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RECENT CHANGES IN THE NORTH SEA: 

TEMPERATURE & SALINITY  

A look at changes in recent history of salinity and temperature in the North 

Sea using GIS.  
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Introduction 

The salty sea is more complex than it may appear. Salinity, along with temperature, both play key 

roles in analyzing the water cycle, ocean circulation, and climate change, which makes both very 

important variables to track. 

One reason why salinity and temperature are so important is because of its influence on the 

climate system. Increases in temperatures of surrounding entities like ice and an increase in 

precipitation adds fresh water into the sea, which lower salinity. Seawater with lower salinity is 

lighter in density and won’t sink as much as denser water. This process changes ocean currents. 

Also, since the vaporization of sea water and formation of ice are causes of increases of ocean 

salinity, then an increase or decrease in ocean salinity could indicate whether or not sea water is 

vaporizing and ice caps are forming.  

Some key concerns of this project: 

• How is seawater salinity and temperature in the North Sea changing over time? 

o What period of time? What is the trend? Where?   

 Furthermore, what could be causing these changes in those areas?   

This is going to be accomplished by making a series of temporal and difference maps of salinity 

and of temperature throughout the years 2005 to 2010 using ArcGIS suite.  

More specifically, the data that is being used in this project are surface seawater data. While 

information of salinity and temperature changes at greater depths would be conducive to 

determining seawater density (which is a driving force in ocean circulation), information about 

surface salinity and temperature is key for learning about changing surface buoyancy, which 

causes overturning circulation, among other effects. 
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Data Collection 

1. Salinity and temperature  surface data was retrieved from the World Ocean Database 

(WOD), through the National Oceanographic Data Center (NODC), found here: 

http://www.nodc.noaa.gov/OC5/WOD13/data13geo.html 

a. The data used was sorted by geographically, each rectangle containing data for 10 

degrees. The data used in this project is from square 1500, which covers the large 

majority of the North Sea in surface area. See Figure 1. 

b. There were different types of datasets (OSD, MBT, CTD, XBT, PFL, MRB, etc.). The 

High Resolution Conductivity – Temperature Data (CTD) was used for this project 

because some other datasets were limited by attributes and time span; the MBT data 

only had included years 1948 to 1990.  

c. The type of data was .csv.gz. The information was extracted using 7 Zip and then 

converted using a program also available on that website.  

 

Figure 1.  Retrieving data that is geographically sorted.

 

http://www.nodc.noaa.gov/OC5/WOD13/data13geo.html
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Data Preprocessing 

2. Because the unzipped, unaltered file contained information for many attributes (See Figure 

2.), the csvfromwod.exe program was downloaded in order to extract particular variables.  

 

Figure 2. The csvfromwod.exe program that converted data from WOD format to csv format. 
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3. Next, a new Excel spreadsheet was created with only the extracted data. However, the file is 

still rather large and contains information for all of the years and all depths in a single file. So, 

new spreadsheets should be created, separating the data and grouping data by year with the 

surface information only at 0m (the original file contains information from 0m to 9000m below 

surface.) Figure 3.1 and 3.2 display the sequence of information extraction.  

 

Figure 3.1 shows the unaltered CDT Temperature data containing excessive cells.  
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Figure 3.2 shows the final spreadsheet workbook of the data, each year in a different sheet. 

 
4. These new spreadsheets can now be loaded into ArcMap.  
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ArcGIS Processing 

5. But before the data points were displayed, the background ocean files were loaded.  

a. http://portal.emodnet-hydrography.eu/download-bathymetry/download-selection  

b. The .tif and .asc files of the North Sea were loaded onto the map and using 

ArcCatalog, the projection was changed to WGS 1984 UTM Zone 32. 

c. Then a mask was made to retain the outline of the coastlines of the countries 

surrounding the North Sea (England, Netherlands, Denmark, Germany, and Norway). 

This was done using the Extract by Mask and Conditional tools, both Spatial Analyst 

Tools. This is shown in Figure 4. 

i. Another option would have been to clip the variable raster (temperature or 

salinity) to a map projection. However, the background map data used here 

was multi-banded, which cannot be clipped to. This is why the Masking 

method of showing coastlines was used instead. 

 

Figure 4 shows the Raster Calculator Tool and the Conditional function used to create a mask. 

 
 

 

 

http://portal.emodnet-hydrography.eu/download-bathymetry/download-selection
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d. The mask was dragged at the top of all of the layers in order to show land and sea 

borders. See Figure 5. 

 

Figure 5 displays the displays the difference between layers with and without the mask on top. 
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6.  Back to the spreadsheets, an Excel Table of each year of the two variables (Temperature and 

Salinity) should be loaded; there are a total of 12 tables. Display the XY Data, where X is 

Longitude, Y is Latitude, and Z is the variable of interest.  

7. The XY Events now have to be exported into a shapefile. See Figure 6. 

Figure 6 shows the XY Event being exported as a new shapefile.  

  

8. Using ArcCatalog, the XY Coordinate System of each of the shapefiles should be changed to 

GCS WGS 1984.  

9. Next, change the projection of the shapefiles to WGS 1984 UTM Zone 32 using ArcToolbox > 

Data Management Tools > Feature > Project. Shapefiles with the new projections should be 

created. If this step is not taken, the IDW Interpolation will not work properly.  
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10. Interpolating the data is the next step. As near things are more related than distant things, 

especially in terms of seawater temperature and salinity. Therefore, in this project, Inverse 

Distance Weighting (IDW) was used to interpolate the characteristic of the seawater 

between the data points. IDW was used because seawater temperature and salinity is not 

expected to change dramatically over a short distance.  

a. A raster was created using the IDW tool under Geostatistical Analyst Tools > 

Interpolation. The Z-field must be set to the variable being observed.  See Figure 7. 

b. Another option for interpolation was Spline. However, Splining over-smoothed the 

sea surface and the change in temperature or salinity were underwhelming. Also, 

because Splines tend to keep smaller features, it was unfitting for this project.  

Figure 7. displays the IDW Interpolation Tool. A shapefile projected in WGS 1984 UTM Zone 32 is 

inputted along with the designated variable to create a raster.  
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11. After the raster is created, the Symbology was changed to show Stretched Colors across a 

ramp. 

12.   To find the difference between rasters, the Minus Tool was used (< Math <  Spatial Analyst). 

See Figure 8. 

 

Figure 8 show an input of two rasters. The second being subtracted from the first, although 

when tested vice versa, with the first being subtracted from the first, the result was the same.  
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  Data Analysis & Conclusions

From what it appears like, salinity in the North Sea has decreased in the very recent history. 

From these six salinity maps, it looks like the southern coast of Norway has become more saline. 

Also concerning salinity, the red circles of unusually low salinity in the 2005 and 2006 maps may or 

may not be because of the Dogger Bank, a sand bank near that area of the North Sea. However, their 

disappearance on the map in 2007, 2008, and 2009 is strange.  

Figure 9.1 displays areas of interest in the surface salinity maps. The vibrant blue and red represent 

areas of consistency and the lighter red and lighter blue encircle areas of change. 
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Figure 9.2 displays areas of interest in the surface temperature maps. The black and darker blue 

circles represent areas of consistency and the areas of white and light blue encircles comparative 

un-commonality. 

 
 

The temperature off the coasts of Denmark, the Netherlands, and Germany seems to have lowered, 

and the temperature at the southern coast of Norway has increased. A mentionable point of 

inaccuracy that could have resulted from using IDW interpolation is indicated by the white circles. 

These areas that seem “spotted”, much like the data points that the tool was supposed to have 

interpolated in between.  
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Figure 9.3 displays differences in surface salinity and surface temperature in a span of six years. These 

were created using the Minus tool, subtracting the 2005 raster from the 2010 raster.  

 

 

Observing year by year changes in temperature and salinity brings up many questions not all of 

which can be answered in this project. What can be deduced from these series of maps is that year 

to year, there are not drastic changes, but there are some questionable areas. See Figure 9.1, 9.2, and 

9.3. Yes, the North Sea is changing in temperature and salinity every year. But perhaps a study this 
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over a longer period of time can tell us more. To investigate salinity and temperature map patterns 

even further, rasters of every month or of every season could be created. 
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