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Introduction

In various fisheries and oceanographic problems, it is 
necessary to classify the surface water types and to determine 
their distribution and their changes with the seasons. When 
the surface water types are defined on the basis of long-term 
average conditions, it becomes possible to detect easily any 
year to year changes which especially affect fisheries. In 
contrast to deep-water masses, the surface water types are 
modified by interaction between the sea and air, and between 
the coast and the bottom. Furthermore, intensive mixing 
between different water types and between surface and deep 
water occurs in many places. In determining the character
istics of given water types, these interactions and processes 
must be considered. In the following paper an attempt is 
made to characterize the water types in the North Sea.

Characterization of water types

For practical purposes, the water types should be 
characterized by the properties of the surface layer (ca. 1 m) 
which are easily observable while underway. There are no 
truly conservative properties at the surface. Therefore, 
besides the conventional water mass characterization 
properties of temperature and salinity, several other prop
erties must be used. Most useful of these additional 
properties are: a) turbidity, which indicates several
conditions (presence of high quantitities of plankton; inorgan
ic suspended matter, swirled up from the bottom or transported 
with fresh water); b) biological properties (specific Z o o 
plankton and/or phytoplankton communities and/or indicator 
species); and c) depth of water and/or type of coast.

The range and peculiarities of seasonal changes of the 
properties used for characterization should also be specified 
together with seasonally varying horizontal and vertical 
mixing conditions.
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Water types in the North Sea

The characteristics of eight water types in the Worth 
Sea are given in Table 1. In this table, synonyms of earlier 
classifications made on different bases, are also given 
(Kalle - on the basis of hydrographical and chemical properties; 
Russell- Zooplankton communities and indicator species;
Graham - plankton types; and Braarud, Gaarder and Gröntved - 
spring phytoplankton communities). At this stage of this 
study no exact numerical values (mean values or seasonal 
ranges) are given to the physical properties. Plankton 
communities are not indicated also, as these are not yet well 
established. References to the biological classifications 
are given in the last column.

Average summer and winter boundaries of the water types 
are shown in Figure 1. The boundaries must be considered as 
relatively wide transition zones, variable to some extent 
from season to season and from year to year. The variations 
are also affected by the variations in inflow. Some available 
data on inflow (after Kalle) are given in Figure 2.

The boundaries refer to surface conditions which might 
differ considerably in some regions, or which might be 
determined by the flow on the bottom, mixing and stratifica
tion. Two cross sections (Figures 3 and k) illustrate the 
average surface conditions during August when the differences 
are greatest. Stratification and its seasonal changes are 
described in Figure 5 (after Dietrich).

Seasonal changes

The seasonal changes are composed of variations of local 
surface properties, caused by local sea-air exchange processes, 
mixing, and advection, and variations of water type extent 
(boundaries), caused by variations in inflow and prevailing 
winds. Temperature is the most easily measured surface 
property and also the most indicative of seasonal changes.
For this reason, the variation of temperature in one type 
location (shown in Figure 2) for each water type is shown in 
Figures 6 to 13. The heavy middle line indicates the monthly 
average surface temperature variation in the given type 
location, (taken from Lowestoft - ICES charts) and the border
ing lines indicate the monthly average maximum and minimum 
surface temperatures in the water type. Several singularities 
of these curves indicate various processes, characteristic
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For given water types. The time of turnover in the fall, if 
present, is indicated by a "kick" in the average temperature; 
most intensive warming in the spring is indicated by the 
narrowness between maximum and minimum values; and the temper
ature of bottom water is usually indicated at the point where 
the monthly average temperature line is tangent to the 
minimum temperature line.

Synoptic oceanography (hydropsis) is a near future goal 
in the North Sea. For this service, water type character
ization is needed and it is hoped that the present outline, 
with some modification, will serve the purpose.
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Figure I. Summer and winter boundaries of water types and net currents
at the surface and at the bottom. (For names of the water types
see corresponding numbers under Figure 2.)

 *- Surface net current, summer
Bottom net curren t, summer

  Summer boundaries
  Winter boundaries
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Figure 2 . Locations of N -S  and E -W  sections; localities of water types-, 
and inflow of fresh and salt w ater in km per year (estimated 
from  the data given by Kalle 1949).
ED Primary or original water types 
« Secondary or mixed water types

W ate r T y pe

No. N a m e
1 N orth  Atlantic Water
2 Channel Water
3 Skagerrak Water
4  Scottish Coastal Water
5 English Coastal Water
6  Continental Coastal Water
7  N orthern N orth  Sea Water
8  Central North Sea Water
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Figure 5. Hydrographical regions of the North Sea. (a f te r  D ie t r ich)

EEŒEB Whole year homohaline-, seasonally or whole year thermally 
stratified.
Whole year homohaline and homotherm.

S S 3  Seasonally or whole year haline stratification present; 
annual salinity changes small in surface layers, regular 
in bottom layers.

■ I B  Seasonally or whole year haline stratification present; 
annual salinity change pronounced, regular in bottom  
layers.
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FIGURE 6. ANNUAL VARIATION OF MONTHLY A'.'ERAGE SE,-. SURFACE TEMPERA
TURE IN NORTH ATLANTIC WATER (WATER TYPE i). THE POSITION OF THE 
TYPE LOCATION IS GIVEN ON FIGURE 2. HEAVY CURVE GIVES THE MONTHLY 
A'.'ERAGE SURFACE TEMPERATURE IN THE INDICATED TYPE LOCATION AND THE 
UPPER AND LOWER CURVES C-IVE THE MAXIMUM AND MINIMUM MONTHLY AVERAG 
TEMPERATURE IN THE WATER TYPE AREA ( GIVEN ON FIGURE I ).
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FIGURE 8. ANNUAL VARIATION OF MONTHLY A'.'ERAGE SEA SURFACE TEMPERA
TURE IN SKAGERRAK WATER (WATER TYPE 3)- EXPLANATIONS, SEE FIGURE 6.
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FIGURE 7- ANNUAL VARIATION OF MONTHLY AVERAGE SEA SURFACE TEMPERA
TURE Hi CHANNEL WATER (WATER TYPE 2). EXPLANATION, SEE FIGURE 6 ).
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FIGURE 9- ANNUAL VARIATION OF MONTHLY AVERAGE SEA SURFACE TEMPERA
TURE I1J SCOTTISH COASTAL WATER (WATER TYPE h ). EXPLANATION, SEE 
FIGURE 6.
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FIGURE IO. ANNUAL VARIATION OF MONTHLY AVERAGE SEA SURFACE TEMPERA
TURE IN ENGLISH COASTAL WATER (WATER TYPE 5). EXPLANATION, SEE 
FIGURE 6.
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FIGURE lí. ANNUAL VARIATION OF MONTHLY AVERAGE SEA SURFACE TEMPERA- 
TURE IN NORTHERN NORTH SEA WATER (WATER TYPE 7)- EXPLANATION, SEE 
FIGURE 6.

18 r

16 - -

o

O

2 -

M onth

FIGURE 11. ANNUAL VARIATION OF MONTHLY AVERAGE °EA SURFACE TEMPERA- 
TUFF IN CONTINENTAL COASTAL WATER (WATER TYPE 6). EXPLANATION, SEE 
FIGURE 6.
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FIGURE 13. ANNUAL VARIATION OF MONTHLY AVERAGE SEA SURFACE TEMPERA
TURE IN CENTRAL NORTH SEA WATER (WATER TYPE 8). EXPLANATION, SEE 
FIGURE 6.


