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Abstract

The wind climate in a valley has been studied. Long time data from towers along the
valley have been used, together with data from two field campaigns. The campaigns
took place during two weeks in May 1999 and two weeks in September 2000. During
the field campaigns wind speed and direction were measured, both with small masts
and with pilot balloon tracking.

A comparison of single and double theodolite tracking is performed. It is found that
single theodolite tracking is good enough to use. The ascent rate of the balloon is seen
to be slightly higher than the earlier assumed 4 m/s.
An investigation of the wind field along and across the valley have been done. The
result show that high mean wind speed are found at the sites were the valley is rather
narrow. The wind direction was then either upstream or downstream the valley. The
mean wind speed at Suorva is 6.6 m/s. Channelling effects, forced- and pressure-
driven channelling, seem to dominate the winds in the valley giving high speeds.
No correlation is found between the magnitude of the geostrophic wind and the wind
in the valley. High winds in the valley 1s obtained both with high and low geostrophic
winds. A peak in the southwesterly direction for the distribution of geostrophic wind
is seen. This is due to the common synoptic situation with a low pressure area outside ,
the coast of Norway.

Data from sites across the valley show that the highest wind speeds are foUnd at the
northeastern side and the lowest at the southwestern side.
The stratification is found to have strong effect of the air flow around a hill and the
local terrain. When the stratification was stable the air was blowing around
Jiertasuoloj, an island of about 50 m height. When the air is unstable the air is instead
blowing over JtertasuOIOJ
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1. Introduction

The wind climate in a mountain valley is highly affected by the surrounding
topography. The aim of this work is to investigate the wind climate in a mountain
valley in northern Sweden. In an earlier study of the wind climate in the valley, done
by Bergstrbm (1997), the results are indicating that high mean wind speed may be
found also in low elevation terrain of the Scandinavian mountain range. Also strong
evidence of channelling was found in the wind direction distribution.
This investigation is based on tower measurements from four sites along the valley
and from additional measurements made during two field experiments. The tower
sites are Ritsem, where the valley is about 10 km wide, Suorva and Stora sjofallet,
where the valley is about 3 km wide, and on the side of the mountain Juobmotjakka
(see figure 2.1). The field campaigns took place during two weeks in May 1999 and
two weeks in September 2000. During these two field campaigns small masts, erected
across the valley near Suorva, were measuring wind speed. and direction.
Radiosoundings and pilot balloon trackings were performed, giving the structure of
the atmosphere and wind profiles above the height of the towers.
In section 2 a short description of the mountain valley and the available measurements
is presented. The weather situation for the two field campaigns is shown in section 3.
In section 4 upper wind measurements with pilot balloons are studied with a
comparison of double and single theodolite tracking techniques. For single theodolite
tracking the ascent rate is assumed to be constant. When using two theodolites the
ascent rate is measured and seen to be varying. The accuracy of the single theodolite
tracking is studied. Also the effect of atmospheric state on the balloons ascent rate is
studied.

Geostrophic wind data is used to relate the overlying wind to the wind in the valley.
Overland and Walter (1981) concluded that the combination of large-scale synoptic
forcing and the configuration of surrounding topography lead to the formation of
unique local winds in many areas of the world. Two different channelling effects,
forced and pressure-driven channelling, are studied in section 5.1. Pressure-driven
channelling is originally described to occur in sea level channels in the lee of high
mountains (Reed, 1931, Overland and Walter, 1981). During earlier experiments in a
mountainous area of northern Sweden (Tometr'ask), it has been shown that due to
channelling effects, winds are often very high in a valley (Smedman and Bergstrbm,
1995, Smedman et.al.,1996).

Hills and rugged terrain modifies the atmospheric flow. For the variation of the flow
over an isolated hill the importance of the stratification is discussed in section 5.2.
The results from the investigation of the relation between geostrophic wind and wind
within a valley, and a climatological investigation of the valley are presented in
section 6. The climate analysis is based on both the long time data from the tower
measurements and data from the field campaigns.
At last, some concluding remarks to summarise the results from section 4 and 6 will
be given in section 7.



2. Measurements

The examined mountain valley is situated in the northernmost part of Sweden, about
90 km southwest of Kiruna. The terrain generally consists of 1200 to 2000 m high
mountains on both sides of the valley. The valley axis is in a direction from northwest
to southeast. The water surfaces of the lakes and dams on the valley bottom are
between 415 and 453 m above sea level. The elevation differences are thus about
1000 m, or even more between valley bottom and mountain tops (Bergstrom, 1997).

Observations made at four sites (Suorva, Ritsem, Stora sjofallet and Juobmotj akka)
have been used to investigate the climate of the valley. Figure 2.1 show the
topography of the area and the location of the sites.

Additional measurements were also made during two field campaigns with small
masts along the dams at Suorva, together with radiosoundings and pilot balloon
measurements. The first measuring campaign were made 5~16 May 1999 and the
second campaign 11—22 September 2000.
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Figure 2.1. Map of the examined valley and its topography. The four sites were tower
measurements were performed, is RzRitsem, S=Suorva, SSzStora sjofallet and
JrJuobmotjakka. The crosses mark the sites (from left to right) Raivotj akka, Vakkotavare and
northern road.



2.1 Suorva
The Suorva mast is located on a small peninsula situated between the two Suorva
dams (67°32’N, 18°12’E). The peninsula is a rocky hill with almost no vegetation.
The height is about 20 m above the upstream lake Suorvajaure, but as the lake is
dammed, the water level may vary with as much as 30 m. The valley is here rather
narrow, only about 3 km between the rather steep fell sides. The direction of the
valley axis is approximately northwest to southeast.
The measurements were made on a 36 high triangular lattice tower. Wind speed was
measured at 4 heights, 10, 17, 25 and 35 m using Cassella cup anemometers. The
temperature was measured at the same heights where the wind speed was observed,
using ventilated and radiation shielded Pt-SOO thermometers. Wind speed is also
measured at 12 and 40 m height, using heated Vaisala cup anemometers. Wind
direction was observed at the 17 m level using a wind vane potentiometer instrument.

2.2 Ritsem
At Ritsem (67°44’N, 17°28’E) SMHI (the Swedish Meteorological and Hydrological
Institute) have an automatic weather station. Manual observations were made until
1998. Ritsem is located were the valley is rather wide, about 10 km, and on the
northern side of the valley. The valley axis direction at Ritsem is from westnorthwest
towards eastsoutheast.

The station is measuring wind speed at 10 m, wind direction, temperature and
humidity.

2.3 Stora sjafauet
Stora sjofallet (67°31’ N, 18°16’E), an SMHI automatic weather station, is situated
about 5 km southeast of the Suorva tower. The station is located on the northeastern
side of the valley on a small peninsula. The valley is also here rather narrow, between .
2 and 3 km. The weather station was originally named Vietas, which is used by
Bergstrbm (1997).

Wind speed is also here measured at 10 m height together with wind direction. Also
temperature and humidity are measured at Stora sjofallet.

2.4. Juobmotjakké
A telecommunication tower is situated about 800 m above sea level, at the
mountainside of the mountain Juobmotj akk‘a, 12 km southeast from Suorva, i.e. well
above the forest limit and about 400 m above the valley bottom.
It is measuring wind speed with a heated Vaisala anemometer at 35 m height. Wind
direction, temperature and humidity is also measured at this height.

2.5 Measurements during the field campaigns
During the two field campaigns small masts were erected across the valley at Suorva.
They were measuring wind speed and direction at about 3.3 m height, using MIUU
combined cup anemometer/wind vane instruments. These masts were situated on the
western side of the valley, on the western dam, on the top of the island Jiertasuoloj
and on the eastern dam, the locations can be seen from the close-up map of the area



near the dam (figure 2.2). The small mast on the western side was only used during
the second field campaign and it was also measuring temperature at two heights.

Radiosoundings were made near the main tower at Suorva three times a day, with a
Vaisala RS 80-15 sonde measuring temperature, pressure and humidity. Pilot balloon
(pibal) trackings were performed both in connection to the radiOsoundings and at
times between them, giving profiles of wind speed and direction at heights above the
towers. During the two campaigns, pibal tracking were performed both along and
across the valley.
During five days in May 1999 and three days in September 2000, pibal tracking were
performed both at the main tower and close to the small masts at the eastern and
western dam, respectively. Two days in May 1999, the pibal profiles at the main
tower were complemented with pibal measurements at Ritsem and two sites along the
road to Ritsem, Vakkotavare and Raivotjakka. Three days in September 2000 pibal
tracking were made at the main tower, western dam, Stora sjofallet and a site called
northern road. Vakkotavare, Raivotj2°1k and northern road can be found in figure 2.1.

Double theodolite trackings were done during 5 days in the second field campaign and
have in this report been used to compare double and single theodolite trackings. They
were made with one theodolite near the main tower at Suorva and the other near the
small mast at the eastern dam.
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Figure 2.2. A close—up of the area near the dam at Suorva. The sites across the valley are,
S:Western side, W==Western dam, JzJiertasuoloj, MzzMain tower and EzEastern dam.



3. Overview of the weather situation during the campaigns

The first field campaign was characterised by a stationary high pressure with its centre
over northern Sweden. During the second field campaign a high pressure was passing
and, in association with this, some fronts passed.
In this section the weather in the valley area during the two field campaigns is
discussed. The surrounding topography rather than the synoptic weather situation
effects the wind climate in the valley.
Gravity waves, caused by stable stratification and the topography, are seen from the
radiosounding measurements some days in May 1999. These waves were also seen in
cloud formations, as Altocumulus lenticularis clouds. An example of an observed
wave is given in figure 3.1., although noting more is said about gravity waves here.

3.1 Field campaign in May 1999
During the first campaign in May 1999 the lake was covered with ice except near the
eastern dam were there was open water due to the water outflow from the dam. At the
dam where the radiosoundings was released and the small masts were erected the
snow had melted, while there was snow left around the main tower.

In figure 3.2 the temperature and wind speed variation at the main tower at Sucrva
during-the field campaign can be seen. The first week (5/5—10/5) there was a period
with high winds and in connecting with this, rather low temperature. The temperature
was mostly below 0° during this week. The rest of the period both the temperature and
the wind speed were fluctuating more between day and night.

3.2 Field campaign in September 2000
The second field campaign was made during two autumn weeks in September 2000.
During the first days (11/9-13/9) there was high winds and the temperature rather
constant. Except for this short period the wind speed was rather low and the
temperature was fluctuating on a diurnal basis. This can be seen in figure 3.3.
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Figure 3.2. Wind speed and temperature at 10 m height at the main tower in Suorva, May
1999.
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September 2000.



4. Wind measurements with pilot balloon tracking

Pilot balloon (pibal) trackings are giving profiles of wind speed and wind direction up
through the atmosphere. For the measurements of upper winds, balloons of
approximately 30 g are inflated with hydrogen and released. A ring that has a
diameter of about 1 m is used to fix the size of the balloon. The motion of the balloon
is tracked by one or two theodolites that continuously gives the azimuth and elevation
angles.

A balloon rising through the air partakes the horizontal motion of the layer in which it
happens to be at the moment, no matter what the vertical speed of its ascent -—~ at least
to a degree of approximation much higher than the errors of the experiment. The
surface area of a balloon is so high and its inertia so low, that its acceleration to the
speed of the wind is practically instantaneous (Middleton and Spilhaus, 1953).
The balloon height is required in addition to azimuth and elevation angles. In the
simplest but least accurate form of observation the height is obtained by assuming a
constant rate of ascent. When high accuracy is required it is necessary to avoid all
assumptions about the ascent rate. This can be done by measuring azimuth and
elevation angles from two points at the end of a carefully surveyed base line
(Handbook of meteorological instruments, 1961).

In this chapter the theory for double and single theodolite tracking is given, and a
comparison of the two methods is done. Single theodolite trackings need less work
and is easier to perform than double theodolite tracking. The intention is to evaluate if
single theodolite trackings are accurate enough to be used for upper wind
measurements.

4.1 Theory for theodolite tracking

4.1.1 Double theodolite tracking
The use of two theodolites needs a base line, which must be carefully surveyed. The
theodolites are placed at the ends of this base line that should be about 1 km long and
lie in a direction approximately'atn'ght angle‘to the prevailing wind (Middleton and
Spilhaus, 1953). The balloon is released near one of the theodolites and tracked by
both theodolites which gives the azimuth and elevation angles at the same time.
The notation A and B are used for the two theodolites and all equation are expressed
in a coordinate—system with the origin in theodolite A. Azimuth angles are denoted by
u and elevation angles by (p. In figure 4.1 some convenient notations are defined. The
two azimuth and the two elevation angles generates four surfaces in space, suggested
by Alexandersson and Bergstrom (1979). This paper will henceforth be referred to as
AB79 for brevity.

y r: x - tan OLA, z 2: z ,a vertical plane through A

y -- yO 2 (x ~— x0) tan OLB , z 2 z ,a vertical plane through B

2:1/x2+y2 ~tantpA ,aconeinA
z--.z0:\/(x——x0)2+(y—~yo)2-tan(pB ,aconeinB
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Figure 4.1. The notations used for double theodolite tracking. From Alexandersson and
Bergstrom (1979)

This gives that the problem to find the coordinates of the balloon is over—defined, with
one extra observation and AB79 evaluate three different ways to solve this system of
equations. They concluded that the method that is both theoretically and practically
attractive to use is a method, which makes immediate use of all four angles. The
method consists of minimising the distance between two sight lines generated by two
independent pairs in the basic system of equation (figure 4.2). The method is called
LIN 1 (Line minimising method).

The two independent pairs that is used to solve LIN 1 is:

{OLA ,(pA }, a sight line from A

{OLE , (pB }, a sight line from B

A position vector of known direction but unknown length, drawn from its respective
theodolite can describe each of the two sight lines:

(X, Y» Z) (0,0,0) + tirxlcl a rYA eA)

(X: y’,Z’) : (X0: Yo azo)+ Sirxs eB srzs)

were t and s are the length of the rays and n... are the direction in x, y and z from
theodolite A and B, respectively.
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Figures 4.3 (a-—b) illustrate how the standard deviations (errors) of the coordinates,
ox ,oY and 02 vary in space. The two figures reveal that LIN l is good in most parts
of space with one-important exception; at and close to the connection line between the
two theodolites.

lx,y, 2) as determined
by the line-minimizing
method

Figure 4.2. The LIN 1 solution. From Alexandersson and Bergstrom (1979)
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4.1.2 Single theodolite tracking
When using single theodolite tracking a constant ascent rate, W, is assumed. The
balloon height is calculated from the relation:

Zzw-AT

were Z is the balloons height and AT is the time interval. A balloons ascent rate is
related to the free lift, that is to say, the excess of the buoyancy of the balloon and an
attached weight.

This method gives only the horizontal wind, as the vertical movement is assumed to
be only the buoyancy of the balloon. From figure 4.4 it can be seen that to derive the
horizontal wind speed components, U and V, the following geometry is used:

dz: Z
tantp

Uzd'cosoc

Vzd-sinoc

where d is the horizontal distance the balloon has moved during one time step and a
and (p is the azimuth and elevation angles.

Figure 4.4. Geometry for single theodolite tracking

4.2 The ascent rate of a balloon

The ascent rate of a balloon can easily be calculated from a radiosounding. From this
it has been noticed that the ascent rate often is more variable than constant. There are
some articles that are discussing if the atmospheric state has some effect on the
balloons ascent rate. For example Baynton (1968) and Rider and Armendariz (1970)
suggested that turbulence is affecting the ascent rate, while Boatman (1974) and
Murray and Auer (1976) claimed that the temperature lapse rate have effect on the
balloons vertical movement.

Boatman set up an equation where the ascent rate of the balloon is a function of the
temperature, the lapse rate, the altitude and the balloon diameter. He also suggested
that the temperature lapse rate may have a definite and sometimes adverse effect on
the ascent rate of pilot balloons and that the ascent rate would approach zero if the
balloon entered an isothermal layer.

One attempt to use Boatmans equation to calculate the ascent rate has been done, but
not successfully. It is difficult to use in practice at is needs layer with constant lapse

lO



rates, and also the fact that the ascent rate from the radiosoundings, made at Suorva in
May 1999, did not show any effect of the lapse rate, proved this theory to be incorrect.
The same general conclusions could also be drawn from radiosoundings at other sites.
The effect of turbulence can be seen as the ascent often shows two rates, a faster one
through the first few hundred meters and a slower one above, also suggested by
Baynton. An relationship between the shift in ascent rate and the inversion height can
be found in most of the cases and this give an indication that the turbulence have
effect on the ascent rate. An example of this is shown in figure 4.5. The problem with
using two different ascent rates in practise, is to know were the shift is and what the
two ascent rate should be.

4.3 Comparison of double and single theodolite tracking
During the second field campaign in September 2000 double theodolite trackings
were made at 10 occasions. The balloons were released from either the main tower in
Suorva or near the mast at the eastern dam and tracked by theodolites from these
places. In this section a comparison of double and single tracking of the same balloon
is made to study the effect of varying ascent rate on upper wind measurements. Only
cases where the balloon is drifting away from the baseline between the theodolites is
considered, due to the error analysis made in AB79 (figure 4.3).
For single theodolite trackings the assumed ascent rate was 4 m/s. In figure 4.6 the
ascent rates for 6 double theodolite trackings are shown. A large variability, in both
time and space, can be seen from the measurements, but the mean ascent rate in the
valley (up to about 700 m height) is higher than the assumed 4 m/s. A peak in the
ascent rate is found above the height of the mountains.
A comparisOn between the two methods can be seen in figure 4.7. The result is a
mean from six trackings. Even if the ascent rate is fluctuating the two methods show

9 very similar wind profiles, although there are some differences. Some displacement
between the two profiles can be seen due to the different ascent rate, the profile from
double theodolite tracking is often displaced to a higher altitude due to the fact that
the ascent rate is higher than that assumed for single theodolite trackings.
Single theodolite trackings seem however to be accurate enough to get a general
picture of the profile of upper wind even if we have made the assumption that there
are no vertical movements or variation with height of the ascending velocity of the
balloon, although the exact magnitude may differ somewhat at a given height. They
give a good estimation of the wind profile even if the profile can be displaced in
height from the true wind profile. But as it is a snapshot of the wind, and the wind is
changing all the time, single theodolite tracking give a wind profile that is good
enough to use.

11
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Figure 4.5. The temperature, potential temperature, relative humidity and ascent rate from an
radiosounding made near the main tower in Suorva, at 12.30 the 9 May 1999.
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5. Theory

5.1 The relationship between geostrophic wind and wind in the valley
The high wind speed in the valley is considered to be due to channelling effects of
two physical origins, forced channelling and pressure—driven channelling. The two
effects have a clear relationship between the wind in the valley and the overlying
geostrophic wind (Whiteman and Doran, 1993). The wind will blow up or down the
valley depending on the geostrophic wind direction.

Earlier investigations in the Tometr'ask area show, that also valleys may have quite a
high mean wind speed. During Several experiments on the ice of Lake Tometrask in
northern Sweden, it has been shown that due to channelling effects, winds are often
very high over the lake itself and at least also over the land areas close to its western
shore (Smedman and Bergstrom, 1995, Smedman et.al., 1996).

Many valleys of the Scandinavian mountain range are oriented with their axes from
west—northwest to east—southeast, as the valley in Suorva. There are of course a lot of
differences, as the valley width, occurrence of lakes or dams in the valley bottoms,
and the height of the surrounding mountains (Bergstrom, 1997). It may be expected
that mean wind conditions at least in some mountain valleys are more favourable than
earlier been assumed.

5.1.1 Channelling effects
Forced channelling is when the geostrophic wind has a direction almost along the
valley axis and the wind is being channelled by the valley sidewalls (Whiteman and
Doran, 1993). As the air flow is being confined to the narrowing channel it will
increase in strength but the wind speed close to the surface will never exceed the
overlying wind speed due to the fact that it also is a function of stability and surface
roughness (Smedman et.al., 1996). The wind in the valley will change direction when
the direction of the geostrophic wind shift across a line normal to the valley axis.

In pressure-driven channelling the overlying wind have a direction almOst
perpendicular to the valley axis. A pressure gradient is then created along the valley.
Winds accelerate along the valley under the influence of this pressure gradient
(Overland and Walter, 1981). Those winds are referred to as gap winds (Reed 1931)

and this name will henceforth be used. Winds in the valley will change direction when
the geostrophic wind direction shift across the valley axis. The formation of gap wind
is a combination of largescale synoptic forcing, surrounding topography and very
small roughness.

The relationship between the within-valley and above-valley winds, for the two
channelling mechanisms, is illustrated in figure 5.1 for the case with the valley axis
from northwest to southeast. For geostrophic wind directions in the two sectors 3050-
350 and 12S°—215° the two mechanisms reinforce each other, as they act in the same
direction. For the remaining two sectors the two mechanisms operate against each
other and are likely to cause relatively weak winds over the lake (Smedman et.al.,
1996).

A remarkable feature of pressure driven channelling is that winds along the valley
axis can blow in opposition to along—valley wind direction components above the
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valley (e. g. winds in the valley blow from southeast when wind aloft are from
northwest, such wind are called countercurrents) (Whiteman and Doran, 1993).
Smedman et.al. (1996) concluded that winds along the valley axis is a result of both
forced channelling and gap winds, but high gap winds are only created if the
roughness is low such as over water and ice. There have to be not too weak
geostrophic winds and slightly stable stratification. The flow IS forced to go around
rather than over mountains if the stratification 1s stronger.

Gap wind can result from quite different synoptic conditions, and Overland and
Walter (1981), showed that the acceleration along the pressure gradient alone rather
than converging sides is sufficient to explain the observed wind magnitudes.

Pressure-driven channelling Forced channelling Channeling co—operation
360 360 360

. i i . i i270 270 ’ . . 270 . .

.E E I 1 "‘ l la a . _ a . ,3180 3180-! 5 E180"! !
9 £9 '.........I g l. l

90 ' 90 ' 90 '

o - 1 1 . o 1 - . o - . J
0. 90 180 270 360 0 90 180 270 360 0 90 180 270 360

Geostrophic wind Geostrophic wind Geostrophic wind

Figure 5.1. Relationships between geostrophic and valley wind directions for forced and
pressure—driven channelling The third figure shows the cooperation between the two
mechanisms. The bold line 1s when they reinforce each other; otherwise they operate against
each other The valley axis is from northwest to southeast.

5.2 Flow over hills
Variations in the terrain modify the flow. For an isolated hill the flow will also depend
on the stratification. In this section the flow over an obstacle will be discussed, in the
cases of stably and unstably stratified air. Richardson’s number is used to get the
stability.

5.2.1 Stable stratification
When stably stratified air is forced to rise over topography, a disturbance is created
and the energy is carried away from the mountain by gravity waves (Smedman and
Bergstrom, 1995). Perturbed air parcels oscillate vertically at the Brunt-Vais'al'a
frequency, N. This sets an upper limit to the possible wave frequency. The Brunt-
Vais'al'a frequency N is defined as

@Z
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where g is acceleration of gravity, 6*) is mean potential temperature at the surface, 9 is
potential temperature and z is height above ground.

The wavelength of a gravity wave can be expressed A : 27cU/ N, where U is the
mean wind speed. The ratio of the vertical wavelength to the scale of the mountain
can be defined as the internal Froude number.

Fr 2 U / NH ,

where H is the length of the obstacle that is disturbing the flow.

Figure 5.2 shows an isolated hill, and the flows that are possible for different Froude
numbers. For strongly stable environments with light winds, Fr ”A“ 0.1, air would rather
flow around the hill than over it. For slightly faster winds or weaker stability, some of
the air flows over the top of the hill, while air at lower altitudes separates to flow
around the hill. For neutral stability (Fr-=00) the streamlines are disturbed upwind and
above the hill out to a distance of about three times the size of the hill. Near the top of
the hill the streamlines are packed together, causing a speedup of the wind (Stull,
1988).

5.2.2 Unstable stratification

Some interesting phenomena can occur when a mixed layer capped by an inversion
approaches a hill, because the capping inversion tends to constrain the flow response
to occur within the mixed layer (Stull, 1988). There are two cases to be discussed, if
the 1nversion height (2. ) 1s higher than the height of the hill (zhm), or reverse

If zi>>zhm the mixed layer tends to evolve as if the hill were not present. For zi>zhm

two different types of flow can occur depending on the wind speed. For relatively low
wind speeds, acceleration over the ridge crest can locally draw down the 1nversion
For faster winds with a strong capping inversion, the mixed layer accelerates down
the lee side of the mountain in a very shallow h1gh velocity flow. Downwind of the
ridge there can be a hydraulic jump, where the boundary layer rapidly decelerates and
the depth increases. But for both cases the flow is over the hill.

For a high hill and a shallow boundary layer, zi << zhill , the air is constrained to flow
around the mountain.

5.2.3 Stability parameter
Richardson’s number, R1, is an important stability parameter for turbulent flow 1n the
atmosphere. The definition of R1 13:

3831133
where g is acceleration of gravity, To is the absolute temperature, 9 is potential
temperature, 11 is the mean wind speed and z is height above ground. For neutral
stratification Ri=0, for stable stratification R1 is positive and for unstable stratification
R1 is negative (HOgstrOm and Smedman, 1989)
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6. Results

Earlier investigation of wind measurements during one year on the main tower at
Suorva is indicating that high mean wind speed may be found in low elevation terrain
of the Scandinavian mountain range (Bergstrom, 1997).

The mean wind speed at Suorva was then estimated to be 6.6 m/s at 10 m height and
. 7.5 m/s at 35 m height. This is a mean wind that is higher than at many of the coastal

sites in southern Sweden. The nearby SMHI weather station at Stora sjofallet also
show very high mean wind speed, while at Ritsem where the valley is wider the mean
wind speed was about half of these values.

Strong evidence of channelling was found in the wind direction distribution at Suorva,
which showed two distinct peaks in the direction of the valley. The same dominant
peaks in the wind direction were not found at Ritsem.

The unexpected high mean wind speed is assumed to be created due to the
channelling effects, see section 5.1.1.

6.1 Long time data
To investigate the climate of the valley, long-time data from the four sites, Ritsem,
Suorva, Stora sjofallet and Juobmotjakka, have been analysed. The periods of data
used are given in table 6.1. There are some periods with missing data, table 6.2 (a—d)
show the data availability on a monthly basis for the four sites. All data used from the
sites are stored as 1 hour averages.

6.1.1 Wind speed
Measured mean wind speeds at the four sites are shown as a total monthly value in
table 6.3 and for every month during the measurement period in table 6.4. At Ritsem
the mean value is about 2 m/s compared with almost 7 m/s as a mean at the other
sites. The mean wind speed at Suorva is 6.6 m/s at 10 m height, a very high value to
be at an inland location.

The wind speed distribution at Suorva is shown in figure 6.1.

Table 6.1. Periods of data used from Ritsem, Suorva, Stora sjofallet and Juobmotjakka.

Ritsem Suorva Stora sjofallet Juobmotjakka

From date: 14 November 14 November 2 February 15 May 1997
1995 ' 1995 1996

To date: 30 September 12 April 92000 30 September 30 September
2000 2000 2000

18



Table 6.23 Data availability at Ritsem(%)
Month 1995 1996 1997 1998 1999 2000
January ~ 97 91 31 99 99
February - 90 89 0 96 98
March ~ 90 91 0 99 99
April — 96 90 99 79 99
May - 97 85 98 99 96
June - 97 91 89 99 96
July - 94 65 99 100 100
August — 93 68 99 99 99
September — 79 49 99 99 99
October - 92 5 8 96 95 —
November 55 100 49 99 99 -
December 89 79 39 100 100 ~

Table 6.2b Data availability at Suorva (%)
Month 1995 1996 1997 1998 1999 2000
January - 99 0 88 84 99
February - 99 0 87 81 96
March — 85 36 81 81 98
April ~ 13 79 5 1 55 38
May — 94 100 63 71 -
June — 61 78 99 75

-

July — 86 19 46 100 ~
August - 41 45 36 100 —
September - 85 68 100 98 -
October ~ 100 79 93 41 -
November 54 41 99 58 81 —
December 99 0 77 95 100 -

Table 6.2c Data availability at Stora sjofallet (%)
Month 1995 1996 1997 1998 1999 2000
January ~ 0 94 80 99 74
February « 16 1 1 94 96 89
March - 61 55 84 99 95
April — 86 36 96 77 93
May - 80 96 98 99 80
June - 44 97 91 99 81
July

- 7 92 99 99 99 '
August — 0 96 97 99 90
September - 0 97 98 99 97
October - 71 99 96 99 ~
November 0 100 98 94 98 —
December 0 98 75 100 99 -

Table 6.2d Data availability at Juobmotj akkz'i (%)
Month 1995 1996 1997 1998 1999 2000
January - 0 0 57 45 100
February

- 0 0 71 37 100
March ~ 0 0 100 100 96
April — 0 0 96 80 100
May ~ 0 0 80 80 98
June - 0 25 91 80 84
July — 0 35 64 96 3 8
August — 0 0 100 95 100
September

- 0 0 38 98 99
October - 0 3 8 0 45 «-
November 0 0 100 0 69

-

December 0 0 93 0 95 ~
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Figure 6.1. The wind speed distribution at the main tower in Suorva, 10 in level.

Table 6.3 Mean wind speeds (m/s)
Month Ritsem Suorva St. sjofallet Juobmotjakka

January 2.0 7.8 8.7 5.0
February 2.1 7.6 7.5 - 5 .3
March 2.3 6.6 8.1 8.1
April 2.6 6.0 7.0 5.5
May 2.1 5.1 6.4 6.3
June 2.4 5.4 6.7 5.6
July 1.9 6.3 6.1 6.1
August 2.0 6.1 6.7 6.6
September 2.3 7.8 6.8 5.4
October 2.8 7.9 7.7 10.2
November . 2.3 6.3 6.1 6.5
December 2.1 6.7 7.0 5.1

Total mean: »- ; 2.2 6.6 7.1 6.4

6.1.2 Wind direction
The wind direction measurements at Suorva were erroneous on an irregular basis
during the period 24 December 1997 to 17 May 1999 due to a malfunctioning
potentiometer. The wind direction distribution from Suorva is consequently only from
a shorter period, 14 November 1995 until 24 June 1997. Figure 6.2 shows the
distribution in wind direction from Ritsem, Suorva, Stora sjofallet and Juobrnotj akka
respectively. Note that the frequency axis for Ritsem have a different scale.

The distribution at both Stora sjofallet and Juobmotj akka show two very dominant
peaks in the valley direction. At Sourva there are two dominant peaks in the valley
axis direction and two smaller peaks that corresponds to winds down the mountains to
the east of the valley, wind direction about 300, and winds coming from the small part
of the valley that lies on the southern side of the island Jiertasuoloj, wind direction
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from about 200°. The wind direction is as a whole clearly dominated by flow up and
down the valley at the sites where the valley is rather narrow.

At Ritsem, where the valley is rather wide, there are three peaks but they are not so
dominant. Two of the peaks are in the valley direction and the third down from the
small valley north of Ritsem.

Notable is that there are no katabatic winds found in the wind direction distribution at
Stora sjofallet. Notable is also that the wind is so well channelled at Juobmotjakka.
The tower is there situated about 400 m above the valley bottom.
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Figure 6.2. The wind direction distribution at Ritsem, Suorva, Stora sjofallet and
Juobmotj akka.
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Table 6.43 Mean wind speed (m/s) at Ritsem. 10 111 level
Month 1995 1996 1997 1998 1999 2000
January - ~ - - 2.1 3.0
February - - - ~ 2.8 2.4
March — - ~ — 2.6 3.1
April - — ~ 3.0 3.2 3.3
May - - - 2.7 2.2 2.5
June — -— - 3.3 2.5 2.5
July - — - 2.5 2.7 2.6
August - — — 3.1 2.4 2.2
September — - - 3.2 2.6 2.4
October — - — 3.6 2.4 -
November 2.8 - - 2.5 3.2 -
December 1 .5 ~ - 2.0 2.8 -

Table 6.4b Mean wind speed (m/s) at the main tower, Suorva. 10 m level
Month ‘ 1995 1996 1997 1998 1999 2000
January - 7.2 — 8.8 6.4 8.7
February - 6.0 - 9.0 7.7 7.8
March - 7.6 1.7 6.5 8.0 9.3
April - 5.2 3.3 7.0 6.4 8.0
May — 5.8 3.4 5.8 5 .2 -
June — 6.3 3.5 6.0 5.9 -
July - 5.6 6.1 5.8 7.5 -
August — 4.5 6.2 6.3 7.3 -
September - 7.9 9.6 7.3 6.4 -
October - 7.5 8.2 8.3 7.5 -
November 6.5 6.4 6.1 5 .2 7 .3 -
December 7.5 - 6.2 6.5 6.5 -

Table 6.4c Mean wind speed (m/s) at Stora sjofallet. 10 m level
Month 1995 1996 1997 1998 1999 2000
January — — 11.2 8.0 6.7 8.8
February — 6.7 7.7 8.6 6.8 7.7
March - 7.6 9.6 6.3 7.0 10.0
April - 6.6 7.9 5.8 8.1 6.5
May ~ 6.5 6.0 7.1 5.3 7.2
June - 7.2 6.1 5.7 6.5 8.1
July - 4.5 6.5 5.0 8.6 6.1
August — — 7.3 5.8 7.6 6.1
September - - 8.7 6.9 5.9 5 .8
October - 7.0 9.2 7.3 7.4 ~
November - 6.0 5.9 4.6 7.9 -
December ~ 7.5 6.6 7.2 6.7 -

Table 6.4d Mean wind speed (m/s) at Juobmotjékkz‘i. 35 m level
Month 1995 1996 1997 1998 1999 2000
January - — - — 6.0 8.1
February - - - — - 7.7 7.9
March - - — 6.4 6.6 11.2
April - - ~ 6.1 3.7 6.7
May - ~ -— 8.0 5.5 5.5
June - — 5.0 6.0 7.1 4.2
July - - 5.8 5.6 9.7 3.1
August - — — 7.0 8.4 4.3
September ~ — - 3.7 6.2 6.3
October - - 13.0 - 7.4 -
November - - 6.0 ~ 6.9 -
December - - 4.7 - 5 .5 —
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6.1.3 Temperature
' The temperature distribution at Suorva, 10 m height, is illustrated in figure 6.3. The

peak in the distribution is not so clear but it is around 0° C. There are only a few
observations of temperature under -30°C and over 20°C. As the most extreme
minimum temperature is found during calm condition the reason that the temperature
seldom is below —30°C is an effect of the wind climate (Bergstrém, 1997).

In table 6.5 and 6.6 the mean values of temperature are found. At Suorva, Ritsem and
Stora sjofallet the yearly mean values are around 0°C, while it at Juobmotj akka is
--1.5°C due to the higher altitude.
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Figure 6.3. Temperature distribution at the main tower in Suorva, 10 111 level.

Table 6.5 Mean temperatures (°C)
Month Ritsem Suorva St. sjofallet Juobmotjakkfi
January «8.3 «7.7 —8.5 ~9.9
February —11.1 —ll.5 ~83 —10.1
March ~7.6 —8.0 «6.1 —8.7
April -4.5 ~38 ~25 -4.8
May 1.6 1.5 2.6 0.6
June 8.0 8.7 8.3 5.6
July 12.2 12.0 12.5 10.3
August 10.1 10.9 10.7 6.7
September 6.5 7.4 7.5 6.9
October 0.8 2.2 1.6 «2.4
November 57 —5.2 -5.4 4.3
December 89 —9.3 8.6 -8.0
Total mean: -0.3 -0.7 0.4 -1.5
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Table 6.63 Mean temperature (°C) at Ritsem. 10 m level
Month 1995 1996 1997 1998 1999 2000
January ~ —6.2 —6.8 —10.7 «10.8 «7.0
February - «13.5 «11.3 — —11.3 —8.2
March — -8.6 —7.7 - -6.4 -7.5
April — -4.9 83 —4.4 -l.6 -3.2
May — 0.6 0.7 1.5 1.6 3.7
June — 6.4 9.5 7.5 9.7 6.8
July - 11.3 14.9 12.9 9.9 11.9
August - 10.5 12.8 9.8 7.5 9.8
September - 4.3 7.5 5.9 8.2 6.7
October - '1 .7 —0.9 0.2 2.0 —
November —8. 1 ~61 ~6.2 -7.8 -O.2 —
December ~11.6 -8.5 «6.5 —8.0 «9.9 -

Table 6.6b Mean temperature (°C) at the main tower, Suorva. 10 m level
Month 1995 1996 1997 1998 1999 2000
January - -6.3 - -7.5 ~98 ~7.1
February - ~13.3 - ~10.7 -13.5 —8.3
March - 5.3 —9.7 ~11.0 —7.0 -7.1
April - -2.9 -6.5 6.3 1.7 ~5.1
May — 0.8 1.9 2.3 1.0 ~
June — 6.6 8.9 8.3 11.2 -
July - 11.2 14.0 12.5 10.4 -
August ~ 14.4 11.6 9.1 8.3 —
September - 5.6 8.6 6.3 8.9 -
October - 2.3 2.9 1.0 2.4 —
November ~7.5 «3.8 «6.7 —8.4 0.3 -
December -10.3 ~ ~84 -9.2 «9.2 —

Table 6.6c Mean temperature (°C) at Stora sjofallet. 10 m level
Month 1995 1996 1997 1998 1999 2000
January - - -6.8 ~8.5 ~12.6 ~6.2
February - -5.2 —3.9 -11.8 —12.2 -8.5
March — -5.8 -3.4 ~7.4 6.6 —7.2
April - -1.7 —3.5 -4.0 «14 ~21
May ~ 1.5 2.4 2.1 2.2 4.9
June - 7.0 9.3 7.4 10.1 7.6
July — 12.6 14.0 13.0 10.9 12.2
August - - 12.8 10.2 8.6 11.0
September - — 7.9 6.2 8.7 7.3
October - 1.6 1.0 0.8 2.8 -
November ~ 63 66 8.9 0.3 -
December — 95 -7.4 88 ~93 -

Table 6.6d Mean temperature (°C) at Juobmotjakka. 35 m level
Month 1995 1996 1997 1998 1999 2000
January - - - -9.7 -11.3 -8.6
February - — — —10.8 -11.3 —8.2
March ~ - - 9.2 -8.3 —8.6
April - ~ - —5.4 ~2.8 .63
May - — - 0.2 ‘ -0.1 1.8
June - - - 4.8 8.2 3.9
July — ~ - 10.6 8.2 12.0
August ~ - - 7.0 5.6 8.0
September - - ~ 9.1 6.5 5.1
October - - «4.3 — ~0.5 -
November - - ~6.4 - —2. 1 -
December - - ~6.3 ~ 9.6 -
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6.2 The relationship between geostrophic wind and wind in the valley
Periods with simultaneous data from Stora sjofallet and geostrophic wind (Schmith
et.al., 1997) will be used to investigate the relationship between the geostrophic wind
and the wind in the valley. Simultaneous data are available for the period 3 February
1996 to 31 December 1998. The site at Stora sjdfallet is comparable with the site at
Suorva. Only wind speeds, both geostrophic and in valley winds, over 2 m/s are used.
In figure 6.4 the distribution of wind speed and wind direction for the geostrophic
wind is shown. The presence of a low pressure area. outside the coast of Norway is a
common synoptic situation. The wind is thus passing over the mountains from a
southwesterly direction (Smedman and Bergstrom, 1995), which can be seen as a
peak in the wind direction distribution.
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Figure.6.4. Distribution of geostrophic wind. Wind speed and direction.

6.2.1 Channelling effects
The wind in the valley has been studied with respect to the overlying wind. In figure
6.5 the wind direction at Stora sjbfallet is plotted as a function of the geostrophic wind
direction. In the left hand figure the wind speeds at Stora sjofallet is between 28 m/s,
while in the right hand figure the wind speed in the valley is over 8 m/s. In both cases
there are no restrictions on the geostrophic wind speed. The hatched line in the figures
indicates what the wind direction in the valley should be if only forced channelling
was responsible for winds in the valley. The solid line shows the same for gap winds.
Two dominant wind directions, up and down the valley, are clearly found in both
figures. It seems like forced channelling and gap winds are responsible for winds with
higher speeds, and some winds with lower speeds. Winds with low wind speed are
common also were the two channelling effects operate against each other. This gives
that there must also be some other mechanisms that create winds in the along valley
direction with low speed.

A direct comparison between the magnitude of the geostrophic wind and the wind
measured at Stora sj'dfallet, show no almost correlation between the two, as can be
seen from figure 6.6. The correlation coefficient between the wind speeds are only
0.34. The scatter is large and high winds in the valley can be created both from high
and low geostrophic winds.
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6.3 Wind climate during the field campaigns
Data from the small masts and from pibal trackings have been analysed to investigate
the wind climate on a local scale during the two field campaigns. The measurements
show a large variability in both time and space. '
All places are compared with the main tower at Suorva. Simultaneous data from the
small mast and the main tower will be used to compare the wind climate near the
ground. A mean value of pibal trackings will be used to compare wind through the
atmosphere. The number of pibal trackings used for the mean value is shown in table
6.7. Pibal tracking have been made both along and across the valley, while the small
masts are across the valley. In this section an investigation of the wind climate in the
valley is made dependent on if the wind is blowing up, from southeast (SE), or down,
from northwest (NW), the valley.

6.3.1 Sites along the valley
During both field campaigns the pibal profiles at the main tower were complemented
with pibal measurements at sites along the valley. Due to the limited amount of
measurements this investigation is just giving a view of the situation as it was during
the measuring periods, and must not be taken as climatological results.
During two days in May 1999, pibal measurements were made at sites along the
northwestern side of the valley. Three sites were used, two along the road to Ritsem
and the third just close to the weather station at Ritsem. The sites can be seen in figure
2.1. At the first day, 14 May, the wind direction was from NW and the second day, 15
May, the wind direction had change and was from SE.

For both wind directions the wind speed near the ground is lower at Vakkotavare than
at the main tower see figure 6.7. For wind speeds up to about 800 m, the height of the
surrounding mountains, a difference between the two wind directions is seen. For
winds from SE the wind speed in this layer is almost the same at the main tower and
at Vakkotavare, while for winds from NW the wind speed is twice as high at the main
tower as at Vakkotavare. Above this level the wind profiles are more similar,
approaching the geostrophic wind.
Also at Raivotjakka the wind speed near ground is similar to the wind speed at the
main tower (figure 6.8). As for Vakkotavare the wind speeds up in the atmosphere
show a difference between the two wind directions. Here the winds from NW is
similar, while for winds from SE the wind speed at Raivotj akka is much lower than
the wind speed at the main tower.

Table 6.7 Pilot balloon trackings in connection with trackings at the main tower
Winds from northwest (NW) Winds from southeast (SE)
Date Number of trackings Date Number of trackings

Ritsem 14 May 1999 1 15 May 1999 1
Raivotjakka 14 May 1999 2 15 May 1999 2
Vakkotavare 14 May 1999 2 15 May 1999 2
Northern road 17-19 Sep 2000 7 20 Sep 2000 4
Stem sjofallet 17-19 Sep 2000 7 20 Sep 2000 4

Eastern dam 15-16 Sep 2000 6 17 Sep 2000 5
Western darn 17-19 Sep 2000 7 7—11 May 1999 13

15-16 Sep 2000 6
20 Sep 2000 4
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Between Raivotjakka and Vakkotavare, at the northwest side of the valley, there are
two mountains that can affect the wind flow. This is probably the reason that the wind
speed up in the atmosphere, is lower at Vakkotavare than at the main tower, when the
wind is blowing from NW, and lower at Raivotjakka than at the main tower, when it
is blowing from SE.

From the long time data it is clear that the wind speed at Ritsem is usually lower than
the wind speed at the main tower at Suorva. The two performed pibal trackings show
this pattern for the second day, with wind from SE, while the first day when the wind
was coming from NW the wind through the atmosphere was higher at Ritsem than at
Suorva (figure 6.9).

Three days in September 2000 pibal tracking were performed along the valley using
two sites closer to the main tower at Suorva. The first site near the weather station at
Stora sjofallet, southeast from Suorva, and the second site at northern road, northwest
from Suorva (see figure 2.1). The wind direction is from NW during the first two
days, 18 and 19 September, and veers towards SE until the third day, 20 September.
At the same time also pibal measurements at the western dam were made.

When the wind direction was from NW, the highest wind speed, both near ground and
, up in the atmosphere, was found at Stora sjofallet. The lowest winds were found at the

northern road and at the western dam (figure 6.10).

On the day with winds from SE both the wind speed itself and the differences in wind
speed are rather small. For near ground winds the highest speeds are found at Suorva,
next comes Stora sjofallet and the lowest wind speed is found at the northern road.
Wind Speeds up through the atmosphere, to about 600 m, show no clear pattern.
Above this height the profiles are more similar, approaching the geostrophic wind.

A more detailed investigation of the differences in wind between the main tower and
the western dam is done in next section.

6.3.2 Sites across the valley
A comparison of winds measured at the small masts and the main tower show
different pattern from the two field campaigns. In may 1999 the highest wind speeds
are found at the eastern dam, while the wind speed at Jiertasuoloj is comparable to the
wind speed at 10 m level at the main tower (figure 6.11). Also the wind speed at the
western dam is comparable to that at the main tower but it have larger scatter. In
September 2000 the wind speed at both the eastern dam and at Jiertasuoloj is
comparable to that at the main tower, while the wind at the western dam is clearly
lower (figure 6.12). The mean wind speed are shown in table 6.8. ‘

During 5 days in May 1999 pibal trackings at the main tower were complemented
with pibal measurements at the western dam. The wind direction was then from SE. In
September 2000 pibal tracking were made at both the eastern and the western dam in
connection with trackings at the main tower. During two days the wind direction was
from SE and at one day from NW.

The pibal trackings, done in September 2000, show that the wind speed at the eastern
dam is comparable to the wind speed at the main tower and that the wind speed at the
western dam is lower than at the main tower for winds from both NW and SE, see
figure 6.13 and figure 6.14.
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Figure 6.7. A comparison of wind speed profiles, for winds from NW and SE. Pibal tracking
made at the main tower in Suorva and at Vakkotavare. May 1999.

3000 ~ -—-— Main tower ~
-~~ - Raivotjékké

3000 ~
-

2500 ~ -
2500 - -

2000 ~
-

2000 ~ ~

E E
313; @1500 - —
I 1500 " " I

1000 ~ 1000 ~ ~

500 — ~ 500 "' “

O i ’ O 1

0 2 4 6 8 10 0 8 10
Wind speed (m/s), winds from NW Wind speed (m/s), winds from SE
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For winds from SE a comparison of the two field campaigns is done. In May 1999 the
wind speed, near ground and up in the atmosphere, at the western darn are similar to
the wind speed at the main tower (figure 6.15). In September 2000 the wind is slightly
lower at the western dam than at the main tower. This is the same pattern as from the
small mast.

The mast at the western side of the valley gives low winds and not any specific
direction (figure 6.16). Katabatic winds from the mountains on the western side of the
valley can be found, as winds from west. Winds from the mountains can also be seen
at the eastern dam but not as often as at the western side.
This mast is clearly effected by the surrounding topography and the fact that it is
placed 30m up on the mountainside.

Table 6.8 Mean wind speeds (m/s), simultaneous data from the small masts

1999 2000
NW SE Total NW SE Total

Western side ~ - — 2.0 2.4 2.3
Western darn 4.4 4.3 4.3 3.0 1.9 2.6
Jiertasuoloj 4.5 4.3 4.4 3.4 3.3 3.3
Main tower 4.6 4.5 4.5 3.8 3.7 3.7
Eastern dam 6.3 5.1 5.5 4.4 3.5 3.8

6.3.3 Flow over hills
As discussed in section 5.2 the air will flow over or around a hill depends on the
stability. The stratification during the two field campaigns can be seen in figure 6.17.
In May 1999 the stratification near the ground was stable or near neutral on the stable
side. The radiosoundings often show a convective layer near the ground and then a
neutral layer above. This convective layer is created at the heated bare ground on the
dam and can not be found over the icecovered lake. During the second campaign in
September 2000 the stratification was mostly stable at nighttime and unstable at
daytime.

The wind direction from the western dam, the main tower and the eastern dam, for the
two measuring periods, can be seen in figure 6.18 and figure 6.19.
During the period in May 1999 the wind direction at the western dam is north~south.
It seems to be following the part of the valley west of Jiertasuoloj, an island of about
50 m height. At the main tower and at the eastern dam the wind direction seems to
follow the more large scale topography as the direction is in the same direction as the
main valley has near the dam. The difference in wind direction, with winds from SE,
at the main tower and at the eastern dam is significant.
The wind direction at the main tower in September 2000 is more inthe direction of
the whole valley. Also here it is a difference in the wind direction at the main tower
and at the eastern dam. For winds from NW the direction at the main tower is more
from west—northwest while the direction at the eastern dam is from northwest. For
winds from SE, winds at the main tower are from southeast, while winds at the eastern
dam are more from south-southeast. At the western dam this time the wind is not
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following the part of the valley west of Jiertasuoloj. During the second field campaign
wind direction was not measured at Jiertasuoloj.

In figure 6.20 a closer investigation of the wind direction, due to stability, at the
western dam can be seen. In May 1999only stable stratification is considered due to
few cases of unstable stratification. In September 2000 a division into stable and
unstable stratification cases is done.

When the stratification was stable the air is blowing around Jiertasuoloj, which gives
a north-south wind direction at the western dam. The flow is following the valley axis
near the measuring place. It also flows around the sides of the valley. When the air is
unstable, the air is instead blowing over obstacles. This gives that the wind direction
at the western dam is more in the direction of the valley as a whole.
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Western darn Main tower Eastern dam

Figure 6.18. Wind direction in May 1999. At the western dam, the main tower and the eastern
dam. The windrose is divide into sectors of 1°. The radial scale is in percent.

1 so
Western dam Main tower Eastern dam

Figure-6.19. Wind direction in September 2000. At the western dam, the main tower and the
eastern dam. The windrose is divide into sectors of 1°. The radial scale is in percent.
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Figure 6.20. Wind direction at the western dam. For stable stratification at May 1999 and
September 2000 and for unstable stratification at September 2000. The windrose is divide into
sectors of 1°. The radial scale is in percent.
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7. Conclusions

It is found that single theodolite trackings are accurate enough to be used for upper
wind measurements. A single theodolite tracking gives a general picture of the upper
wind, although the exact magnitude may differ somewhat at a given height.
Turbulence seems to have effect on the ascent rate in the boundary layer and from
'double theodolite tracking it is seen that the ascent rate of a balloon is slightly higher
than the earlier assumed 4 m/s.
Long time data has been used to investigate the wind climate and temperature at 4
sites along the valley. The mean wind speed at the main tower in Suorva is 6.6 m/s
and the mean temperature is ~0.7°C, 10 m height. The site at Stora sjofallet it
comparable with the site at Suorva. The wind direction is clearly dominated by flow
up and down the valley at the sites where the valley is narrow. Channelling effects,
forced and pressure—driven channelling, seem to dominate the winds in the valley
giving high speeds. Also at the mountainside of Juobmotjakka, 400 m above the
valley bottom, the wind is well channelled. There are no correlation between the wind
speed in the valley and the geostrophic wind speed. A large scatter is seen in the
correlation and high winds in the valley can be created both with high and low
geostrophic winds. The presence of a low pressure area outside the coast of Norway is
a common synoptic situation. This gives that the geostrophic wind has a peak in a
southwesterly direction. At Ritsem were the valley is broader the effect of channelling
is seen but the mean wind speed is rather low.
A climate investigation of data, from small masts and pibal trackings, from sites
across the valley near Suorva is done. The highest wind speed is found at the eastern
dam and the lowest at the western dam, even if there are some differences between the
two field campaigns. The wind speed at the top of Jiertasuoloj is comparable to the
wind speed at the main tower in Suorva.
The wind direction at the western dam seem to be varying with stability. When it is
stable stratification the air is blowing around Jiertasuoloj, which gives a north—south
wind direction at the western dam. Daytime in September 2000, when the
stratification is unstable, the wind is blowing over Jiertasuoloj, an island of about 50
m height, and the sides of the valley, and the wind direction at the western dam is
more in the direction of the valley as a whole. The pilot balloon trackings at
Vakkotavare and Raivotj akka, along the road to Ritsem, in May 1999 are also effected
by flow around local mountains.
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