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ABSTRACT 

An extensive data set is used to identify areas of 
the North Sea and the Baltic Sea where diurnal 
warming events may frequently occur. Data 
recorded from the S.E.V.IR.I. instrument, on board 
the MSG (Meteosat Second Generation) satellites, 
consist of hourly measurements of SST for the 
period of June 2004 until October 2009. Night-time 
reference fields generated from the S.E.V.IR.I. 
dataset, were utilized in order to compute the 
hourly SST anomaly fields of each day. Diurnal 
warming exceeding 2 [K], occurring most 
frequently at 15:00 local solar time, was identified 
during the spring and summer months of every 
year, starting as early as March and reaching 
maximum observations in June and July. Areas 
where diurnal warming was most frequently 
observed include the Baltic sea along with the west 
coast of Denmark and the Danish straits. Most 
frequently observed maximum values were 
approximately 2.1 [K], occurring at 15:00 local 
solar time, while 25% of the maximum anomalies 
recorded were larger than 3 [K]. Single large scale 
events were identified mainly in the west coast of 
Denmark, with anomalies reaching up to 6 [K], with 
the corresponding wind fields indicating wind 
speeds lower than 3 [m/s]. 

1. Introduction 

A significant percentage of the incoming solar 
radiation is absorbed by the few top meters of the 
ocean surface, thus increasing its temperature in a 
manner that depends on the daily solar cycle. Lack 
of wind prevents mixing of the water column, thus 
leading to the creation of a thermal layer on the top 
of the water column where the temperature is 
higher when compared with the one bellow and 
above. This phenomenon may typically start 
around 10:00 and last until 18:00 local solar time. It 
may temporarily affect air-sea interactions by 
altering the heat and gas fluxes, atmospheric 
circulation and the height of the atmospheric 
boundary layer. Hence, it is important because it 
complicates the assimilation of SST by ocean and 
atmospheric models, the derivation of atmospheric 
correction algorithms for satellite radiometers and 
SST data merging. Therefore, as mentioned in (1) 

“Identification of diurnal warming events across the 
global ocean is required in order to improve our 
understanding of their spatial and temporal 
variability as well as their impact at daily, monthly, 
seasonal, annual and multi-annual time scales”.  

In this paper we present results obtained using 
data from the S.E.V.IR.I. (Spinning Enhanced 
Visible Infrared Imager) instrument on board the 
MSG (Meteosat Second Generation) satellites. The 
instrument is characterized by high spatial 
resolution and high sampling frequency, but is 
bounded by cloud coverage. Being in 
geostationary orbit, the North Sea and Baltic Sea 
are observed by the sensor, with a resolution of 6-
9 km. Thus, the aim is to contribute at the ongoing 
research field regarding the diurnal variability of 
SST, by using an extensive dataset in order to 
resolve the magnitude, extend and frequency of 
this phenomenon in the North and Baltic Seas.  

2. Methodology 

S.E.V.IR.I. data were provided by CMS, for the 
period April 2004 to October 2009. The domain of 
interest was a rectangular extended from 48o to 
60o North and from 10o West to 30o East. Night-
time reference fields were generated from the 
S.E.V.IR.I. dataset. Only quality 5 pixels were 
considered. For every point and every calendar 
day, the local sunrise time was computed. The last 
local pre-dawn value of every cell was utilized to 
generate the validation fields. These served as test 
subjects to ensure that the night-time reference 
fields would not include any local warming. Night-
time reference fields were generated based on 
three different parameters, i.e. number of days 
prior and after the given day, night-time interval 
and quality flags. Different datasets were 
generated for a test period (April-December 2006). 
Anomalies were estimated defined as the 
difference between validation fields and reference 
fields. Results were compared in terms of mean 
values and standard deviations along with data 
availability. Finally, the night-time reference fields 
were generated for every calendar day, using the 
temperature fields between 00:00 and 03:00 of the 
three calendar days prior and after the given day, 



 

accounting only for pixels flagged with qualities 3, 
4 & 5. All times refer to local time for any given 
location. The daily night-time reference fields were 
subtracted from the hourly, day-time S.E.V.IR.I. 
measurements. Anomaly fields were created for 
local times between 08:00 and 20:00. Thus, for 
every day we computed the frequency of 
observation for anomalies larger than 1, 2 and 3 
[K], the local time of occurrence, the maximum 
anomalies observed along with the time of 
occurrence. Spatial patterns were identified using 
the "nearest neighbour" technique. Clusters of 
more than 5 neighbouring grid cells recording 
anomalies have been identified as large events.  

3. Results 

The S.E.V.IR.I data availability for the quality 5 flag 
is shown in Figure 1. Only measurements taken 
between 08:00 and 20:00 local time have been 
taken into account in this case. The spatial 
distribution of diurnal warming exceeding 2 
degrees is shown in Figure 2, as the amount of 
recorded hourly measurements.  

 

Figure 1. Number of hourly measurements 
between 06/2004 and 10/2009, with quality 5 flag 

between 08:00 and 20:00 (local time). 
 

 

Figure 2. Percentage of hourly measurements 
between 06/2004 and 10/2009, when anomalies 
are greater than 2 [K] between 08:00 and 20:00 

(local time). 

Most warming events in the areas of interest did 
not exceed 2.1 degrees and occurred at 15:00 
local time, followed by 16:00 and 14:00. 
Nonetheless, 25 % of the events exceeded 3 
degrees and lasted more than 3 hours, with 5 % 
lasting more than 7 hours. Monthly distributions 
indicated that June and July are the prime months 
for diurnal warming larger than 2 [K], followed by 
May and August. Analysis of scatterometer sea 
winds, retrieved from QuikSCAT, indicated that the 
areas of frequent low wind speeds (< 3 m/s) 
coincided well with the areas of frequent warming. 
The annual distribution of 10 years of QuikSCAT 
winds indicated very low wind speeds typically in 
July, June, May and August.   

Table 1. Size of large warming events in km2, 
based on anomalies larger than 2 [K].  

 
Percentage 25% 5% 2.5%

Events > 230 km2 1050 km2 1860 km2 

   

4. Conclusion 

 
This study has shown that diurnal warming of the 
sea surface occurs in relatively high latitudes 
(more than 50 N), during the spring and summer 
months. Measurements from an infrared 
radiometer are limited by cloud coverage therefore 
data availability regulated our knowledge about the 
frequency of such events. The areas of most 
frequently observed events coincide well with 
areas of frequently observed low winds. These 
were areas of generally complex coastal 
morphology and high water turbidity, with the Baltic 
exhibiting significantly more diurnal warming than 
the North Sea. Given the fact that the night-time 
reference fields hold an important role in the 
definition of day-time warming, an extended 
sensitivity analysis has been performed the results 
of which are not included here. Nonetheless, the 
qualitative results were similar independent of the 
night-time field used to estimate the daily 
anomalies. On average, anomalies more than 2 [K] 
were frequently recorded, while anomalies of 6 [K] 
were also observed. Local time varied from 14:00 
to 16:00 hours, with maximum number of cases 
being recorded at 15:00 (local times).  
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