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Executive Sum
m

ary

This docum
ent is the report of a w

orkshop that w
as held at the W

oods H
ole O

ceanographic 
Institution on O

ctober 14-16, 1992. The purpose of the w
orkshop w

as to bring together experts 
from

 the academ
ic com

m
unity and governm

ent agencies to identify the highest priority m
easure

m
ents that should be m

ade as part of the U
.S. contribution to a G

lobal O
cean O

bserving System
 

(G
O

O
S). The m

eeting w
as sponsored by the N

ational O
cean Service (N

O
S) of the N

ational O
ce

anic and A
tm

ospheric A
dm

inistration (N
O

A
A

) via the O
ffice of N

aval Research (O
N

R
); adm

inis
trative arrangem

ents w
ere m

ade by Joint O
ceanographic Institutions Incorporated.

The w
orkshop w

as organized into three parts: (1) an initial plenary session to discuss 
general concepts of G

O
O

S and the state of national and international planning; (2) w
orking groups 

on each of the subject areas as defined by the m
odules: clim

ate, coastal processes, living m
arine 

resources, health of the ocean, and m
arine services to agree on definitions of the m

odules and the 
priority areas for G

O
O

S m
easurem

ents; and (3) a final plenary session to discuss and agree on the 
highest priority m

easurem
ents and cross-cutting m

easurem
ents, and next steps for N

O
A

A
 (i.e. 

N
O

S) to take to im
plem

ent these in a FY
 1995 budget initiative.

The w
orkshop agreed on a tw

o-stream
 effort for G

O
O

S—
one stream

 to involve enhance
m

ent of operational m
easurem

ents (including transition to operations of research efforts like the 
TO

G
A

 TA
O

 array) and the second stream
 to include a set of observational dem

onstrations or pilot 
experim

ents of new
 techniques that w

ould be carried out on at least a basin-w
ide scale (including, 

for exam
ple, large-scale acoustic averaging and m

id-depth floats). In addition, the w
orkshop 

expanded the definitions and identified the priority m
easurem

ents for each G
O

O
S m

odule.

It w
as recom

m
ended that the near-term

 N
O

S contribution to U
.S. G

O
O

S should include 
five  m

ajor efforts: (1) m
aintaining existing program

s, for exam
ple, V

olunteer O
bserving Ships 

(V
O

S), drifting buoys, existing long-tim
e series m

easurem
ents, and global sea level m

easure
m

ents; (2) beginning transition to operations of aspects of som
e research program

s, for exam
ple the 

Tropical O
cean G

lobal A
tm

osphere (TO
G

A
) observing system

, including TO
G

A
 Tropical A

tm
o

sphere O
cean (TA

O
) array; (3) initiating cooperation and coordination w

ith other N
O

A
A

 and non- 
N

O
A

A
 federal program

s; (4) planning for a FY
 1995 N

O
A

A
 G

O
O

S initiative to provide new
 

m
oney for som

e U
.S. G

O
O

S activities; and (5) considering an office and staff to help coordinate 
the entire set of U

.S. G
O

O
S activities.

D
esign studies w

ill be a high priority. These should build on the previous N
O

A
A

 w
ork on 

the  design of the TO
G

A
 TA

O
 array to provide optim

ized w
ind fields and the exam

ination of the 
relative m

erits of ship and drifting buoy contributions to the accuracy of satellite-based Sea Sur-

v



VI
E

x
ec

u
tiv

e 
S

u
m

m
a

ry

face Tem
perature (SST) m

easurem
ents. Efforts needed include joint N

O
A

A
/academ

ic studies on 
blended observing system

s for upper-ocean tem
perature profiles and heat content, and on com


bined in situ/satellite w

ind fields.

Finally, the w
orkshop agreed that an interagency com

m
ittee w

as required in order to both 
prom

ote  G
O

O
S and to ensure that each agency w

ith an interest w
as ready to develop a coordinated 

budget  proposal. The w
orkshop recom

m
ended that N

O
A

A
/N

O
S should chair the com

m
ittee, and 

that N
avy, as the other m

ajor operational ocean agency, should co-chair. O
ther agencies w

ith 
m

ajor interest in G
O

O
S should also be represented. A

 m
echanism

 for continued interaction w
ith 

the academ
ic com

m
unity should be included.



1
Introduction and Scope

1.1 
The R

ationale

Long-term
 m

onitoring of the environm
ent is now

here m
ore im

portant than in the 
ocean. W

ith its large heat capacity and circulation, the ocean plays a key role in the clim
ate 

system
 as w

ell as affecting the coastal zone, pollution, fisheries, defense, and m
arine 

transport. A
lthough our know

ledge of the ocean and its processes is lim
ited because of the 

vast range of tim
e and space scales involved, w

e do know
 that regionally the ocean acts as a 

buffer and affects coastal clim
ate and sea level and that the ocean plays a m

ajor role in the 
global  cycling of carbon. G

lobally, the ocean acts as a heat source that forces atm
ospheric 

convection and w
inds, and transports and stores heat.

Rapid change in satellite and com
puter technology has allow

ed us to observe and 
m

odel the ocean in great detail. R
esearch program

s have given us new
 insights into how

 the 
ocean w

orks on global scales. W
e are becom

ing increasingly aw
are that clim

ate change 
depends critically on the role of the ocean; recent successes w

ith predictions of El N
ino 

show
 that our understanding is now

 ready to be m
ade operational. M

oreover, w
ith increas

ing populations and needs for energy and food resources, the nations of the w
orld are 

looking to the ocean for help. For all of these reasons, w
e need to be able to docum

ent the 
state and changes in the ocean physics, chem

istry, and biology. For this w
e need a G

lobal 
O

cean O
bserving System

.

1.2 
W

hatisG
O

O
S?

A
 G

lobal O
cean O

bserving System
 (G

O
O

S) w
ould consist of a globally-based set 

of in situ and satellite-based instrum
ents that w

ould m
onitor the state and changes in the 

state of ocean and oceanic ecosystem
s. It w

ould include a data and inform
ation netw

ork 
that connects the instrum

ents and provides inform
ation to users and data archives. A

n 
international coordinating m

echanism
 w

ith scientific and technical advisory groups and a 
technical assistance, training, and technology transfer activity w

ould be an essential ele
m

ent.

A
 G

lobal O
cean O

bserving System
 w

ould perm
it us to m

onitor and assess the state 
of the ocean, ocean processes, and ocean ecosystem

s, globally and in the coastal regions. It 
w

ould provide inform
ation for efficient use of ocean resources and protection of the ocean

1
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In

tr
o

d
u

c
tio

n a
n

d S
c

o
pe

environm
ent. It w

ould provide inform
ation for research on understanding, m

odeling, and prediction 
of the state of the ocean.

1.3 
Econom

ic B
enefits

It is clear that the econom
ic benefits of G

O
O

S are m
any tim

es greater than the investm
ent 

needed  to actually acquire and m
ake available the observations. For exam

ple, in the U
.S. agricul

tural sector alone, econom
ists estim

ate that a m
inim

um
 of $240M

 per year on average w
ould be 

saved if the data w
ere available to perm

it forecasts of the El N
ino Southern O

scillation (EN
SO

) 
events at least 9 m

onths in advance. The w
orld-w

ide im
pact of these fluctuations on established 

fisheries is equally significant. The science is com
plete to perm

it these forecasts, but the ocean 
data are not yet routinely available. The costs to gather this data are probably less than about $50M

 
per year. The econom

ic benefits to the U
.S. energy sector are estim

ated to be even larger than the 
benefits  to the agricultural sector. Current estim

ates suggest that a $200M
 annual U

.S. investm
ent 

in G
O

O
S m

ight return a m
ore than $2B total annual benefit to the U

.S. econom
y.

1.4 
G

O
O

S as an O
perational System

The prim
ary goal of U

.S. G
O

O
S is to provide the data needed for detection and forecasts of 

societally im
portant environm

ental conditions. This is an "operational" goal. R
esearch w

ill be a key 
underpinning of G

O
O

S and w
ill help to im

prove the detection and forecasts. D
evelopm

ent of new
 

technology w
ill help im

prove the observational system
s. The data taken for operational purposes, 

given sufficient quality control, w
ill be useful to the research program

s. B
oth operations and 

research are needed for success.

In the G
O

O
S context here, w

e use the term
 operational to m

ean (see A
ppendix D

) long
term

, routine, system
atic, cost-effective, and global (or having global im

plications). For clim
ate 

w
e look for observations that w

ill have a dem
onstrable im

pact on clim
ate forecasts or that w

ill be 
an im

portant indicator or diagnostic of clim
ate change. A

n equivalent criterion for the other G
O

O
S 

m
odules  w

ill be developed.

1.5 
International Planning

G
O

O
S is an international activity initiated through the Intergovernm

ental O
ceanographic 

Com
m

ission (IO
C) w

hich is part of the U
nited N

ations Educational, Scientific and C
ultural O

rga
nization (U

N
ESCO

) and the U
nited N

ations system
 of organizations. The clim

ate contributions of 
G

O
O

S w
ere em

phasized during the Second W
orld Clim

ate C
onference in 1990 w

hich urged 
support  of G

O
O

S as part of a G
lobal C

lim
ate O

bserving System
 (G

CO
S). The U

.S. has com
m

itted 
to G

O
O

S through the U
nited N

ations C
onference on Environm

ent and D
evelopm

ent (U
N

C
ED

) and 
its action list, A

G
EN

D
A

 21. A
s part of the planning activity, the IO

C has prepared a draft G
O

O
S 

developm
ent plan and is developing a statem

ent called "The Case for G
O

O
S".
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The draft developm
ent plan of the IO

C represents an IO
C Secretariat view

 developed w
ith 

the input of various experts that have advised on the plan. The plan proposes that the planning for 
G

O
O

S be divided into specific areas, or "m
odules". These m

odules include clim
ate, coastal pro

cesses, living m
arine resources, health of the ocean, and operational m

arine w
eather and ocean 

forecasting. International planning for the clim
ate m

odule of G
O

O
S has proceeded rapidly, w

ith 
the appointm

ent and vigorous activity of the O
cean O

bserving System
 D

evelopm
ent Panel 

(O
O

SD
P) (discussed below

 under the Clim
ate M

odule). Planning for the other m
odules has just 

begun.

1.6 
U

.S. Planning

In the U
.S., num

erous operational, technology, and research activities are underw
ay at 

N
O

A
A

,  N
avy, the N

ational Science Foundation (N
SF), the D

epartm
ent of Energy (D

O
E), the 

Environm
ental Protection A

gency (EPA
), the D

efensed A
dvanced R

esearch Project A
gency 

(D
A

R
PA

), and the N
ational A

eronautics and Space A
dm

inistration (N
A

SA
) that are related to the 

long-term
 goals and plans of the international G

O
O

S. These activities, properly supported and 
coordinated, w

ill lead to the U
.S. contribution to G

O
O

S. In particular, N
O

A
A

 planning is under
w

ay, but resources have not been identified. N
O

A
A

's role in the U
.S. G

O
O

S effort, and thus the 
U

.S. role in G
O

O
S, w

ill be unclear until the resource issue is clarified.

In order to carry forw
ard the planning for U

.S. G
O

O
S, the N

ational O
cean Service of 

N
O

A
A

 sponsored a w
orkshop at the W

oods H
ole O

ceanographic Institution in O
ctober 1992. This 

docum
ent is the report of that w

orkshop. The 1992 m
eeting built upon the results of a 1990 w

ork
shop on G

O
O

S w
hich addressed the broader aspects of global ocean observations. The purpose of 

the 1992 w
orkshop w

as to bring together experts from
 the academ

ic com
m

unity and governm
ent 

agencies to identify the highest priority m
easurem

ents that should be m
ade as part of the U

.S. 
contribution to a global ocean observing system

. The w
orkshop agenda is provided in A

ppendix B. 
The discussions included review

 of the definitions of m
odules and identification of priority m

ea
surem

ents. The w
orkshop also discussed interagency and international coordination. R

esults of the 
discussions are sum

m
arized in the follow

ing chapters.
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2. 
G

O
O

S M
odules

Definition and Priority M
easurem

ents

2.1 
Introduction

A
 large part of the w

orkshop tim
e w

as spent exam
ining the definition of m

odules that had 
been proposed by the international planning effort. In general, the w

orkshop agreed that the general 
concept of m

odules w
as reasonable and that the division of topics w

as sensible. In term
s of defini

tion, each m
odule w

as discussed in detail by a sm
all w

orking group. The results are presented 
below

. W
e note that it w

as not possible to discuss the H
ealth of the O

cean M
odule in the detail 

desired, due to the sm
all num

ber of qualified people available at the m
eeting. N

eil A
ndersen 

agreed to consult w
ith a num

ber of experts to provide a broader review
 of this definition and 

proposals for priority research.

The background m
aterial for the w

orkshop included a questionnaire listing a definition of 
each m

odule and a request for w
orkshop participants to list three priority variables or fields to be 

m
easured, w

ith tools and benefits to be identified from
 such a m

easurem
ent. The questionnaire is 

provided in A
ppendix C. The revised definitions and the list of priority m

easurem
ents, as identified 

by each w
orking group are presented below

. A
 shorter list w

as discussed on the last day of the 
w

orkshop and is discussed in the next chapter.

2.2 
C

lim
ate O

bservations for A
ssessm

ent and Prediction

D
efinition.  D

etection of clim
ate change as w

ell as im
proving our ability to predict changes 

in the clim
ate systeip—

ranging from
 EN

SO
 prediction to interdecadal variability to global w

arm


ing—
requires better data on the behavior of the ocean. In the end, the clim

ate m
odule w

ill have to 
provide the data required to describe the m

ean state and variability of the oceans and the im
pact of 

biological processes on clim
ate variability. It w

ill also provide the input and validation data re
quired for coupled ocean-atm

osphere predictive m
odels of clim

ate variability and change, and for 
coupled physical, chem

ical, and biological m
odels. Finally, the m

odule w
ill provide a data base 

that future generations w
ill be able to em

ploy to distinguish long-term
 change from

 shorter vari
ability. To m

eet such goals, intense quality control of m
easurem

ents w
ill be required.

O
ne of the first priorities is clearly to provide the data necessary for operational prediction 

of EN
SO

 events. C
urrent m

odels require surface w
ind and ocean-tem

perature data from
 the Pa

cific O
cean for predicting EN

SO
 events. System

atic observations from
 the Indian and A

tlantic

5
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O
ceans are necessary to im

prove EN
SO

 predictability and associated regional oceanographic and 
w

eather im
pacts. For longer tim

e scales, global m
easurem

ents of adequate longevity, hom
ogeneity, 

and accuracy are needed for early detection of changes in the ocean heat and freshw
ater cycles. A

t 
the sam

e tim
e, these and other long-term

 observations w
ill better define how

 these and other ocean 
cycles w

ork so that changes can be predicted. This m
odule w

ill be planned and im
plem

ented in 
cooperation w

ith the W
orld M

eteorological O
rganization (W

M
O

), the Intergovernm
ental O

ceano
graphic Com

m
ission (IO

C), the U
nited N

ations Environm
ent Program

 (U
N

EP) and the Interna
tional Council of Scientific U

nions (ICSU
) through the G

lobal Clim
ate O

bserving System
 (G

CO
S) 

and w
ill use input from

 large national and international research program
s.

This m
odule builds on those operational m

easurem
ents that are now

 carried out in support 
of operational w

eather forecasting. Existing operational m
easurem

ents are included in the M
arine 

Services M
odule listed below

. The design of the C
lim

ate M
odule is now

 being carried out at the 
international level by O

O
SD

P, a body sponsored by the W
M

O
-IC

SU
-IO

C
 Joint Scientific C

om


m
ittee of the W

orld Clim
ate Research Program

 (W
C

R
P) and the IO

C. The O
O

SD
P is charged to 

form
ulate the conceptual design of a long-term

 system
atic observing system

 to m
onitor, describe, 

and understand the physical and biogeochem
ical processes that determ

ine ocean circulation and the 
effects of the ocean on seasonal to decadal clim

ate changes and to provide the observations neces
sary for clim

ate predictions.

In term
s of priority, this m

odule should com
e first. It has strong international backing and 

public aw
areness. M

any of its m
easurem

ents w
ill be im

portant to other m
odules, and very long

term
 records are necessary.

Priority M
easurem

ents. It is clearly prem
ature to recom

m
end m

easurem
ents for the 

entire spectrum
 of tim

e scales of clim
ate variability. A

t this stage, it is possible to define w
ith som

e 
degree of certainty the m

easurem
ents needed as part of the clim

ate m
odule of G

O
O

S w
hich w

ill 
support continued m

onitoring of and developm
ent of predictive capability for variability on EN

SO
 

scales (100 to 1000 days). Recom
m

endations for such m
easurem

ents have been m
ade by several 

groups (U
.S. TO

G
A

, TO
G

A
 SSG

, and the O
O

SD
P). Since the justification has been provided in 

detail by other reports, it w
ill not be included here. The recom

m
ended m

easurem
ents include

• 
sea surface tem

perature
• 

upper ocean heat content
• 

sea surface and upper ocean salinity
• 

sea level
• 

precipitation
• 

periodic deep tem
perature/salinity profiles

• 
transports through key straits

• 
w

ind stress
• 

sea ice concentration and extent
• 

surface CO
, and relevant biological param

eters
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These m
easurem

ents w
ould be carried out by a com

bination of satellite and in situ tech
niques (m

oorings, drifting floats and surface buoys, and acoustic and other averaging techniques).

2.3 
Coastal O

bservations for A
ssessm

ent and M
anagem

ent

D
efinition. The offshore edge of the coastal zone is defined by the outer boundary of the 

Exclusive Econom
ic Zone (EEZ) and includes: estuaries, flood plains, lagoons, beaches, w

etlands, 
rivers as far inland as exists a tidal signal, the G

reat Lakes, and the overlying atm
osphere.

The suggested approach for a U
.S. G

O
O

S is to build increm
entally on existing observation 

system
s. Specifically, the present data buoy system

 can be expanded and m
ade m

ore capable by 
upgrading the present instrum

ent suite, e.g. by adding dow
nw

ard-looking acoustic doppler current 
m

eters, w
hich w

ill provide m
easurem

ents of currents and estim
ates of zooplankton biom

ass. 
Further, N

ational M
arine Fisheries Service (N

M
FS) activities can be enhanced to include m

uch of 
the desired inform

ation about nutrients and plankton. Cooperative arrangem
ents w

ith other agen
cies, such as the U

nited States G
eological Survey (U

SG
S), m

ay be able to provide other m
easure

m
ents, such as those of sedim

ent conditions.

Priority M
easurem

ents. For a generic, international G
O

O
S, the m

inim
al m

easurem
ent 

suite m
ust include: tem

perature, salinity, sea level, w
inds, currents, nutrients, color, long and short 

w
ave radiation, plankton counts and pollutant chem

icals.

For a U
.S G

O
O

S, the suggested regions for study include the G
reat Lakes, the south A

tlan
tic bight, the gulf coast, the W

ashington/O
regon coast, the south coast of A

laska, and the Bering 
Sea. In the follow

ing table, an attem
pt w

as m
ade to list param

eters of im
portance for understanding 

and exploiting the coastal zone. Param
eters are identified as being (I) increm

ental, (E) existing 
operationally, and (R) research. A

s w
e w

ent further dow
n the list, w

e recognized im
portant issues, 

but w
e w

ere not able to m
ake intelligent statem

ents as to the state of the art. Blanks are thus left.



PARAM
ETER

TO
O

L (S)
SO

C
IETA

L B
ENEFIT

G
EN

ER
AL ATM

O
SPH

ER
IC

/O
C

EAN
 M

EASU
R

EM
EN

TS

w
ind (E)

buoys
shipping; stuctures; recreation;

air tem
perature (E)

ships
search &

 rescue; research;
hum

idity (I)
satellites

coastal m
eteorological m

odels
precipitation (I/R) 

coastal stations
sea state (E)

PR
O

FILIN
G

 ATM
O

SPH
ER

IC
 O

C
EAN

 M
EASU

R
EM

EN
TS

balloon profiles
acoustic profiles
optical profiles

ships (I)
buoys(R

)
buoys(R

)

w
eather forecasts; air quality;

air-sea chem
ical fluxes

SEA LEVEL

sea level
tide gages (E)
bottom

 pressure 
(E)

gages
tides; storm

 surge; navigation;
construction; property/boundary
settlem

ents; salt w
ater 

encroachm
ent; sea level change

C
U

R
R

EN
TS

currents
A

D
 CP

buoys (I/E)
ships (I/E)
drifters (I)

navigation; search &
 rescue;

dispersal; em
ergency response;

ecosystem
 m

odels; beach
erosion; sedim

ent transport

TEM
PER

ATU
R

E

sea surface tem
perature (E)

subsurface tem
perature (E)

satellites
buoys
V

O
S (E)

coastal m
eteorology; fisheries;

ecosystem
 m

odels; clim
ate

change; sea level; ice

SALIN
ITY

surface/deep
ships (I/E)
buoys (I/R)

coastal ocean m
odels;

ecosystem
s; fisheries

ICE

ice edge and extent (E)
coastal observations (E)

satellites
aircraft
SA

R (I/R)

navigation; clim
ate change;

m
eteorology; clim

ate m
odels;

ecosystem
s; fisheries

SH
O

R
T AN

D
 LO

N
G

 W
AVE R

AD
IATIO

N

aerosols (R)
gas exchange (R) 
precipitation of chem

icals (R) 
Photosynthetically  A

vailable
Radiation (PA

R) (I)

w
ater quality; ecosystem

s;
status; trendscontinued on page 9



PAR
AM

ETER
TO

O
L (S)

SO
C

IETA
L BENEFIT

O
PTICAL  M

EA
SUR

EM
ENTS

pigm
ent

detritus
clarity
sedim

ent load 

buoys
ships
satellites

ecosystem
s; w

ater quality;
carbon-flux clim

ate m
odels;

habitats; navigation (harbors);
toxic bloom

s
spectral properties

N
U

TR
IEN

TS

N
O
 , PO

 , N
H

 , N
O
 , 0

ships (E)
buoys(R

)
satellites (R)

w
ater quality; ecosystem

s;
eutrophication; habitat status;
trends

PLANKTO
N

phytoplankton (E)
fluorom

etric estim
ates (I)

grow
th (E)

grow
th (R)

species (E)
species (R)

ship
buoy
ship
buoy
ship/shore
buoy

nuisance bloom
s; recreation;

ecosystem
s; habitats; carbon

cycle

ZO
O

PLA
NKTO

N

biom
ass

abundance
species

acoustics (I/R)
optics (R)
nets (E)
V

O
S ship-C

PR
 (E/I)

(needs enhancem
ent)

ecosystem
s; fisheries; habitats;

carbon cycle

C
H

EM
ISTR

Y

PO
C, D

O
C

, PCO
 , D

IC

contam
inants

ships
buoys

clim
ate change; habitats; living

resources; ecosystem
s; fisheries; 

carbon cycle
(see health of the ocean)

G
EO

LO
G

Y

sedim
ent types

grain size
porosity
m

ovem
ent

cores
grabs
echo sounder
nets

coastal erosion
beach stability
storm

 dam
age

habitat loss
m

orphology
bathym

etry/topography
benthic biology
w

etlands sedim
ents and biology 

coastal erosion 

incubators
navigation
fisheries
carbon cycles

run off
w

ater (E) 
sedim

ents (E) 
contam

inants (E) ? 
nutrients (E) ? 
biota (E) ? 
ground w

ater (?)
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2.4 
Living M

arine R
esources (LM

R
)

D
efinition. This m

odule is a m
onitoring system

 for the variables that characterize the 
structure and function of m

arine ecosystem
s, and how

 the system
s change over various tim

e and 
space scales. The m

odule overlaps w
ith (1) the Clim

ate M
odule, because of ecological processes 

that determ
ine ocean-carbon flux (prim

ary productivity as m
odulated by nutrients and zooplankton 

grazing) and because ecosystem
s respond to, and indicate, clim

ate change (e.g. the response of 
fisheries to EN

SO
 off the w

est coast of South A
m

erica w
as w

ell know
n before the clim

ate phe
nom

ena that causes the ecosystem
 response w

as know
n); (2) the Coastal M

odule, because the m
ost 

econom
ically im

portant living m
arine resources are in coastal w

aters (e.g. 95%
 of the w

orld's 
fishery yield is from

 EEZs); and (3) the H
ealth of the O

cean M
odule, because ecosystem

s m
odu

late, respond to, and indicate habitat degradation.

There are a large num
ber of potential variables that could be included (i.e. spatial, tem

poral, 
size, and age distribution of num

erous plankton, nekton and benthic species) in the LM
R M

odule. 
Tw

o  alternative design approaches can be used to select the specific variables: (1) m
odel driven, 

and (2) "concept based". The form
er provides data for predictive m

odels (analogous to data collec
tion for w

eather forecasts or EN
SO

 forecasts). There are m
any LM

R predictive m
odels (e.g. stock 

assessm
ent m

odels w
hich used data from

 pre-recruit surveys of juvenile fish to forecast future 
stock size). A

 concept-based design w
ould m

onitor variables that are know
n (based on experience 

and concepts about ecosystem
 processes) to be im

portant ecosystem
 variables and that are practical 

to m
onitor, indefinitely, over large areas. The m

odel-driven design is efficient in the sense that 
data is selected if and only if it serves a specific purpose, such as stock assessm

ents for fisheries 
m

anagem
ent. The concept-based design provides broader inform

ation on ecosystem
s, that has the 

potential to answ
er questions that have not yet been asked. Both design approaches are useful and 

necessary. Since very large and expensive m
odel-driven m

onitoring program
s for LM

R are al
ready in place to support fisheries m

anagem
ent, it is appropriate for the U

.S. to im
plem

ent a 
broader "concept-based" ecosystem

 m
onitoring program

 as the LM
R M

odule of G
O

O
S. The focus 

should be on the plankton because (1) this com
ponent is critically im

portant to the functioning of 
m

arine ecosystem
s; (2) it reflects change; (3) m

ost valuable LM
R species have planktonic eggs 

and/or larvae; and (4) plankton are practical to m
onitor. There are also exam

ples of plankton 
m

onitoring program
s that have provided valuable inform

ation (M
cG

ow
en, J.A

. 1990. C
lim

ate and 
Change in O

ceanic Ecosystem
s: The V

alue of Tim
e-Series D

ata. Trends in Ecology and Evolu
tion. 5 (9): 293-299; A

nonym
ous. 1992. M

onitoring the H
ealth of the O

cean: D
efining the R

ole of 
the Continuous Plankton Recorder in G

lobal Ecosystem
 Studies. International O

ceanographic 
Com

m
ission. IO

C
/IN

F-869. 53 pp; Sherm
an, K. 1991. The Large M

arine Ecosystem
 C

oncept: A
 

R
esearch and M

anagem
ent Strategy for Living M

arine Resources. Ecol. A
pplications 1 (4)).

The design and im
plem

entation of the LM
R M

odule of G
O

O
S should proceed on four 

tracks: (1) continuation and enhancem
ent of existing plankton (i.e. large phytoplankton and zoop

lankton, and icthyoplankton) tim
e series, such as the California Cooperative O

ceanic Fisheries 
Investigations (CalCO

FI) and the Continuous Plankton R
ecorder (CPR); (2) calibration and de

ploym
ent of ecologically m

eaningful sensors, such as CPR, fluorom
eter, transm

issom
eters, A

cous-
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tic Plankton Profilers (A
PP) and ocean color im

agery, on platform
s of opportunity (V

O
S, buoys, 

satellites); (3) developm
ent of m

ultiple-sensor plankton sam
pling system

s, using state of the art 
acoustics, optics, and biochem

ical technology, for future application; and (4) evaluation of the need 
for additional m

onitoring, such as variables that characterize benthic com
m

unities, or trends in 
m

arine m
am

m
al and/or sea bird abundance. A

ll four tracks should be pursued sim
ultaneously. 

There are no technical difficulties w
ith the first track, and the m

arginal costs of assuring continua
tion and enhancem

ent of existing tim
e series is relatively sm

all. The second track w
ill require som

e 
investm

ent in calibration and sensors, but there are no serious barriers. The third track requires 
developm

ent of new
, state of the art system

s. Several recent w
orkshops (e.g. A

nonym
ous. 1991. 

G
LO

B
EC

 W
orkshop on A

coustic Technology and the Integration of A
coustics and O

ptical Sam


pling M
ethods. G

LO
B

EC Report N
um

ber 4. 58 pp.) indicate that this is feasible, but a significant 
investm

ent is required. The fourth track keeps options open for expanding the scope of the LM
R 

M
odule of G

O
O

S should a sound rationale be articulated.

The discussion above has not explicitly noted physical variables, w
hich of course, should be 

included in ecosystem
 and LM

R m
onitoring program

s. The discussion assum
es that the appropriate 

physical data w
ill be collected either as part of the LM

R M
odule or as part of other m

odules. It is 
im

portant to recognize that to provide insight into LM
R issues, the physical data m

ust be collected 
on the sam

e space and tim
e scales as the biological data.

The follow
ing table sum

m
arizes elem

ents of the LM
R M

odule of G
O

O
S that should be 

im
plem

ented as soon as possible (som
e are already im

plem
ented for large ocean areas).
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VAR
IAB

LE
SEN

SO
R

PLA
TFO

R
M

C
O

M
M

EN
T

prim
ary production

O
CI*

satellite
need calibration against in situ
data

prim
ary production

fluorom
eter*

buoys, V
O

S, research
vessels

som
e additional calibration

needed

phytoplankton
CPR*
w

ater sam
ples

V
O

S
CPR surveys are one of the best
m

ethods currently available for 
m

onitoring species com
position 

of large phytoplankton over 
broad areas

transm
issiom

etry
transm

issom
eter*

buoys, V
O

S, research
vessels

data im
portant to interpret O

CI
m

easurem
ents

zooplankton species
(including
icthyoplankton)

zooplankton (volum
e)

nets*

acoustic plankton 
profilers*

research vessels

buoys,  V
O

S, research
vessels

C
alC

O
FI is an exam

ple of an
existing tim

e series that should 
be continued

further calibration needed and
technical developm

ent for use on 
V

O
S

zooplankton size and 
num

ber
acoustical or optical

buoys, V
O

S, research
vessels

advanced prototypes exist;
further developm

ent needed

nutrients
autoanalzer

research vessels
autonom

ous instrum
ents needed

for V
O

S or buoys

dissolved oxygen and 
partial pressure of 
carbon dioxide

V
O

S, research vessels
need devlopm

ent of autonom
ous

carbon dioxide and 02
instrum

ents

* M
ost ready and therefore highest im

m
ediate priority

2.5 
Health of the O

cean: A
ssessm

ent and Prediction

D
efinition. The extent of existing pollution in the m

arine environm
ent is not quantitatively 

and precisely defined because of the absence of com
prehensive inform

ation on the presence of 
contam

inants and their effects. This, in turn, is due to the inefficiency and lack of uniform
ity in 

m
onitoring and assessm

ent program
s in m

any parts of the w
orld's oceans. B

ecause of this lack, 
there exist m

any problem
s that are poorly docum

ented—
m

any for w
hich the im

pact is not recog
nized and certainly som

e that are not even recognized. This lack of know
ledge has resulted in such 

extrem
e  events as deaths from

 m
ercury poisoning in Japan m

any years ago to m
ore recent events 

such as deaths caused by algal bloom
s and shellfish poisoning, and the extensive hypoxia realized 

in coastal w
aters such as the m

iddle A
tlantic bight and the Louisiana inner shelf. The dependence 

on national m
easurem

ent program
s alone for global m

onitoring is inadequate. This G
O

O
S m

odule 
aim

s to establish a fram
ew

ork for m
onitoring and assessm

ent of the state of the m
arine environ

m
ent and the detection of trends in contam

ination and pollution in a com
prehensive m

anner so as
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to contribute to a global assessm
ent. A

 prim
ary objective is to m

onitor and assess contam
inant 

loads in the m
arine environm

ent w
ith particular em

phasis being given to the state and response of 
m

arine ecosystem
s relative to both anthropogenic im

pact and natural clim
ate change as w

ell as the 
quality of the w

ater.

D
ata collection and analysis in such a program

 m
ust be based on the use of m

ethods, stan
dards, and collection strategies that produce globally com

parable data archived m
 com

m
on form

ats 
that allow

 ready access to users, e.g. m
odelers. Sam

pling should also be sufficiently intensive and 
of sufficient duration to determ

ine the long-term
 m

ean (clim
atology) and anom

alies or deviations 
from

 that m
ean. The use of sensitive early bioindicators that can be m

echanistically linked to 
specific chem

icals, together w
ith m

ore traditional analytical chem
ical approaches, is an exam

ple of 
new

, yet relatively routine and reliable technologies, that are currently available w
ith w

hich these 
problem

s can be addressed. Synopticity over adequate tem
poral and spatial scales can often be 

enhanced by using m
oored arrays of physical, chem

ical, and bio-optical sensors and also satellite 
im

agery (A
V

H
R

R and color) to define such param
eters as circulation and pigm

ent distributions. 
Ideally the m

onitoring program
 w

ill include efforts to understand processes to the point that con
ceptual and num

erical m
odels can be developed so that these m

odels, along w
ith reasonable real

tim
e data inputs, can predict the im

pacts of increased inputs or controls on them
.

The m
odule w

ill aim
 at providing basic inform

ation on the levels of contam
ination and on 

the sources, transport, and fate and effects of contam
inants in the m

arine environm
ent. Prelim

inary 
em

phasis w
ill be on m

easurem
ents being m

ade in coastal regions and on the related biological 
effects including population changes, w

ith the results also being useful in considerations on, inter 
alia, hum

an health, seafood safety, and coastal and river/estuarine drainage basin land use and 
developm

ent. The regional elem
ents w

ill include observational netw
orks focusing on specific 

problem
s w

ithin each region as w
ell as elem

ents allow
ing equitable com

parison am
ong regions as 

to the effects of m
ore ubiquitously distributed contam

inants. This w
ill allow

 catastrophic events 
(e.g. fish kills and outbreaks of harm

ful algal bloom
s) to be evaluated w

ithin the background of 
clim

atology derived from
 the continuous program

. These regional elem
ents, in turn, w

ill be linked 
to a less dense netw

ork of oceanic observations to provide a global oceanic perspective. R
etro

spective studies for variables to be m
onitored (e.g. by using sedim

ent records) should be developed 
to allow

 establishm
ent of an initial clim

atology and allow
 interpretation of present day levels of 

these variables in term
s of anom

alies in respect to it. The products w
ill also serve the needs for 

effective national and international im
plem

entation of aspects of the U
nited N

ations Convention on 
the Law

 of the Sea and provisions of the M
ontreal G

uidelines for the Protection of the M
arine 

Environm
ent against pollution from

 land-based sources as w
ell as other agreem

ents and conven
tions dealing w

ith pollution of the m
arine environm

ent.
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PA
R

A
M

ETER
V

A
R

IA
B

LES
SY

STEM
S/TO

O
LS

hum
an health

environm
ental quality

algal bloom
s

litter (e.g. hospital w
aste)

aquatic biotoxins
m

icrobial contam
inants

chem
ical contam

inants in seafood

herbici des/pesticides
PC

Bs
petroleum

 (floating/dissolved)
trace m

etals

long-term
 m

onitoring
in situ sam

pling/m
easurem

ents
instrum

ented buoys
shipboard surveys
rem

ote sensing 
ipussel w

atch
ships of opportunity
conceptual m

odels
autonom

ous vehicles

artificial radionuclides

coastal developm
ent

suspended m
atter 

sedim
ent load

eutrophication
nutrients 
oxygen 
algal bloom

s

biofouling
plastics and other litter

tourism
plastics and other litter 
algal bloom

s 
m

icrobial contam
inants 

suspended m
atter 

petroleum

2.6 
M

arine M
eteorological and O

ceanographic O
perational Services

D
efinition. O

ceanographic and m
arine m

eteorological data are extrem
ely im

portant in the 
production of operational products and support services. These functions are vital for the safe and 
efficient operation of ships, aircraft, and all m

anner of coastal and offshore operations as w
ell as 

for achieving the full com
m

ercial potential for industries such as fisheries, seabed m
ining, oil and 

gas extraction, coastal engineering, and tourism
. In addition, the national defense and public sa ety 

are dependent on tim
ely and accurate data collection.

Im
proved w

arnings of severe w
eather and extrem

e w
eather events have the potential of 

saving thousands of lives per year. This m
odule w

ill aim
 at enhancing the collection and analysis 

of oceanographic and m
arine m

eteorological data required for this entire range of operationa
services.Through this m

odule, the requirem
ents of various users of ocean inform

ation w
ill be inte

grated for inclusion in the G
O

O
S global and regional com

ponents. This m
odule should also include 

intensive training program
s on the application of G

O
O

S data and data products for regiona an 
national practical applications as w

ell as assistance to developing countries for establishing na
tional operational oceanographic services.



M
A

R
IN

E SER
VIC

ES—
C

U
STO

M
ER

S

shipping
fishing
offshore operators
m

ilitary O
PS (aviation, ship engineering) 

search &
 rescue 

m
arine recreation 

coastal zone m
anagem

ent 
federal/state/local governm

ent 
private sector m

arine service providers

M
A

R
IN

E SER
VIC

E—
O

B
SER

VA
TIO

N
S

tem
perature  (air, surface, three dim

ensional structure)
hum

idity (w
ater vapor)

salinity (surface, three dim
ensional structure)

w
inds

w
aves

currents
clouds (fog)
ocean color
sea ice and icebergs
pressureM

A
R

IN
E SER

VIC
ES—

PR
O

DU
C

TS

w
eather forecasts/w

am
ing 

w
ave height and direction 

tides (heights and currents) 
currents (fronts and eddies) 
sea tem

perature (SST and M
LD

) 
salinity
air tem

perature 
hum

idity (w
ater vapor) 

pressure
sea ice and icebergs (location, extent, and drift) 
w

inds (speed and direction) 
ocean color
hazardous spill dispersal



M
ARINE SER

VIC
ES—

K
EY C

O
N

C
LU

SIO
N

S

1. 
In situ O

BS are essential to correct rem
otely-sensed O

BS and clim
atology and to initialize m

odels.

2. 
Existing In Situ O

bserving System
 Platform

s

V
O

S (surf M
ET; SST and SSS; X

BTs; X
CTD

; etc.)
drifting buoys
m

oored buoys
shore stations
offshore structures

3. 
Future In Situ O

BS

over-the-horizon radar 
m

otional induction
acoustic  tom

ography/acoustic therm
om

etry 
new

 expendable sensors

4. 
C

ost-Effective Enhancem
ent O

pportunities

im
prove coverage of expendables by increasing quantities and/or im

proving deploym
ent strategies 

increase O
BS from

 offshore structures
increase use of m

oored buoys in coastal zones/EEZs of w
orld's oceans

5. O
ptim

um
 m

ixes of observing system
s and depolym

ent strategies for in situ m
easurem

ents ;m
itft be

determ
ined. To do so requires sensitivity analyses to be perform

ed based on the forecast m
odels 

used by the operational centers.
6 A

 focus m
ust be m

aintained on ensuring adequate coverage and continuity of spacebom
e rem

o e
sensors that provide near-real tim

e observations of those param
eters that are critical to m

arin 
services such as sea surface tem

perature, w
ind speed, ocean productivity, and sea ice.________

_

M
ARINE SER

VIC
ES—

R
EC

O
M

M
EN

D
A

TIO
N

S

A
 Param

eters for w
hich w

e feel the present observing system
 perform

ance falls short of its potential
capability to support m

arine services globally and this m
odule w

ould benefit form
 their 

enhancem
ents:

sea tem
perature (three dim

entional structure) 
w

inds
B. Recom

m
ended areas for m

ethods/techniqes R&
D

:

acoustic therm
om

etry 
over-the-horizon radar 
m

otional induction
new

 expendable sensors (fluorescence, optical, acoustical)



3. 
N

O
A

A
 Role in G

O
O

S

3.1 
NO

S and NO
AA G

O
O

S: Priorities and N
ext Steps

Currently, there are a num
ber of G

O
O

S-like activities now
 going on in the U

.S. For ex
am

ple, the U
.S. N

avy carries out a regular program
 of global observations and m

odeling for its 
operational  needs. These include use of expendable bathytherm

ographs (X
BTs), drifting buoys, 

and ship observations. The data are fed into supercom
puter-based m

odels in M
onterey, CA

, for 
operational  assessm

ents and predictions for the fleet. N
O

A
A

 supports both operational and re
search observations including X

BTs, drifting buoys, volunteer observing ships (V
O

S), the TO
G

A
 

observing system
, the satellite-based N

ational Environm
ental Satellite D

ata and Inform
ation 

Service (N
ESD

IS) program
, and the observations for the A

tlantic Clim
ate Change Program

 
(A

CCP) and the FO
C

I program
. N

SF supports a num
ber of research efforts including TO

G
A

, the 
W

orld O
cean C

irculation Experim
ent (W

O
CE), and the Joint G

lobal O
cean Flux Study (JG

O
FS) 

that all provide research observations on a global scale. Extension of TO
G

A
 is being considered to 

m
aintain the long-term

 TO
G

A
 Tropical A

tm
osphere O

cean (TA
O

) array. Tim
e-series stations are 

m
aintained by JG

O
FS at Berm

uda and H
aw

aii; other tim
e series are collected by the Scripps 

Institution of O
ceanography and in the G

ulf of A
laska. V

arious fisheries efforts also provide long
term

 data.

N
O

A
A

/N
O

S is currently one of the key players in the "baseline" U
.S. G

O
O

S and, as the 
m

ajor civilian agency, is the logical group to coordinate such efforts. N
O

A
A

/N
O

S w
ill concentrate 

on the operational aspects of U
.S. G

O
O

S and should w
ork w

ith the other parts of N
O

A
A

 to build 
on the research results of the U

.S. clim
ate and global change program

 and various coastal and 
fisheries program

s. It w
ill be essential to involve the academ

ic com
m

unity in these efforts.

The near-term
 N

O
S contribution to U

.S. G
O

O
S should include five m

ajor efforts: (1) 
m

aintaining existing program
s and tim

e series, for exam
ple, V

O
S, drifting buoys, and global sea 

level m
easurem

ents; (2) beginning transition to operations of aspects of som
e research program

s, 
for exam

ple the TO
G

A
 observing system

, including TO
G

A
 TA

O
; (3) initiating cooperation and 

coordination w
ith other N

O
A

A
 and non-N

O
A

A
 federal program

s; (4) planning for a FY
 1995 

N
O

A
A

 G
O

O
S initiative to provide new

 m
oney for som

e U
.S. G

O
O

S activities; and (5) considering 
an office and staff to help coordinate the entire set of U

.S. G
O

O
S activities.

3.2 
Design Studies

D
esign studies w

ill be a high priority. These should build on the previous N
O

A
A

 w
ork on 

the design of the TO
G

A
 TA

O
 array to provide optim

ized w
ind fields and the exam

ination of the

17
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N

O
A

A R
o

le in G
O

O
S

relative m
erits of ship and drifting buoy contributions to the accuracy of satellite-based SST 

m
easurem

ents. Efforts needed include joint N
O

A
A

/academ
ic studies on blended observing system

s 
for upper-ocean tem

perature profiles and heat content, and on com
bined in situ/satellite w

ind 
fields.

The m
odule discussion identified m

any of the m
easurem

ents needed in the research and 
operational m

odes. The initial phases of G
O

O
S should test m

any of these research techniques to 
see w

hich are best for operations. For exam
ple clim

ate, satellite w
inds, sea surface salinity, pre

cipitation, average tem
perature by acoustics, and carbon cycle m

easurem
ents are research; SST, 

upper ocean and air tem
perature, and ice m

easurem
ents are operational. For coastal observations, 

m
oored instrum

entation to m
easure bio-optics and fluorom

etry are research w
hile near-surface 

currents and zooplankton biom
ass are collected operationally (in lim

ited areas). For living re
sources, satellite ocean color and fluorom

etry are research; plankton biom
ass are collected opera

tionally (in lim
ited areas). For health of the ocean, autom

ated observations are now
 being devel

oped for the research com
m

unity; nutrients, oxygen and the M
ussel W

atch are operational pro
gram

s. For m
arine and ocean operational services, currents and w

aves are m
ore on the research 

side than are upper ocean tem
perature and w

inds, w
hich are collected operationally.

3.3 
Enhancem

ents of Existing Program
s

Based on the discussion of the m
odules, the initial N

O
A

A
 studies should include the fol-

low
ing:1. 

Enhance SST and upper-ocean tem
perature netw

ork and accuracy. This w
ork w

ill 
target the C

lim
ate and M

arine Services M
odules.

2. 
Enhance N

ational D
ata Buoy Center (N

D
BC) (or other m

oored-buoy) sensors. This 
w

ork could have m
ajor im

pact on the C
oastal and Living M

arine R
esources M

odules.

3. 
Calibrate and validate ocean color data from

 the upcom
ing SeaW

iFS satellite m
ission. 

This w
ork w

ill target the Living M
arine R

esources and H
ealth of the O

cean M
odules.

4. 
Calibrate hnd validate satellite w

inds from
 ER

S-1, D
M

SP, and TO
PEX

/PO
SEID

O
N

. 
This w

ork w
ill target the M

arine Services, C
oastal, and Clim

ate M
odules.

5. 
Continue existing ocean tim

e series. There are relatively few
 of these, and all are 

valuable. This w
ill target the living resources, clim

ate, and coastal m
odules.

6. 
Support technology developm

ent, for exam
ple for sensors and autom

ation aboard 
volunteer observing ships. This w

ill target all m
odules.

7. 
Enhance high-speed data transm

ission netw
ork (including ocean-data telem

etry) and 
infrastructure for data handling. This w

ill target all m
odules.



4
U.S. G

O
O

S: Priorities and Next Steps

4.1. 
G

O
O

S O
bservational D

em
onstrations Involving Several A

gencies

It has been clear in all the discussions about G
O

O
S that it w

ill not be possible to put in 
place a global ocean observing system

 w
ithout the use of new

 technology. Enhancem
ent of existing 

m
easurem

ents w
ill not do the job. Therefore, there needs to be tw

o parallel tracks: one that en
hances existing m

easurem
ents as noted in C

hapter 3 of this report, and one that begins develop
m

ent and use of new
 technology. This period of tw

o parallel tracks w
ould be the pilot phase of 

G
O

O
S as proposed by the international planning docum

ent. The end of the pilot phase w
ould com

e 
w

hen w
e see convergence of these tracks. The pilot phase w

ould be from
 five to ten years.

The w
orkshop only briefly discussed the technology track, or G

O
O

S pilot experim
ents 

involving new
 technology. O

ne proposal involved the use of acoustic therm
om

etry together w
ith 

satellite m
easurem

ents and various m
id-depth and surface drifting buoys in the N

orth Pacific 
O

cean. A
nother suggestion w

as to build on the A
C

C
P of N

O
A

A
 in the N

orth A
tlantic O

cean. In 
each case, the suggestion w

as that there be a three to five year period of intensive m
easurem

ents 
and special products and data system

s used. These w
ould be G

O
O

S pilot experim
ents. The goal of 

the pilot experim
ents is to dem

onstrate an operational concept, not a process study.

In the pilot phase, such techniques as use of the global netw
ork of seism

ic stations for 
collecting data, or the N

avy acoustic listening stations m
ight be used. This pilot phase w

ould be the 
tim

e for testing such ideas.

It w
as agreed at the w

orkshop that the pilot phase should include tests of new
 technology. 

Since the plans for such tests and pilot experim
ents had not been discussed in detail, it w

as agreed 
that a later w

orkshop should be called to plan such a pilot phase.

4.2. 
Building a U.S. Infrastructure for G

O
O

S

The w
orkshop agreed that an interagency com

m
ittee w

as required in order to both prom
ote 

G
O

O
S and to ensure that each agency w

ith an interest w
as stim

ulated to develop a coordinated 
budget proposal.

19
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U

.S. G
O

O
S

: P
r

io
r

ities and N
ext S

teps

The term
s of reference for the "Interagency Com

m
ittee for G

O
O

S" w
ere proposed as the 

follow
ing:

• 
D

evelop agency plans
• 

Coordinate plans
• 

Coordinate agency budget requests regarding G
O

O
S to O

M
B

• 
Liaise w

ith FCCSET/CEES/global change and coastal subcom
m

ittees
. 

Provide international contact w
ith IO

C and other international planning bodies for 
G

O
O

S

In term
s of m

em
bership, the w

orkshop recom
m

ended that N
O

A
A

/N
O

S should chair the 
com

m
ittee,  and that N

avy/O
ffice of the O

ceanographer, as the other m
ajor operational ocean 

agency, should co-chair. O
ther agencies w

ith m
ajor interest in G

O
O

S should also be represented 
(N

SF,  N
A

SA
, D

O
E, U

SG
S, EPA

, D
A

RPA
, and the D

epartm
ent of State).

In term
s of reporting lines, the question w

as w
hether the com

m
ittee should be ad hoc or 

report in an existing structure. The w
orkshop believed that there w

ere clear links of G
O

O
S to both 

the U
.S. G

lobal Change Research Program
 (U

.S.G
C

R
P) and to the U

.S. Coastal O
cean Science 

program
. Links w

ere also seen to pollution and w
aste disposal program

s, as w
ell as to G

C
O

S and 
w

eather services. It w
as agreed that fitting into an existing structure w

ould be best. It w
as also 

agreed that the chair or chair-designate of the Interagency Com
m

ittee w
ould be the logical U

.S. 
representative to international G

O
O

S com
m

ittees.

There w
as also discussion about a group of experts that w

ould advise the interagency 
com

m
ittee on U

.S. G
O

O
S planning. Such a group w

ould include experts from
 governm

ent, indus
try, and academ

ia. The com
m

ittee w
ould advise on interagency coordination issues and w

ould be 
available to address issues in depth as identified by the interagency group. It w

as agreed that since 
there w

ere existing com
m

ittees on a num
ber of specific topics, such as EN

SO
 prediction opera 

tional needs, it m
ight be better to w

ait until the interagency com
m

ittee decided w
hat it needs in 

term
s of advice. Thus the group agreed that it w

as prem
ature to set up such a group now

 and that 
the interagency com

m
ittee could decide w

hat w
as needed once it m

et and determ
ined its agen a.

S W
ilson agreed to discuss w

ith R. Corell, chairm
an of the U

.S.G
C

R
P Subcom

m
ittee, and 

S. Tilford, Chair of the Panel on O
bservations and D

ata of the Subcom
m

ittee, about the establish
m

ent  of such a G
O

O
S com

m
ittee and w

here the G
O

O
S com

m
ittee w

ould best fit m
 the Federal 

Coordinating Council for Science, Engineering and Technology (FCCSET) structure.

4.3. 
U.S. Role in the International Fram

ew
ork for G

O
O

S

It is clear that the U
.S. w

ill play an im
portant role in the international G

O
O

S, and that the 
U

.S.  should get its ow
n act together before trying to influence other partners m

 this endeavor, 
t 

the m
om

ent, the U
.S. planning is in the very early stages. N

onetheless, the U
.S. can m

ake useful 
input  into the developing advisory structure. The m

ost useful input is advice on w
hat the structure

should be.



U
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O
O

S: P
rio

rities and N
ex

t S
teps
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The prim
ary discussion now

 is about the proposed international science and technology 
com

m
ittee for G

O
O

S, called the Joint G
O

O
S C

om
m

ittee, or J-G
O

O
S. The U

.S. should ensure that 
the term

s of reference and m
em

bership of that com
m

ittee are adequately representative of U
.S. 

interests. R
eporting to that Com

m
ittee w

ill be the O
O

SD
P, w

hich focuses on clim
ate issues. O

ther 
panels w

ill be needed to address the various m
odules as they are defined. For exam

ple, N
eil 

A
ndersen has proposed a term

s of reference for a body to address the health of the ocean. The draft 
term

s are provided in A
ppendix H. The U

.S. should support the establishm
ent of such a panel.

The U
.S. also needs to exam

ine the plans for developm
ent and m

anagem
ent of G

O
O

S. IO
C 

w
ill play a key role, but other international organizations m

ay also be involved. The U
.S. should be 

involved in all of these discussions.
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A
ppendix B

A
genda

U.S. G
lobal O

cean O
bserving System

 W
orkshop

W
ED

N
ESD

A
Y

, 14 O
C

TO
B

ERPlenary Session # 1: Setting the C
ontext for U

.S. G
O

O
S 

Jim
 B

aker, Chair

9:00 a.m
. 

W
elcom

e to W
H

O
I (D

orm
an)

9:05 a.m
 

The Purpose of U
.S. G

O
O

S and this M
eeting (W

ilson)
9:30 a.m

.
International D

evelopm
ents: International Planning (B

aker) and The O
cean 

O
bserving System

 D
evelopm

ent Panel (W
eller)

10:45 a.m
.

Setting Priorities and D
efinition of G

O
O

S (B
riscoe/W

ilson)

Plenary Session #2: R
eview

ing the Potential Elem
ents of U

.S. G
O

O
S 

M
el B

riscoe, C
hair

1:30 p.m
. 

Clim
ate M

onitoring, Assessm
ent, and Prediction (B

aker/Reynolds)
2:00 p.m

. 
The Coastal Environm

ent: M
onitoring, Assessm

ent, and Prediction (B
ezdek/B

rink) 
2:30 p.m

. 
M

onitoring and Assessm
ent of M

arine Living Resources (M
ountain/S issenw

ine/Sm
ith) 

3:30 p.m
. 

Environm
ental Q

uality: Assessm
ent and Prediction of the H

ealth of the O
cean (A

ndersen) 
4:00 p.m

. 
M

arine M
eteorological and O

ceanographic O
perational Services (H

ayes/W
oodw

ard) 
4:30 p.m

. 
O

pen discussion about G
O

O
S M

odules 
5:00 p.m

.
Charges to the w

orking group

TH
U

R
SD

A
Y

, 15 O
C

TO
B

ER

8:30 a.m
. to 3:00 p.m

.

W
orking G

roups on D
eveloping a Strategy for U

.S. G
O

O
S

1. 
C

lim
ate

2. 
C

oastal
3. 

Living Resources and Environm
ental Q

uality
4. 

M
arine Services

5. 
Agency C

oordination and Institutional Arrangem
ents for U

.S. G
O

O
S

3:15  p.m
. 

Plenary D
iscussion
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FRID
A

Y
, 16 O

C
TO

BER

Plenary Session #3: A
greem

ent on a Plan for U
.S. G

O
O

S 
Jim

 B
aker and M

el B
riscoe, C

o-C
hairs

8:30 a.m
.

Clim
ate

9:00  a.m
.

Coastal
9:30 a.m

.
Living Resources and Environm

ental Q
uality

10:15 a.m
.

M
arine Services

10:45 a.m
.

Institutional Arrangem
ents (B

aker)
11:00 a.m

.
O

pen discussion (M
. B

riscoe, M
oderator)

12:00 noon
W

orkshop ends
W

orking group chairs m
eet w

ith B
riscoe and B

aker for post-w
orkshop planning, 

1:30 p.m
.

steering com
m

ittee appointm
ents, and outline of report

2:30 p.m
.

A
il w

orkshop events com
pleted



A
ppendix C

D
efinition and Priority Q

uestionnaire

Q
uestionnaire

In each of the areas or m
odules as defined below

, w
e w

ould like your input on the definition 
of the m

odule itself and your suggestions for priorities on w
hat needs to be observed; how

 can w
e 

observe it; and how
 do w

e benefit, that is, w
hat is the m

atch w
ith a societal benefit?

1. 
C

lim
ate M

onitoring, A
ssessm

ent, and Prediction
(D

raft description for discussion at w
orkshop)

Im
proving our ability to predict the clim

ate system
 requires a better understanding of the 

behavior of the ocean. The clim
ate m

odule w
ill be designed to provide the data required to describe 

the m
ean state and variability of the oceans. It w

ill also provide the input (initial and boundary 
conditions) and validation data required for coupled ocean-atm

osphere predictive m
odels of 

clim
ate variability and change. Finally, the m

odule w
ill provide a data base that future generations 

w
ill be able to em

ploy to distinguish very large-scale secularities from
 regional non-secular 

fluctuations.

O
ne of the first priorities is clearly to provide the data necessary for operational EN

SO
 

prediction. O
n the longer scale, it is hoped that the global perspective obtained through global data 

sets and m
odel outputs w

ill perm
it early detection of longer-scale change and predictions on 

longer scales. This m
odule w

ill be planned and im
plem

ented in cooperation w
ith W

M
O

 and ICSU
 

through the G
lobal C

lim
ate O

bserving System
 and w

ill use input from
 large program

s like TO
G

A
, 

W
O

C
E, JG

O
FS and others. This m

odule does not include those m
easurem

ents that are now
 carried 

out in support of operational w
eather forecasting—

those are included in the M
arine Services 

M
odule  listed below

.

CLIM
ATE M

O
N

ITO
R

ING
, A

SSESSM
EN

TS, AND PREDICTIO
N

Param
eter 

Tool (s)
Societal B

enefit

1. Exam
ples

sea surface tem
perature 

A
V

H
R

R
/satellites plus in situ

calibrations
essential input to clim

ate
m

odels

2.3.
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2. 
Coastal Processes (based on input from

 Clint W
inant)

(D
raft description for discussion at w

orkshop)

The  G
O

O
S Coastal Processes m

odule covers m
onitoring and assessm

ent of changes in 
coastal and near-shore areas. This w

ill require an interdisciplinary approach that integrates physi
cal,  chem

ical, biological and geological observations. The scientific results are particularly im
por

tant  because of the intim
ate effects of coastal changes on econom

ic developm
ent and hum

an 
habitation.

Three different geographic areas are being discussed for the coastal m
odule of U

.S. G
O

O
S. 

The first is a focus on processes near G
eorges Bank, w

here one of the m
ost productive fisheries in 

the U
.S. occurs; it is also the site of intense traffic. C

om
peting dem

ands need to be resolved. A
 

large  am
ount of data is available, and num

erical m
odels have been developed. A

 second area is the 
w

estern seaboard of the continental U
.S. This is an upw

elling area in spring and sum
m

er, another 
im

portant com
m

ercial fishery w
ith intense ship traffic and oil spills. A

n array of N
D

BC m
oorings 

provides a good opportunity for long-term
 data, but continuation is threatened. A

 third area of 
study is the exchange of A

tlantic and M
editerranean w

aters at the Strait of G
ibralter; im

plications 
are central to processes in both seas. N

um
erical m

odels have successfully hindcast the circulation.

The three exam
ples represent very different coastal settings w

here sufficient research has 
been carried out that operational or decision-m

aking agencies w
ould benefit from

 the developm
ent 

and im
plem

entation of an operational effort. O
ther areas of the w

orld w
ould also satisfy these 

criteria. This m
odule w

ill interact w
ith the clim

ate m
odule because ocean basin scale products of 

physical, chem
ical and biological param

eters w
hich w

ill provide boundary conditions for coastal 
m

odels. It w
ill also interact w

ith the M
arine Living R

esources M
odule and the H

ealth of the O
cean 

M
odule.

C
O

A
STA

L P
R

O
C

E
S

SE
S

Param
eter

Tool (s)
Societal B

enefit

1. E
xam

ples
surface w

ave fields

"

satellites and buoys
im

apct on shipping, beach 
erosion, structures, and
recreation

2.3.

3. 
M

onitoring and A
ssessm

ent of Living M
arine R

esources
(D

raft description for discussion at w
orkshop)

D
espite interdisciplinary research over the past several decades, w

e w
ill have insufficient 

know
ledge  of the effects of ocean behavior on living m

arine resources. The ability to ensure 
sustainable harvesting of fisheries stocks depends on adequate know

ledge and predictive capabili
ties. The m

arine living resources of the w
orld depend on the ocean environm

ent. Changes to that 
environm

ent w
ill inevitably change the com

position and behavior of the living resources therein.
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This m
odule w

ill include the developm
ent of a system

 to m
onitor physical, biological and chem

ical 
variables needed to describe the structure and functioning of m

arine ecosystem
s as w

ell as the 
changes in the m

arine ecosystem
s over various space and tim

e scales.

The m
odule w

ill include pelagic and benthic sam
pling as w

ell as a focus on processes such 
as upw

elling and circulation that affect production. This m
odule w

ill interact w
ith the clim

ate 
m

odule and the coastal m
odule, since, for exam

ple, global and coastal ocean param
eters are related 

to the m
igration variability and sustainability of com

m
ercial stocks. For exam

ple, predictions from
 

the EN
SO

 in the Pacific O
cean have show

n the value of these data for the m
anagem

ent of regional 
and ocean scale stocks.

M
O

NITO
RING

 A
N

D
 A

SSESSM
ENT O

F U
VIN

G
 M

ARINE RESO
URCES 

Param
eter 

Tool (s) 
Societal B

enefit

1. Exam
ples

A
. standing stocks of fish 

A
. acoustical m

onitoring 
A

. direct inform
ation on resources

B. high productivity regions 
B. satellite ocean color 

B. prediction of fish stocks
C. in situ plankton m

easurem
ents

4. 
A

ssessm
ent and Prediction of the H

ealth of the O
cean

(D
raft description for discussion at w

orkshop)

The extent of existing pollution problem
s is not w

ell-know
n globally because of the lack of 

efficient, com
prehensive m

onitoring and assessm
ent program

s in m
ost parts of the w

orld. The lack 
of know

ledge can result in extrem
e events such as the recent outbreak of cholera in Peru. D

epen
dence on national program

s alone is inadequate. This m
odule aim

s to establish a fram
ew

ork for 
m

onitoring and assessm
ent of the state and trends in level of pollution on global as w

ell as on 
regional scales. O

ne objective is to m
onitor and assess the state of m

arine ecosystem
s in relation to 

anthropogenic im
pact and clim

ate change. The data collection and analysis is to be based on the 
use of com

m
only agreed m

ethods, standards and m
ethodologies.

The m
odule w

ill aim
 at providing basic inform

ation on the level of contam
ination, transport 

and fate of pollutants in the ocean w
ith prim

ary em
phasis on nearshore regions and the related 

biological effects. It w
ill include regional com

ponents w
ith specific observational netw

orks, geared 
to problem

s of each region. The products w
ill also serve the needs for effective national and inter

national im
plem

entation of aspects of the U
nited N

ations Convention on the Law
 of the Sea and 

provisions of the M
ontreal G

uidelines for the Protection of the M
arine Environm

ent against pollu
tion from

 Land-B
ased Sources as w

ell as other agreem
ents and conventions dealing w

ith pollution 
of the m

arine environm
ent.
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M
O

N
ITO

R
IN

G
 A

N
D

 A
SSESSM

EN
T O

F TH
E H

EA
LTH

 O
F TH

E O
C

EA
N

Param
eter  

Tool (s) 
Societal B

enefit

1. Exam
ples

A
. red tides/toxic bloom

s 
B. m

ap PC
Bs 

A
. satellite ocean color 

B. in situ techniques 
C

. chem
ical detection

A
. predict location of toxic areas

B
. direct use of policy m

akers

5. 
M

arine M
eteorological and O

ceanographic O
perational Services

(D
raft description for discussion at w

orkshop)

M
arine m

eteorological and surface oceanographic data from
 m

ost ocean areas are ex
trem

ely im
portant for basic short to m

edium
-range w

eather predictions along w
ith effective re

sponse procedures. Im
proved w

arnings of severe w
eather and extrem

e w
eather events could save 

thousands of lives per year. This m
odule w

ill aim
 at enhancing the collection and analysis of 

oceanographic and m
arine m

eteorological data required for a variety of operational services. The 
products w

ill give inform
ation and predictions to ship's officers, planning and safety authorities, 

and other organizations concerned w
ith m

arine operations ranging from
 tourism

 to seabed m
ining 

and coastal engineering.

Through this m
odule the requirem

ents of various users of ocean inform
ation w

ill be inte
grated for inclusion in the G

O
O

S global and regional com
ponents. This m

odule should also include 
intensive training program

s on the application of G
O

O
S data and data products for regional and 

national practical applications as w
ell as assistance to developing countries for establishing na

tional operational oceanographic services.

M
ARINE A

ND
 M

ETEO
R

O
LO

G
IC

A
L A

N
D O

C
EA

N
O

G
R

A
PH

IC O
PER

A
TIO

N
A

L SERVIC
ES 

Param
eter 

Tool (s) 
Societal Benefit

1. Exam
ples

A
. near surface w

inds 
A

. V
O

S packages 
A

. w
eather forecasting

B. surface w
aves (global) 

B. satellites 
B. ship routing

C. in situ m
easurem

ents
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G
O

O
S: The O

perational C
onsequence 

of Q
uality Research

M
elbourne G. B

riscoe, N
O

A
A

/N
O

S/O
ES 

21 June 1992; revised 30 Septem
ber 1992

1. 
TO

G
A

-related and other large-scale and regional ocean m
easurem

ents are being considered as 
part of the U

.S. contribution to G
O

O
S. There are tw

o m
ajor questions: w

hat m
easurem

ents w
ill 

be part of G
O

O
S, and w

ho w
ill pay for them

? W
e note that som

e funding called "G
O

O
S" m

ay 
exist in the future; this funding w

ill surely pay for som
e of the G

O
O

S m
easurem

ents. W
e 

expect, how
ever, that m

any other m
easurem

ents should be part of the m
atrix of m

easurem
ents 

but w
ill be supported and m

anaged quite separate from
 G

O
O

S; a m
echanism

 for coordination 
w

ith these other m
easurem

ents should, how
ever, be part of G

O
O

S, even if the responsibility for 
them

 is not.

2. 
W

ithin N
O

A
A

, the N
ational O

cean Service is leading the developm
ent of the N

O
A

A
 contribu

tion to G
O

O
S. The reason N

O
S has the N

O
A

A
 lead for G

O
O

S is because G
O

O
S is described 

as an "operational"—
not research—

program
. W

hat does this m
ean? W

e offer the follow
ing 

straw
m

an, predicated on the supposition that the purpose of operational m
easurem

ents is to 
support analysis (in the m

eteorological sens...a "now
cast") and prediction efforts, w

hereas the 
purpose of research m

easurem
ents is to support efforts at understanding. W

e are certain that 
im

proved understanding w
ill help the operations. W

e are also certain that operational m
ea

surem
ents of research quality w

ill be used by the research com
m

unity, and w
e are certain that 

efforts at prediction w
ill aid the research program

s by pointing at the w
eak links in the under

standing. H
ence, w

e see the research program
s and the operational efforts as being closely 

aligned,  and quite interdependent. In this spirit, G
O

O
S O

perational M
easurem

ents m
eans (not 

in any special order):

A
. routine (w

ell defined, no new
 technology needed, replicatable)

B. long-term
 (not just an experim

ent that starts and ends)
C. recurring and uniterrupted (regularly scheduled, not sporadic)
D. affordable, cost-effective
E. 

global, or global im
plications

The final criterion depends upon the purpose of G
O

O
S; for support of a clim

ate m
odule in 

G
O

O
S, w

e suggest:

31
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F. 
dcm

ostrable im
pact on forecasts of clim

ate-related quantities or an im
portant indicator 

or diagnostic of clim
ate change

These are the suggested "adm
ission requirem

ents" for a m
eausrem

ents program
 to becom

e part 
of an operational G

O
O

S.

3. 
The source and m

agnitude of funding are critical. U
nder the N

O
A

A
 Clim

ate and G
lobal 

Change (C&
G

C) program
, the core of the efforts is m

eant to be research. U
nder potential 

G
O

O
S funding, the core of the efforts is m

eant to be operational. There is no intent to have a 
com

plete separation of the tw
o kinds of efforts, but rather to have them

 closely reated to each 
otehr, so that the needs of the ooperational ventures can influence w

hat is being researched and 
the research findings can m

ost efficiently find application in the G
O

O
S m

easurem
ents. To do 

otherw
ise w

ould be counterproductive.

4. 
Currently, the FY

93 budget has not yet been signed, the FY
94 budget subm

ission process has 
been com

pleted and the FY95 budget process is underw
ay. There is no G

O
O

S m
oney in the 

N
O

A
A

 FY
93 or FY

94 budgets. For FY
95, N

O
S w

ill w
ork in coordination w

ith other N
O

A
A

 
com

ponents in the developm
ent of the budget subm

ission; the focus w
ill likely be the blending 

of satellite and in situ data, using assim
ilative m

odels, to provide global fields of the essential 
variables needed for G

O
O

S, tentatively SST, sea level, surface w
inds and w

aves, and ocean 
color.

5. 
There are m

any large-scale ocean research program
s underw

ay, for exam
ple W

O
C

E, TO
G

A
, 

JG
O

FS, and G
LO

BEC; w
hen is it tim

e to "go operational" based on their results? TO
G

A
 is 

near this stage: TO
G

A
 is im

plem
enting its TA

O
 array to sam

ple carefully the tropical Pacific 
w

ind and upper-ocean tem
perature fields, and has determ

ined that its research clearly needs 
the full TA

O
 array. But the case has not been m

ade that the TA
O

 array is w
hat is needed 

opeationally. Y
es, it is undoubtedly needed for the next phase of the research, but it is quite 

speculative that it is the desirable operational system
 for G

O
O

S. For exam
ple, are all the buoys 

needed once a scatterom
eter is flying? O

r just som
e of tehm

 for calibration and rem
oval of 

w
ind-vector am

biguities? A
re the current prediction m

odels for EN
SO

 even sensitive to all the 
w

ind details? D
o drifing buoys rem

ove the need for som
e of the m

oored buoy tem
peratures? 

The  principle at issue here is w
hether one should edge up to a perm

anent, operational system
, 

building slow
ly as it w

ere, or go into the over-sam
pling m

ode and then back off as the details 
are understood. O

ne m
ust balance details against costs, aliasing against robustness, accuracy 

against  expediency.

6. 
W

e suggest that TO
G

A
 m

ay be officially over at the end of 1994, but clearly m
uch of the 

research w
ork of TO

G
A

 m
ust continue. G

O
O

S, how
ever, is not just m

ore research, G
O

O
S 

needs other—
operaitonal—

justifications if it is to m
ake it through the budget process. If 

G
O

O
S sim

ply becom
es another research program

, it w
ill not fulfil its requirem

ents to produce 
operational outputs for use by its custom

ers, w
ho are m

ore than just the reserach com
m

unity.. 
G

O
O

S is being defined on an interantional scale as an operational program
; N

O
S supports this.
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7. 
It is essential that G

O
O

S be perceived as the operational consequence of quality research, not 
as sim

ply a new
 w

ay to fund m
ore research. It is assum

ed that the data sets from
 G

O
O

S w
ill be 

an im
portant part of the data needed for continued research into clim

ate variability and change, 
and  perhaps for other topics too. B

ut G
O

O
S cannot be the entire data set needed for continued 

research; the research com
m

unity w
ill need to find other funding for the augm

entation fo the 
G

O
O

S m
easurem

ents for reserach purposes.

8. 
W

e think the key to m
aking the case for a clim

ate m
odule of G

O
O

S and in m
ajor G

O
O

S sup
port  for TO

G
A

 TA
O

 m
ay lie in show

ing the econom
ic benefits of operational 100-1000 day 

forecasts, and in show
ing through trade-off studies that the TO

G
A

 follow
-on observations are 

a cost-efficient w
ay to obtain the forecasts. O

r, the resolution m
ay lie in dem

onstrating those 
observations are essential as indicators or diagnostics of clim

ate change. This brings us full- 
circle to the criteria for G

O
O

S m
easurem

ents, in the paragraphs above. The clim
ate aspects of 

G
O

O
S are beginning to be grappled w

ith and the discussions about the future are underw
ay; 

other possible m
odules for G

O
O

S—
coastal, pollution, ecosystem

s, and m
arine services—

are 
still just topics for consideration. But in all cases, the societal benefits of the m

easurem
ents 

and predicitons are fundam
ental.
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w
ind data assim

ilation and
C

lim
ate A
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CONCLUSIONS:

$140M per year benefit; increases to $240M per year 
with increased skill
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List of A
cronym

s

A
C

C
?

A
tlantic C

lim
ate C

hange Program
A

PP
A

coustic Plankton Profiler
A

V
H

R
R

A
dvanced V

ery H
igh R

esolution R
adiom

eter
C

alC
O

FI
C

alifornia C
ooperative O

ceanic Fisheries Investigations
CEES

Com
m

ittee on Earth and Environm
ental Sciences

C
PR

Continuous Plankton R
ecorder

D
A

RPA
D

efense A
dvanced R

esearch Project A
gency

D
M

SP
D

efense M
eteorological Satellite Program

D
O

E
D

epartm
ent of Energy

EEZ
Exclusive Econom

ic Zone
EN

SO
El N

ino Southern O
scillation

EPA
Environm

ental Protection A
gency

ER
S-1

Earth R
em

ote Sensing Satellite
FC

C
SET

Federal C
oordinating C

ouncil for Science, Engineering and Technology
G

C
O

S
G

lobal C
lim

ate O
bserving System

G
LO

B
EC

G
loba] O

cean Ecosystem
s D

ynam
ics

G
O

O
S

G
lobal O

cean O
bserving System

ICSU
International Council of Scientific U

nions
IO

C
Intergovernm

ental O
ceanographic C

om
m

ission
JG

O
FS

Joint G
lobal O

cean Flux Study
LM

R
Living M

arine R
esources

N
A

SA
N

ational A
eronautics and Space A

dm
inistration

N
D

B
C

N
ational D

ata Buoy C
enter

N
ESD

IS
N

ational Environm
ental Satellite D

ata and Inform
ation Service

N
M

FS
N

ational M
arine Fisheries Service

N
O

A
A

N
ational O

ceanic and A
tm

ospheric A
dm

inistration
N

O
S

N
ational O

cean Service
N

SF
N

ational Science Foundation
O

M
B

O
ffice of M

anagem
ent and Budget

O
N

R
O

ffice  of N
ava] R

esearch
O

O
SD

P
O

cean O
bserving System

 D
evelopm

ent Panel
SeaW

iFS
Sea-V

iew
ing W

ide Field-of-V
iew

 Sensor
SST

Sea Surface Tem
perature

TA
O

Tropical A
tm

osphere O
cean

TO
G

A
Tropical O

cean G
lobal A

tm
osphere experim

ent
TO

PEX
/Poseidon

O
cean Topography Experim

ent
U

N
C

ED
U

nited N
ations C

onference on Environm
ent and D

evelopm
ent

U
N

EP
U

nited N
ational Environm

ent Program
U

N
ESC

O
U

nited N
ations Educational, Scientific and C

ultural O
rganization

U
SG

CR
P

U
nited States G

lobal C
hange R

esearch Program
U

SG
S

U
ntied States G

eological Survey
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V
O

S
V

olunteer O
bserving Ships

W
CRP

W
orld C

lim
ate R

esearch Program
W

M
O

W
orld M

eteorological O
rganization

W
O

C
E

W
orld O

cean C
irculation Experim

ent
X

BT
Expendable B

athytherm
ograph
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ppendix G

D
epa

r
tm

en
t o

f O
c

ea
n

o
g

r
a

ph
y 

T
ex

a
s a&

m
 U

n
iv

er
sity 

C
o

l
l

e
g

e S
ta

tio
n. T

ex
a

s 77843-3146

W
o

rth D. N
o

w
lin. J

r.
D

istin
g

u
ish

es P
r

o
fesso

r

D
r. M

elbourne G
. Briscoe 

N
O

A
A

/N
ational O

cean Serrice 
1825 C

onnecticut A
ve .VvV 

W
ashington. D

C
 20235

TELEPHONE; (409) 34S-39C
C

 
FAX; (409) 847-3379

25 A
liens: 1992

D
ear M

el,

^ 
A

t O
O

SD
P-V

, the panel again considered w
hat characteristics distinguish m

easurem
ents 

w
hich should be included in a G

lobal O
cean O

bserving System
 (G

O
O

S). Before eraser, tin a the 
statem

ent prepared by the panel, I call vour attention to several points.

. 
O

O
SD

P is concerned w
ith the clim

ate m
odule of G

O
O

S —
 or the ocean com

ponent
at C

C
O

S. A
s such w

e are considering an observing system
 to detect, understand, and oredict 

clim
ate change. Therefore, we prefer not to characterize" G

O
O

S m
easurem

ents w
ith the adjective 

operational", because it has the connotation that such m
easurem

ents are spec-ricaiiv for 
predictive m

odels.

Second, w
hile not recom

m
ending m

easurem
ents needed only for research, w

e recoari'ze 
that m

any G
O

O
S m

easurem
ents w

ill be used by researchers; such m
easurem

ents w
ill serve 

m
uitipie purposes. Just because they have value to research doesn't m

ake them
 of less value for 

the other objectives of GOOS.

Third, im
provem

ents in m
easurem

ent techniques, enhanced understanding, and changed 
requirem

ents tor m
odeling m

ean that the G
O

O
S m

ust be an evolving system
. Though Ion

3-term
, 

system
atic and relevant to the G

O
O

S m
odule, G

O
O

S m
easurem

ents arc not static.

Tne statem
ent prepared by O

O
SD

P at our fifth m
eeting in July 1992 is enclosed. I look 

forw
ard to your com

m
ents.

Sincerely,

w^r
W

orth D
. N

ow
lin. Jr. 

C
hairm

an, O
cean O

bserving 
System

 D
evelopm

ent Panel

W
D

N
/sm

xc: 
S tanley W

ilson, NOS
D. Jam

es B
aker, JOI 

O
O

SD
P 

CO
CO

 Paris
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O
BSER

V
A

TIO
N

S FO
R

 A
 G

LO
BA

L O
C

EA
N

 O
BSER

V
IN

G
 SY

STEM

The O
cean O

bserving System
 D

evelopm
ent Panel (O

O
SD

P) is w
orking to develop a plan 

for  a G
lobal O

cean O
bserving System

 (G
O

O
S) and for the G

lobal Clim
ate O

bserving System
 

(G
C

O
S) that addresses the role of the oceans in seasonal to decadal clim

ate change. The plan is 
based on the belief that the observations required for such a G

O
O

S should be:

• 
long-term
M

easurem
ents, once begun, should continue into the indefinite future. C

ontinuity in the 
observed quantity is sought, rather than in the m

ethod; and it is anticipated that m
ore 

effective m
ethods m

ay becom
e available w

ith tim
e.

• 
system

atic
M

easurem
ents should be m

ade in a rational fashion, w
ith spatial and tem

poral sam
pling 

tuned to address the issues of clim
ate change. Further, m

easurem
ents should be m

ade 
w

ith the precision, accuracy, and care in calibration required to provide continuity in the 
quality of the data in space and tim

e even though different m
ethodology m

ay be used.

• 
relevant to the global clim

ate system
M

easurem
ents should be m

ade either to docum
ent the role of the ocean in the clim

ate 
system

 or to provide data needed to initialize and validate m
odels that describe and 

predict seasonal to decadal clim
ate change.

Because of the global scope and intended longevity of G
O

O
S it is realized that there are 

further practical constraints on the m
easurem

ents. They should be:

• 
cost-effective
Repeat observations are required at m

any locations. To m
axim

ize the return possible 
using the available resources (financial and m

anpow
er), efforts should be m

ade to use 
observational m

ethods in G
O

O
S that are econom

ical and efficient.

• 
routine
The observations should be considered as part of the norm

al w
ork load, w

ith the acqui
sition, quality control, and dissem

ination of products able to be carried out w
ith regular

ity. Thus for som
e variables, the collection of observations and related w

ork m
ay be 

integrated  into agencies capable of m
aking a long-term

 com
m

itm
ent; for other vari

ables, the desired quality of the routine observations m
ay be best achieved by providing 

long-term
 support to research organizations capable of ensuring the quality and conti

nuity of the m
easurem

ents. This, m
ay vary from

 nation to nation.

O
cean O

bserving System
 D

evelopm
ent Panel 

July 1992
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Proposed Term
s of R

eference for a 
Health of the O

cean Panel

D
IV

ISIO
N

 O
F O

C
EA

N
 SC

IEN
C

ES 
O

C
EA

N
 SC

IEN
C

ES R
ESEA

R
C

H
 SEC

TIO
N

4 D
ecem

ber 1992

D
ear (See D

istribution):

I am
 w

riting to you on behalf of D
r. G

unnar K
ullenberg, Secretary, Intergovernm

ental 
O

ceanographic C
om

m
ission (IO

C), concerning developm
ents in the G

lobal O
cean O

bserving 
System

 (G
O

O
S).

G
O

O
S, an initiative of IO

C, in cooperation w
ith the W

orld M
eteorological O

rganization 
(W

M
O

) and the U
nited N

ations' Environm
ent Program

 (U
N

EP), is being developed to provide a 
m

echanism
 for the coordinated m

anagem
ent of data and products generated from

 satellite and in- 
situ observations of m

ajor physical, chem
ical and biological properties of the ocean, including the 

coastal zone and enclosed and sem
i-enclosed seas. It w

ill use a globally-coordinated, scientifi
cally based strategy to allow

 for coordinated m
onitoring and subsequent prediction of environm

en
tal and clim

ate changes globally, regionally and nationally. G
O

O
S w

ill be built, insofar as possible, 
on existing activities, by accelerating the im

plem
entation of existing ocean observation and data 

m
anagem

ent system
s as w

ell as progressive im
plem

entation of new
 elem

ents and capabilities. The 
concept of G

O
O

S has been form
ally supported by the Rio Conference as a direct response to the 

needs identified by A
genda 21.

For convenience, the G
O

O
S structure has been divided into different sets of aim

s and products 
to be achieved and produced. These sets constitute G

O
O

S M
odules. Each m

odule is aim
ed at 

fulfilling the data and product requirem
ents of a defined user com

m
unity. Som

e 
products m

ay be unique to the relevant custom
er com

m
unity, som

e m
ay overlap needs of different 

custom
ers, and som

e products m
ay be generic to all. The latest draft developm

ent plan (IO
C

/EC
- 

X
X

V
/8 A

nnex 1, 6 January 1992) defines the follow
ing five m

odules as constituting G
O

O
S:
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• 
Clim

ate M
onitoring, A

ssessm
ent and Prediction

• 
M

onitoring and A
ssessm

ent of M
arine Living Resources

• 
Coastal Zone M

anagem
ent and D

evelopm
ent

• 
A

ssessm
ent and Prediction of the H

ealth of the O
cean

• 
M

arine M
eteorological and O

ceanographic Services

The intergovernm
ental m

achinery has been created to cater to the developm
ent of G

O
O

S 
w

ith the transform
ation of the IO

C O
cean Process and Clim

ate Com
m

ittee (IO
C

/O
PQ

 into the 
IO

C Com
m

ittee for G
O

O
S. The reincarnation of the Com

m
ittee on Clim

ate Change and the O
cean 

(CCCO
) into the Joint Scientific and Technical C

om
m

ittee for G
O

O
S (J-G

O
O

S), anticipated to 
take place at the next IO

C A
ssem

bly in early 1993, w
ill continue the scientific advisory elem

ent 
into  this process. A

t the present tim
e, the O

cean O
bserving System

 D
evelopm

ent Panel (O
O

SD
P) 

is providing im
portant and com

petent advice for use in the developm
ent of G

O
O

S w
ith regard to 

the Clim
ate M

onitoring, A
ssessm

ent and Prediction M
odule. A

s a result, the situation w
ith regard 

to the physical m
easurem

ents of G
O

O
S is in rather good shape. It is now

 tim
e to create a com

pa
rable resource for the m

arine chem
ical and biological aspects of G

O
O

S, and I have been asked by 
the IO

C to initiate its im
plem

entation. In accepting this charge, it is m
y intention to have this 

activity carried out in the context of the IO
C G

lobal Investigation of Pollution in the M
arine Envi

ronm
ent (G

IPM
E) to achieve respective com

m
on goals in both G

O
O

S and G
IPM

E in the m
ost 

efficient m
anner possible.

I invite you to participate in the advisory body to address the developm
ent of the G

O
O

S 
M

odule on the A
ssessm

ent and Prediction of the H
ealth of the O

cean. I sincerely hope that you can 
see your w

ay clear to becom
e a m

em
ber of this group. It is m

y plan to w
ork in the im

m
ediate 

future by correspondence to develop a draft prospectus and then m
eet in Paris in February 1993, 

just prior to the next IO
C A

ssem
bly. A

 tentative schedule is as follow
s:

1. 
Response to this letter by 16 D

ecem
ber 1992.

2. 
A

 draft w
hite paper w

ith other docum
ents addressing G

O
O

S to you by 11 January 1993.
3. 

Com
m

ents back to m
e by 1 February 1993.

4. 
M

eeting in Paris the w
eek of 21 February 1993.

I w
ould appreciate your response to this invitation as soon as possible (Tel. 202-357-7910; 

FA
X

 202-357-7621; Telem
ail (O

m
net N

.A
N

D
ERSEN

). H
ave a happy holiday season.

Sincerely,

N
eil A

ndersen, D
irector 

Chem
ical O

ceanography Program
 

and Chairm
an, Com

m
ittee for G

IPM
E

cc: D
r. G. K

ullenberg, IO
C 

Dr. C. Ibe, IO
C 

Dr. D. J. Baker, JO
I Inc.

D
r. M

. Ruivo, Chairm
an, IO

C/U
N

EP Joint Panel for G
IPM

E
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D
ISTR

IBU
TIO

N

D
r. G

unnar K
ullenberg, Secretary 

Intergovernm
ental O

ceanographic C
om

m
ission 

U
nesco

7, Place de Fontenoy 
75700 Paris 
France

D
r. Chidi Ibe

Intergovernm
ental O

ceanographic C
om

m
ission 

U
nesco

7, Place de Fontenoy 
75700 Paris 
France

D
r. M

akram
 G

erges
O

C
A

/PA
C

U
N

EP
P.O

. Box 30552 
N

airobi, K
enya

D
r. M

ario Ruivo
Liaison Com

m
ittee w

ith IO
C U

nesco 
N

ational  Com
m

ission for U
nesco 

A
v. Infante Santo 42/5o 

Lisbon 1300 
Portugal

D
r. J. M

. Bew
ers 

M
arine  C

hem
istry D

ivision 
D

epartm
ent of Fisheries and O

ceans 
B

edford Institute of O
ceanography 

P.O
. Box 1006

D
artm

outh, N
ova Scotia B2Y

 4A
2 

Canada

D
r. D

avid M
obray 

Biology D
epartm

ent 
U

niversity of Papua N
ew

 G
uinea 

Box 320 U
niversity P.O

.
W

aigani, Papua N
ew

 G
uinea

D
r. Eduardo G

om
ez 

M
arine Science Institute 

U
niversity of the Philippines 

c/o U
.P. P.O

. Box 1 
D

ilim
an,  Q

uezon City 1101 
Philippines

Prof. Y
oussef H

alim
 

Faculty  of Science 
A

lexandria 21511 
Egypt

D
r. A

ntony K
nap, D

irector
B

erm
uda Biological Station for R

esearch, Inc.
17 B

iological Station Lane
St. G

eorges G
E01

Berm
uda

D
r. Law

rence M
ee, H

ead 
M

arine Environm
ental Studies Laboratory 

IA
EA

 - M
arine Environm

ent Laboratory 
B.P. N

o. 800
M

C 98012, M
onaco Cedex

D
r. John G

ray 
U

niversitet I O
slo

Institutt for M
arine Biologi og Lim

nologi 
A

vd. for M
arin Zoologi og M

arin K
jem

i 
P.O

. Box 1064 
B

lindem
, O

slo 3 
N

orw
ay

D
r. D. Jam

es B
aker, President 

Joint O
ceanographic Institutions, Inc.

1755 M
assachusetts A

ve. N
.W

.
Suite  800
W

ashington, D
C 20036 

U
.S.A

.
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PR
O

PO
SED

 TER
M

S O
F R

EFER
EN

C
E

IO
C

 G
O

O
S H

EA
LTH

 O
F TH

E O
C

EA
N

 PA
N

EL

1 
To form

ulate the conceptual design of an observing system
 to m

onitor and assess contam
inant 

loads as indicators of the health of the ocean, near-shore w
aters and m

arine ecosystem
s,

2. 
To m

aintain close links w
ith research program

s to insure that the m
odule on the assessm

ent and 
prediction  of the health of the oceans is based on sound scientific know

ledge and updated as 
new

 findings becom
e available; and

3. 
To coordinate w

ith scientific institutions and bodies, including environm
ental and space agen

cies, to encourage that the plans of these organizations effectively incorporate the needs of this 
m

odule  of G
O

O
S.
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