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English summary 
Disturbing clouds may be a showstopper when planning a maritime surveillance satellite with an 
optical sensor. When the probability of clouds in any place is in the range of 75 %, it is indeed 
important to know where the clouds are in order to record images as cloud free as possible. The 
Norwegian Meteorological Institute was contracted to do a study on short term prediction of 
clouds. The best method turned out to be the interpretation of images from weather satellites 
taken 2–3 hours earlier. The Norwegian Defence Research Establishment (FFI) was also given 
access to the cloud information from weather satellites throughout 2014, with only few hours 
between each observation. These data were used to make statistics to form a basis for evaluating 
the efficiency of maritime surveillance from a satellite with an optical sensor. 
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Sammendrag 
I planleggingen av en maritim overvåkningssatellitt med optisk sensor er en klar over at 
forstyrrende skyer er en stor utfordring. Når sannsynligheten for skyer på et gitt sted er ca. 75 %, 
er det viktig å vite hvor skyene faktisk er for å kunne avbilde de skyfrie områdene. Metrologisk 
institutt ble engasjert for å se på metoder for skyvarsling. De konkluderte med at den beste 
metoden var å anta at skyfordelingen var den samme som gitt av dataene fra en værsatellitt 2–3 
timer tidligere. FFI fikk også adgang til skyinformasjon i form av tolkede satellittbilder tatt 
gjennom hele 2014 med få timer mellom hvert bilde. Denne informasjonen ble brukt for å lage 
statistikk som kunne gi et grunnlag for å vurdere effektiviteten av maritim overvåkning fra 
satellitt med optisk sensor. 
 

 
 
 
 
 
 



 
  
  

 

FFI-rapport 2015/02017 5   
 

Contents 

1 Introduction 7 

2 Satellite based optical maritime surveillance 8 
2.1 Operational area of interest 8 
2.2 Concept for an optical maritime surveillance micro-satellite 8 

3 Methods for cloud prediction (by MET Norway) 10 
3.1 Cloud data 10 
3.2 Forecast evaluation results 13 

4 Analysis of cloud coverage 15 
4.1 Yearly average 15 
4.2 Yearly variation 16 
4.3 Daily variation 17 
4.4 Spatial variation 19 
4.5 Rate of change 21 

5 Analysing the influence of cloud cover for the use of 
satellite images 22 

5.1 Daily imaging with no limitations in space and time 22 
5.2 Daily imaging restricted by simulated satellite passes 26 

6 Summary 29 

7 Conclusion 30 

 Appendix A Report from MET Norway 31 

8 References 65 
 



 
  
  
 

 6 FFI-rapport 2015/02017 

 

  
 
 



 
  
  

 

FFI-rapport 2015/02017 7   
 

1 Introduction 
FFI is developing new concepts for maritime surveillance with micro-satellites and electro-optical 
sensors. In many parts of the world, extensive cloud cover represents a serious impediment to 
efficient image acquisition in the visible part of the electromagnetic spectrum. One approach to 
achieving better efficiency is to determine cloud-free areas within an area of interest a priori, and 
task the satellite to image these areas with a shortest possible lead time.  This report focuses on 
issues of cloud cover and cloud prediction. The Norwegian Meteorological Institute (MET 
Norway) was engaged to help us with the task. They prepared a report on methods to predict 
clouds and the efficiency of the prediction. A summary of the report is provided in chapter 4, 
while the report is fully reproduced in appendix A. 
 
Knowing that there are clouds in approximately 75 % of the Norwegian area of interest, an 
investigation into how the clouds vary in time and space, is of particular interest. By means of 
cloud information from our near oceans to the west and north of Norway, made available to FFI 
by MET Norway, it was possible to investigate the distribution of clouds and their movement. 
The data was analysed for variations through the year, variations through the day, variations 
through the area and speed of variations. Further on they were used to analyse the influence of 
clouds on an imaging satellite in a sun synchronous orbit, designed specifically for detection of 
ships at sea. 
 
This report gives a basis for investigating the efficiency of using optical satellites in cloudy areas, 
and shows how prediction of the clouds can increase the efficiency. 
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2 Satellite based optical maritime surveillance 

2.1 Operational area of interest 

 

Figure 2.1 Operational area of interest 

 
The main area of interest (AOI), as shown in Figure 2.1, is based on operational interest from 
Norwegian authorities engaged in maintaining national sovereignty and maritime safeguard and 
security.  The applications include safety at sea, crime at sea and military surveillance. The area 
spans in the order of 2 million km2. 
 
Even if the general desire is to control the whole area, parts of the area are more interesting than 
others, due to locations of fishing grounds and oil/gas extraction. The transit routes for ships in 
the area are also of interest. Particularly in the case of fisheries monitoring, parts of the area can 
have a time limited or seasonal interest. 
 
Conceptually, it is also possible to image other parts of the world. However, there would be 
limitations on the number of images taken due to storage needs in the satellite, time to transfer 
images from satellite to ground, and necessary battery power to conduct recordings depending on 
time needed to charge from solar panels. 

2.2 Concept for an optical maritime surveillance micro-satellite 

FFI has demonstrated space based cooperative maritime surveillance using the Automatic 
Identification System (AIS).  AIS messages are currently intercepted by two nano-satellites, 
AISSat-1 and -2, currently orbiting the Earth at approximately 600 km altitude in an almost sun-
synchronous orbit, i.e. with an orbital inclination of approximately 98° degrees.  
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Based on the AISSat success, we have started to consider methods for non-cooperative 
approaches to maritime surveillance, primarily in the Norwegian AOI.  One candidate is a micro-
satellite mission concept consisting of a small satellite (~50 kg) equipped with an electro-optical 
(EO) sensor, combined with a VHF radio receiver capable of receiving messages from the 
Automatic Identification System (AIS). 
 
In the current analysis, we assume that the follow-on AIS-Optical satellite will fly in a similar 
orbit to AISSat-1 and -2.  For the Norwegian AOI, the satellite will pass within the area of 
interest 6 times during the day, 3 times in the morning and 3 times in the evening, with other 
passes providing partial coverage of the AOI. 
 
To cover the entire area of interest continuously is a goal that is neither practical nor necessary. 
Ships travel at low speed compared to other modes of transportation, and voyages often take 
several days. For example, a ship travelling the length of Norway out at sea covers a distance of 
more than 1500 km. With a typical speed of 15 knots (27.8 km/h), the journey will take more than 
2 days. For the mission concept, we assume that it is sufficient to locate the ship with the optical 
imager at some intervals, supplemented by AIS on the same platform, as well as other sensors on 
other platforms. 
 
For the analysis described in the following, we will assume that the satellite can look to each side 
with a roll-angle of up to 30°, and can image within a swath width of 924 km. Furthermore, we 
assume that the minimum imaging capacity will be 5 images per pass, and that each image will 
have a width of 100 km. For simplicity, each image is assumed to be a square of 100 km × 
100 km. During a day (30 images), 0.3 million km2 are covered, and the total area of interest can 
be covered in 7 days. 
 
For each pass the satellite sees approximately 0.05 mill km2, or about 10 % of the area of interest. 
With an average cloud cover of 75 %, a corresponding 25 % of the area will typically be free of 
clouds. Therefor the satellite can theoretically record completely cloud free areas, assuming it is 
known where the cloud free areas exist, and that the sensor can point there. 
 
While the main mission concept is to perform wide area maritime surveillance over the entire 
AOI, It is also possible to scan limited areas of particular interest. Cloud cover statistics can help 
estimate how efficient monitoring of a certain area would be. For high priority areas, image 
acquisition can be performed regardless of cloud cover prediction while accepting a higher than 
desired cloud cover percentage. 
 
Recording other places in the world is fully possible. However, cloud prediction here would be 
more challenging. 
 



 
  
  
 

 10 FFI-rapport 2015/02017 

 

3 Methods for cloud prediction (by MET Norway) 
As stated in the previous section, the mission concept involves the use of short term forecasts or 
nowcasts to estimate a cloud cover distribution for the upcoming satellite pass. We engaged MET 
Norway to provide an assessment and recommendation on how to provide the best estimate of 
cloud cover over the AOI over a 6 hour period. Below is a summary of their report which can be 
found in its entirety in Appendix A. 

3.1 Cloud data 

Input cloud data for the study were retrieved from a set of images acquired by the following polar 
orbiting weather satellites: MetOp-A, NOAA-18 and NOAA-19. For study purposes, an area of 
1900 km × 1900 km was chosen to work with (Figure 3.1), designed to at least partially match the 
coverage of the weather satellites, but also very close to the operational area of interest. The 
images are collected with the third generation Advanced Very High Resolution Radiometer 
(AVHRR), operating in 6 channels from visible light to thermal infra-red. Each channel of each 
image consists of 1200 × 1200 pixels, with a pixel size of 1600 m × 1600 m. The weather satellite 
orbits are designed to be sun-synchronous with an exact repeat cycle of several weeks. This 
means that the precise coverage varies each day within the repeat cycle. On average, a single 
image covers about 90 % of the study area.  
 

 

Figure 3.1 Cloud cover study area 
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The satellite images were processed using the Polar Platform System (PPS) software developed 
by the Swedish Meteorological and Hydrological Institute (SMHI), and is used by most 
meteorological institutes in Europe. PPS transforms the raw data (satellite images) to types of 
clouds at different altitudes.  Comparisons with human synoptic observations show that PPS 
detects clouds correctly more than 90 % of the time [2]. The false alarm rate (the probability to 
detect something that is not there), however, is in the range of 5-12 % depending on the time of 
day that the imagery is collected. This means that PPS over-estimates cloud cover, and that the 
results in our analysis are somewhat conservative (slightly pessimistic). An example of a satellite 
image is shown in Figure 3.2 and the corresponding interpreted cloud mask is shown in  
Figure 3.3. 
 

 

Figure 3.2 NOAA-19 satellite image. 
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Figure 3.3 PPS cloud classified NOAA-19 image. 

 
The relatively detailed description of the clouds given by PPS is reduced to a simpler grouping 
more suitable for this investigation, as shown in Table 3.1. The condition “partly cloudy” is a 
miscellaneous post not completely defined. The condition could occur in continuous areas with 
clouds almost transparent, or in transitions between overcast and cloud free areas where the pixels 
could be partly cloudy.  
 

 
A total of 7348 observations (satellite images) during 2014 were analysed, meaning almost 20 
images per day. Since large cloud formations seldom move at high speed, and the pixels are so 
big (1600 m × 1600 m), the observations can be regarded as almost continuous. This makes the 
cloud data well suited for an analysis of the AOI. 

Numerical value Condition 
0 Cloud free (0 % cloud cover) 
50 Partly cloudy (50 %  cloud cover ) 
100 Overcast (100 %  cloud cover ) 
255 No data (not covered by recording) 

Table 3.1 Coding of clouds 



 
  
  

 

FFI-rapport 2015/02017 13   
 

3.2 Forecast evaluation results 

The goal was to evaluate methods of cloud prediction and use the interpreted satellite images as a 
reference, i.e. the “true” cloud conditions. Prediction intervals were chosen to be 3 and 6 hours. 
Three prediction methods were considered: 
 

1. Wind field advection: Use the cloud situation at a certain time (time zero), and move the 
clouds according to an estimated wind field. 

2. Numerical Weather Prediction: A weather model (ECMWF- European Center for 
Medium Weather Forecast) was used to predict the cloud coverage.  

3. Persistence: Anticipate that the cloud situation changes very little within the time 
windows, and just keep the original cloud situation. 

 
To evaluate the methods, we compared the predicted cloud cover with the interpreted satellite 
image acquired at the forecast time, focusing on methods 1 and 3 above.  Figure 3.4 and Figure 
3.5 show the average absolute error for each of the methods.  A visual inspection shows that the 
persistence method provides less error than the advection method. 
 
An alternate method for comparison was done by using human observations (SYNOP-Surface 
SYNOPtic observations) as a reference. These observations were from 3 ocean stations and 7 
coastal stations. By comparing average absolute error, the 3 hour persistence method was the best 
estimate. Use of advection and weather model was however better than the 6 hour persistence. 
The results are shown in Figure 3.6. 
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Figure 3.4 Average absolute error of cloud prediction based on advection. 

 

 

Figure 3.5 Average absolute error of cloud prediction based on persistence 
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Figure 3.6 Comparing average absolute error for the methods of prediction using SYNOP 
registrations from the ocean- and coast stations. 

4 Analysis of cloud coverage 
FFI got access to cloud data for the area of interest for 2014 from the MET Norway. The purpose 
was to study how clouds would obstruct optical satellite images of the ocean. By looking at the 
ways clouds are spread in space and time, it is possible to obtain knowledge of how effective the 
surveillance will be. It is of particular interest to see if certain regions or periods of time had 
increased cloud coverage. By analysing the cloud data, a statistical basis was provided for 
evaluating satellite based maritime surveillance using optical sensors. 
 
Apart from the statistical analysis of cloud conditions, a more realistic simulation with simulated 
satellite orbits is conducted. The efficiency of the recordings is based on how cloud free the 
images are. An important part of the concept is the prediction of clouds based on data from 
weather satellites, giving us the opportunity to point the satellite at the most cloud free areas in its 
passes. 

4.1 Yearly average 

The different cloud conditions for every pixel on every day of the period are summed up for the 
area of interest (oceans only), yielding the percentage given in Table 4.1. 
 

CLOUD CONDITION PERCENTAGE PART 
Cloud free 18,2 % 

Partly cloudy (50 % cloud cover) 9,2 % 
Overcast (100 % cloud cover) 72,6 % 

Table 4.1 Cloud conditions for the area of interest. 
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The result offers a negative perception of the possibilities for the using of optical sensors in the 
area of interest. These numbers, however, do not give any information on the variation in time 
and space. Neither do they tell how fast the cloud conditions are changing. Figure 4.1 shows the 
distribution of observations (satellite images) as a function of cloud free percentage. The plot 
shows that the level of cloud free existence is concentrated in the range of 10-40 %. None of these 
images were more than 60 % cloud free. 
 

 

Figure 4.1 Distribution of observations (satellite images) as a function of cloud free percentage. 

4.2 Yearly variation 

It is important to know in which way the cloud conditions vary throughout the year, and 
eventually influence the possibility to image efficiently through certain periods of the year. 
 
Figure 4.2 shows how the cloud free conditions vary through the year for the the total area of 
interest (pixelwise). For each day of the year we have accumulated the cloud free condition over 
shorter periods of time, for 1day (blue plot), 3 days (green plot) and 5 days (violet plot). The 
curves show clearly how the cloud free part of the area increases as the time of accumulation 
increases. This is simple evidence of the continuous movement of the clouds. In Table 4.2 the 
minimum and average values of the curves of Figure 4.2 are tabulated.   
 
The cloud free condition throughout the year is rather stable with larger changes from day to day. 
The positive experience with these results is the rather rapid movement of the clouds showing an 
average cloud free condition of 62,7% accumulated for 1 day, opposed to 18,2% for the general 
average.  
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Figure 4.2 Available cloud free conditions accumulated for 1 day (blue plot), 3 days (green 
plot) and 5 days (violet plot). 

 

 

4.3 Daily variation 

Imaging satellites often move in sun synchronous orbits. This means that the satellites use orbits 
in which each satellite passes the same positions on the earth at the same time of the day. This is 
especially attractive for optical imaging satellites since the light conditions in a certain spot will 
be the same for each pass. During a day the satellite will pass the same spot 3 times, going 
upwards (south to north), and 3 times going downwards (north to south). The passes will typically 
take place in daytime and in the evening. Due to this fact, it is important to investigate the cloud 
variations throughout the day, i.e. the daily variations in cloud cover. 
 
The cloud data from 2014 had a time distribution (GMT) of observations (weather satellite 
images) shown in Figure 4.3. The distribution is related to the choice of weather satellites and 
their orbits. The data had no observations between 21:00 and 00:00. Apart from this, the images 
were relatively evenly distributed throughout the day with a concentration at mid-day and a more 
sparse distribution against the evening and morning. 

Table 4.2 Accumulated cloud free conditions for the total area of interest (sea part) 

No of days 
accumulated 

Minimum 
cloud free area [%] 

Available 
cloud free area [%] 

Plot colour 

1 25,2 62,7 Blue 
3 60,4 88,1 Green 
5 77,2 95,3 Violet 
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Figure 4.3 Distribution of number of cloud observations (satellite images) throughout the day 
(GMT). 

 
The result of the daily cloud cover analysis is shown in Figure 4.4. The bars show the average 
number of observations through the day for the the 3 different cloud conditions; cloud free (blue 
bars), 50% cloud coverage (light blue bars) and overcast (grey bars).  The figure shows how 
stable the cloud condition is throughout the day. There is, however, seemingly a small trend 
showing less cloud free conditions in the daytime corresponding to an increased portion of 50 % 
cloud coverage. However, this could be due to measurement inaccuracy since observations in the 
night are based on thermal infrared images which can have problems with the contrast between 
clouds and the ocean (the background). The overcast part is almost constant. 
 
The result shows that the cloud conditions will be almost independent of the time of the day, 
which is of importance in connection with planning satellite orbits.  
 

 

Figure 4.4 Distribution of average cloud condition through a day (2014). Blue bars: Cloud free 
conditions, Light blue bars: 50% cloud coverage and Grey bars: Overcast. 
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4.4 Spatial variation 

The area of interest is so large that it is fair to believe that the cloud conditions will vary as a 
function of position. For example the cloud conditions close to land are expected to be different 
from the cloud conditions on the open ocean. The wind patterns on the ocean most probably 
influence the amount of clouds as well as their shapes. 
 
The top image in Figure 4.5 shows the average cloud free area throughout 2014 as function of 
geographical position. A region in the Norwegian Sea south and west of Svalbard as well as the 
region towards Novaya Zemlya (red colour in Figure 4.5), has a higher concentration of clouds 
than the rest of the area of interest. Here only 5-10 % of the area is cloud free. The pattern is not 
very different from the way the Gulfstream moves. Typically the coast areas are more cloud free 
than the open ocean, being more than 20 % cloud free. The corresponding numerical values are 
shown in Table 4.3. 
 
The lower image in Figure 4.5 shows the average cloud coverage, but it also includes the ship 
activity in the same period of time, visualized by white spots. The ship activity is made from AIS 
data from 2014, and every white spot represent ship activity over some limit. The limit is based 
on statistics and is given by the probability for the presence of a ship is greater than 3 %. 
 
The majority of shipping activity in this region is connected to fishery. Those are commonly 
found in the fishing areas in the ocean between Norway and Svalbard. From the overview image 
in the lower part of Figure 4.5, these areas are unfortunately mainly found to coincide with the 
cloudiest areas. 
 

  

Colour Cloud free Part of area of interest 
 0-5 % 0,0 % 

Red 5-10 %   23,1 % 
Orange 10-15 %  32,5 % 
Yellow 15-20 %  17,1 % 

Yellow Green 20-25 % 18,0 % 
Green 25-30 % 6,7 % 

Dark green >35 %  2,5 % 

Table 4.3 Distribution of cloud free levels relative to percentage part of area of interest. 
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Figure 4.5 Regions with different levels of cloud free average through 2014. Lower image is 
similar to the top image but has included ship activity in the same time period (AIS 
data). 
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4.5 Rate of change 

Efficient optical surveillance is dependent on areas not being covered by clouds for long periods 
at the time. From the cloud data from 2014 the maximum number of days with continuous 
overcast for each position (pixel) was calculated. The area to be analysed had to have coverage 
for every observation through the year, for the results to be correct. The limited area satisfying 
this request is shown in  Figure 4.6 displaying the results of the survey. Calculated numbers are 
shown in Table 4.4, which also provides the colour coding used in  Figure 4.6. 
 

 

 Figure 4.6 Maximum number of days with continuous clouds. 
  Colour coding as shown in Table 4-3 

 

Table 4.4 shows the maximum time with continuously overcast and their percentage part of the 
total area as the worst case condition. The longest continues overcast for a position was measured 
to be 41 days. The average maximum continues overcast for the total area of interest, however, is 
only 1.3 days.  

 

Colour Maximum number of days 
continues overcast 

Part of Area [%] 

Green 0-3 5.8 
Yellow Green 4-7 37.9 

Yellow 8-11 34.2 
Orange 12-15 15.7 

Red 16-19 4.4 
Dark red >19 0.9 

Table 4.4 Maximum number of days with continues overcast 
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5 Analysing the influence of cloud cover for the use of 
satellite images 

The analysis in chapter 4 covers in general statistical cloud conditions in the area of interest. The 
motivation for this report is, however, the influence of clouds on satellite images. This chapter 
will address the combination of statistical cloud conditions and the use of optical imaging 
satellites. It is of interest to evaluate the efficiency (level of cloud free recordings) for the orbits 
of the satellite with regard to the time of the passes and the area covered. 
 
We will assume a satellite orbit as described in chapter 2.2 with a capacity to record 5 images per 
pass and doing 6 passes per day. Each image covers 100 km x 100 km, and the satellite can point 
up to 30° to each side. 

5.1 Daily imaging with no limitations in space and time 

The satellite can record 5 images in each of its 6 passes per day, all together 30 images a day. As 
a reference for the efficiency of recordings (the amount of cloud free conditions in the recordings) 
from satellite passes, we found the 30 most cloud free recordings for each day of the year without 
limitations concerning recording time and area dictated by satellite orbits. It was assumed that the 
cloud conditions were known from predictions (weather satellite images). The results were listed 
according to the level of cloud free conditions. The cloud data consists of 7348 observations 
(interpreted satellite images) and the search was both comprehensive and time consuming. The 
result from each observation was registered and visualised in an image as the example in Figure 
5.1 shows. Clouds are shown as white regions while cloud free areas are shown as blue regions. 
In addition it is shown red frames indicating potential satellite images ranged after the level of 
cloud free condition and marked with a number telling the cloud free percentage. 
 
The result in Figure 5.2 shows each day of the year represented as a vertical bar. The colour 
coding shows the level of cloud free condition for each of the daily 30 recordings. Almost every 
day has a number of totally cloud free images. For some days the least cloud free images contains 
more than 50 % clouds. The distribution of cloud free images through the year is shown in Figure 
5.3. It was calculated that the average efficient use (amount of cloud free conditions) for the year 
is totally 95.8 %.  
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Figure 5.1 Example of potential satellite images in cloud free areas  

 

 
Figure 5.2 The 30 daily most cloud free images per day throughout a year. No restrictions in 

time or space. The level of cloud free condition is colour coded as indicated on the 
top. 
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Figure 5.3 Distribution of the 30 daily most cloud free images throughout a year ranked after 
the level of cloud free condition. No restrictions in time or space. The horizontal axis 
shows the average level of cloud free conditions. The vertical axis shows the 
procentage number of the images. 

 
Earlier it was found how the cloud condition varies over the area of interest. Figure 5.4 shows the 
30 most cloud free images per day accumulated over each month of the year. It shows that the 
cloud free areas are concentrated, and cover the same regions several times while others are 
uncovered. The number of images recorded through a month (840 – 930 images) covering a total 
an area 2-3 times larger than the area of interest. 
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Figure 5.4 Monthly cover of the 30 most cloud free images per day with no 
restrictions.Efficiency (cloud free part of images): 95.8 %.The same colour coding 
as in Figure 5.2. 
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5.2 Daily imaging restricted by simulated satellite passes 

The ultimate test is to combine the cloud conditions through the year with realistic coverage from 
satellite. The satellite orbits for the AIS satellites were used as examples, and consequently an 
orbit altitude of 600 km and an inclination of 98° were chosen. Since the satellite is able to point 
30° to each side, this gives a width of coverage of 924 km. The satellite covers the area of interest 
several times a day, but only 3 passes in the morning and 3 passes in the evening will have the 
orbit over the complete area of interest. To simplify the calculations, the satellite orbits were 
modified to cover a simpler geometry, as shown in Figure 5.5. Since the orbit will be a little 
displaced every day in a cycle of 12 days (revisit time), the average time of the passes were used 
as shown in Table 5.1. 
 
Direction of pass Time of day 
North to south 11:30 13:00 14:30 
South to north 18:30 20:00 21:30 

Table 5.1 Time of passes for a simulated imaging satellite 

 

 

Figure 5.5 Simplified satellite orbits. Left: Coverage from actual orbits Right: Coverage from 
simplified orbits  Top: South to north (evening)  Bottom: North to south (morning). 
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The search for the most cloud free images was then limited to the satellite passes over the area of 
interest. The results are shown in Figure 5.6 and Figure 5.7, and are to be compared to the results 
in Figure 5.2 and Figure 5.3. The limitations implied by following the satellite orbits, clearly 
result in less cloud free recordings. Almost daily the recordings show less than 50 % cloud free 
conditions, showing an orange/red colour in Figure 5.6. For some days it is not even possible to 
find 30 images that do not contain one or more overcast recordings. The average cloud free 
condition through the year was calculated to 68.1 %. 
 

 
Figure 5.6 The 30 daily most cloud free images per day throughout a year. Restricted to 

simulated satellite passes. The level of cloud free condition is colour coded as 
indicated on the top. 

 

 

Figure 5.7 Distribution of the 30 daily most cloud free images throughout a year ranked after 
the level of cloud free condition. The images are restricted to simulated satellite 
passes. The horizontal axis shows the average level of cloud free conditions. The 
vertical axis shows the procentage number of the images. 
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Figure 5.8 Monthly coverage of the 30 most cloud free images per day limited by simulated 
satellite orbits. Efficiency (cloud free part of the images): 68.1 %.Colour coding as 
in Figure 5.6. 
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Figure 5.8 shows the 30 most cloud free images per day accumulated over each month of the year 
restricted to the simulated satellite orbits. Compared with Figure 5.4, where the images are 
without limitations, the difference is clear. The efficiency (amount of cloud free conditions) has 
fallen from 95.8 % to 68.1 %. The green colours in Figure 5.4 indicating (almost) cloud free 
images, have been partly substituted with red/orange colours indicating less cloud free areas in  
Figure 5.8 

6 Summary 
This report shows how clouds influence maritime surveillance using a satellite based optical 
sensor. Cloud data from 2014 for the area of interest, the oceans west and north of Norway, have 
been statistically analysed. 
 
The average cloud free conditions throughout the year for the area of interest is measured to be 
18.2 %, which is the starting point for the efficiency of recording from satellite with an optical 
sensor. 
 
The variations through the year have a fairly steady average with large variations locally in time. 
A slight trend showed less cloud free conditions in the summer. Accumulating data over time 
results in increasingly available cloud free images. Accumulating for only one day (24 hours) 
results in that the cloud free conditions increases to 62.7%. 
 
Vaariations throughout the day were negligible, except for a possible slight trend showing less 
cloud in the nights. 
 
The spatial variation is distinct and shows on average more clouds in regions of the open sea, and 
more cloud free conditions closer to land. Some regions of the sea appear to be particularly 
cloudy, with the average cloud free conditions below 10%.   
 
The rate of change of cloud conditions varies throughout the area of interest. Average maximum 
duration of overcast in a position is 1.3 days, while the highest value is staggering 41 days. 
 
Based on an imaging satellite obtaining images of the size of 100 km x 100 km, and a capacity of 
30 images per day, the efficiency (amount of cloud free conditions) was calculated from 
simulations using cloud data from 2014. The cloud conditions were assumed known through 
observations (interpreted satellite images). The most cloud free images were searched for with no 
limitations to space and time. The efficiency was found to be 95.8 %. 
 
A similar simulation as above was conducted, also taking simulated orbits into account. Using 
almost the same satellite orbits as the AIS satellites, the most cloud free images were searched for 
each day limited in space and time according to the satellite orbit. The efficiency was then found 
to be 68.1 %. 
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7 Conclusion 
Clouds limit the efficiency of using optical imaging satellites for maritime surveillance. In our 
area of interest there will be on average 18.2 % chance for cloud free conditions throughout the 
year. Since the cloud situation constantly is changing, cloudy regions will over time become 
cloud free. Only after 24 hours the accumulated average cloud free conditions is raised to 62.7%. 
Available weather satellites can predict cloud conditions in near real time, giving us the necessary 
information to predict cloud free areas and aim there in an automatic way. With a capacity of 30 
images per day, 5 images in each of 6 orbital passes, the efficiency (the cloud free part of the 
images) will be increased to 68.1%.  
 
The increased efficiency obtained by predicting cloud conditions, make optical satellites a good 
candidate for maritime surveillance. 
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