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PREFACE

The oceanographic databases described by this atlas series greatly expands on the World Ocean Atlas 1994 (WOA94) 
database. Previous oceanographic databases including the NODC/WDC-A profile archives, and products derived from 
these databases, have proven to be of great utility to the international oceanographic, climate research, and operational 
environmental forecasting communities. In particular, the objectively analyzed fields of temperature and salinity derived 
from these databases have been used in a variety of ways. These include use as boundary and/or initial conditions in 
numerical ocean circulation models, for verification of numerical simulations of the ocean, as a form of "sea truth" for 
satellite measurements such as altimetric observations of sea surface height, and for planning oceanographic expeditions. 
The databases, and products based on these databases, are critical for support of international assessment programs such 
as the Intergovernmental Program on Climate Change (IPCC) of the United Nations.

We have expanded these earlier databases to include variables such as chlorophyll and plankton because:

1) there is a need for such databases to study the role of biogeochemical cycles in determining how the earth's climate 
system works, particularly the vulnerability of ocean ecosystems to climate change (IPCC, 1996);

2) the analysis of remotely sensed estimates of chlorophyll (SeaWIFS, ADEOS missions) requires knowledge of in 
situ variables such as chlorophyll and plankton;

3) our belief that the most comprehensive set of oceanographic databases should be available as a matter of course 
to the international research community.

It is well known that the amount of carbon dioxide in the earth's atmosphere will most likely double during the next 
century compared to C02 levels that occurred at the beginning of the Industrial Revolution. Regardless of one's scientific 
and/or political view of a possible "enhanced greenhouse warming" due to the increase of carbon dioxide, it is necessary 
that the international scientific community have access to the most complete historical oceanographic databases possible 
in order to study this problem, as well as other scientific and environmental problems. The science community should 
have access to the most complete oceanographic databases possible to fulfill its obligations.

The production of oceanographic databases is a major undertaking. Such work benefits from the input of many 
individuals and organizations. We have tried to structure the data sets in such a way as to encourage feedback from 
experts around the world who have knowledge that can improve the data and metadata contents of the database. It is 
only with such feedback that high quality global ocean databases can be prepared. Just as with scientific theories and 
numerical models of the ocean and atmosphere, the development of global ocean databases is not carried out in one giant 
step, but proceeds in an incremental fashion.

In the acknowledgment section of this publication we have expressed our view that creation of global ocean databases 
is only possible through the cooperation of scientists, data managers, and scientific administrators throughout the 
international community. I would also like to thank my colleagues and the staff of the Ocean Climate Laboratory of 
NODC for their dedication to the project leading to publication of this atlas series. Their integrity and thoroughness have 
made this database possible. It is my belief that the development and management of national and international 
oceanographic data archives is best performed by scientists who are actively working with the historical data.

Sydney Levitus
National Oceanographic Data Center 
Silver Spring, MD 
June 1998

IPCC, 1996: Impacts, Adaptations and Mitigation of Climate Change: Scientific Technical Analyses. Cambridge 
University Press, 872 pp.
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Silver Spring, MD

ABSTRACT

This atlas describes a collection of scientifically quality controlled ocean Conductivity/Salinity- 
Temperature-Depth (Pressure) (CTD) Stations. Yearly distributions and seasonal data distributions for 
individual years of all CTD stations in the database are presented to provide information on the state of 
ocean CTD station observations.

1. INTRODUCTION

Conductivity-Temperature-Depth (CTD) instruments measure temperature and conductivity as a 
function of pressure (depth) at relatively high (often referred to as “continuous”) vertical 
resolution. Salinity is computed from the conductivity measurement. CTD data may be submitted 
to NODC/WDC-A at sub-meter vertical resolution. These data are now archived at this 
resolution whereas in the past, electronic storage limitations resulted in only selected levels 
being stored. An earlier version of the CTD instrument was the STD (salinity-temperature-depth) 
which computed salinity from a conductivity sensor as the instrument was moving though the 
water column. Because of instrument problems that led to erroneous data values (spikes), this 
method was replaced by the CTD method for which conductivity measurements are recorded 
from the instrument and then salinity computed with appropriate calibration information. 
Dissolved oxygen content can now be measured “continuously” with sensors placed on CTD 
instruments. New sensors are being developed to make “continuous” measurements of other 
variables. We refer to CTD “stations” or “casts” to recognize that more than one variable is 
being measured when a CTD instrument is deployed.

2. CTD STATION DISTRIBUTIONS

Figure 1 shows the number of CTD stations contained in WOD98 for the World Ocean as a 
function of year. Figures 2 and 3 show the time series for the northern and southern hemispheres
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respectively. There are a total of 189,555 CTD stations for the entire World Ocean with 21,074 
profiles (11.1%) measured in the southern hemisphere and 168,481 profiles (88.9%) measured in 
the northern hemisphere. Table 1 provides the exact number of CTD stations included in 
WOD98 as a function of year. The geographic distribution of CTD stations for individual years 
for 1966-1996 are shown in Figures A1-A30. The geographic distribution of CTD stations for 
each season by individual years for 1966-1996 are shown in Figures B1-B124. Most profiles 
have been made in the northern hemisphere, but the southern hemisphere coverage has been 
increased due to international data archaeology and rescue efforts and the World Ocean Database 
project (Levitus et o/. 1994, 1998).
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Table 1 National contributions of Conductivity/Temperature/Depth (CTD) casts sorted by percent contribution of each country

*NODC
Country

Country
Name

CTD
Count

%of
Total

Code

31 UNITED STATES 71592 37.69
32 UNITED STATES 26520 13.99
33 UNITED STATES 1038 0.55
18 CANADA 51334 27.08
35 FRANCE 11468 6.05
74 UNITED KINGDOM 7267 3.83
9 AUSTRALIA 4870 2.56

90 RUSSIA 3192 1.68
58 NORWAY 2754 1.45
6 GERMANY, FED. REP. 2650 1.4

76 CHINA, PEOPLES REP 1749 0.92
64 NETHERLANDS 1056 0.56
67 POLAND 809 0.43
48 ITALY 618 0.33
99 UNKNOWN 537 0.28
ZZ MISC. ORGANIZATIONS 537 0.28
49 JAPAN 444 0.23
7 GERMANY, DEM. REP. 340 0.18
8 ARGENTINA 183 0.1

77 SWEDEN 165 0.09
61 NEW ZEALAND 102 0.05
34 FINLAND 99 0.05
42 INDONESIA 88 0.05
57 MEXICO 59 0.03
21 TAIWAN 57 0.03
24 KOREA, REP. OF 27 0.01

TOTAL 189555

*The United States, Russia, and Japan have multiple country codes. This is because the NODC Institution Code is 
limited to two digits and these three countries each have more than 99 institutions that can potentially transfer data to 
NODC/WDC-A.

4



Ta
bl

e 
2 T

he
 n

um
be

r 
of
 C

TD
 c

as
ts

 i
n 
WO

D9
8 

as
 a

 f
un

ct
io

n 
of

 y
ea

r 
fo

r 
th
e 

wo
rl

d 
oc
ea
n.
 T

he
 t

ot
al

 n
um

be
r 

of
 c

as
ts

 =
 

18
9,

55
5

CO i
2 !
O 1 CM VO VO r- C\l
H S CM l> VO LO CD 00
Ej 1 00 rH VO vo rH LO
g 1 r- CD CD 00 CO rH
CO 1

1

1
ej 1 o rH CM CO LO VOa 1 cd CD CD CD CD CD CD
H 1 cd CD O) CD CD CD CD
>H 1 rH rH rH rH rH rH rH

1
1
1
1CO 1

2 1
O 1 CD rH CO LO CD rH LO
H 1 CO CO LD CD 00 CD CM
Eh 1 00 O r* rH LO rH
< 1 00 O 00 CD CM CD O
H 1 rH rH rHCO 1

1

1
ej 1 co LO VO r- 00 CDa 1 00 00 00 CO 00 00 00
w 1 CD CD CD CD CD CD CD
|H 1 rH rH rH rH rH rH rH

1
1
1
1CO 1

2 1
o 1 rH CO 00 CM CD LO CD CD
H 1 ID CD r- CM 00 LO r*Eh 1 O VO rH LO CD 00 co

1 ID LO VO 00 r-g LO 00 p*

CO 1
1

1
p$ 1 LT) VO r- 00 CD O rH CMa 1 r* r- r** r* r* 00 00 00
w 1 O') CD CD CD CD CD CD CD

1 rH rH rH rH rH rH rH rH
1
1
1
1CO 12 1

O 1 O O O rH CD LO VO CDH 1 CO CO VO LO CD co O'
Eh 1 LO r- LO CD LO CO ■'tf
< 1 rH CM co LO VOH 1CO 1

1

1OS 1 00 CD O rH CM COa 1 VO VO VO l> r-H 1 CD CD CD CD CD CD CD CDX 1 rH rH rH rH rH rH rH rH
1
1
1
1

5



Ta
bl

e 
3 T

he
 n

um
be

r 
of
 C

TD
 c

as
ts

 i
n 
WO

D9
8 

as
 a

 f
un

ct
io

n 
of

 y
ea

r 
fo

r 
th
e 

so
ut

he
rn

 h
em

is
ph

er
e.

 T
he

 t
ot

al
 n

um
be

r 
of
 c

as
ts

 =
 2

1,
07

4

w 1zo 1 00 LO rH VO 00 r~
H 1 rH VO rH CD r- O 00H 1 00 00 CO 00 CD 00
< 1 rH rH rH
H 1
w 1

1

00 cd O rH CM COg 00 00 CD CD CD cd cd
cd CD CD CD cd cd CDw* rH rH rH rH rH rH rH

1
CO 1
§ 1 00 CM LO r* CD CD
H 1 rH CD rH O VO cd
EH 1 no 00 00 cd O co
c 1 rH rH rH rH
EH 1CO 11

rH CM 00 in VO r-
00 00 00 00 CO 00 00
cd CD (D CT) CD CD CD
rH rH rH rH rH rH rH

w
zo CO rH rH CD CD 00 rH
H CM 00 00 CD 00 CD CM
H CO r* VO
<Eh
W

in VO r* 00 CD O
r* E^- r* 00g CD CD CD CD CD CD CDWSH rH rH rH rH rH rH rH

rH o rH r- vo 
o o\ in vo in r-
VO H rH

r- 00 CD O rH CM COg VO vo VO r* r~ r* r-
w CD CD CD CD CD CD CD
JH rH rH rH rH rH rH rH

6



Ta
bl

e 
4 T

he
 n

um
be

r 
of
 C

TD
 c

as
ts
 i

n 
WO

D9
8 

as
 a

 f
un

ct
io

n 
of
 y

ea
r 

fo
r 

th
e 

no
rt

he
rn

 h
em

is
ph

er
e.

 T
he
 t

ot
al

 n
um

be
r 

of
 c

as
ts

 =
 

16
8,
48
1

CO 1
§ 1 CD rH O 00 I** CNH 1 O 00 CD LO CD 00
H 1 LO CN 00 LO rH LO

1 VO 00 00 rH
H 1
CO 1

1
1

p$ 1 O rH CN 00 LO VOs 1 CD CD CD cd CD CD CD
H 1 CD CD CD cd CD CD CD
tH 1 rH rH rH rH rH rH rH

1
1
1
1

CO 1
$3 1o i VO LO 00 rH
H 1 rH CN CD VO

hE 1 CN 00 r* r- CN< 1 vo 00 r- CO o 00 00
H 1 rH
CO 1

1
1
1 oo LO VO r* 00 CD
1 00 00 00 00 00 00 00

w 1 CD CD cd CD CD CD CD
S 1 rH rH rH rH rH rH rH

1
1
1
1

CO 1
2 1
O 1 O CN m rH rH [■"H 1 I> VO (D CO 00 VO O
H 1 LD CD 00 00 r* 00 o CD

1 LO VO LO 00 VO
1

CO 1

<

<

1

A<
1

c 1 LO VO r* 00 CD o rH CN
1 r- r~ 00 00 00

u 1 cd CD cd CD <D CD CD CD
tH 1 rH rH rH rH rH rH rH rH

1
1
1
1

CO 1
2 1
O 1 00 CD 00 rH 00 00 O VO
H 1 CN 00 O LO oo r- O CN
EH 1 cd LO LO CD CN rH
C 1 CN oo LO VO
Eh 1
CO 1

1
1
1 r* 00 CD O rH CN oo
1 VO VO VO r* r- r*

w 1 cd CD CD CD CD CD CD CD
tH 1 rH rH rH rH rH rH rH rH

1
1
1
1

7



sandoyd do yaaiAinN

Fi
g.

 1 T
im

e 
se

rie
s o

f C
TD

 ca
st

s i
n W

O
D

98
fo

r t
he

 w
or

ld
 oc

ea
n 

as
 a 

fu
nc

tio
n o

f y
ea

r

8



To
ta

l P
ro

fil
es

 = 
21

,0
74

h-o>

O

sanuoad do aaai/\inN

YE
A

R

Fi
g.

 2 T
im

e 
se

rie
s o

f C
TD

 c
as

ts
 in

 W
O

D
98

fo
r t

he
 s

ou
th

er
n h

em
is

ph
er

e 
as

 a 
fu

nc
tio

n o
f y

ea
r

9



14
00

0 oo
o
CM

o
©o
o

o oo o
o o
00 to

o o
o oo o
Tt CM

sandoyd do yaaiAinN

o

Fi
g.

 3 T
im

e 
se

rie
s o

f C
TD

 c
as

ts
 in

 W
O

D
98

fo
r t

he
 n

or
th

er
n h

em
is

ph
er

e 
as

 a 
fu

nc
tio

n 
of

 y
ea

r

10



Lo
ng

itu
de

spn}!P1

Fi
g.

 4
 Dis

tri
bu

tio
n o

f a
ll c

as
ts

 in
 th

e 
C

TD
 fil

es
 o

f W
O

D
98

11



4. APPENDIX A: DISTRIBUTIONS FOR INDIVIDUAL YEARS OF ALL CTD 
STATIONS IN WOD98

This appendix contains yearly station distributions of all CTD stations contained in WOD98. 
These maps provide some history of the observational progress of the field of oceanography.
They also serve as indicators of whether or not a particular data set from a scientist or institution 
is part of the NODC/WDC-A archive. The exchange of information provided by the publication 
of such maps has provided us with valuable information about deficiencies in the database. The 
locations of all WOD98 CTD stations are plotted including stations that may be erroneously 
located over land. However, WOD98 contains some stations from various lakes so care should be 
exercised in the use of these stations and the determination as to whether they represent errors in 
locations.

For all figures in Appendix A, a small dot indicates a one-degree square containing from one to 
four stations and a large dot indicates five or more stations.
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5. APPENDIX B: SEASONAL DISTRIBUTIONS FOR INDIVIDUAL YEARS
OF ALL CTD STATIONS IN WOD98

This appendix contains seasonal distributions for individual years of all CTD stations contained 
in WOD98.

For all figures in Appendix B, a small dot indicates a one-degree square containing from one to 
four stations and a large dot indicates five or more stations.
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS
The National Oceanic and Atmospheric Administration was established as part of the Department of 

Commerce on October 3, 1970. The mission responsibilities of NOAA are to assess the socioeconomic 
impact of natural and technological changes in the environment and to monitor and predict the state of the 
solid Earth, the oceans and their living resources, the atmosphere, and the space environment of the Earth.

The major components of NOAA regularly produce various types of scientific and technical informa­
tion in the following kinds of publications:

PROFESSIONAL PAPERS - Important definitive 
research results, major techniques, and special 
investigations.

CONTRACT AND GRANT REPORTS - Reports 
prepared by contractors or grantees under NOAA 
sponsorship.

ATLAS - Presentation of analyzed data generally 
in the form of maps showing distribution of rain­
fall, chemical and physical conditions of oceans 
and atmosphere, distribution of fishes and marine 
mammals, ionospheric conditions, etc.

TECHNICAL SERVICE PUBLICATIONS - Re­
ports containing data, observations, instructions, 
etc. A partial listing includes data serials; predic­
tion and outlook periodicals; technical manuals, 
training papers, planning reports, and information 
serials; and miscellaneous technical publications.

TECHNICAL REPORTS - Journal quality with 
extensive details, mathematical developments, or 
data listings.

TECHNICAL MEMORANDUMS - Reports of 
preliminary, partial, or negative research or tech­
nology results, interim instructions, and the like.
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