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data from the NOAA satellites

Date collection and platform positioning system. (France and USA)
Advanced Very High Resolution Radiometer (digital image data from the NOAA
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USSR operated weather satellite system with APT transmission
Multifrequency Scanning Radiometer (LANDSAT)

National Oceanographic and Atmospheric Administration (USA)
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Active microwave satellite, operated by USA July- October 1978

Side-Looking Airborne Radar. (aircraft only)



TABLE OF CONTENTS

FOREWORD
1. BACKGROUND
2. REMOTE SENSING TECHNIQUE, A BRIEF OVERVIEW

3. SATELLITE RECEIVING FACILITIES ONBOARD

3.1 APT image reception

3.2 L ANDSAT image r ion
4. THE SEA ICE AND WEATHER SITUATION (FIRST LEG)

4.1 The ice situation

4.2 The weather

5. OPERATIONAL USE OF SATELLITE DATA
5.1 LANDSAT data

5.2 NOAA APT data

6. POST PROCESSING OF NOAA AVHRR DATA
7. CONCLUSIONS

8. RECOMMENDATIONS

9. ACKNOWLEDGEMENTS

ANNEX 1 - LANDSAT MSS IMAGES RECEIVED ONBOARD YMER

page

11
13
13
16
20
26
26

27



FOREWORD

The arctic expedition YMER-80 which took place in the area north of Svalbard between
northeast Greenland and Frans Josephs Land in the period July - September 1980 gave the
opportunity for close to 100 scientists to carry out a vast number of scientific experiments in a
virgin area.The scientific work required carefull tactical support and daily decissions on eg. the
best route to take and which experiments or combinations of experiments to carry out in the
light of actual and expected ice and weather conditions.

To assist in this task the operational leader of the YMER-80 expedition, admiral Bengt Lundvall
decided that a meteorologist/ice expert should participate in each of the two legs of the
expedition. In consultation with the Swedish Space Corporation arrangements were also made for
satellite information to be received onboard directly from the NOAA as well as indirectly from
the LANDSAT satellites via the receiving station in Kiruna.

Meteorologists onboard were, during the first leg of the expedition, Thomas Thompson from the
Swedish Meteorological Institute (SMHI), and during the second, Erling Sméland from the
Norwegian Meteorological Institute. They received, in addition to the satellite
information,weather observations by radio from about 35 stations in the arctic area, 4 times
daily. These observations formed the backbone for the weather analyses produced 4 times a day
which again formed the basis for the twice daily weather forecasts. The satellite information
provided a very substansial support to the weather/ice analyses and also gave the impetus to the
post- analysis presented in this report, encouraged by the chairman of the Remote Sensing
Committee of the Swedish Board for Space Activities, professor Gunnar Hoppe.



1. BACKGROUND

During the period 24 june -24 september 1980 a Svedish expedition was took place in the ara

north of Svalbard-Frans Josephs Land-north east Greenland. The route of the first leg of the

expedition is shown in Figure1. The base for the expedition was the Svedish icebreaker YMER,
specially built for assisting

ships in the Gulf of Bothnia and
the Baltic Sea. Ymer has an
overall length of 124 meters, a
beam of 24 and is equipped with
a dieselelectric machinery of
22000 horsepovers. It has two
stern and two bow propellers
which is ideal for operation in
) first year ice with thicknesses
upp to 1m but it also proved

to work well in ice thicknesses
upp to 3m.

Ymer had crew of 50 and
accomodated a scientific staff

of the same size. A large number

of containers, mainly accomodating

Figure 1 - The route of YMER-80, leg one laboratories were mounted on deck.
Vinches for oceanographic instruments and

for taking bottom samples down to 4000m as well as cranes and skylifts had been installed. For

transportation and ice recognoissance the icebreaker carried 2 helikopters. Ymer was equipped
with a modern satellite navigation system, satellite communications as well as short and long
wave radio communication systems.

Weather observations were transmitted by radio and via satellite through the ARGOS system.
The ARGOS system also had the capability of calculating the position of the ship with an accuracy
of 500 meters or better. Satellite images could be received by radio from a station in Sweden and
directly from the NOAA polar orbiting weather satellites by a receiving station onboard. These
capabilities will be described in more detail later in the report.







For the arctic regions aircraft surveillance becomes very expensive in particular as large
areas normally needs to be surveilled. Satellites on the other hand offers repeted and, over the
arctic, overlapping information covering large areas. For arctic sea ice surveillance satellite
information is therefore of very great importance and this report will therefore concentrate on
satellite techniques.

Sensors carried by satellites are of two major types; passive and active.

The passive sensors register the natural energy that is emitted or reflected from the earths
surface or the clouds. The active sensors transmitt energy towards the surface and register the
energy that is reflected back.

The sensors can operate in a wide range of intervalls within the electromagnetic spectrum, from
the ultraviolet, via the visual and the infrared to micro- and radio waves The absorbtion in the
atmosphere poses however a serious problem. Within the visual and infrared the atmosphere is
only transparent within some spectral intervall called windows and the sensors have therefore
been constructed to operate within these windows. The atmospheric absorbtion in the
electromagnetic spectrum is shaded in figure 3 and the so called windows can be cleary seen.
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Figure 3 - The electromagnetic spectrum

In the microwave range the atmosphere is however totally transparent and the earths surface
can there be mapped independant of cloud and weather conditions. Only heavy precipitation will
effect the "visibility" within the lover frequency ranges. The use of microwaves would therefore
seem quite obvious but the application of the technique is unfortunately restricted due to a
number of tehnical difficulties:

a. The energy emitted from the earths surface in the microwave range is very low and with
todays technology the resolution with the passive technique is limited to 20-30 km for



space applications. To improve the resolution much larger antennas would be required and
these would be difficult to mount on spacecrafts.

b. The active technique requires much energy in the image mode and the very high information
rate and complicated processing poses problems which are intricate and expensive to solve.

Passive microwave satellites have been operational since many years but not very extencively
used for operational sea ice mapping. Also an active microwave satellite has been sucessfully
tested. SEASAT Jaunched by USA and operated during 3 months in 1978 and provided an
overwhelming amount of interesting and usefull data. The next generation microwave satellites
are planned for launch in 1989 and 1991 by ESA and Canada.

The operational weather satellites operated by USA and by USSR have proved to be the best tools
for day to day operational sea ice surveillance. This applies in particular to the NOAA satellites
which transmits data to earth in digital as well as analogue form, data that can be freely received
by anyone and anywhere in the world.

Also data from the LANDSAT satellites have proved usefull for sea ice mapping but due to
restricted coverage and high costs they are nearly exclusively used for research purposes.

In addition to the satellites mentioned above, which are all polar orbiting, there ara a number of
geostationary satellites but these cannot be used for sea ice mapping north or south of 55 deg.
due to decreasing resolution with increasing latitudes.

The data from the NOAA satellites can be received in two modes:

- in analogue form transmitting one image in the visual range and one in the infrared. This mode
is called (APT).The resolution is 4 km and the possibilities for further processing are rather
limited.

- in digital form including data from 5 different spectral channels within the visual and
infrared. (AVHRRY). The resolution is 1.1 km and the data is ready for digital processing by
computer.

The sensor AVHRR is a scanning radiometer which covers a swath of ab.2800 km. Each pixel
(1.1x1.1 km) contains radiation information ranging from 0 to 1023 in each of the 5 spectral
channels.










An advantage was the large geographical coverage of the APT image. This gave information,
several times a day, not only over the total expedition area but also surrounding areas which was
very important for the weather analyses.

3.2 LANDSAT image reception
Through the Swedish Space Corporation an arrangement was made for special real-time

processing of LANDSAT data at the Esrange receiving station i Kiruna in northern Sweden. The
processing produced an image, 17.5 by.25 cm on which position and orientation information
was written before transmitted to YMER via Aelvsborg radio. The images were received onboard
YMER on an image recorder. The LANDSAT images had a geographical coverage of 100 x 100 nm.
and a resolution of 60 x 80 meters.

On lower latitudes LANDSAT is scheduled to cover the same area every 16 day. On the latitudes on

which this expedition took place, 78 - 830 N, there is a conciderable overlapping and images
were received from some part of the expedition area nearly every day. With the limited area of
coverage it could however [ast several days, and even weeks, between the the occations when the
actual operations area was covered.

The LANDSAT images as produced in Kiruna was of a very high quality. Most of this quality was
however lost in the transmission. The images received onboard YMER were therefore in most
cases difficult to use. So despite the outstanding geometric resolution of the LANDSAT images
were they of less value for real time use and operation planning than the NOAA 4 km resolution
images received directly from the satellites 6 -8 times a day.

4. THE SEA ICE AND WEATHER SITUATION (FIRST LEG)

4.1 The ice situation

The ice extention in the Svalbard area varies considerably from year to year. Figure 6 shows
the frequency distribution, in tenths, of ice concentrations above 4/10 at the end of June and
July for the period 1971 to 1980 . The information is taken from a work of Torgny Vinje from
the Norwegian Polar Institut. Note the greate variation between the years 1975 and 1979. By
the end of June 1975 the limit for 4/10 ice concentration lay as far north as 82° to 83°N and
the ice conditions in the expedition area would have been very light. In 1979 the situation war
reversed, the western part of Barents Sea was ice covered down to 75° N and in the eastern part
even to south of 70°N. In a normal year the 4/10 ice concentration limit lays at 76° N by the
end of June and at around 80° by the end of July and this was also the case in 1980.



Figure 6 - Frequency
distribution, in tenths

of ice concentrations above
4/10 at the end of month
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Figure 7 - The Norwegian ice chart from 1 July 1980
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Figure 9 - The Norwegian ice chart from 31 July 1980

Otherwise the situation remained virtually unchanged during leg 1 as can bee seen from the ice
chart in figure 8 which is from 31 July 1980. The southward ice drift continued and only after
28 June there were some open water at the northern coast of Svalbard. The area between 80°N
and 83°N consisted mainly of first year ice and only 1-2/10 of multiyear ice occured. The
thickness of the first year ice was 120 c¢cm in the southern part, increasing to 180- 200 cm at
82930 N. The multiyear ice was 250 - 300 cm but rather rotten in the u pper and lower
50-100 cm. Most of the ice was snow covered with melt ponds and thaw holes. In the area around

80°N the melt ponds increased during the expedition and covered 30% of the surface at the end
of leg 1. Between 82° and 83°N the melt pond concentration was lower or about 15-20%.
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4.2 The weather

During the first part of the period a high pressure remained stationary over the northern part
of the Norwegian sea while depressions moved from the south from Finland over Novaja Semlja
to Frans Josephs Land. This gave north to northwesterly winds in the area north of Svalbard.
From 15 July the situation reversed as a high pressure parked in the area south of Frans
Josephs Land and lows started moving northward over the Norwegian Sea towards Svalbard. This
gave mainly southerly winds in the expedition area.

The winds were mainly light to moderate. The most frequent wind speed lay in the intervall
4-6 m/s . Only in a few cases was the wind speed above 10 m/s. The frequencies of different
wind directions and wind speeds are given in figure 10.

YMER 80 5-31 JULY 1980
NORTH OF 78°N

FREQUENCIES OF DIFFERENT
WIND DIRECTIONS IN %

NORTH

16.3

16.0

33

VAN

%0

Windspeeds

caim : h%
-3 m/si 7%
b6 " 3%
7-9 " 20%

Figure 10 - Frequencies of different wind directions and wind speeds
for the period 5 - 31 July 1980 (north of78°N )
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MEAN CLOUDINESS AND ND OF DAYS WITH FOG IN OCTAS

11

-4l MIN . . KRS V3

The temperature varied between -3.6°C and +3.49C which were the lowest and highest
temperatures measured. The mean temperature for the period was -0.45°C. Figure 11 shows
the daily mean temperature as well as the maximum and minimum temperature during the
period 5 to 31 July 1980.
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Figure 11 - Daily mean temperature variations during period 5-31 July

Cloud and fog conditions were also quite stable. The frequency of both was very high. Fog
occured during 23 of the 27 days of the period. A total of 201 hours of fog was observed which
means fog 31% of the time. In mean fog occured during 7 hours per day. The mean cloud cover
was 6.8 eights or 85%. The variation in fog and cloud cover is given in figure 12.

24+

MEAN CLOUDCOVER DURING PERIOD: 6.8 OCTAS (85 %) — MEAN CLOUDCOVER IN OCTAS (DAILY)
2 I TOTAL NUMBER OF DAYS WITH FOG: 23 I NUMBER OF HOURS WITH FOG (PER DAY)
I TOTAL NUMBER OF HOURS WITH FOG: 201
2 I MEAN NUMBER OF HOURS WITH FOG PER DAY: 7.4
8
16
1‘0 N
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Figure 12 - Mean cloud cover and days with fog during period 5-31 July




5. OPERATIONAL USE OF SATELLITE DATA

.1 LANDSAT
Altogether were 57 LANDSAT images received onboard YMER during the whole expedition from 1
July to 11 September. Of these were 39 received during the first leg and 18 during the second.
Some of the images, 12 altogether, were produced in a smaller scale, 12,5 by 18 cm while the
rest were of the size 17,5 by 25 cm. In some cases, particularly during the second leg, repeted
transmissions were made, mainly due to unfavorable radio conditions.

ANNEX 1 contains a listing of LANDSAT images received on YMER. It includs the date of the
image, the position ( lat. and long. ) of the centre of the image, the size, the quality, and cloud
cover. The quality scale goes from 0 to 10 where 0 means totally unidentifiable and 10 the
quality of the original. The highest quality mark given is 6 and the lowest 2. The mean guality
was significantly better during the second leg, 4.9 against 3.8_for the first leg. The quality for
the whole period was 4.2. Mark 3 is about the limit where any usefull information at all can be
deduced from the image.

Fog and clouds were naturally severe limitations for the use of the LANDSAT images for ice
mapping. Also in this respect the second leg proved better than the first. The_mean cloud cover in
images from the first leg was 55% and for the second 29% and for the whole period 45%.

The cloud cover is estimated from the original images as it in most cases was impossible to
distinguish clouds from ice on the images received onboard.

Figure 13 shows a, slightly reduced, original of a LANDSAT MSS image,( channel 7) from 23
July 1980. The island in the middle is Nordaustlandet in northern Svalbard. The small island to

the NE is Storoeya. This was during the period YMER was in the area north of Frans Josephs
Land. The ice can here be viewed in grete detail in the cloud free areas and it is easy to
distinguish ice from clouds. Figure 14 shows the same image as received onboard YMER. This is
of quality 5 and thus one of the better received. The glaciers and the land-ice boundaries can still
be clearty seen but most of the details in the ice are lost and it is difficult to distinguish clouds
and ice.

Figure 15 shows a sligtly reduced original image from 21 July 1980 from the area NE of
Kvitoeja. The northern part of Kvitoeya can be seen in the lower central part of the figure and
Victoria island in the open water area to the NE. Figure 16 shows the same image as received
onboard YMER. This is of quality 3 and again demonstrates the difficulties in the interpretation
of the information received.

13
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5.2 NOAA APT data
The APT images were, as already described in chapter 4 , received regularely, several times a
day directly from the NOAA satellites. Due to some technical difficulties no METEOR images were
received. The meteorologist onboard was responsible for the station and it was he who calculated
and decided which passages to take and used the images in his daily operational work. The use was
twofold;

1. as an input to the weather analyses which were made 4 times a day and

2. as the basis for daily ice analyses.

Based on these analyses forecasts were made twice daily for the operations planning. At
briefings, held twice daily at 0900 am and 0900 pm with the expedition leaders (operations and
scientific) the weather and ice situation was presented together with forecasts. Based on these
forecasts the work programme for the next 12 to 24 hours was decided. General outlooks for the
period up to 48 hours were also made and used in the more general planning.

The usefuliness of the NOAA APT images for weather analyses is illustrated by figures 17 and 18
which shows the satellite image received 8 July at 0939 GMT and the weather map from the
same day at1800 GMT. The cloud system associated with a low pressure NE of Frans Josephs
Land can be clearly seen on the satellite image and the movemen in a SSW direction can be
followed. The same is the case with the low pressure SW of Novaja Semlja moving slowly SSE and
filling.

Figure 17 - The weather map from 8 July 1980 1800 GMT. To be
compared with the satellite image in figure 18.
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6. POST-PROCESSING OF NOAA AVHRR DATA

The NOAA satellites provides, as described in chapter 2 information in 5 spectrel intervalls,
here called channels, ranging from the visual through near infrared to thermal infrared. The
underlaying surface have different signatures in each of these channels and by combining them
in different ways it is possible to distinguish features which in one single channel would have
had the same signature and therefore look the same. This is in particular the case with
snowcovered ice and low clouds and fog. The arctic fog will, in most cases be so shallow that the
ice can be seen through it in the visual channels. In the infrared channels however, only the
upper surface of the fog will be registered by the satellite. The same is the case with thin clouds,
in particular high level cirrus clouds and low stratus. Other types of clouds will in most cases
be obscuring the underlaying surface totally. Over ice the clouds will in many cases be difficult
to distinguish from the ice itself in the visual channels but in the infrared the temperature
difference will be significant enough to give a clear distinction. By combining several channels it
is therefore possible to visualize the different features.

A very usefull technique is to assign the colours green, blue and red to three selected channels
and to project these into one composite colour image. The colour composite shown in figure 22 is
from 23 July 1980 at 0730 GMT and is obtained by projecting channel 1 in green, channel 3 in
blue and channel 4 in red. By carefull monitoring of the colour intensity of each of the 3
channels it has been possible to obtaine a composite that in a illustrative way shows various
features of interest. The image gives an overall view of the area between northern Norway,
northeast Greenland and Frans Josephs Land. Svalbard is situated in the centre of the image. The
blue is open water, the blue-white is sea ice and glaciers, yellow is fog or low stratus over ice,
red is fog or low stratus over open water while dark yellow,pink and white represents medium
and high level clouds.

YMER was at that time in the position 82910'N 50°00'E, 75 nautical miles north of Semlja
Georga in Frans Josphs Land.

Figure 23 shows the area between Svalbard and Frans Josephs Land on 23 July 1980 at 0908
GMT. ltis a colour composite from NOAA 6 with ch 1 = green, ch 3 = blue and ch 4 = red. The
approximate track of YMER from 21 July at1200 GMT to 23 July 0900 GMT is also shown. In
this image more details in the ice can be seen and it can be noted that the route taken by YMER is
not the optimum one. Further to the north the ice concentration was lower and it would have been
easier to take the route indicated by the broken line. Also in this image water comes out as blue,
ice as blue-white and fog and low stratus as yellow over ice and red over water.
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Note the increase in ice concentration from the position at 2212 to 2300 when the decission
was taken to change heading from NE to N. This can be still better seen from figure 24 which is a
close-up of the area north of Frans Josephs Land. The ice between 2300 and 2309 was in fact
the heaviest and most difficult encountered during the first leg of the expedition. From the
position at 2300 it would have been fairly easy to continue further east following the stippled

line to point A but from there it would have been impossible to continue as the satellite image
shows an ice concentration very close or equal to 100% in the area north of the island Rudolfa.
With the westherly ice drift there is obviously also a conciderable ice pressure in the area
north and east of O.Rudolfa. The only possibility of reaching the area east of 60°E  would be to
follow a more norherly route between 82° and 839N but even here carefull navigation and
access to high quality and specially processed satellite images would be required.

The intensity level in each of the 5 AVHRR channels lays within the range 0 to 255. By selecting
characteristic test areas and print out statististical histograms it is possible to find out the |
intensity intervalls within which given parameters lay. Such statistics for channel 2 shows that
water has intensities ranging from 13 to 25 and ice from 38 to 48. The histograms are shown in
figure 26 a. and b.

By giving all pixels with an intensity value lower than 38 a blue colour and pixels with value
38 and higher white an ice concentration map can be constructed. Figure 25 shows the
distribution ice/water from channel 2 on 23 July at 0908 GMT.

Apart from the left part if the image which is outside the area of interest for the YMER
expedition two areas with very high ice concentrations stands out. The one marked A on the
figure YMER managed to navigate through with difficulties. The one marked B would have made it
close to impossible fo YMER to go further east. With this type of information onboard it is
however clear that it would have been possible to find a navigable way eastward and one which
seems possible is indicated by the dotted line in figure 25.

The NOAA, AVHRR images with their wide coverage and high repetitivity can be of greate value in
ice mapping. One major drawback is the sensibility to clouds and fog but as the fog in the arctic
normally is fairly shallow it is still possible to map the ice even under fog conditions. The
resolution is also sufficient for a general mapping but if information is required about details in
the ice or surface conditions of individual floes other sources of information are required.
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7. CONCLUSIONS

The experiment shows that APT images received directly onboard are of great value for the
weather analyses. With the the very limited number of observations in the area it would have
been difficult to prepare reliable weather analyses without the satellite information. For ice
mapping the APT images proved to be of less value. It was possible to determine the major ice
boundaries but within the ice only very major differences in ice concentration could be seen. For
the routing of the ship through the ice the APT images were of little or no value.

The LANDSAT images received from Kiruna via Aelvsborgs radio were also of limited value for

ice mapping partly due to the loss of quality in the transmission and partly due to the limited
geographical coverage.

The AVHRR images proved, after an interactive processing, to be capable of providing
information which would have been very usefull, not only for the weather analyses but also for
ice mapping and thereby also for the day to day operations and navigation of the icebreaker.

The main drawback is however that the antenna requirements makes it very difficult and
expensive to receive AVHRR data directly from the satellite on the icebreaker. One solution
would be to receive the data and process them on a suitable land station and transmitt the
analysed data eg. in the form of an ice map to the ship by radio facsimile or other means.

8. RECOMMENDATIONS
For future expeditions of this kind it is recommended:
1.That better use be made of the data available from the NOAA weather satellites:

a. By equipping the ship with a "digital" APT receiving station. Such a station will
automatically convert the analogue signal received from the satellite to to digital form and
allow image processing such as colour coding, enhancement and zooming of interesting areas,
mixing of the two available channels ( 1 and 4 ) and temperature coding. Even if the
resolution is still only 4 km. this type of processing will certainly bring out a lot of
information making the APT images comparable with the AVHRR images shown in this report.



b. By arranging with a suitable land station to receive and process AVHRR data along the lines
described in this report and for this station to transmitt the information to the ship in a
suitable form,eg as an enhanced black and white image on which an analysis is superimposed.

2._That aircraft support be arranged:
By installing equipment for the reception of SLAR or SAR information from aircraft detailed
ice information could be received onboard. As SLAR/SAR is independant of cloud and fog
conditions such overflights could be arranged under weather conditions when the satellites
give unsufficient information.

3._Future use of satellite microwave data
In the beginning of the 90-ties the first European active microwave satellite (ERS-1) will be
in orbit. This satellite will carry an active microwave instrument (AMI) including an
imaging SAR which will make available high resolution (25m), weather independant, ice
information for large areas in the arctic. Preparations for the processing and use of these
data have already been started but should to be intensified.
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ANNEX 1

LANDSAT MSS IMAGES RECEIVED ONBOARD YMER

DATE POSITION SIZE QUAL CL% REMARKS
LEG 1

80-07-01 77.53N 24.89E S 4 30

80-07-03 78.48 2741 E S 4 10

80-07-07 80.55 69.09 E S 3 50

80-07-07 80.02 35.15E S 4 40

80-07-08 80.02 33.71 E S 2 -

80-07-09 79.32 25.07E S 6 10 2 copies
80-07-09 78.48 18.80 E S 6 10

80-07-10 79.32 23.63 E S 5 30

80-07-10 80.02 30.84 E S 5 98

80-07-12 78.48 14.50 E L 4 90

80-07-12 79.32 20.77 E L 3 40

80-07-13 80.02 20.80E L 4 40

80-07-13 80.02 26.54 E L 3 90

80-07-13 79.32 19.33 E L 2 95

80-07-14 79.32 17.90 E L 4 80

80-07-14 78.48 11.63 E L 5 50 3 copies received
80-07-14 80.02 2511 E L ? 95

80-07-14 80.02 19.37 E S 2 80

80-07-15. 80.55 57.62 E L 3 90

80-07-15 78.48 10.20 E L 3 75

80-07-15 79.32 16.46 E L 4 30

80-07-16 79.32 15.03 E L 4 60

80-07-16 80.02 2224 E L 3 70

80-07-17 80.55 28.93 E S 5 75

80-07-19 80.05 26.06 E L 5 50

80-07-19 80.55 27.50E L 4 60

80-07-19 80.88 3495 E L 4 80

80-07-20 80.02 16.50 E L 5 10

80-07-21 80.02 27.97 E L 2 90

80-07-21 80.55 36.10 E L 3 80

80-07-23 80.02 2511 E L 5 50 2 copies
80-07-24 80.55 31.80E L 4 50

80-07-25 80.55 30.37 E L 5 60

80-07-29 80.55 50.45 W L 4 40

80-07-29 80.02 16.50 E L 5 60

80-07-30 78.48 2141 E L 4 10

80-07-30 80.02 40.88 E L 5 20 2 copies
80-07-31 78.48 25.98 E L 5 10

80-08-04 80.02 33.xx E L 4 60

Mean values leg 1
Number of images: 39 3.8 53 9 copies




DATE

LEG 2

80-08-13
80-08-13
80-08-14
80-08-22
80-08-23
80-08-23
80-08-24
80-08-24
80-08-24
80-07-25
80-08-27
80-08-28
80-08-28
80-08-30
80-09-01
80-09-02
80-09-02
80-09-11

POSITION

79.32
80.55
80.55
80.02
80.02
80.55
77.53
78.48
79.32
80.55
80.55
79.32
78.48
78.48
80.55
80.02
80.55
80.02

Mean values leg 2

Number of im :1

Mean valuesleg 1 and 2
Number of images: 57

13.59 E
28.93 E
2755 E
07.89E
19.36 E
11.23 E
13.83 E
08.45 E
02.18 E
30.37 E
08.85 W
07.92 W
1414 W
17.05E
01.68 E
07.88 W
00.25 W
56.66 E

SIZE

rrrrrrr-rHrHrHrHrHrrrrorr

QUAL

A PRAADOIODORAOOOOOOOGO DM DAOTN

CL%

60
60
40
50
10
20
10
20
30
70
10
0
10
30
20
00
00
20

REMARKS

3 copies

2 copies received

3 copies
3 copies received
2 copies

2 copies
2 copies
2 copies

1 ies

28 copies



SMHTI

HO
kuy/L/SCR

Nr

Nr

Nr

Nr

Nr

Nr

10

11

12

13

14

15

18

19

20

21

22

23

24

25

SMHI Rapporter, HYDROLOGI OCH OCEANOGRAFI (RHO)

wWeil, J G
Verification of heated water jet numerical model
Stockholm 1974

Svensson, J

Calculation of poison concentrations from a hypothetical
accident off the Swedish coast

Stockholm 1974

Vasseur, B
Temperatur f6rhdllanden i svenska kustvatten
Stockholm 1975

Svensson, J
Berdkning av effektiv vattentransport genom Sunninge sund
Stockholm 1975

Bergstrdm, S och J&nsson, §

The application of the HBV runoff model to the Filefjell
research basin

Norrk&ping 1976

Wilmot, W

A numerical model of the effects of reactor cooling water on
fjord circulation

Norrkdping 1976

Bergstrdm, §
Development and application of a conceptual runoff model
NorrkSping 1976

Svensson,

Seminars at SMHI 1976-03-29--04-01 on numerical models of the
spreading of cooling water

Norrkdping 1976

Simons, J, Funkquist, L and Svensson, J
Application of a numerical model to Lake Vidnern
Norrkdping 1977

Svensson, S

A statistical study for automatic calibration of a conceptual
runoff model

Norrkdping 1977

Bork, I
Model studies of dispersion of pollutants in Lake Vdnern
Norrk&ping 1977

Fremling, S
Sj8isars beroende av vdder och vind, snd och vatten
Norrk&ping 1977

Fremling, S
Sjbisars barighet vid trafik
Norrk&ping 1977

Bork, I
Preliminary model studies of sinking plumes
Norrk3ping 1978

Svensson, J and Wilmot, W

A numerical model of the circulation in Oresund.
Evaluation of the effect of a tunnel between Helsingborg
and Helsingdr

Norrk8ping 1978

Funkquist, L
En inledande studie i VAtterns dynamik
Norrkdping 1978

Vasseur, B
Modifying a jet model for cooling water outlets
Norrkdping 1979

Udin, I och Mattsson, I

Havsis- och sndinformation ur datorbearbetade satellitdata
- en metodstudie

Norrk8ping 1979

Ambjdrn, ¢ och Gidhagen, L

Vatten- och materialtransporter mellan Bottniska viken och
Ostersjdn

Norrk8ping 1979

Gottschalk, L och Jutman, T
Statistical analysis of snow survey data
Norrk8ping

Eriksson, B

Sveriges vattenbalans. Arsmedelvdrde {1931-60) av nederbdrd,
avdunstning och avrinning

Norrkdping 1980

Gottschalk, L and Krasovskaia, I

Synthesis, processing and display of comprehensive
hydrologic information

Norrkoping 1980

Svensson, J
Sinking cooling water plumes in a numerical model
Norrkdping 1980

Vasseur, B, Funkguist, L and Paul, J F
Verification of a numerical model for thermal plumes
Norrkoping 1980

Eggertsson, L-E
HYPOS - ett system f&r hydrologisk positionsangivelse
Norrkdping 1980

Nr

Nr

Nr

Nr

Nr

Nr

Nr

Nr

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Buch, Erik

Turbulent mixing and particle distribution investigations
in the Himmerfjdrd 1978

Norrk&ping 1980

Eriksson, B
Den "potentiella" evapotranspirationen i Sverige
Norrképing 1980

Broman, B

On the spatial representativity of our oceanographic
measurements

Norrk&ping 1981

Ambjérn, €, Luide, T, Omstedt, A, Svensson, J
En operationell oljedriftsmodell f8r norra Ostersjén
Norrkoping 1981

Svensson, J
vagdata fran svenska kustvatten 1979 - 1980
Norrkoping 1981

Jutman, T
Stationsndt fo6r vattenfdring
Norrk8ping 1981

Omstedt, A, Sahlberg, J

Vertical mixing and restratification in the Bay of Bothnia
during cooling

Norrkdping 1982

Brandt, M
Sedimenttransport i svenska vattendrag
Norrkdping 1982

Bringfelt, B
A forest evapotranspiration model using synoptic data
Norrkdping 1982

Bhatia, P K, Bergstrdm, S, Persson, M

Application of the distributed HBV-6 model to the Upper
Narmada Basin in India

Norrk6ping 1984

Omstedt, A

A forecasting model for water cooling in the Gulf of Bothnia
and Lake Vinern

Norrk8ping 1984

Gidhagen, L

Coastal upwelling in the Baltic - a presentation of satellite
and in situ measurements of sea surface temperatures indi-
cating coastal upwelling

NorrkSping 1984

Engqgvist, A, Svensson, J
Water turnover in Himmerfjdrd 1977 - a simulation study
Norrkdping 1984

Funkquist, L, Gidhagen, L
A model for pollution studies in the Baltic Sea
Norrképing 1984

Omstedt, A

An Investigation of the crystal structure of sea ice in the
Bothnian Bay

Norrk8ping 1985

SMHI Rapporter, OCEANOGRAFI (RO)

Gidhagen, Lars, Funkguist, Lennart, and Murthy, Ray
Calculations of horizontal exchange coefficients using
Eulerian time series current meter data from the Baltic Sea.
Norrkdping 1986

Thompson, Thomas

Ymer-80, satellites, arctic sea ice and weather.

Norrkdping 1986

OVRIGA PUBLIKATIONER

Vattenfdringsbestdmmelser vid vattenunderstkningar
VattenfSringen i1 Sverige
Sjoregistret

Vattendragsregistret
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Optimization of atmospheric models
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