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The use of satellite remote sensing to provide synoptic measurements of the ocean is
becoming increasingly important in fisheries applications. Variations in ocean conditions play key
roles in natural fluctuations of fish stocks and in their vulnerability to harvesting. Information on
the changing ocean, rather than on average ocean conditions, is necessary to understand and
eventually to predict the effects of the marine environment on fish populations. The evolving
capabilities of satellite sensor and data-processing technology, combined with conventional data
collection techniques, provide a powerful tool toward ensuring the wise use of living marine

resources.

Laurs and Brucks (1985) review fisheries applications of satellite oceanic remote sensing in
the United States. Examples of recent and potential uses of satellite imagery in U. S. fisheries in the
eastern North Pacific are given in Fiedler et al. (1985). Yamanaka (1982) describes the utilization of
satellite imagery in Japanese fisheries. Gower (1982) gives an overview of the different kinds of
remote sensing data relevant to fisheries science and oceanography, and Montgomery (1981)

discusses the utility of satellite imagery to ocean industries, including fisheries.

Satellite Data Sources and Limitations

Satellite remote sensing applications in U. S. fisheries have concentrated on the measure-
ments of ocean temperature and color, and computation of ocean transport based on satellite

measured wind stress.

Ocean temperature

Virtually all fisheries studies employing satellite ocean temperature measurements have
utilized imagery from thermal infrared sensors. The advanced infrared sensors, notably the
Advanced Very High Resolution Radiometer (AVHRR) aboard the TIROS orbiting meteorological
satellites, are characterized by high sensitivity in narrow wave lengths. fine ground resolution. and
an extensive data archive (Fiedler et al., 1985). These sensors yield high quality data which except

for some limitations, meet the requirements for most fishery investigations (Laurs, 1985).
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There have been a very limited number of attempts to apply ocean temperature measure-
ments made from microwave instruments aboard satellites to fisheries studies. These attempts have
been only marginally successful, mostly because of the large footprint of the measurements and the
contamination of the data in the vicinity of land. However, an adequate evaluation of the utility of
satellite microwave ocean temperature measurements in fisheries problems has yet to be conducted.
Efforts to do so have been hampered because of difficulties in obtaining microwave temperature

data and lack of high speed data processing capabilities to process it (Niebaur, pers. comm.)

Ocean color

The Coastal Zone Color Scanner (CZCS) on board the Nimbus-7 satellite, launched in October
1978, is the first sensor in orbit that is specifically designed to measure ocean color (Hovis et al.,
1980). The CZCS is capable of measuring very subtle variations in water color resulting primarily
from variations in phytoplankton concentrations. Ocean color measurements from the CZCS are
being used in fishery resource applications to determine the locations of oceanic fronts, effluents,
and water masses ; to determine circulation patterns; and to make quantitative measurements of

chlorophyll and sestonic concentrations.

Ocean winds

The scatterometer (SASS) aboard the Seasat-A satellite provided data which demonstrate the
importance to fisheries of high resolution surface wind stress measurements made from space. Wind
stress measurements made by satellite can be used to calculate ocean surface layer transport, which
controls the distribution of larval stages and the subsequent recruitment and harvests of many
marine fishes and shrimps (Brucks et al. in press). Satellite measurements of winds are also
important in the detection of wind conditions that affect the safety and performance of fishing
vessels at sea. Although the data record of satellite measured winds is very limited as a result of
the unfortunate premature failure of the Seasat satellite, extensive global coverage of oceanic

surface winds will be made by satellite systems planned for launch in the late 1980s.

Data limitations

The major inadequacy of present satellite sensors that make measurements in the visible and
infrared bands is that they can measure sea surface temperature and ocean color only through a
cloud-free atmosphere. This has hampered the utilization and acceptance of satellite technology in
fisheries research and fish harvesting applications because many important fisheries are located in

areas which have dense cloud cover much of the time.

Fiedler et al. (1985) examined the seasonal and areal distribution of cloud conditions over the
eastern North Pacific and discussed the probabilities of conditions suitable for satellite coverage.
They found that off the coast of Baja and California from latitude 30° to 3& N the most favorable

conditions for remote sensing are from October through April, whereas a dense layer of low stratus
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clouds covers the coastal waters during the summer upwelling season. Off the coast of northern
California, Oregon, and Washington from latitude 40° to 50°N the best conditions for remote sensing
occur from August to October. North of latitude 50°N mean cloud over increases and is consistently

70% or greater in the Gulf of Alaska although March and April may be relatively clear.

Another draw back to satellite infrared temperature and ocean color measurements is their
restriction to the upper most layer of the ocean surface. Although AVHRR measurements are often
representative of general temperature conditions in the upber mixed layer (Bernstein, 1977), many
important species live below the thermocline or on the bottom, where temperature patterns are not
necessarily apparent at the surface. Another shortcoming of infrared imagery is that its use to
detect fronts in open ocean areas may be limited to periods prior to the onset of seasonal warming.

The use of ocean color imagery from the CZCS can often circumvent this problem (Laurs et al. 1984).

In spite of the limitations noted, data from the CZCS and advanced infrared sensors on
satellites meet the general needs for many fisheries applications. The development of reliable
microwave radiometers that can measure sea surface temperature with high resolution through
clouds, along with advanced infrared sensors, however, is required to make full utilization in

fisheries of ocean temperatures measured from space.

While the requirements of satellite sensor measurements for fisheries appiications have been
treated extensively (e. g.. Sherman, 1980) specification of requirements for ground processing and
data delivery systems have been neglected and require further development. There are pressing
needs to increase the availability of ocean measurements made by satellite for use in fisheries
applications. In some cases, direct reception and processing of the satellite data are required. In
others the routine distribution of earth-located and geographically rectified charts of level 3 data

will suffice.
Use of Satellite Measurements in Fisheries Research

Variations in environmental conditions affect the recruitment, distribution, abundance, and
availability of fishery resources. It is not possible to measure remotely from satellites the entire
spectrum of information needed to assess changes in the marine environment. However, knowledge
of important oceanographic conditions and processes affecting fish populations may often be
deduced using ocean measurements made by satellite. e. g.. distribution of surface isotherms,
locations of oceanic frontal boundaries. information on currents and circulation patterns. regions of

upwelling. and so on.

Measurement of marine fish habitat
Ocean measurements made by satellite remote sensing can be extremely useful in defining the

distribution of marine fish habitats. Lasker et al. (1981) and Fiedler (1983) have demonstrated that
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the northern boundary of northern anchovy spawning habitat in the Southern California Bight may
be delimited using AVHRR imagery from NOAA polar orbiting satellites. In general, the northem
extent of spawning in the Bight and the offshore extent of spawning north of Santa Catalina Island
are limited by cold, upwelled waters advected south of Point Conception. The cold waters are
readily evident in satellite infrared imagery of the region (Fig. 2). The southern limit of spawning
may be defined using ocean color measurements made by the CZCS aboard the Nimbus-7 satellite

showing low chlorophyll concentrations (Fiedler, 1983).

The distribution and availability of albacore tuna off the west coast of the United States have
been found to be related to oceanic fronts seen in AVHRR infrared and CZCS imagery (Laurs et al.
1984). Commercially fishable aggregations of albacore are found in warm, blue oceanic waters near
temperature and color fronts on the seaward edge of coastal water masses (Figs. 4 and 5). Theése
oceanic boundary features, which are believed to result primarily from coastal upwelling, are
clearly observable in satellite imagery collected along the U. S. Pacific coast. The distribution of
albacore during winter time in regions hundreds of miles off the coast has also been related to sea
surface temperature fronts, believed to mark the outer boundary of the California Current observed
in AVHRR imagery (Laurs et al. 1981).

The small-scale migration patterns of albacore in relation to oceanic frontal boundaries was
investigated using ocean color and infrared data collected contemporaneously with observations
made from ships at sea by Laurs and Austin (in press). Nimbus-7 CZCS and NOAA-6 satellite
AVHRR infrared data were collected in conjunction with field experiments where acoustic
telemetering was used to track the horizontal and vertical movements of free-swimming albacore,
and expendable bathythermograph (XBT) observations were made to determine subsurface ocean
thermal structure. Three albacore were tracked for approximately 24 hr and one for about 15 hr.
The results showed that (1) total distances tracked ranged rom about 40 to 60 km, with all fish
remaining in the same parcel of warm water that was separated from waters to the north, south,
and inshore by about a 2°C temperature gradient as shown by infrared thermal imagery ; (2) tracked
fish spent most of the time in waters within and below the thermocline, and only small amounts of
time in the upper mixed layer (Fig. 6); (3) the fish exhibited marked vertical excursions in depth
with the range being larger during the day than at night ; (4) the fish spent most time in waters with
temperatures considerably lower than what has been generally believed to be the preferred tempera-
ture range for albacore ; and (5) when changing depth, the fish frequently within a 20-min period,
passed through a vertical gradient of temperature amounting to 6-7°C or about 3 + times greater
than the horizontal temperature gradient at the surface indicated by ship measurements and the
infrared thermal imagery. These findings indicate that the reasons tuna aggregate on the warm side
of surface temperature fronts-an economically significant phenomenon that has been observed on
scientific cruises and is well known by fishermen - may not be related to thermal-physiological

mechanisms (Neill, 1976). Instead, water clarity as it affects the ability of time to detect prey may
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be in an underlying mechanism.

Satellite infrared measurements have also been used to trace the development and duration
of the various bluefin tuna fisheries along the east coast of the United States (Roffer et al. 1982).
These fisheries follow the movement of seasonal warming of near-surface waters which are
monitored by observing the northerly progression of the 19-20°C isotherms in satellite infrared
imagery. Limited success has been achieved during winter months in relating the distribution of tuna
longline fishing in the Gulf of Mexico with position of the Loop Current deduced from temperature
frontal patterns observed in Geostationary Orbiting Earth Satellite (GOES) infrared imagery
(Leming, Internal Report, NMFS and Maul et al., 1984). In summer months after seasonal warming
has occurred, it is not possible to resolve temperature frontal structure in the GOES infrared

imagery of the Gulf of Mexico.

Satellite remote sensing has been an especially important tool during the recent El Nino for
monitoring anomalous ocean conditions along the U. S. Pacific coast (Fiedler, 1984a). The satellite
imagery contains invaluable information for use in assessing the effects of the El Nino conditions
on U. S. west coast fisheries. Virtually all of the fisheries were affected in varying degrees, with
some fisheries showing benefits from the El Nino and others being harmed substantially. Many fish
populations experienced changes in their distribution and centers of abundances. For example, there
were shifts in the usual distribution of anchovy spawning which Fiedler (1984b) found could be

delineated using AVHRR infrared imagery.

Use of satellite in design of field studies and interporetation of ship data

Another area where satellite data are being used in fisheries research is to assist in the design
of field studies and to guide research oﬁerations on fishery research vessels. This has been an
extremely important use of satellite data at the National Marine Fisheries Service Southwest
Fisheries Center. Satellite data are used in planning sampling patterns and cruise tracks, to make
adjustments in cruise operations while at sea, and to assist in the intrepretation of cruise results.
The use of satellite measurements has markedly enhanced sampling ability, enabling researchers to
sample the right places at the right times and has resulted in considerable savings in time and funds.
This important application of satellite remote sensing usually requires direct reception and process-
ing of satellite data in near real time. The cost savings for conducting research can be significant,
since a single satellite image from data received and processed in a matter of a few hours can save
days of expensive ship time by locating significant ocean feature and permitting optimum sampling
effort (Fiedler et al., 1985). It can be used to validate the interpolation and extrapolation of
shipboard measurement and as the basis for interpretation of measurable patterns and possible
mechanism responsible for spatial and temporal variability observed in shipboard observations
(LASKER et al. 1981).
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Potential use of satellite data in fisheries studies

There are a number of fishery research situations where satellite data can potentially play
an important part in the future. For example, satellite measurements can provide vast amounts of
oceanographic data for use in evaluating the status of fish stocks as advanced models for fishery
stock assessment are developed which incorporate environmental information. Investigations
concerned with determining interactions between fisheries and pollution are prime candidates for
the use of satellite ocean measurements. For example, ocean color and other imagery can be used
to determine dispersion patterns of waste dumped at sea. Satellite measurements of ocean chloro-
phyll also may be extremely useful in studies to model ecosystem energy budget to estimate

potential fish stock production.

Use of Satellite Measurements in Fisheries-Aid Products for Fishermen

Several projects and programs have used or are using satellite-derived ocean data in fisheries-
aid products which are distributed to U. S. fishermen by a variety of mechanisms, including radio
facsimile transmission, voice broadcast, U. S. mail, and telephone telecopier. A prime motivation
leading to the expanded use of satellite observations in fisheries-aid products was provided by the
Seasat Commercial Demonstration Program sponsored by the National Aeronautics and Space
Administration/Jet Propulsion Laboratory in Pasadena, California. This program led to the devel-
opment of an operational Satellite Data Distribution System used to distribute oceanographic

products to ocean users (Montgomery, 1981).

Charts showing the locations of oceanic thermal boundaries are derived from AVHRR
infrared imagery from polar orbiting satellites and are provided to commercial and recreational
fishermen for use in locating potentially productive fishing grounds along the Pacific coast from
central .Baja California to British Columbia, Canada (Breaker, 1981). Fishermen use these charts to
save time in searching for productive fishing areas associated with oceanic frontal features. High
resolution infrared images from the GOES satellite and ship reports are used in the preparation of
charts for waters off the Atlantic Coast. which are distributed to fishermen and other marine users
(Chamberlain, 1981). Of particular interest to fishermen, these charts show the outer limit of the
shelf water mass, in which many fishery resource species reside. The charts also give information
on the numbers. sizes, and persistence of warmcore Guilf Stream rings. which can markedly alter
conditions on the fishing grounds. These charts have been particularly useful to lobster fishermen
in reducing loss of fishing pots as a result of strong currents of the Gulf Stream warmcore eddies.
Charts based on GOES infrared imagery are also prepared to show the path of the Loop Current in

the Gulf of Mexico and are used mostly by recreational fishermen (Lowry and Leaky. 1982).

Experimental ocean color boundary charts based on CZCS imagery are distributed to U. S.
westcoast fishermen (Montgomery. 1981). These charts delienate strong gradients in the blue/green

color ratio (Channel 1/channel 3 radiances). They are produced at almost weekly intervals depend-
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ing on cloud conditions. and cover coastal areas up to 700,000 km? between Guadalupe Island and
Vancouver Island. Nimbus-7 CZCS passes along the Pacific coast are collected at the Scripps
Institution of Oceanography (SIO) Satellite Oceanography and transmitted by radiofacsimile the
following day to fishing boats at sea from radio station WWD in La Jolla, California. Color
photographs of the satellite images are also distributed by express mail to various fishing ports and
to Sea Grant marine advisors in daily contact with fishermen. The color boundary charts and
photographs are used primarily by commercial albacore swordfish and salmon fishermen, and
recreational fishermen in southern California. Fishermen use the color boundary charts to locate

color gradients or “breaks” which are important in determining potentially productive fishing areas.
REFERENCES

BRUCKS, ]J.T.. T.D. LEMING, AND S.B. satellite remote sensing data for fisheries
BUCKETT, JR. In press. A model investi- application. NAFO Sci. Counc. Studies 4:
gation using high resolution SASS wind 7-19

HOVIS, W.A. DK. CLARK. F. ANDER-

SON, RW._AUSTIN, W H. WILSON.E.T.

BAKER. D. BALL. H. GORDON. J.L.

MUELLER, S.Y. EL SAYED, B. STRUM.

R.C. WRIGLEY, AND CS. YENTSCH.

stress measurements to derive wind surface
layer transport properties in the Gulf of
Mexico. NOAA Tech. Rept.

FIEDLER. P.C. 1983.

Satellite remote sensing of the habitat of
spawning anchovy in the southern Califor-

nia Bight. CalCOFI Rept. 24 : 02-209

——. 1984a.

Satellite observations of El Nino along the

U. S. Pacific Coast. Science 224 : 1251-1254

———. 1984b.

Some effects of El Nifio 1983 on the north-
ern anchovy. CalCOF] Rept. 25: 53-38.

FIEDLER. P.C. G.B. SMITH. AND RM.

LAURS. 1985.

Fisheries aplications of satellite data in the
eastern North Pacific. Mar. Fish. Rev. 46
1-13

GOWER,. J.F.R, 1982.

General overview of the nature and use of

— 145 —

1980.
Nimbus-7 coastal zone color scanner : Sys-
tem description and initial imagery. Sci-

ence 210, 60-63.

LASKER. R., J. PELAEZ. AND RM. LAURS.

1981.

The use of satellite infrared imagery for
describing ocean processes in relation to
spawning of the northern anchovy (En-
graulis mordax). Remote Sensing Environ.

11:439-453.

LAURS. RM.. AND J.T. BRUCKS. 1985.

Living Marine Resource Applications. In
Barry Saltzman, ed. Advances in Geo

phvsics 27 : 419-450

LAURS. RM., RJ. LYNN, R. NISHIMOTO.

AND R. DOTSON. 1981,




APPL ICATIONS OF SATELLITE REMOTE SENSING TO FISHERIES

Albacore trolling and longling exploration
in eastern North Pacific waters during mid-
winter 1981. NOAA-TM-NMFS-SWFC-10.

LAURS, RM.. PC. FIEDLER, AND DR.
MONTGOMERY. 1984.
Albacore tuna catch distributions relative
to environmental features observed from
satellites. Deep Sea Res. 31 : 1085-1099.

LEMING, T.D. 1981.
Ocean pelagics remote sensing appli-
cations. Interim Rept. NMFS (Internal

Document).

MAUL, G.A.. M. ROFFER, AND F.M. SOUSA.
1984.
Remotely sensed oceanographic patterns
and variability of bluefin tuna catch in the
Gulf of Mexico, Oceanol. Acta. 7, 469-479.

MONTGOMERY, D.R. 1981.
Commercial applications of satellite

oceanography. Oceanus 24 : 56-65.

ROFFER, M., M. CARL, AND F. WILLIAMS.
1982.
Atlantic bluefin tuna oceanography remote
sensing. Proc. 32nd Annual Tuna Confer-
ence, IATTC, La Jolla, California.

SHERMAN, JW. 11l (ED)
NOAA Workshop on Oceanic Remote Sen-
sing vol. 2, Workshop Support Document,
National Oceanic and Atmospheric Admin-

istration, Washington, DC.

YAMANAKA, 1. 1982,
Application of satellite remote sensing to
fishery studies in Japan. NAFO Sci. Counc.
Studies 4 : 41-50.

— 146 —




BBt/ — 1+, L, 8B, 1986

BEVE—V LUy TOXREREADILHE
*R. Michael LAURS
] B

BEF—5 V-2 EDRRA

KEREANOBEOILHIZ AR, KB, LU
BEZLI->THAEESREBAOA ML A0 oKEY
FETZZhngEsrhTw3,

ki AVHRR 3, BRBOESH BBE T
HEAREELI TSN, TS DERLEL, ¥
HOMESIRIH2Y, BERBEOEZOKRIS Iz
EATLD,

*A 700 x—-T L HABHEOLTIIE
g0, TR ESBENEC, BT
ZATRavsiA—vardbh, ghF—2%
DERLBEHMESH 20 THE, Lol
BEOLDIIEMEDYA 70Kz L B REBESY
ICRT2HRESELITDRINIER S,

A€ INIMBUS-7TDCZCS iRy 75
Y7 ALEBRBOMBLEREBETE S,
ZHIHHR, B, AR roBoBEE, B
D8y —>, 7007 4 VBRORELR L AERE
X LTIESh2DH 2,

¥R . Seasat-A {28 2 h /- #BELE (SASS)
CEVBLOBROTERLBESREIRYITHS
ZrpREhi, ThidHAOEXPIA, RE
BZEYLEETORBOBELROLDIIIGAT 3
IEMNTEZ, $LRELSOROBEIIES &
THLRECBHEOTLIILEETH S, Seasat 2F
WHEL, FOHT—FOERIID 1531980
FREFCZBEC I IMRYFEETORDOT —
SEEHDL AT LAMNEEL S,

TS OBRR  BEOL Y —DB—ORRAY
BEDORWEIATRLERBVWLERELILTH
3, TRIZDOLTREMICEI2BENHEHNRAES
i

LE—DOREFRWEREIRECRSND
LTh3, AVHRR i3 FFBREMEDREE R T
I LELEBIY, EMOHEZLDIIINE
DOLEDEIBIZEATVE,

AT, FABRTHRERZ 0T
2501k, IEOKBELROEE ZHCESN B
ZETHB, TNIZCICS I L2 REBTHO Z b
TED,

ZDE3ITVALAORKMIIH B, AVHRR
ECZCSDURIZE D REOHBO D C KRG
THRILHTEDY, BEUEYEL TABELEN
ETRET 2~ A 708t y—0fSnEih
%, )

Y-l IBEOREINTIERECH
~, #ETOREMLE, BIUFEOEEEICNT
ZEF UL BhHDE, METOERRE -
MBOEZELH IS, METHFRL, MEBHTEE
LEREORGTHR2 I b D,

REFFIIBILI2WEREDER
AOERIIBETIBERBO TN TEHEC
IoTERAT 22 L 3HERL VY, FERK, 11K
DESHEBEEZBAREERRG LN T2 L
BTED,

* REREARBEABEL -

— 147 —




BRUE— L L YOXRERE O

BHOAOITHORER

WY 7FLTL BEIT AR TETOER
@ LB 2 Point Conception O 125 2 BH % K
THREXNZD, 2#id AVHRR &% THRIZ T
a3, ¥/, TOBEBILCICS iz & 2 KEBRE
T,7007 4 ADb 0 UTRHTES,

Er A XERERROBRBIIBEARO
HOKES L UKBOERIGIOCBETHONE
KiZTED, ZOHBIREFEERILZLDOTH
b, MED AVHRR, CZCSEHKZZ L - THS
PIZAZIEDNTED, 2FIIRE VT VORA
13530 AVHRR TA& 505 &0®MDH Y 7 4
LE=THBROABORETF LBFrL-oTL
%,

CZCS# X UAVHROD 7—% b b€ T
XBT ot 2B ABHESCTET L ALY —%
METE >k o e L r O BBORED
EEsBEEE N 3RO V- 4 & 24 8559, 1
Ex 15BREHL 7225, YR L FAER THE
NEH2°CORBIEEIL > THHINEE B
ARizEXE3 2L, BRAEIOBEIIEER
BOWNHE 22O FTHIzWL L, L TBENR
ERIDLHPTEL LI, #XEZLRTL
ED LD BRAAKETEITI L, 0K
&, BECKHHEREC LD 365N 5 kBATHEE
DITLELSHZ 6~ T COKEBES 20 3LUR
TEIBZBI L YL LENT,

zovso KEEEOED /v~ oonitt
i, FAERTTRENL 19~ 20°COZEBEOBE
KR-T03, X0 AFL aB TREBLEE
GOES it 2 KBFHL» S HE ENLBRHE
(Loop Current)iZBEE L (0BT, 3 2 b
FZBERNL T2, BERIOBEORSN
B TIEEEIEIETEa G,

Ihz—Z=z  BYETORBYILZ—Z 2
LW THEE, $-BREELS 3, 2L 2
. 287 F 47 OBEBELE_OBENE -
724024112 AVHRR OB £ 0, KELEHES

B PSR ) R o4 He
SR TINE 7R (N

BERBEORSE L UKEET — 5 ORFIINT
LREOILH
CHIIBAREL L /B2 HEDED T
BEELGHOL1THL, BNL, WAENE, B
OEE, B2 2T L EDZ I EIZL0, F
NERBLERTEL, Z0nHIiZi3, MERK
DEBFESL VYV TLIA LLESLETHS
5, —~HOEHLECEEMs0-TL, Thid
BHEOREBRCF HoBHBR iz 25, £18E
F—2iamkT — 2 2N, L RNAEL TER
ORTEHSHELDERIBR T 2ICAL SN
%,
BEOBREMFTIN T 2S5EOICHE [ Rl
hid, REFE-RERELELGbE D L &I
RHEIEACEET —s2RETES, 3128
ELEEER L OBFROMEIHEICH G2
N3—-2TH2, BHHI NS RYROLK
BAREZOHEOEFTRETE S, BAERFOT
CEEBENET 200 EREFR T ANF - X
ETFAOTRIRBEILIL 7007 4 LORE
BEOTEETHS.
BEBIXNTIBEEY - VYALIBUZHEDT
B XETERBECLIIEET -2 ER 77 v
7 A, BRESE, BE, BF 7700 AR EEH
LVBEECRAT IV OBO 70V 2 b b
3, MET -/ P REERICH T2 00ORY)
OB %13 NASA & JPL (¥ = v MHEGERFIERR) i
& U5t = 7z Seasat Commercial Demonstra-
tion Program T, Chi3BET - OERW
Fa— YBT3 ER AT LOBRE L
ol 7,
KEFEETZAVHRR C L 2 BFEIKROME
PREOREOOIUIREREECERE IRYE
a0, EBEEORBMOSmBIIEIT -T2,
KtFETIZGOESEEORFTEFNER &
EREH I S 2 BARSBEEZ ORIt s R
TLz, IOBREKISOKERREEYHEA
TOLZEBAONEE T TOTREEDBELNE
Vv, 37, IOREe T A —BEECEL-TI?

— 148 —




Bk /- b, FrE, FEH, 1986

AF L IB/EOBAMILIBORLLOOIIS
TILRAROEILERB T IOUIENTERTE
2, &, BB EBD X F v aBRORIK
i (Loop Current) O ¥ RIEMESHTH
REBIIHOSORTLS,

CZCSOHF (HE1/32F) b (B3 S2 F) &
DELEROGIARBERRENZ, EOREIE L0
BrE@lBEoEn TAPEMOBRERCENS
nNTwd, KFEFEEXEET 5 NIMBUS-7,
CZCSRAZ V) 7AMEFMENMTRE S h, 2
OFE, HRMOBEKR» @M ckEsh 313
b, EROH 7 -FRIGEEFEF CRECXT

o, ZHeOXKBRRNS LT -FREE +
H, ARV F HrEOREREES, B U7 2
AT OBREVEENOEECREERDE O
CHRs TS,

HIEABEQWMOE0E S B HEAKELHT
THhI L BEORBCETOHEELZLLLD
AEEVSARIBIEES LI LOTSE
%

MEEZG, EIHEASHRCHIIED

ol OTEEL .

PR Ui — gL

— 149 —






