. From Eqs. (1) and (2), the
ratio of the received signal intensities at (7, )
and (7, j+ 1) is given as

(1,J+1) G, J+DY W )) ioep (o) y G +1)
P _ p@ ) r* sin(6 )T

scat scat

pen - B (i,j)) p U +D) sin(6 “"*”)T"”’

scat scat

If a1% 7 is known, this equation can be used to
calculate a1%/+D from the bistatic lidar data.
For this

define an error

purpose, we

7 e
0147=0 - known o"{'ehw

Fig.2 Schematic diagram of the inversion algorithm.
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Trigger generation LS
(128x128 pixel)

MAPMT
Lens LL (128x128 pixel)

Ashra Fine
Image Sensor

Amp.LL Delay LL
Fig.3 Schematic diagram of the imaging system of Ashra

2D trigger

telescope with the intelligent trigger.

parameter & as the difference between the
calculated ratio and the observed ratio of the
signal intensities:

P(:,j+1) P(i,j+l)
o obs o
S ) w“n ®
P P

obs

Here, Pos is the observed intensity and P is
theoretically calculated using Eq.(1). The
bisection method is employed to search the
minimum value of |&| by changing aiG /+D.
Since the boundary condition, a1% 0, can be
obtained from the ground-based scattering
measurement, the sequential application of the
present procedure yields all the required values
of a1l 2. In practice, the application has to be
iterative, since the value of the transmission 7
in Eq.(4) is improved successively: values of the
optical thickness in Eq.(4) are re-calculated
using the equations of

i1 al("“,f) o al(",j) Z("+1,/') e Z(",J')

) — 2: (9)
T = N z )
t n=0 2 Sln(aléser)
Jj=1 ., (i,n+l) (i,n) (i,n+1) (i,n)
s o (04 + o zZ -2z
rr(u) — 2: 1 1 , (10

2 sin(8.,,)

n=0

where z is the height of the intersection point.
The iterative calculation is repeated until the
extinction coefficient at each intersection point
converges.

3. Simulation
3.1 Signal-to-Noise Ratio

The schematic diagram of the imaging
system of Ashra telescope is shown in Fig. 3.
The image signal that passes through an
amplification image intensifier (Amp. 1.I) is

split into two paths. The first path is toward a

Delay L.I. before reaching a fine image sensor,
and the other path is connected to a
multi-anode photo multiplier tube (MAPMT,
128 X 128 pixels). If the signal intensity
detected by a certain pixel on MAPMT exceeds
a trigger level, only a pixel region on the fine
image sensor that corresponds to the pixel
position on MAPMT is gated. The temporal
width of the gate is determined by the time
period in which the MAPMT pixel detects the
signal (> a few ns). This operation minimizes
the accumulation of sky background light on
the fine image sensor, hence the S/N ratio is
expected to increase significantly.

The estimation of the S/N ratio is conducted
for the bistatic lidar system with and without
the intelligent trigger. An example of the
calculated S/N ratio is shown in Fig. 4. This
simulation is based on a spectrum of daytime
sky radiance reported by C.P. Jacovides et.al®
and the aerosol extinction coefficient at the
ground level of 1.0 X 104 m'l. The vertical
profile is proportional to an extinction profile
model reported by Sasano?. Figure 4 shows
that the wusage of the intelligent trigger
enhances the S/N ratio by 2-3 orders of
magnitude. A related advantage of the bistatic
lidar measurement as compared with the
monostatic case is the limited variation in the
dynamic range of the signal intensity, which
results in the ease in the detector design as a
whole.

Height [m]
Height [m]

0 = - oA -
100 40 20 [ 80 60 40 20 0
Distance from telescope [m] Distance from telescope [m]

Fig.4 Two-dimensional distribution of the S/N ratio (a)
without and (b) with gating (100 ns). The telescope is
located at the point of 0 m viewing the FOV of 50 deg
and the laser at that of 100 m. Following parameters are
assumed in this calculation; laser power: 100 pd/pulse,
repetition rate: 3000 Hz, exposure time: 1 s.

— 110 —



104 45=1f,,0) = £,0) / £,,,0)

1

f@

0.1

f15(©

0014 (a)
0 0 6 0 120 150
Scattering angle [deg]

.. o R ST
100 80 60 40 20
Distance from telescope [m]

Fig.5 (a) Phase function assumed in the simulation data
calculation, and difference between the one and that
in the inversion. (b) Error distribution of the extinction

coefficient.

3.2 Error estimation of retrieved extinction
coefficient

In the inversion of lidar data, an assumption
of a phase function is indispensable. The error
arising from this assumption is evaluated using
a simulation study. The simulation data is
calculated as in the previous section. The phase
function is obtained from the Mie scattering
calculation with the wurban model size
distribution reported by Jaenickel® and the
complex refractive index of 1.50 — 0.0017 . The
inversion is conducted assuming a different
phase function, i.e. the same size distribution
but for different values of the complex
refractive index, e.g. 1.55 — 0.001z These
Fig.5(a). The

distribution of the inversion error is obtained

functions are shown in
by comparing the assumed and the retrieved
distributions of the extinction coefficient.
Figure 5 (b) indicates that the resulting error is
within a £10% range.

4. Bistatic lidar measurement

The preliminary experiment of the bistatic
lidar measurement has been conducted using a
cooled CCD camera and a pulsed Nd:YAG laser
(532 nm). Since the acceptance angel and the
baseline distance are both insufficient, the
experimental situation is rather limited as
compared with the Ashra telescope case.
Nevertheless, the two-dimensional measure-
ment reveals the variation of the phase
function (mostly from the Rayleigh signal) as
expected from the theoretical consideration.
The details will be discussed in the
presentation at the conference.
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Reflectance Band Ratios in Japan Using Satellite
and Sky Observation Data
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Abstract: We observed the aerosol optical properties, such as the optical thickness (14 ) and Angstrém exponent
o over Kanazawa area, Japan for the period of seven months from Oct. 2003 to April 2004. using the sky
radiometer. The reflectance ratios between the visible and short wave infrared bands were computed for the
classes of the vegetation, urban, and the others using several data sets of Terra/MODIS and the sky observation

data. The computed band reflectance ratios were compared with those by Kaufman et al. (1997)" and us (2003).

Key Words: Aerosol, Optical Thickness, Atmospheric Correction

1. INTRODUCTION

In the atmospheric correction of the remotely sensed earth image data we need the
information on the aerosol optical parameters, such as the optical thickness t,, Angstrém
exponent a, and the type of size distribution. A method for estimating them from the
satellite-measured data itself is highly desirable. It was found by Kaufman et al.(1977)) that
there existed an empirical reflectance band ratio for a few land categories between the visible

reflectance and middle IR reflectance as follows:

rgy/ 137 = C1,=0.50 (vegetation) (1),
rga/ rg7 = C3,=0.25 (vegetation) 2)
g / 137= C1,=0.69 (urban, and the other) 3),
rp3 / rg7= C3,=0.42 (urban, the other) (4),

where rg7, rg; and rg3 are the reflectance values in the band 7(2.15 pm), band
1(0.645. . pm) and band 3(0.469. um) of Terra/MODIS. They obtained the reflectance band
ratios using the ground and airborne measurement data in USA. Since the aerosol scattering
effects are negligible in the band 7, we can obtain the surface reflectance in Band 7 by
removing only molecular attenuation and water vapor absorption effects. The surface
reflectance in band 1 and 3 can be easily found from the above reflectance band ratio. For
given surface reflectance values for those classes, we can retrieve distributions of aerosol
optical thickness in Bands 1 and 3 by using LUT(Look Up Tables) in which the theoretical
radiances at the top of the atmosphere(TOA) are tabulated as a function of the surface
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reflectance and the aerosol optical thickness for given bands and angles of the incident and
reflection.

In our previous study”, these reflectance ratios in Japan were found using the simultaneous
sky measurement data and several image data sets of Terra/MODIS over Japan (May 06, 2002,
April 07, April 16, May 09, and June 03 in 2003). as follows:

C1v=0.554, C3,=0.547 for vegetation 5);
C1.=0.580, C5,=0.489 for urban (6),
C1o=0.503, C5,=0.417 for others D

We should note that there is a large discrepancy in the value of C3, between USA and Japan.

Seasonal variations in the reflectance ratio were studied in this paper.

2. COMPUTATION OF REFLECTANCE RATIO

We made sky observations using the sky radiometer (Prede: POM-01) at our study site
which is localted on the campus of Kanazawa Institute of Technology for a period of 7
months from Oct. 2003 to April 2004. The aerosol optical parameters, namely, the optical
thickness 1,(500) at 0.5um and Angstrém exponent . are deduced by Sky-radiation Pack
Code Ver.4. For example, the scatter diagram of them is shown in the case of Oct. 2004 in
Fig.1. From Fig.1 it is said that we have aerosol particles with small size (0.8<a<1.7) when
the aerosol optical thickness is small (0.2<t,(500)<0.4). Whereas, we have those with large
size (=0.5) when 14(500 is larger than 0.4. During the observation period we found 5 data
sets of MODIS in which the study site is included and is seen, namely, on Oct.09, Oct. 20,
Oct.25, Oct 27, and Nov. 01, 2003. We computed the surface reflectance values for the area
near the study site from the MODIS band 1 and 3 images by removing the atmospheric
scattering effects using the deduced aerosol optical thickness and . Angstrém exponent values.
In the atmospheric correction we assumed Haze M model(coastal aerosol) with refracted
index, m=1.33 and the mid-lattitude winter atmosphere model. Then, we classified the
sub-image of MODIS near the study site into 5 classes, namely, vegetation, urban, cloud &
snow, sea, and the others, by using the maximum likelihood method. The reflectance band
ratio values for three classes of vegetation, urban and the others were computed using
corresponding surface reflectance values in band 1, 3 and band7. The scatter diagrams for the
vegetation were shown in Fig.2. The reflectance band ratios for three classes were by this

study as follows:

C1v=0.561, C3,=0.475 for vegetation (8),
C1,:=0.671, C3,=0.525 for urban (9),
Ci1o=0.616, C5,=0.487 for others (10),
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These reflectance ratios are different from those in the previous studies' *. In this study the
acquired dates of used data sets were in Oct. and Nov. 2003 and we assumed the mid-lattitude
winter model, whereas they were in April to June 2003 and we assumed the mid-lattitude
summer model in our previous study. It is difficult to say that the differences in reflectance
band ratio between the current and previous studies is due to the seasonal changes without
making sensitivity test on this matter in detail. We have not done it yet.

We retrieved the aerosol optical thickness values over land in Band 1 and 3 of MODIS data
using pre-computed LUT of the theoretical radiance at TOP as a function of the reflectance
for given angular conditions. The validation results of the retrieved aerosol optical thickness

1, are shown in Fig.3, based on the new surface reflectance ratios found in this study.

3. CONCLUSIONS

We can conclude by this study as follows:
(1) We presented the surface reflectance ratios between the visible and infrared bands using
both MODIS data sets and simultaneously observed sky data in the autumn.
(2) We found that the reflectance ratios for the autumn data are different from those for the
spring-summer data. It is too early to say these differences due to the seasonal changes and we

will continue to make further efforts on this subject.
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Abstract

In order to investigate the optical, physical and chemical properties of marine boundar layer aerosols and its
relation to the origin of aerosols for estimating the direct radiative effect of aerosols in East Asia, shipboard
aerosol measurements were carried out around Japan. The instrumented Research Vessel Shirase made
counterclockwise coastal cruises from Yokosuka via the Western-North Pacific, the Sea of Japan, and the East
China Sea in early autumns of 2002, 2003, and 2004. This paper includes results not only from optical
measurements using an Optical Particle Counter, an Integrating Nephelometer, and a Particle Soot/Absorption
Photometer but also chemical analysis of aerosols collected by an impactor-filter system. Water-insoluble
aerosols were measured with a Coulter Counter. It was found that different features of optical, physical and
chemical properties of aerosols in the marine boundary layer around Japan were strongly related to the origin and
history of air mass.

1. Introduction

Aerosols play an important role in the global climate system due to their radiative effect to
the Earth’s radiation energy balance. Though it is well known that aerosols have two-fold
significant effects characterized by “direct” and “indirect”, the quantity of both effects is still
uncertain. The direct effect is for aerosols to affect directly on the radiation budget by
scattering and absorbing solar radiation in the atmosphere. Therefore the aerosol optical
properties are essential for quantitative estimation of the direct effect of aerosols.

The aim of this study is to investigate the spatial variation of aerosol optical, physical and
chemical properties and its relation to the origin of aerosols for estimating the direct effect of
aerosols in East Asia. For this purpose, we carried out the aerosol measurement on board the
instrumented R/V Shirase during the Japanese Antarctic Research Expedition (JARE)
Training Cruise with counterclockwise coastal round cruises from Yokosuka via the
Western-North Pacific, the Sea of Japan, and the East China Sea in early autumns of 2002,
2003, and 2004 (Shiobara et al., 2004a and 2004b; Yabuki et al, 2004). In this paper, results
from the shipboard aerosol measurement in 2002 and 2003 are shown and compared for
discussion on the optical, physical and chemical properties of aerosols in the marine boundary
layer around Japan.

2. Measurements

Shipboard aerosol measurements were carried out on board the Antarctic R/V Shirase, an
icebreaker operated by Japan Maritime Self-Defence Force, cruising around Japan prior to the
voyage for the Antarctic research activity. The R/V Shirase made coastal round cruises
counterclockwise from Yokosuka for the period from 28 August to 29 September in 2002, 4
September to 4 October in 2003, and 1 September to 5 October in 2004.

Aerosol optical properties were measured with an optical particle counter (OPC; RION
KCO01D), an Integrating Nephelometer (IN; Radiance Research M903), and a Particle
Soot/Absorption Photometer (PSAP; Radiance Research). The OPC measured the number
density of particles for five radius ranges of » > 0.15, 0.25, 0.5, 1.0, and 2.5 pm: the data were
corrected for the coincidence loss. The IN measured the scattering coefficient at the
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wavelength of A =530 nm. The PSAP measured the absorption coefficient at A = 565 nm. The
extinction coefficient and the single scattering albedo at 565 nm were calculated by assuming
that the scattering coefficient was inversely proportional to the wavelength (i.e., Angstrom
Parameter = 1). Considering the contamination by the exhaust from the ship engine, the data
were excluded when the wind blew from the sector of 60- 240° relative to the ship heading.

Aerosol particles and acidic gases were collected using a 3-stage mid-volume impactor
with back-up filter in series of 2-stage alkaline impregnated filters during the cruise. Air
sampler was set on the central front of the upper deck. The collected samples were kept in
freezer until analysis in laboratory. After extraction by ultra pure water (18.3 MQ; Milli-Q),
each water-soluble constituent was analyzed with an ion chromatograph.

Aerosol particles were also collected on Nuclepore filters with the 0.4-um pore size to
measure the size distribution of water-insoluble particles. The size distribution was measured
with a Coulter Counter (Beckman-Coulter Inc. Multisizer III) after collected samples were
dispersed into electrolyte with an ultrasonic cleaner.

Figure 1 shows the cruise tracks for 2002 (left panel) and 2003 (right panel). The region
(A) in the left panel and the regions (B) and (C) in the right panel are selected for extracting
the different feature of aerosol properties to be referred to in the following discussion.

“f40°

r35°

'\/‘ 24
™ i ook
(b) 2003
TdoT——

Figure 1. Cruise tracks of the R/V Shirase JARE Training Cruise for (a) 2002 and (b) 2003.

3. Results and discussion
3.1. Weather condition and air trajectories

The weather conditions during the 2002 cruise are briefly described below. Although a
typhoon was moving north in the western part of Japan in the end of August 2002, the
weather was rather fine under a high pressure system centered in the North-Western Pacific
Ocean, that is, the meteorological situation was typical for Japan’s summer until 2 September.
Then a high pressure system located in the north of China was coming strong, and yielding
stationary fronts over Japan by competing with another high pressure system over the ocean
for 7 — 12 September when R/V Shirase was cruising in the Sea of Japan and the East China
Sea. Since 14 September, during the latter half of the cruise from Naha, cyclones
accompanied by fronts were alternately passing through the southern part of the mainland.
That was a normal weather pattern of the summer — autumn transition season in Japan.

The weather conditions for September and early October of 2003 were rather normal with
alternately traveling cyclone and high pressure systems. Another significant feature of
meteorological situation during the 2003 cruise is that two typhoons, Typhoon 14 and
Typhoon 15, have passed in the vicinity of Japan Islands. Passing of these typhoons caused
atmospheric disturbance and air mass exchange along with strong wind and precipitation.
Thus the atmospheric situation for the 2003 cruise was quite different from the 2002 cruise
while the summer of 2002 had remained in early September.
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Figure 2 shows the results from the 5-day backward trajectory analysis calculated from
1000 m above sea level for some selected cases along the ship track of the 2002 cruise (left
panel) and the 2003 cruise (right panel). The NOAA HYSPLIT4 Model (Draxler and Rolpf,
2003) with the vertical motion mode was employed for this analysis. During the cruise in
2002, the trajectories indicated that the air mass was transported from the various areas; e.g.,
from remote Pacific Ocean during the Pacific Ocean leg (Region (A) in Fig. 1), from Chinese
Continent during the Sea of Japan leg, and sometimes across the Mainland Japan. On the
other hand, in the case of 2003, the air mass mostly passed over the continent (and the
Mainland) by the northwesterly wind.

Figure 2. Five-day backward trajectories with the vertical motion mode for
(a) the 2002 cruise and (b) the 2003 cruise.

3.2. Chemical properties of water-soluble aerosol particles

Selected chemical compositions for anthropogenic aerosols and natural sources are shown
in Fig. 3. Describing in general on the size and composition of aerosols for both cruises in
2002 and 2003, sea-salt (Na', top panels), and NOs™ (second top panels) were mostlgl
distributed in coarse modes (D = 2-6 um and >6 pum). In contrast, nss- (non-sea-salt) SO4~
(second bottom panels) was present in fine (D = 0.2 — 2 pm) and Aitken (D<0.2 pm) modes.
Particulate oxalate (bottom panels) was mostly distributed in both coarse (D = 2-6 pum) and
fine (D = 0.2-2 um) modes.
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Figure 3. Variations of aerosol constituents (Na*, NOy’, nss-SO,>, and oxalate) during
the 2002 (left panel) and 2003 (right panel) cruises.
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During the cruise of the region (A) in 2002, sea-salt particles were dominant and the
concentrations of anthropogenic species such as particulate NO;3", non-sea-salt (nss-) SO4>
and oxalate were quite low. According to the trajectory analysis described earlier, the air mass
in the region (A) is identified as clean maritime air from the remote Pacific Ocean.

On the other hand, the most significant chemical feature of anthropogenic aerosols is found
in the results from cruises off shore the west of Kyushu Island both in 2002 and 2003. From
the 2002 cruise, the concentrations of anthropogenic species such as NO3’, nss- -S04, and
oxalate in the region around Sasebo and Naha were evidently higher than those in the region
(A). The backward trajectory suggested that human activities in Chinese continent, Korean
Plateau and Japan Islands might affect to the quality of air masses in the marine boundary
layer during the cruise off shore Kyushu Island. Also from the 2003 cruise, the highest
concentrations of anthropogenic species were observed in the region (B) corresponding to
high number concentration of aerosol particles, especially in fine particles. Despite of clear sky
on 17 September, the atmospheric visibility at Sasebo was lower than 10 km due to heavy
haze. The backward trajectory exhibited that air mass loading anthropogenic species had
passed in boundary layer — lower free troposphere over Korea, Yellow Sea, the northeast area
of China for the previous five days.

3.3. Size distribution of water-insoluble aerosol particles

Figure 4 shows the volume-size distribution of water-insoluble aerosol particles to see
difference in the results from the Pacific Ocean cruise (28-29 August 2002) and the East
China Sea cruise (12-13 September 2002). The error bars mean standard deviations of blank
samples. During the 28-29 August cruise, corresponding to the region (A), water-insoluble
particles were not significantly detected. As shown in earlier, during the cruise of the region
(A), the air was transported mainly from the central Pacific Ocean, so that water-insoluble
aerosols such as soil and solid dust were not expected in the air mass.

On the other hand, the result from the 12-13
September cruise shows evidently a different

size distribution. As soil particles generally 0.1

show a log-normal size distribution, the eliof: a2 =

measured size distribution can be decomposed B SH28018

to a log-normal distribution for soil particles “”g , -

and a power-law distribution. From the curve L L In(og) = 0.439

fitting for the 12-13 September measurement, € 0.05 I- £l
the existence of the log-normal size e |

distribution with the geometrical mean radius 5
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that uncertainty in the absolute values of the
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— 120 —



3.4. Optical and physical properties

Figures 5 and 6 depict spatial variations of (a) the extinction coefficient at 565 nm, (b) the
single scattering albedo at 565 nm, and (c) the ratio of the number density of the 0.15-0.25 um
radius bin to that of the 0.25-0.5 pm radius bin, for the 2002 and 2003 cruises, respectively.
The present study focuses on the three regions (A, B and C) as shown in Fig. 1. In the region
(A), the air mass was transported from central Pacific Ocean without passing over land
surfaces. In addition, large and non-absorbing particles were dominant as indicated in Fig. S
(b) and (c). The main source in this region might be identified as maritime aerosols. In the
region (B), a strong haze event was observed. The absolute value of the extinction coefficient
indicated the highest in the whole cruise of 2003. It was correlated with the increase of fine
particles. As described in the previous section, simultaneous measurements of chemical
constituents of aerosol particles revealed that the concentrations of anthropogenic species
such as nss-SO4”, oxalate, and NO5” gradually increased in the region (B). Also, the backward
trajectory showed the outflow from Korea and Chinese continent. In the region (C), the single
scattering albedo was relatively low due to the increase of absorbing particles. Based on the
trajectory analysis, it is suggested that the air in the region (C) was polluted by human activity
in the Mainland.

O ext (km-1)

00 04 02 03 04 05 06 0.7

Figure 5. (a) The extinction coefficient, (b) the single scattering albedo, and (c) the number density ratio of
the 0.15 — 0.25 pm radius bin to the 0.25 — 0.5 pm radius bin for the 2002 cruise.
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Figure 6. Same as Figure 4 but for the 2003 cruise.

The complex refractive index was retrieved by a method proposed in Yabuki et al.(2003).
The procedure was applied for simultaneous measurements of the aerosol size distribution,
scattering coefficient and absorption coefficient with OPC, IN and PSAP. Generally speaking
for the result, the averaged imaginary part of the refractive index during the 2003 cruise was
about 0.005. This value was twice as large as that for the 2002 cruise. With regard to the
selected regions in Fig. 1, the values of the imaginary part in the regions (A, B and C) were
ranged in 0-0.001, 0.001-0.004, and 0.004-0.015, respectively. The values of the real part
ranged in 1.38-1.40 for the region (A) and 1.51-1.57 for the region (C). Existence of sea-salt
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rich aerosol particles is reflected on such low values of the imaginary index in the region (A)
as supposed from the chemical analysis described earlier. The complex refractive index for
the region (A) was nearly consistent with that for maritime aerosols. Slightly high but rather
low imaginary values in the region (B) under the haze condition might be affected by reduced
absorption of aerosol particles due to the increase of the scattering matters with water-soluble
particles such as sulfate. High values of both real and imaginary indices in the region (C) were
possibly caused by aerosol particles mixed with soil dust and anthropogenic pollution.

4. Summary

We described optical, physical and chemical properties of aerosols in the marine boundary
layer around Japan Those aerosol properties were quantitatively obtained from optical and
chemical measurements on board the R/V Shirase in 2002 and 2003. The result shows some
characteristic features of aerosol properties and their difference in spatial distribution.
Summarizing the result, we can understand that the marine boundary layer aerosol mainly
consists of maritime sea-salt particles from remote ocean, soil dust and sulfate aerosol from
Chinese Continent, and the anthropogenic aerosol produced in Japan and neighboring
countries including Korea and China. The mixing state of these aerosols is strongly related to
the air mass origin and history. The trajectory analysis must be helpful for understanding the
fraction of mixing of each aerosol. The practical values of the aerosol optical parameters
obtained in this study are expected to improve the accuracy in estimating the aerosol direct
radiative forcing in the East Asia.
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SeaWiFS and MODIS-derived Product Verification
using Normalized Water-leaving Radiance Model
in the Western Equatorial Pacific Ocean
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Abstract : The purpose of the study is to verify the SeaWiFS and MODIS-derived normalized water-leaving radiances
and chlorophyll-a concentrations based on in situ sea surface spectral radiance observation. Utilizing ship’s shadow for
estimating sky radiance in the normalized water-leaving radiance model, we estimated normalized water-leaving
radiance and compared with SeaWiFS and MODIS-derived corresponding products. It was found that SeaWiFS and
MODIS-derived normalized water-leaving radiances and chlorophyll-a concentrations show good agreements with
corresponding parameters derived from in situ spectral radiance observation.

Keywords : Western equatorial Pacific Ocean , Normalized water-leaving radiance , Chlorophyll-a concentration ,Sky

radiance ratio

1. INTRODUCTION

In order to accurately extract chlorophyll-a as
important indices of water quality and primary
production, it is necessary to estimate upward
radiances below the sea surface without an
influence of surface reflectance. However the
conventional in situ measurement of sea surface
reflectance is not accurately enough to estimate
chlorophyll-a concentration based on the spectral
reflectance of the sea surface. The purpose of the
study is to verify the SeaWiFS and MODIS-derived
normalized  water-leaving  radiances  and
chlorophyll-a concentrations based on in situ sea
surface spectral radiance observation during the
cooperative air-sea interaction research cruise of
R/V MIRAI belonging to JAMSTEC.

2. DATA AND METHOD

R/V MIRAI stationed at 138.5 degrees East and 2
degrees North from March 3 to 15, 2004 in the
western equatorial Pacific Ocean. (Fig.1) During the
research cruise we carried out in situ measurements
of upward spectral radiance from sea surface using a
spectral radiometer GER1500 with 512 bands
ranging from 350 to 1050 nm and chlorophyll-a
concentration synchronized with SeaWiFS and
MODIS overpasses. Measurement times are 4 times
a day (10, 11, 13, 14 hours (local time)). In order to
estimate normalized water-leaving radiance (nLw)
normalized water-leaving radiance model is used as

follows".

A S
135E

140E

145E

Fig. 1. R/VMRO04-01 Stationary point within the
circle. (Feb.22-Mar.22,2004)
nLw(A) = R, (A)F, (1) (1)
R (1) 2P PO, D) *
78,(A)pe (6. 2)
Sy (4) =S, (1) * SR(A) (3)

Fo(2) is defined as an mean spectral solar irradiance,
Sw (1), Saq((1), Sg( 1) are in situ spectral radiances
from sea surface, sky and standard white board
respectively. p®) and o (1) are Fresnel reflection
coefficient and reflection coefficient of standard
white board. SR( 1) is the ratio between sky
radiance and solar radiance. This ratio is defined
based on upward spectral radiance from sea surface
and the same radiance observed under shadowed
sea surface, which is solely illuminated by sky
radiance. Spectral sky radiance ratio is shown in
Fig.2.
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Fig.2 Spectral sky radiance ratio.

3. RESULTS AND DISCUSSION

Fig.3 shows the results of estimated nLw(1)
based on the nLw model above. Magnitude of nLw
reaches maximum around 410 nm and shows
minimum at the wavelength longer than 750 nm.
Comparing with the nLw( 1) products derived from
SeaWiFS and MODIS, the result of comparison is
shown in Fig4. Solid points are based on
model-derived nLw and the ones derived from
SeaWiFS and MODIS. White points are based on
upward spectral radiance without using the nLw
model?. Model-derived nLw shows good
agreement with SeaWiFS and MODIS-derived
nLw.
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Fig. 3  Estimated normalized water-leaving
radiance at the stationary point (Mar-7-14,2004).
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Fig. 4 Comparison between estimated normalized
water-leaving radiance by GER-derived upwelling
radiance and SeaWiFS and MODIS-derived
normalized water-leaving radiance. (Solid points
are based on model-derived nLw and the ones
derived from SeaWiFS and MODIS. White points
are based on upward spectral radiance without
using the nLw model?.)

As far as the comparison of chlorophyll-a is
concerned, the result of comparison between
nLw-model-derived chlorophyll-a and
chlorophyll-a without the nLw model is shown in
Fig.5. Both concentrations are calculated based on
0OC4v4 algorithm3) which is the operational
algorithm of SeaWiFS. OC4v4 algorithm is
expressed as follows.

C=10.00.366-3.06TRus+1.930R 45 +0.649R %5 1.5
32R%s) ©)
Ras=log1o(R*s55 >R 555 >1s55) (5)

where C is chlorophyll-a concentration (mg/m’),
Rys is defined as the logarithm of maximum ratio
between radiances from two bands of SeaWiFS.
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Chlorophyll-a derived from nLw model shows
better agreement with the ones from SeaWiFS and
MODIS (solid triangles and squares in Fig.5.)
compared with the ones without using nLw model
(cross marks).

, 015

=

=

2

2 ~

—_

T 0.1

g2 0 e | i S Yo

D

%2 RisiiN

=R

= %’ : A ) X
220,05 [y e

- & : :

= :—_‘ i | ASeaWiFS(nLw-derived GER)
@ i | B MODIS(nLwsderived GER)
[ i | XSeaWiFs

_ H

§ 0 i i | XxMODIS

0 0.05 0.1 0.15
GER-estimated chlorophyll-a
concentration(ing/m"3)

Fig. 5 Comparison between GER estimated
chlorophyll-a concentration (solid triangles and
squares: nLw model-derived chlorophyll-a, cross
marks (x, *): chlorophyll-a without using nLw
model) and SeaWiFS and MODIS-derived
chlorophyll-a concentration

4. SUMMARY

By combining the normalized water-leaving
radiance model with in situ spectral radiance
observation utilizing the shadowed sea surface, we
verified the normalized water-leaving radiance and
chlorophyll-a products derived from SeaWiFS and
MODIS.

It was found that SeaWiFS and MODIS-derived
normalized  water-leaving  radiances  and
chlorophyll-a  concentrations  show  good
agreements with corresponding parameters derived
from the normalized water-leaving radiance model
with in situ spectral radiance observation.
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Abstract : Digital cameras to record fixed wide views with one-hour interval are operating in Changchun,
China since the middle of March 2003, and in Ulaanbaatar, Mongolia since the middle of March 2004, to study
visibility and air turbidity affected by Asian dust. Digital video cameras with ten-minute interval are also in
operation there. We discuss the results of the observation in the spring and summer of 2004, and the optical
properties of the digital photo records.

Key Words: Asian dust, digital image ,interval recording, turbidity, visibility

1. Introduction

Long-time visual recordings by using digital cameras are very effective for the
studies of atmospheric phenomena as reviewed in [1] concerning volcanic cloud observation.
In order to observe the Asian dust phenomena from the ground in Northern Asia, digital
photo and video cameras have been set at Northeast Normal University in Changchun, Jilin
Province, China since 18 March 2003, and also at the Institute of Meteorology and Hydrology,
Ulaanbaatar, Mongolia since 16 March 2004. Digital photo cameras were also set at two
stations, Bulgan and Dalanzadgad in southern Gobi, Mongolia in the spring of 2004. The
ground observation at these stations, shown in Fig. 1, are important to study the rise and the
transport of the dusty air in the northern roots toward Northern Pacific, as often observed in
the satellite imagery [2]. On the other hand, the web-camera recording in Kagoshima,
southwest Japan, started in the end of 2000, preceded by video recording since 1987 and
extended to southern islands including Mayon volcano, Philippines, as summarized in [3].

The results of ground observations and satellite imagery of dust events in 2003 were
already reported in [4]. In this report, we discuss the ground observation results in Changchun,
Ulaanbartar and two stations in southern Gobi in 2004, with special attention to the optical
properties and the performance of digital cameras. Preliminary results concerning the dust
events supplemented with the satellite imagery are reported in [5, 6].
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* Fig. 1. Location map of

observation stations.

2. Observation in Changchun and digital RGB analysis

Interval recordings by digital photo and video cameras in Changchun in 2004 started
in the evening on March 9. On the next day, very dusty air was observed almost all the day.
The recordings continued until August 21, by changing medias on May 24. The cameras were
set at the window toward the north on the fifth floor in a building of Environmental Science
Department, College of Urban and Environmental Sciences, Northeast Normal University.
Fig. 2 (a), (b) and (c) are typical images by photo camera Casio QV-R4 of clear sky, cloudy
and dusty scenes in the daytime in the middle of March. The differences in color and the
brightness change according to the vertical angle are obvious in the images.

(a) clear sky: 13 March at 11 CST  (b) cloudy: 16 March at 12 CST (c) dusty: 10 March at 14 CST

OO 3 ;8. S S 12 * Changchun March 2004
1
10+ & ¢ fine 3/13
) O cloudy 3/16
200[ © 08 X dusty 3/10
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Fig. 2. The photo scenes (a-c) at the Changchun station, RGB profiles (d) along a common vertical line shown
in (c), and the scatter diagram (e) of R/G vs. B/G at the upper part of the line indicated in (a) for three scenes.
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These images are taken by the format 1280 pixels
* 960 lines in the normal mode. Quantitative study
can be done by taking the RGB (Red, Green and
Blue) profiles in 8 bit, such as shown in Fig.2(d),
along a common vertical line in the sky shown in
Fig. 2(c). In the case of clear sky, the relationship
among three color-components is B > G > R and
the difference of each is significantly large
especially in the sky region far away from the
horizon. For cloudy sky, the differences become
small, especially between G and R, but never
change the relation. For dusty sky, the above
relationship is reversed as B < G < R, and the
differences increase with dusty levels. A scatter
diagram of the values B/G and R/G normalized by
the Green component in the upper part of the
vertical line, shown in Fig. 2(a), are exhibited in
Fig. 2(e), where three clusters are clearly separated
corresponding to the air turbidity.

We may also study the decrease of the
visibility in dusty air in the photo data. Fig. 3(a) is
a comparison of the views near the horizon in Fig.
2 (a, b and ¢). The RGB values along a line there
are displayed in Fig. 3 (b, ¢ and d). The decrease
of the contrast between the buildings far away
and the background sky is obvious for cloudy and
dusty scenes.

In order to see the air turbidity from the
color information of the sky, the white-balance of
the color was set to the daylight (outdoor) mode.
The zooming of the camera was set as wide as
possible.

All of the photo records were edited by
html to see a few days from dawn to dusk at a
glance, keeping original jpeg images without
change, after renaming to indicate the place and
the date-time and separating nighttime scenes.
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Fig. 3. (a) Parts of photo scenes near the
horizon in Fig. 2 (a-c). (b-d) RGB values
along the line indicated in (a).

Fig. 4. A list of photos on June 29 in Changchun, as indicated by ch040629hh with CST (=UTC+8) for hh.
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Thus, we may have quick look images of seasonal change of daytime hours as well as
weather changes in day and time. Fig. 4 is a sample of a photo list in a fine and longest day in
the end of June. We see that the development and decrease of cumulus clouds around the
mid-day.

In Changchun, a video camera Sony DCR-TRV40E has been operating with
ten-minute interval, with somewhat close-up because of the limitation of the window frame
for wider view. In Fig. 5, we compare the photo and video records in dusty and clear days in
March. We see that the difference of the air turbidity is remarkable, though the color contents
somewhat depend on the cameras.

Changchun: 10, 13 March 2004
Photo (Line 1 & 2)

- g - 4 - 3

il g & % . s « Bl F o i
ch04313v-09 ch04313v-10 ch04313v=11 chQ4313v-12 chO4313v-13 ch04313v-14 chQ4313v=15 ch04313v-16 chO4313v=-17 chQ431

Fig. 5. Comparison of photo (line 1 and 2) and video (line 3 and 4) records on 10 and 13 March,

corresponding to dusty and clear days respectively in Changchun.

3. Observation in Ulaanbaatar

In Ulaanbaatar, a photo camera
with wide view, Ricoh Caplio G4wide, and
a video camera Sony DCR-TRV900 with
semi-fish eye converter lens Kenko x0.45
have been set at a window toward the west
on the third floor of Institute of
Meteorology and Hydrology (IMH). A tall
bank building in front of the window
somewhat disturbs the view as shown in
Fig. 6, which is a semi-fish eye view of the
video camera. The photo camera has been
tilted by 90 degrees, so as to take wide
vertical view. In 2004, photo records were obtained during 16 March and 20 June with
one-hour interval, and video records between 16 March and 2 June with ten minutes interval
as in Changchun. The video records were converted into mpeg files for each day separately
from dawn to dusk. Fig. 7 is a quick look list of photos for seven days in the middle of

Fig. 6. A semi-fish eye video scene at IMH,

Ulaanbaatar..
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April from the sunrise to dusk for a day in a line. The filename of each photo indicates the
place (UB) and the date-time, where Mongolian standard time (MST= UTC+8) is used. In
these photos, we see the mirror images of rising sun around 6 MST, and the direct images of
falling sun in the afternoon partly shielded by the bank building. In Fig. 7, light dusts were
occasionally seen on 13-14 and 17-19, while very fine sky is seen in many other days and
times.

Ulaanbaatar 13-19 April 2004, 6-19 MST
9 10 11 L < 17 18 19

ub040413 07 ub040413 10 ub040413 15 ub040413 16 ub040413 17 ub040413 18
g 3 ¢ ¥
] ¥

ub040414 07 ub040414 10 ub040414 1§ ub040414 17 ub040414 18 ub040414 18

15

0b040415 07 1 ub040415 10 ub040415 16 ub040415 17 ub040415 18 uk040415 18

ub040418 10 ub040416 17
‘W e

17

ub040417 11 yb040417 12 wbD40417 13 ub040417 17 ub040417 18 ub040417 18

ub040418 08 ub040418 10 ub040418 14 ub040418 18 ub040418 19
B : ¥ 3

ub040418 06 ub040419 07 ub040419 08 ub040419 08 ub040419 10 ub04041911 ub040419 12 wb0A0418.13 ub040419.14 ubD40419 15 ub040418.16 ubO40419.17 ul

Fig. 7. A sample of quick look scenes at IMH, Ulaanbaatar, for 13-19 April, 2004, 6-19 MST.

4. Observation in southern Gobi

At Bulgan and Dalanzadgad in southern Gobi, photo cameras Casio QV-R4 and
Sharp MD-PS1 were set at the windows toward the south and the west respectively on the
ground floors in the meteorological stations there, with the zoomings of the cameras as wide
as possible. At the Bulgan station isolated in Gobi desert, the camera was powered by a
battery-pack outside. We got the records there for 26 days since 18 March. (At the other
stations in general, the cameras have been powered by AC converters connected to AC power
sources through uninterrupted power supplies.) At the Dalanzadgad station, restart of the
camera was necessary for many times, and the photos were obtained during 27 March and 17
June, lacking the records of March 31, April 1-7 and 14-19, May 6, 12-13 and 20-31, and
June 8-10. The white-balance of MD-PS1 had to run by automatic mode only.

Fig. 8 shows quick look images for two days in the afternoon in the end of March at
two stations. We may see dusty air to the south of these stations in the afternoon on 27
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March.

BLO40327 14 BL040327 15 BLO40327 16 BL040327 17

BL040327 13 BLO40327 18 BL040327 19

BL040328 13 BLO40328 14 BL040328 15 BL040328 16 BL040328 17 BL040328 18 BL040328 19

dz040327 13  dz040327 14  dz040327 15  dz040327 16  dz040327 17  dz040327 18  dz040327 13

dzO4038 13 dz040328 14  dz040328 15  dz040328 16  dz040328 17  dz040328 18  dz040328 19

Fig. 8. Quick look images at Bulgan (BL) and Dalanzadgad (DZ), in the afternoon on 27-28 March 2004.

5. Remarks

Interval digital records of photo and video cameras are useful for the studies of dusty
air and many other aspects of weather changes. Studies of Asian dust in conjunction with
satellite imagery and other related data are in progress, as partly reported in [5, 6]. Three
photos per day at local standard time 9, 12 and 15 hours at Changchun and Ulaanbaatar are
archived in http://volceye.edu.kagoshima-u.ac.jp/webcam/archive/ .
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The major properties of atmospheric aerosols are the optical thickness (AOT: 1;) and the
Angstrém exponent (o) which is calculated from the spectral tendency of optical thickness of
aerosols as below:

o= -ln('m/rm) / ln(xl/kz), (l)

where wavelengths A, and A, take values of the central wavelength of observing channels,
respectively. The values of a are closely related to the aerosol size distribution. For example,
the small values of a indicate the large particles, and the large values represent small particles
such as artificial aerosols. In general, the values of Angstrom exponent (o) from ~0 to 1
shows coarse particles (such as sea salt solution, and soil dusts), on the contrary, 1< o < ~2.5
indicates small particles (such as sulfate, biomass burning etc.).

Figure 1 and 2 show the aerosol optical thickness and Angstrém exponent on 13 April
2003. These results are derived from ADEOS-2/POLDER polarization as well as radiance
data. Although the details of retrieval procedure have been interpreted in the previous paper !,
the basic idea of our aerosol retrieval is that the scattering behavior of aerosols plays a
sufficient role in the polarization field of the Earth atmosphere-surface system in the near
infrared wavelengths. The area loading lots of Asian dust flown from China is circled by the
solid curve in Figure 1. It is clear that Asian dusts distribute over from the Yellow sea to
Japan. Note that there are some uncertainties to distinguish the heavy aerosol loading from
the thin cloud.

It is found that aerosol optical thickness in the dust event is more than double of clear
value, and Angstrém exponent takes small values in dust event.

These space-based aerosol properties are validated from the ground based AERONET
data in a global scale. It is of interest to mention that the annual change of aerosol
characteristics is found from comparison of POLDER products from ADEOS-1 with those
from ADEOS-2.
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Figure.1.  Distribution of aerosol optical thickness at a wavelength of 0.55 pm over East
Asia on 13 April 2003 derived from ADEOS-2 / POLDER.

Figure.2.  Distribution of Angstrom exponent on 13 April 2003 derived from ADEOS-2 /
POLDER

The ADEOS-2/POLDER data were provided by CNES / France.
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Abstract. We developed a low-power and high-sensitivity cloud profiling radar transmitting frequency
modulated continuous wave (FM-CW) at 95 GHz for ground-based observations. Millimeter wave at
95 GHz is used to realize much higher sensitivity than lower frequencies to small cloud particles. An
FM-CW type radar realizes similar sensitivity with much smaller output power to a pulse type radar.
Two 1m-diameter parabolic antennas separated by 1.4m each other are used for transmitting and
receiving the wave. The direction of the antennas is fixed at the zenith. The radar is designed to
observe clouds between 0.3 and 20 km in height with a resolution of 15 m. Using the facility, test
observations have been done. Results of observations show that the system can observe clouds of
—30dBZ at the distance around 5km, which is sensitive enough to observe various kinds of clouds.
Using the developed millimeter-wave FM-CW radar at 95 GHz, we observed clouds in a campaign
observation in Amami Island in March 2003, and on a sail on Mirai, a Japanese scientific research
vessel, in September 2004 in the Arctic Ocean. The radar provided good and sensitive data in these
long-term observations.
Keywords: Cloud Profiling Radar, Millimeter Wave Radar, FM-CW Radar, Cloud Properties, Active
Measurements of Clouds

1. INTRODUCTION

It is getting more important to know the global environment and the global change of climate for
the human beings. It is necessary to know balance of solar energy coming to the Earth and cycle
of water for the comprehension and to solve severe problems such as the greenhouse warming, the
drying, the ozone holes and so on. One of the most significant features to know them is cloud,
which reflects and absorbs incoming solar radiation, traps the radiation from the ground, transfers
the energy in it, and radiates it outside. Information on 3-dimensional structures of clouds, sizes
and distribution of cloud particles, dependence on size of optical characteristics of cloud particles,
motions of particles in clouds, and so on are all desirable to solve role of clouds.

Characteristics of clouds described above, however, have not been well known yet because of
lack of enough observational data to present confidential results. Observations of clouds with
radars would be most powerful method to derive the information because of following advantages:
a) radio waves do not suffer from heavy extinction such as visible light, and consequently can
investigate interior of clouds, b) the radar technique, which is an active sensing method, has great
advantage of investigating interior structures of clouds to passive methods such as total power
observations of irradiance of clouds, ¢) Doppler measurements of clouds which have low
velocities around 1 m/sec is applicable only to radio frequency waves.

Conventional radars operated at 5GHz can detect precipitation particles but are not able to detect

particles in clouds because their sizes, less than a few tens microns, are much smaller that the
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wavelengths and, therefore, their cross sections are quite small. The cross sections of particles
increase rapidly with frequency in Rayleigh scattering region. Rader observations of cloud
particles at millimeter waves, which have been realized recently, have much more sensitive [1].
Several groups have reported the development and preliminary observational results that
demonstrate powerful performances to investigate cloud particles [2],[3].[4].

We have designed and developed a cloud profiling radar at 94GHz. The purposes of the
development of the FM-CW radar are a) evaluation and verification of an FM-CW radar at 95 GHz
in Japan comparing to a pulse radar, b) obtaining millimeter wave FM-CW radar techniques and
algorism of data reduction, and c) contribution to scientific research on cloud physics. In this
paper, we present first observational results with the newly developed cloud profiling FM-CW radar
as well as design concepts and specifications of the radar.

2. DESIGN CONCEPTS AND CONASTRUCTION

Whole view of the developed radar is shown in Fig.1 [5]. Diameter of each antenna is 1m.

2.1 FM-CW Radar

We adopt a frequency-modulated continuous wave (FM-CW) radar rather than a pulse radar
because the former can achieve more sensitive system than the latter if comparing with same
instantaneous output power of transmitted millimeter wave. The principle of an FM-CW radar is
shown in Fig.2. The signal frequency is modulated in the range of f;=*F. Transmitted signal
from one of the antennas is reflected by cloud particles, returns, and is received by the other antenna
with a delay time of ¢ relative to the original transmitted signal. Mixing the transmitted and
received frequencies, beat frequencies f; are observed in the spectra, which are caused by ensemble
of clouds particles:

B = 4Fr/(cTy (1),

where 7 is the height of the clouds, 7, is the modulation interval, and ¢ is the light velocity.
When the objects move in the line of sight, the frequencies of reflected signals change by f; :
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Fig.1. The developed cloud profiling FM-CW Fig.2. Principle of an FM-CW radar.
radar at 95 GHz.
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2.2 Design Concept and Requirements

Because one of the purposes of the facility is evaluation and verification of an FM-CW radar at
95 GHz, we design it to be a simple system so as to develop with commercially available
components and to make maintenance and upgrade by ourselves.

We designed the facility to observe clouds between 0.3 and 15 km in height with a resolution of
15m. The velocities measured as Doppler shift should be less than 1 m/sec. The facility should be
mobile for measurement at variety of places.

2.3 Antennas and Mounting
According with the requirements described above, we decided parameters of antenna listed in
Table 1 [6].

2.4 Transmitter and Receiver Section

The block diagram of the transmitter and receiver section is shown in Fig.3 and parameters are
summarized in Fig. 2. All signals including the transmitted FM-CW signal at 95GHz and local
frequencies are generated from and/or referred to two signal generators in 140 MHz range, which
are synchronized each other.

The integrated transmitter section is shown in Fig. 4. The integrated system has been measured
on its stabilities and sensitivities in laboratories [7]. Facilities for radar measurements, high
stabilities of transmitted signals are necessary to obtain useful data. We measured stability of the
system. In order to stabilize the output of the power of the transmitting wave, the final power
amplifier for transmitting signal at 95GHz is cooled with a Peltier cooler to be around 50 °c
otherwise it goes as hot as 90 °c.

The noise figure of the pre-amplifier at 95GHz was measured to be around 5.5 dB. Long term
stabilities and sensitivities were measured and are good enough for our purpose.

[ Block Diagram]

Signal
Generator A

150 10MHz

(FMZ38) Signal A T e
g Local B, Local B2
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Generator B Signal Aa PLO :
:' £ Ega — X108
S DR 90.72GHz
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3.92GHz Local By ‘Local B:
v 94.79GHz

4.07GHz

®Mixcr DAmp B.P.F:Band Pass Filter P.S:Power Splitter P.L.O:Phase Lock Oscillator

(REERCREES EBERD OEHTHIE— FESERA RELTLS )

Fig.3. Block diagram of the transmitter and receiver section.
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Table 1. Designed parameters of antennas.

Antenna Diameter 1m

/D ration of Antenna 0.35
Antenna Optics Cassegrain
Gain of Antennas 57 dBi
Beam Width 0.18 degree
Antenna Separation 1.4m
Direction of Antennas Zenith
Polarization 1 Linear

Table 2. Comparison between the developed
FM-CW radar and SPIDER.

FM—-CW Radar and SPIDER

FM-CW Radar SPIDER (CRL)
Purpose Ground based obs. Airborn obs.
Obs. direction at Zenith Downword to horizon
Type of radar FM-CW Puls o . .
Antenna im x 2 antennas 0.4m x 1 antenna Fig.4. The transmitter section of the developed
Frequency 94. 78 GHz 95. 04 GHz FM-CW radar
Output Power 0. 5 W 1600 w
Duty Rate Continuous 100-1000
Sensitivity (at Skm) -32 dBZ —35 dBZ

3. Simultaneous Observations with SPIDER

After measurements of long-term stabilities, we made simultaneous observations with a pulse
radar named SPIDER shown in Fig.5 of the National Institute of Information and Communications
Technology (NICT), Japan. Comparison between the developed FM-CW radar and SPIDER is
summarized in Table 2. We have to stress that the output power at 95 GHz of SPIDER is
3000ntimes higher than that of our FM-CW radar. An example of results is shown in Fig.6. We
can recognize that same clouds were detected in both data. There results show that the radar has
good performance to detect thin clouds.
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4. Observations of Cloud Properties

Using the developed millimeter-wave FM-CW radar at 95 GHz, we observed clouds in a
campaign observation in Amami Island in March 2003, and on a sail on Mirai, a Japanese scientific
research vessel, in September 2004 in the Arctic Ocean. Fig.7 shows an example of observed
profiles with the lidar of the National Institute for Environmental Studies by Nobuo Sugimoto and
his co-workers and our FM-CW radar at 95 GHz. FM-CW radar observed fine shower around 11:20
and structure of interior of clouds on March 20th.

The developed millimeter-wave FM-CW radar was installed on the Japanese scientific research
vessel, Mirai, in August 2004 as shown in Figs.8 and 9. Mirai made observations in the Arctic
Ocean in September 2004. Fig.10 shows example of observed data using the developed FM-CW
cloud profiling radar during the project lead by Yasushi Fujiyoshi of Hokkaido Univ.

N | at Amami |
§1z - 3
:, | '
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£ "
4 b { ‘
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Fig.7. Observations in Amami Island in March 2003. FM-CW radar observed fine shower
around 11:20 and structure of interior of clouds on March 20th.
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Fig.8.  Container of the millimeter-wave FM-CW radar Fig.9. Japanese scientific research vessel, Mirai.
installed on Mirai. :

2004/09/03-06 95GHz FM-CW Radar Cloud Profile on MIRAI
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Fig.10. Example of data obtained in the Arctic Ocean using the millimeter-wave FM-CW radar.
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ABSTRACT

Retrieval of vertically integrated water vapor amount (precipitable water) is proposed using near infrared
channels of Global Imager onboard Advanced Earth Observing Satellite-II (GLI / ADEOS-II). ~ The principle of
retrieval algorithm is based upon that adopted with Moderate Resolution Imaging Spectroradiometer (MODIS)
onboard Earth Observing System (EOS) satellite series. Simulations were carried out with GLI Signal
Simulator (GSS) to calculate the radiance ratio between water vapor absorbing bands and non-absorbing bands.
As a result, it is found that for the case of high spectral reflectance background (a bright target) such as the land
surface, the calibration curves are sensitive to the precipitable water variation. It turns out that aerosol loading
has little influence on the retrieval over a bright target for the aerosol optical thickness less than about 1.0 at 500
nm wavelength. A preliminary analysis of GLI data was also carried out and the retrieved result is compared to
radiosonde observations. In spite of a lag of several hours between the ADEOS-II / GLI and the radiosonde
observations, the retrieved precipitable water values were coincident to those of in situ observations within 2.0
mm at a few radiosonde sites. Currently, we are trying to make fully simultaneous comparisons of the retrieved
precipitable water values to those derived from continuous observations with skyradiometers or microwave
radiometers. As a result, we will validate the accuracy of the retrieval algorithm for the purpose of its global
application. It is also anticipated that simultaneous retrieval of the water vapor amount using GLI data along
with other channels will lead to improved accuracy of the determination of surface geophysical properties, such
as vegetation, ocean color, and snow and ice, through the better atmospheric correction.

Key Words: water vapor, near infrared, ADEOS-1I/ GLI.

1. INTRODUCTION

Water vapor is one of typical gas species
governing the greenhouse effect.
Investigation of water vapor distribution is a
clue to understand the radiation budget of
earth atmosphere system as well as the
global energy and hydrological circulation.
Although water vapor is mostly distributed
in the lower atmosphere (planetary boundary
layer from surface to a few kilometers), the
water vapor amount often increases in the
middle and upper troposphere
accompanying horizontal advection of
humid air mass. Thus, precipitable water,
(i.e. the vertically integrated water vapor
amount) is considered to be the most
representative quantity of water vapor
amount in the atmosphere.

Until now, TIROS-N Operational Vertical
Sounder (TOVS) data have been often used
to estimate water vapor amount at lower,
middle, and upper regions of the troposphere

D Although TOVS is a splendid vertical
sounder with a number of channels sensitive
to water vapor absorption, their footprints
are about several tens kilometers, rather
larger than those of environmental sensors
onboard earth-observing satellites. Better
spatial resolutions of several hundred meters
to several kilometers are available with
MODIS / EOS sensors, wavelengths and
bandwidths of which are very similar to
those of TOVS. Combining the near
infrared data of water vapor absorbing and
non-absorbing channels with the thermal
infrared data, precipitable water is derived
from the MODIS mission with a relatively
high  spatial resolution alon with
information of clouds and aerosols ?.

In contrast to TOVS and MODIS, GLI
onboard ADEOS-II is designed to obtain
data of both the surface properties
(vegetation, ocean color, and snow and ice,
etc.) and atmospheric properties (cloud,
aerosol, and radiation budget, etc.). In
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general,  atmospheric = correction  is
indispensable when surface geophysical
properties are retrieved from satellite remote
sensing data. Correction of atmospheric
ozone, aerosol, and in particular, water
vapor is important for precise retrieval of
vegetation conditions and ocean color. In
the GLI mission, it is currently planned that
the water vapor information is incorporated
from the quasi-real-time objective analysis
data. Nevertheless, it is desirable to use the
water vapor information concurrently
obtained with the same spatial resolution as
other channels. In this context, we study
feasibility of using near infrared channels of
GLI in the retrieval of precipitable water and
make a preliminary analysis of the GLI data
and its validation. The principle of the
retrieval algorithm is described in Sec. 2
together with assumptions made in the
present simulation. In Sec. 3, retrieved
precipitable water is analyzed and validated
with radiosonde observation. Section 4
presents the summary and related future
works.

2. RETRIEVAL ALGORITHM
AND SIMULATION

2.1 Principle

The retrieval algorithm is based upon the
radiance ratio method, which utilizes the
radiance ratio between water vapor
absorbing and non-absorbing bands to
retrieve the precipitable water. A similar
method was already adopted with MODIS /
EOS series > ¥. In the MODIS case, 940
nm and 865 nm bands were utilized as the
water  vapor  absorbing band and
non-absorbing band ¥, respectively, and the
retrieved results on a global scale were
already reported *.

Principle of the retrieval algorithm is
explained concisely here. Figure 1
illustrates transmittance curves of water
vapor in the near infrared region, calculated
using the LOWTRAN 7 code >. As seen
from Fig. 1, water vapor absorbing bands

(spectral regions with smaller transmittance)
are located at around 810 nm, 940 nm, 1135
nm, and 1380 nm, whereas non-absorbing
bands (regions with larger transmittance; i.e.,
atmospheric window region) are found at
865 nm, 1050 nm, and 1240 nm. The six
atmospheric models and their values for
precipitable water are summarized in Table
1. The retrieval algorithm utilizes these
characteristics as follows: in the water vapor
absorbing bands, transmittance (i.e.,
radiance to be observed) varies with the
water vapor amount (precipitable water)
assumed in each atmospheric model, while
in the non-absorbing bands, changes are
much smaller.

Table 1 Atmospheric models and their precipitable
water.

Model Precipitable Water

Atmosphere (mm)
Tropical 40.0
Midlatitude Summer 28:5
Subarctic Summer 20.4
US Standard 1976 13.9
Midlatitude Winter 8.38
Subarctic Winter 4.10

For the GLI application, here we propose a
retrieval method in which calibration curves
are determined between the radiance ratio of
water vapor absorbing band (e.g., Ch. 25;
1135 nm) to non-absorbing band (e.g., Ch.
26; 1240 nm) and water vapor amount
(precipitable water) in a form of nonlinear
regression. The GLI channel specifications
related to this feasibility study are
summarized in Table 2 ©.
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Table 2 Related Channel Specifications of GLI.

Channel ~ Central ~ Band IFOV® Maximum  SNR‘ Comment
Number Wavelength Width  (km)  Radiance i
(nm) (nm)
19 865 10 1 228° 97.5¢  Window Region
24 1050 20 1 203 300 Window Region
23 1155 70 1 200 350 Water Vapor
26 1240 20 1 138 70 Window Region
27 1380 40 1 94 120 Water Vapor

? Instantaneous Field of View.

® In units of W m™2 st m™.

® These values were attenuated by 25 % from the original ones >,

4 Signal to Noise Ratio.

Based upon the principle of the retrieval
algorithm, the channel which is most
sensitive to variation of water vapor amount
is chosen as a water vapor absorption
channel and, on the other hand, the one
which is least sensitive to it as a
non-absorbing channel. As seen from Fig.
1, there are two water vapor absorbing bands
in the near infrared region, Ch. 25 (1135
nm) and Ch. 27 (1380 nm). Between two
channels, Fig. 1 also indicates that Ch. 25
(with a band width of 70 nm) is more
sensitive to the variation of water vapor
amount than Ch. 27 (40 nm). As a result,
Ch. 25 (1135 nm) is selected as a water
vapor  absorbing  channel. For
non-absorbing bands, there are three
channels, Ch. 19 (865 nm), Ch. 24 (1050
nm), and Ch. 26 (1240 nm). From Fig. 1, it
is expected that Ch. 26 (with a band width of
20 nm) is more sensitive to the variation
than other two channels: Ch. 19 (10 nm) and

)

Ch. 24 (20 nm). The magnitude of
radiance of Ch. 19 (865 nm), however, is
much larger than those of Ch. 25 (1135 nm),
which leads to the smaller dynamic range of
the radiance ratio (defined later). As a
result, Ch. 26 (1240 nm) is selected as
non-absorbing channels.

Simulations were carried out with the GLI
Signal Simulator (GSS) 7 50 as to calculate
radiances to be observed at the GLI /
ADEOS-II. The code enables us to
calculate the radiance to be observed with
GLI, assuming several atmospheric models
including aerosol loading as well as water
vapor. In the previous feasibility study,
two cases of a bright target (land) and a dark
target (ocean) are considered as ground
surfaces with the GSS simulations * and we
present the bright target analyses in this
study.

The land model is assumed as a Lambertian
surface whose spectral reflectance is 50 %,
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chosen as a representative case of a bright
target. This assumption is based upon the
grass model in the ASTER spectral library i
which shows surface reflectance of 50.7 %,
and 48.8 % for 1135 nm, and 1240 nm
spectral region, respectively. For simplicity,
the effect of bidirectional reflectance
distribution function is not considered in this
study. Simulations were carried out under
clear sky conditions. Moreover, the effect
of aerosol loading in the model atmosphere
was also examined. For the aerosol model,
a rural one incorporated in the GSS was
utilized over land ".

The upward radiances at the top of the
atmosphere were simulated for the following
case: over a bright target (i.e., land). Two
bands, that is, one water vapor absorbing
channel (1135 nm) and one non-absorbing
channels (1240 nm), was used to carry out
simulations, that is, the combination of 1135
nm and 1240 nm was examined to calculate
the radiance ratio. In addition, the
following case is assumed for scan
geometry: solar zenith angle 60°, satellite
zenith angle 60°, and relative azimuthal
angle 90°.
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Fig. 1.

Atmospheric transmittance related to water vapor in the near infrared spectral region between 800 nm to

1600 nm. Curves are calculated with the LOWTRAN 7 code for vertical one way path, as products between

water vapor absorption lines and continuum absorption.
Closed and open rectangles are the spectral ranges of the GLI for water

model atmospheres listed in Table 1.
vapor absorbing and window channels, respectively.

2.2 Retrieval algorithm
In this study, the radiance ratio (7,) is
defined as

T, (chl,ch2)= B :

ch?2

(1)

where chl indicates a water vapor
absorbing channel (i.e., 1135 nm), at which

The six transmittance lines correspond to the six

radiation undergoes strong absorption due to
water vapor, ch2 is a non-absorbing
channel (i.e., 1240 nm), and R 1is the
radiance simulated with the GSS at the top
of the atmosphere for the specified channel.
This definition is essentiallg/ equivalent to
that of Kaufman and Gao ), except for a
factor originating from the ratio of the
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extraterrestrial solar incident irradiances
between the specified channels.

Based upon the above definition, a
relationship (a calibration curve) is proposed
between the radiance ratio (7)) and the

precipitable water (W ):
T,(chl,ch2)=a+ bexp(—cW ) )

where a, b and c¢ are calibration
coefficients. If the coefficient a is set to
zero, this relationship is equivalent to that of
Kaufman and Gao * , since the effect of the
solar terrestrial incident irradiance was
implicitly included in the coefficient 5.
Here the coefficient a is added explicitly
to consider a bias that arises from the
molecular scattering and aerosol loading
effects ¥,

In order to study the effect of scan geometry

on the calibration curve, the precipitable
water (W) is converted to the water vapor
path (W"). The relationship between these
two parameters is given as

1+1J’ o)

cos@ cosf,

W*=W£

where @ and 6, are the satellite and solar

zenith angles, respectively. Using W'
instead of W, Eq. (2) is modified as

T,(chl.ch2)=d" + b’ exp(—c‘W ] )

In the following analysis, radiance ratios
(T,) are calculated with Eq. (1) from the
radiances simulated with the GSS, and

least-squares fitting procedures are carried
out with Eq. (4)

lag ]
E [ J Ia:0.0 ;
1.2F O t,=0.1 .7
® Ia:1.0 é
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0.6
i \ i
0.0E ' : . L TP
0 50 100 150 200

Water Vapor Path (mm)

Fig. 2.

Calibration curves between the radiance ratio and scaled water vapor path under rural aerosol loading
(7,=0.0, 0.1, and 1.0) conditions over a bright target (land).
1135 nm and 1240 nm channels and are fitted with the calibration curves (Eq. (4)).

All circles denote the radiance ratio between the
All the cases are for a scan

geometry of solar zenith angle 60°, satellite zenith angle 60°, and relative azimuthal angle 90°.

2.3 Simulations over a bright target with
aerosol loading

Figure 2 shows relationships between
radiance ratio and water vapor path
simulated with the six atmospheric models
in Table 1. This is the case with the solar

zenith angle 60°, satellite zenith angle 60°,
and relative azimuthal angle 90°. In order
to minimize the effect of scan geometry,
scaled water vapor path in Eq. (3) is used
instead of the precipitable water. Here we
investigated the effect of aerosol loading on
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the retrieval sensitivity under clear
atmospheric conditions, too. Simulations
with the GSS were carried out with the six
model atmospheres over a bright target
while changing the aerosol optical thickness
at 500 nm (z,) as 0.0, 0.1, and 1.0 over a
bright target with rural aerosol loading.
Apparently, all the three cases are fitted well
with the calibration curves in Eq. (4) and the
curves are almost identical to each other.
This indicates that the use of water vapor
path enables us to retrieve the precipitable
water from the observed radiance ratio over
bright targets (e.g., land surfaces), even
under moderate aerosol loading. In this
simulation, the land surface reflectances
were assumed to be 50 % for all the two
channels.  Consequently, the reflectance
ratios of land surface are unity. But, even
using the land surface reflectances in the
ASTER spectral library ¥, they are actually
1.04 for Ri135/Riz240. It turns out that this
assumption is not influential to the results
very much in the simulations.

3. APPLICATION TO GLI DATA
AND ITS VALIDATION

(@)

i MR |

Fig. 3. An iagery of GLI near inared da in April 10, 2003 around California, the Uniéd Stat

The algorithm was applied to the GLI data
set as a preliminary analysis. The images
of the relevant GLI data are illustrated in Fig.
3. There extends huge cloud system over
the western part of the North American
continent around California. Cloudy pixels
are not retrieved, since the algorithm is
applicable only over land and snow/ice
surfaces, currently. Comparing these two
panels, an apparent difference exists near the
cloud edge over the California peninsula:
there are darker pixels in the water vapor
absorbing channel (Fig. 3a) compared to the
non-absorbing one (Fig. 3b).

The retrieval procedure is as follows: At
first, cloud screening based upon GLI
processing system is carried out. Once the
available pixels are determined, the radiance
ratio (7,) is calculated with the two-channel
data as describe in Eq. (1). And then, the
scaled water vapor path (W ") was estimated
with Eq. (4). Using the solar and satellite
zenith angles of the pixels concerned,
precipitable water (W) is estimated with Eq.
(3) from the water vapor path. A map of
precipitable water retrieved above procedure
is illustrated in Fig. 4.

(®)

P i e P ¥

vg.
es of

America: (a) ch25 (1135nm), (b) ch26 (1240nm). The channels 25 and 26 are a water vapor absorbing and a
no-absorbing channel, respectively. There extended cloud system from the western part of a North American

continent to the eastern Pacific Ocean.
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Fig. 4. A retrieved precipitable water distribution in unit of mm in April 10, 2003.
between two channels (1135 nm and 1240 nm) was utilized in the retrieval.
over land and snow/ice regions, that is, it was not carried out over cloud and water (ocean).
mapped on the iso-latitude and iso-longitude coordinate.

-110 -105 -100

The radiance ratio
The retrieval was performed only
The distribution is

The numbers around the left and bottom frames

denote latitude (*N) and loingitude (°E), respectively. Here, a minus sign corresponds to a western longitude.

Table 3 Comparison of precipitable water. Observation time is 1200 UTC for every radiosonde

event.
Location Precipitable water (mm)
Site # *
Latitude "W)  Longitude ("W) GLI Radiosonde
72293 32.83 117.12 7.3 6.9
72274 3212 110.93 155 4.9
76256 27.95 110.77 11.6 10.3

* WMO site number (five digits).
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As is expected with comparison of these two
channels, much precipitable water was
observed ‘at the southern part of the
California peninsula next to the cloudy
pixels. = At the northern part of the
peninsula, on the other hand, there existed
much smaller water vapor amount
corresponding to the mountain features.

The retrieved precipitable water was
compared to the radiosonde observations.
Table 3 summarizes the validation. The
radiosonde observation suggests that the
differences between retrieved and in situ
observation is about 1-2 mm for a few
radiosonde sites. There was a case that had
a severe discrepancy (up to factor 3)
between satellite and in situ observations,
however.  The comparison showed the
further validation study was necessary since
radiosonde observation (00 and 12 UTC) is
not fully coincident to the ADEOS-II / GLI
operation (around 10:30 AM at local time).
We have a plan to compare the retrieved
values to skyradiometer and microwave
radiometer observations.

4. SUMMARY AND CONCLUD-
ING REMARKS

We have proposed the retrieval of water
vapor amount (precipitable water) using GLI
near infrared channels. The retrieval
approach proposed in this study enables us
to retrieve water vapor amount using GLI
onboard ADEOS-IIL The results of
simulations indicate that the radiance ratio
between 1135 nm and 1240 nm channels is
well sensitive to the precipitable water over
a bright target (higher reflectance at ground
level) with Lambertian reflectivity. Over a
bright target with spectral reflectance of
50 %, aerosol loading with optical thickness
(at 500 nm) of less than 1.0 is not influential
to the calibration curves of the retrieval.

The retrieval algorithm was applied to the
GLI data around western part of the United
States of America. In this preliminary
analysis, the retrieval procedure worked well
in the GLI data analysis system in JAXA /
EORC. The retrieved results were

compared to the radiosonde observation
sites and the retrieved precipitable water is
coincident within 2 mm at a few sites. We
have a plan to compare the retrieved results
with the continuous observations such as
skyradiometer and microwave radiometer
sites for the purpose of its global
application.
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