
 

 
 

The effects of a slope angle, inversion 
strength and the eddy transfer coefficient 

on katabatic winds 
A comparison of calculated wind speeds and observed wind 

speeds 
 
 
 
 
 
 
 
 
 
 
 
 

Ingibjörg Jóhannesdóttir 

 
 
 
 

Faculty of Earth Sciences 
University of Iceland 

2019 





THE EFFECTS OF A SLOPE ANGLE,
INVERSION STRENGTH AND THE EDDY

TRANSFER COEFFICIENT ON KATABATIC
WINDS

Ingibjörg Jóhannesdóttir

10 ECTS thesis submitted in partial fulfillment of a
Baccalaureus Scientiarum degree in Geophysics

Advisors
Haraldur Ólafsson

Faculty of Earth Sciences
School of Engineering and Natural Sciences

University of Iceland
Reykjavík, October 2019



The effects of a slope angle, inversion strength and the eddy transfer coefficient on
katabatic winds

10 thesis submitted in partial fulfillment of a Baccalaureus Scientiarum degree in Geo-
physics

Copyright c� 2019 Ingibjörg Jóhannesdóttir
All rights reserved

Faculty of Earth Sciences
School of Engineering and Natural Sciences
University of Iceland
Sturlugata 7
101 Reykjavík, Reykjavik

Telephone: +354 525 4000

Bibliographic information:
Ingibjörg Jóhannesdóttir, 2019, The effects of a slope angle, inversion strength and the
eddy transfer coefficient on katabatic winds, B.Sc. degree, Faculty of Earth Sciences,
University of Iceland.

Printing: Háskólaprent, Fálkagata 2, 107 Reykjavík
Reykjavik, October 2019



Abstract

The purpose of this research is to view the effects of a slope angle, inversion strength
and the eddy transfer coefficient on katabatic winds. An equation for downslope motion
is used to see how much the wind speed changes with time and then the wind speed
after three hours is compared with observed wind speed at three locations in Iceland;
Sauðárkrókur Airport, Staðarhóll and Eyrarbakki. The results show that the calculated
wind speeds in Sauðárkrókur Airport and Staðarhóll are considerably higher than the
observed wind speeds. That is considered to be because the eddy transfer coefficient is
in reality larger than was estimated and the slope angles are in reality inhomogeneous.
The calculated wind speeds in Eyrarbakki are lower than the observed wind speeds, the
cold northerly flow may be as much a land-breeze as a katabatic wind.

Útdráttur

Tilgangurinn með þessu verkefni er að skoða áhrif halla landslags, styrk hitahvarfs og
kvikustreymisstuðuls á fallvinda. Jafna sem lýsir hreyfingu loftmassa undan halla er
leidd út og notuð í þeim tilgangi að skoða hvernig hraðinn breytist með tíma. Hraðinn
eftir þrjár klukkustundir er skoðaður og borin saman við mældan vindhraða á þrem
stöðum á Íslandi; flugvelli Sauðárkróks, Staðarhóli og Eyrarbakka. Niðurstöður sýna að
fræðilegur vindhraði á flugvelli Sauðárkróks og Staðarhóli er töluvert meiri en mældur
vindhraði. Þessi munur er talinn vera vegna þess að kvikustreymisstuðullinn er í raun
hærri en gert var ráð fyrir og halli landslags er ójafn. Fræðilegur vindhraði á Eyrarbakka
er minni en mældur, norðlæga vindáttin gæti allt eins verið landgola eins og fallvindur.
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1 Introduction

Winds that are formed when a cold mass of air with high density is carried down a slope
under the force of gravity are called katabatic winds. Katabatics winds in Iceland are
generally considered to be strongest in anticyclonic situations with a weak synoptic-
scale pressure gradient, at night time in the winter. Throughout the polar night, a strong
radiative surface cooling occurs, while the daytime surface heating is relatively weak.
This cooling can be very important for minimun surface temperatures (Jónsson, 2003).
Over glaciers katabatic winds can also be of importance during the summer (Oerlemans
and Grisogono, 2002). Northeasterly winds are twice as frequent during the nighttime
than the daytime in the summer, at least partly as a result of katabatic winds (Ágústsson,
Cuxart, Mira, Ólafsson, 2007). A glacio-meteorological experiment was carried out at
Vatnajökull in 1996, where it appears that the flow near the surface is katabatic most of
the time. Only during intense storms did they disappear in the melt zone. (Oerlemans
et. al., 1999)

It has been suggested (Bromwich, Bai, & Bjarnason, 2005) that katabatic winds are
important for the climate of Iceland, but that remains unclear. They have been stud-
ied widely; a study of katabatic winds in Antarctica is in Reuder et. al. (2004) and
in Svalbard (Livik, 2011). Only a few studies have been made of katabatic winds in
Iceland. Parmhed, Oerlemans, & Grisogono (2004) described katabatic winds over
Breiðarmerkurjökull glaciers and Reuder et. al (2012) described the intentensity and
extension of them at the edge of Hofsjökull glacier after the FLOHOF field campaign in
2007. The only comprehensive study of katabatic winds in Iceland that are not related
to glaciers is in Ágústsson et. al. (2007).

Understanding the physical interpretation of katabatic winds and factors that might af-
fect them can be important in relation to weather forecasting. It happens that the actual
temperatures in valleys are considerably different from forecast temperatures and this
difference may be linked to katabatic winds. It can be hard to estimate when an air mass
will slide down a slope.

The aim of this research is to explore the effects of a slope angle, surface inversion
strength and the eddy transfer coefficient on the speed of katabatic winds. Theoretical
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1 Introduction

calculations will be carried out and compared with observations from three locations
in Iceland; Sauðárkrókur Airport, Staðarhóll and Eyrarbakki. First katabatic winds are
presented, along with the derivation of the equation of downslope motion. Then, the
processing of the data is explained, including the scale analysis for the equation of
downslope motion and the integration of it. Next, the results are presented in three
parts. The effects of different parameters on calculated katabatic winds, observed wind
speeds are viewed and then observed katabatic winds are compared to the theory along
with calculated maximum wind speed. Finally, the results are discussed and conclusions
are drawn.
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2 Theory

In winter time the temperature of the lowest part of the troposphere can decrease fast
due to radiative cooling. With low wind speeds, mixing of the air is limited and this
cold layer can last for days. Due to gravity the cold air mass would slide at an angle
and mix if the slope were steep. Sliding down a slope increases pressure of the air mass,
and therefore the temperature, although, the ratiative cooling continues which again
decreases the temperature. Which of them is prevailing, depends on the angle of the
slope and the flow speed (See discussion in Jónsson, 2003).

The cold air layer, adjacent to the slope is denser than the warmer air at the same eleva-
tion away from the slope (Horst and Doran, 1986). This leads to a horizontal pressure
gradient (Fig 2.1). This pressure gradient generates a horizontal flow which is mostly
along the slope. The gravitational force has a bigger contribution at steep slopes and
the pressure gradient at small slope angles as Livik (2011 cited Stensrud 1997) men-
tioned. Winds formed this way are called drainage winds, gravity flows, slope flows, or
katabatic winds (Stull, 1988).

Figure 2.1: During periods with temperature inversions T1 < T2 and hence P1 > P2.
The horizontal pressure gradient leads to wind. From Livik, 2011.

Near the ground, friction reduces the wind speed. Just above, where there is less friction
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2 Theory

Figure 2.2: Vertical profiles of theoretical katabatic winds as a function of mean speed,
temperature inversion and turbulent kinetic energy. From Stull (1988).

but the air is still relatively cold, there is a nose (a wind maximum), shown in figure 2.2.
(Stull, 1988). The wind speed at the nose increases with time, as simulations done by
Ágústsson et. al. (2007) for flow in South-Iceland show. A wind maximum increases
from 3 m/s to 7 m/s at 100 m in 9 hours between 20:00 UTC on August 10th 2004 and
05:00 UTC the morning after.

2.1 Equation for downslope motion

An equation for downslope motion is derived by Mahrt (1982) in his study about Mo-
mentum Balance of Gravity Flows. Starting with the basic momentum equation:

f⇤= f0 +f +f 0 (2.1)

Where f0 is the basic state flow, away from the gravity current and is assumed to be mo-
tionless, homogeneous and stationary. f is the flow corresponding with cooling, where
turbulence is eliminated by taking the time-average and then f 0 stands for turbulent
fluctuations.

For gravity flows it is reasonable to neglect the effects of moisture on the buoyancy
force. By assuming shallow convection (cited Dutton Fichtl, 1969) and a constant
slope, as in no curvature, the motion perpendicular to the ground and the downslope

4



2.1 Equation for downslope motion

flow can be described with following equations.

∂w
∂ t
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∂ z

=� 1
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∂ p
∂ z

�g
q
q0

cosa (2.2)
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∂ t

+u
∂u
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+ v
∂u
∂y

+w
∂u
∂ z

=� 1
p0

∂ p
∂x

+g
q
q0

sina + f v� ∂u0w0

∂ z
(2.3)

Where w is the velocity in the direction perpendicular to the ground, u is the velocity
in the downslope (x) direction and v is the velocity in the cross-slope (y) direction, t
is time, f is the Coriolis parameter, r is density, p is pressure, q is the deficit potential
temperature (Dq ), q0 is the potential temperature outside the gravity flow, g is the grav-
itational acceleration and a is the angle of the slope with respect to the horizontal. The
overbar in the latter stress divergence term represents the time average of the flow.

Here Coriolis and turbulent transport terms in the w equation have been neglected, as
well as (∂/∂x)u02 and (∂/∂y)v0u0 in the downslope flow equation.

Defining L and U as the downslope length and velocity scales, L and V as the cross-
slope length and velocity scales, we assume that V/L « U/L so the velocity scale for
w can be estimated from incompressible mass continuity,

w =UH/L (2.4)

Where H is the depth scale. Using the hydrostatic approximation, the flow is gener-
ated by the buoyancy term only where other terms retard the flow, so we can write the
following restriction on (2.3),

du
dt

6 g
q
q0

sina (2.5)

By estimating the Lagrangian time scale, or the mean time for an air parcel to be dis-
placed from one location to another, to be L/U. That neglects the influences due to
gravity waves so the following restriction on the velocity scale is:

U 6


g
q
q0

sinaL
�1/2

(2.6)
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2 Theory

The order of magnitude of the total acceleration perpendicular to the ground becomes:

dw
dt

⇡U2H/L2 (2.7)

Putting (2.6) in for U in (2.7) gives us:

dw
dt

⇡ g
q
q0

H
L

sina (2.8)

Now determining the importance of acceleration term in w equation we express the ratio
of the acceleration term to the buoyancy term.

g(q/q0)(H/L)sina
g(q/q0)cosa

=
H
L

tana (2.9)

For small angles the ratio is « 1 so we can assume that the equation of motion perpen-
dicular to the ground is hydrostatic, which leads to:

g
q
q0

cosa =� 1
r0

∂ p
∂ z

(2.10)

By integrating in the z direction from some arbitrary level to the top of the slope, h,
where p(h)=0, we can derive an expression for the pressure gradient and then differen-
tiating with respect to x,

1
r0

∂ p
∂x

(z) = cosa g
q0

∂
∂x

(qhd) (2.11)

Where q is the vertically averaged deficit of potential temperature when z ! 0, de-
scribed by:

q(z) = 1
hd

Z hd

z0=z
Dq dz0 (2.12)
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2.2 Wind speed at the nose

Then the equation for downslope motion becomes:

∂U
∂ t|{z}
I

+U
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∂x| {z }
II

+V
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∂y| {z }

III

+W
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q

sin(a)
| {z }

V

�cos(a)
g
q

∂qhd

∂x| {z }
VI

+ fcV|{z}
VII

� ∂u0w0

∂ z| {z }
VIII

(2.13)

With term VIII :

u0w0 =�Km
∂U
∂ z

! ∂u0w0

∂ z
= Km

∂ 2U
∂ z2 (2.14)

(Stull, 1988, p. 205) where Km is the eddy transfer coefficient. And with equation 2.12
we assume that q(z) = Dq if we say that z’ = 0. The terms in the above equation have
the following interpretation:

Term I Acceleration
Term II Downslope advection
Term III Cross slope advection
Term IV Vertical advection
Term V Buoyancy
Term VI Thermal wind
Term VII Coriolis
Term VIII Stress divergence

2.2 Wind speed at the nose

By the Meteorological Office, there is a 30 m wind measuring mast that collected data
for wind speeds at different heights between the years of 1986 and 2008. On the basis
of this data, an equation has been derived that describes how the wind speed changes
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2 Theory

with height (Arason, 1998):

✓
V2

V1

◆
=

✓
H2

H1

◆a
(2.15)

Where V1 is the wind speed at height H1, V2 is the wind speed at H2 and a is an
exponent that has to be evaluated with consideration of how stable the air is among other
things (Arason, 1998). As Oerlemans (1998 cited Prandtl 1994) mentioned, the height
of the wind maximum is theoretically expected to increase with decreasing potential
temperature lapse rate. Arason (1998) made a comparison between the data from the
mast and calculated wind speed with the above equation. There is a good correlation
between them, as shown in figure 2.3.

Figure 2.3: Increase of wind speed with height; the lines represent calculated wind
speed with a = 0.16 and the points represent data from the mast. From Arason
(1998).

In the present study, equation 2.15 is used to calculate the maximum wind speed (at the
"nose") of the katabatic winds observed, setting a = 0.16.
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3 Processing

In this research the effects of a slope angle (a), deficit potential temperature (Dq ) and
the eddy transfer coefficient (Km) on a theoretical (calculated) katabatic wind are stud-
ied. Slope angles are estimated at three locations in Iceland; Staðarhóll, Sauðárkrókur
Airport and Eyrarbakki and used for the calculated katabatic wind near the surface.
Along with other appropriate parameters, the wind speed after three hours is calculated
with equation 2.13. Then observed wind speed is viewed and Dq evaluated with mea-
sured temperature of the cold surface layer and estimated temperature of the layer above
the low-level inversion. The calculated wind speed and actual wind speed at the surface
are then compared, along with calculated wind speed at the nose.

3.1 Scale analysis for Equation 2.13

For the conditions encountered in this study, the terms in equation 2.13 are analytically
scaled, seeing that different ambient conditions can affect the order of magnitude of
each term, and therefore their importance in the equation.

• Term V, the buoyancy, is what drives the flow, while the other terms decelerate it.

• Here it is assumed that there is no cross slope velocity (V), which eliminates terms
III and VII.

• Term II is neglected because we assume ∂U
∂x to be very small.

• Terms IV is neglected because we assume w ⇡ 0, since it’s the velocity perpen-
dicular to the ground (Fig. 2.2).
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3 Processing

Now equation (2.13) reduces to:

∂U
∂ t

= g
Dq
q

sin(a)� cos(a)
g
q

∂qhd

∂x
�Km

∂ 2U
∂ z2 (3.1)

Evaluating how the wind speed changes with time, we assume that the cold mass of
air starts moving due to gravity and since U = 0 before the movement starts, the last
term in the above equation is initially zero. In some time, Dt, the flow has moved some
distance Dz and the frictional force starts reducing the acceleration. Integrating the
above equation with respect to t and changing the derivative of the length and potential
scales to differential scales, the wind speed is described with:
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✓
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sin(a)� cos(a)
g
q
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Dx
�Km

Un�1

(Dz)2

◆
Dtn

Where U1, U2, ..... ,Un�1 and Un are the speeds after the following time intervals Dt1,
Dt2, ..... ,Dtn�1 and Dtn. Here, Dx is the total length of the slope and Dz is the vertical
movement for each time interval, which is assumed to be ⇡ 10 m because the average
height of the slopes we will be working with is ⇡ 120 m and the total time of the flow
is assumed to be six hours, with half an hour intervals.

In order to evaluate the height of the temperature inversion (hd), a model showing the
simulated potential temperature above S-Iceland (Ágústsson et. al., 2007) is used. In
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3.1 Scale analysis for Equation 2.13

Figure 3.1: Simulated potential temperature along a section in S-Iceland. From Ágústs-
son (2007).

figure 3.1 the height of the low temperature layer varies between 50-200 m along the
cross-section. If the height of the temperature inversion exceeds a certain value, the air
mass will not move, according to the equation. We evaluate the maximum hd for each
location by plugging appropriate parameters (will be introduced later in this chapter)
into equation 3.1 and testing different values for hd until we end up with the highest
possible value so that ∂U

∂ t exceeds zero. To determine a suitable height of the inversion
layer we use the model as a criterion and keep the limitation to the maximum value
calculated.

Table 3.1 shows the length of the slopes (L = Dx) at three locations in Iceland, height
of the slopes (H), the slope angles (a), maximum possible height of the temperature
inversion (hd,max) and suitable height of the temperature inversion (hd). Then Dq = 2
K, 5 K and 10 K and Km = 0 m2/s, 4 m2/s and 20 m2/s are used for each slope angle,
a = 0.002�, 0.007� and 0.01�, and their effects viewed. In stable boundary layer, values
of Km are between 1 m2/s and 45 m2/s (Livik, 2011 cited Stensrud & Mitchell, 1997).
Here we simply use Km = 0 m2/s to see how the katabatic flow would behave if there
was no friction.

To estimate how much the measured wind speed increases with height we use equation
2.15 and assume the height of the nose is 100 m, like the simulations done in S-Iceland
show in figure 3.2 (Ágústsson et. al, 2007, p. 106).
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3 Processing

Location H [m] L [m] a [�] hd,max [m] hd [m]
Sauðárkrókur Airport 100 10,000 ⇡ 0.01 100 70
Staðarhóll 220 30,000 ⇡ 0.007 210 150
Eyrarbakki 60 40,000 ⇡ 0.002 80 55

Table 3.1: Topographic parameters and an estimation of the inversion height at three
locations in Iceland, from where observations are used in this study.

Figure 3.2: Vertical profiles of simulated wind speed, f [m/s], above Kálfhóll (S-
Iceland). From Ágústsson (2007).
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3.2 Observed wind speed

3.2 Observed wind speed

There are surface observations that can be considered to be representative for the tem-
perature and the wind in the cold surface layer that forms the katabatic flow [IMO,
2018-2019b]. There are however no observations of the temperature above the low-level
inversion, nor the wind speed at the nose. An estimation of these temperatures are how-
ever needed in order to estimate the Dq of the inversion. The Icelandic Meteorological
Office [IMO] uses HARMONIE-AROME for operational forcasting with 2.5 km reso-
lution (Bengtsson et. al., 2017). Here, we choose to rely on the HARMONIE-AROME
maps presented by the IMO (2018-1019a). The Dq is in other words the difference be-
tween observed temperature at 2 m and the simulated temperature at 2 m, estimated by
increasing the temperature by 0,6 k/km from 925 hPa.

We find two dates for each location where the temperature is relatively low and the pres-
sure lines are not too dense. That means we have a katabatic wind. Figures 3.2, 3.3 and
3.4 show the maps from relevant dates for each location.

Figure 3.3: Cases chosen for Skagafjörður: on August 12th 2018 at 13h to the left
and January 29th 2019 at 19h on the right. The figure shows the mean sea surface
pressure, with intervals of 2 hPa, precipitation (mm/h) and 10 m wind barbs. Maps
are retrieved from Icelandic Meteorological Office [IMO, 2018-2019a].
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3 Processing

Figure 3.4: Cases chosen for Staðarhóll on February 4th at 20h 2019 on the left and
February 19th at 2h 2019 on the right. The figure shows the mean sea surface pres-
sure, with intervals of 2 hPa, precipitation (mm/h) and 10 m wind barbs. Maps are
retrieved from Icelandic Meteorological Office [IMO, 2018-2019a].

Figure 3.5: Cases chosen for Eyrarbakki on February 4th 2019 at 8h on the left and
February 16th 2019 at 1h on the right. The figure shows the mean sea surface pres-
sure, with intervals of 2 hPa, precipitation (mm/h) and 10 m wind barbs. Maps are
retrieved from Icelandic Meteorological Office [IMO, 2018-2019a].
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4 Results

The results of this research are presented in three parts. First, result of the effects of
a , Dq and Km on the calculated wind speed near the surface, i.e. the results of the
integration of equation 2.13. Second, the observed wind speed during cases of katabatic
flow at Sauðarkrókur Airport, Staðarhóll and Eyrarbakki. Finally, comparison between
calculated wind speed and observed wind speed near surface and calculated wind speed
at the nose.

4.1 Calculated wind speed near the surface

The wind speed is the lowest after three hours (0.3 m/s) when a and Dq are the lowest
and Km is the highest. The wind speed is then highest (12.2 m/s) when a and Dq are
the highest and Km the lowest.

Effects of a

Figures 4.1-4.9 show the effects of a on calculated wind speeds near the surface for
fixed values of Km and Dq . In general, the a has a similar effect on the flow speed for
all values of Km and Dq . As expected, the greatest slope gives the strongest flow. The
biggest change in the wind speed with the change of a is when Km =0 m2/s and Dq =
10 K. At these values of Km and Dq , the wind speed at a3 is ⇡ 4.9 times the wind speed
at a1 after three hours.
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4 Results

Figure 4.1: Calculated wind speed near the surface for Km = 0 m2/s and Dq = 2 K.
Here, the effects of each slope angle is shown.

Figure 4.2: Calculated wind speed near the surface for Km = 0 m2/s and Dq = 5 K.
Here, the effects of each slope angle is shown.
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4.1 Calculated wind speed near the surface

Figure 4.3: Calculated wind speed near the surface for Km = 0 m2/s and Dq = 10 K.
Here, the effects of each slope angle is shown.

Figure 4.4: Calculated wind speed near the surface for Km = 4 m2/s and Dq = 2 K.
Here, the effects of each slope angle are shown.

17



4 Results

Figure 4.5: Calculated wind speed near the surface for Km = 4 m2/s and Dq = 5 K.
Here, the effects of each slope angle are shown.

Figure 4.6: Calculated wind speed near the surface for Km = 4 m2/s and Dq = 10 K.
Here, the effects of each slope angle are shown.
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4.1 Calculated wind speed near the surface

Figure 4.7: Calculated wind speed near the surface for Km = 20 m2/s and Dq = 2 K.
Here, the effects of each slope angle are shown.

Figure 4.8: Calculated wind speed near the surface for Km = 20 m2/s and Dq = 5 K.
Here, the effects of each slope angle are shown.
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4 Results

Figure 4.9: Calculated wind speed near the surface for Km = 20 m2/s and Dq = 10 K.
Here, the effects of each slope angle are shown.

Effects of Dq

Figures 4.10-4.18 present a comparison of calculated wind speed near the surface at
different values of Dq for different values of Km and a . The biggest change in the wind
speed with the change of Dq is when Km =4 m2/s and a = 0.001�. At these values of
Km and a the wind speed at Dq3 is ⇡ 5.1 times the wind speed at Dq1 after three hours.
The greatest wind speeds are at highest values of Dq .
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4.1 Calculated wind speed near the surface

Figure 4.10: Calculated wind speed near the surface for a = 0.01� and Km = 0 m2/s.
Here, the effects of each deficit potential temperature are shown.

Figure 4.11: Calculated wind speed near the surface for a = 0.01� and Km = 4 m2/s.
Here, the effects of each deficit potential temperature are shown.
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4 Results

Figure 4.12: Calculated wind speed near the surface for a = 0.01� and Km = 20 m2/s.
Here, the effects of each deficit potential temperature are shown.

Figure 4.13: Calculated wind speed near the surface for a = 0.007� and Km = 0 m2/s.
Here, the effects of each deficit potential temperature are shown.
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4.1 Calculated wind speed near the surface

Figure 4.14: Calculated wind speed near the surface for a = 0.007� and Km = 4 m2/s.
Here, the effects of each deficit potential temperature are shown.

Figure 4.15: Calculated wind speed near the surface for a = 0.007� and Km = 20 m2/s.
Here, the effects of each deficit potential temperature are shown.
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4 Results

Figure 4.16: Calculated wind speed near the surface for a = 0.002� and Km = 0 m2/s.
Here, the effects of each deficit potential temperature are shown.

Figure 4.17: Calculated wind speed near the surface for a = 0.002� and Km = 4 m2/s.
Here, the effects of each deficit potential temperature are shown.
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4.1 Calculated wind speed near the surface

Figure 4.18: Calculated wind speed near the surface for a = 0.002� and Km = 20 m2/s.
Here, the effects of each deficit potential temperature are shown.

Effect of Km

Figures 4.19-4.27 present a comparison of calculated wind speed near the surface at
different values of Km for different values of Dq and a . The biggest change in the wind
speed with the change of Km is when a =0.002� and Dq = 2 K and 10 K. At these
values of a and Dq , the wind speed at Km,1 is ⇡ 1.7 times the wind speed at Km,3 after
three hours. The curves for Km = 20 m2/s level out, while the lower values make the
curves continue to grow rapidly with time.
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4 Results

Figure 4.19: Calculated wind speed near the surface for a = 0.01� and Dq = 2 K.
Here, the effects of each eddy transfer coefficient are shown.

Figure 4.20: Calculated wind speed near the surface for a = 0.01� and Dq = 5 K.
Here, the effects of each eddy transfer coefficient are shown.

26



4.1 Calculated wind speed near the surface

Figure 4.21: Calculated wind speed near the surface for a = 0.01� and Dq = 10 K.
Here, the effects of each eddy transfer coefficient are shown.

Figure 4.22: Calculated wind speed near the surface for a = 0.007� and Dq = 2 K.
Here, the effects of each eddy transfer coefficient are shown.

27



4 Results

Figure 4.23: Calculated wind speed near the surface for a = 0.007� and Dq = 5 K.
Here, the effects of each eddy transfer coefficient are shown.

Figure 4.24: Calculated wind speed near the surface for a = 0.007� and Dq = 10 K.
Here, the effects of each eddy transfer coefficient are shown.
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4.1 Calculated wind speed near the surface

Figure 4.25: Calculated wind speed near the surface for a = 0.002� and Dq = 2 K.
Here, the effects of each eddy transfer coefficient are shown.

Figure 4.26: Calculated wind speed near the surface for a = 0.007� and Dq = 5 K.
Here, the effects of each eddy transfer coefficient are shown.
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4 Results

Figure 4.27: Calculated wind speed near the surface for a = 0.007� and Dq = 10 K.
Here, the effects of each eddy transfer coefficient are shown.

4.2 Observed wind speed

Location Date Tobserved[K] Tmodel[K] Dq [K] f [m/s]
Staðarhóll 04.02.19 259.7 271.2 11.5 1.8

19.02.19 261.2 270.2 9.0 1.9
Skagafjörður 08.12.18 261.7 271.2 9.5 2.0

29.01.19 260.2 268.2 8.0 3.5
Eyrarbakki 04.02.19 260.6 275.2 14.6 2.3

16.02.19 266.1 275.2 9.1 2.6

Table 4.1: Table 4.1 shows observed speed of katabatic flow in six cases from three
locations in Iceland. T is observed at 2 m above the ground, wind speed is observed
at 10 m above the ground and Dq is estimated as described in chapter 3.2.
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4.3 A comparison of observed and calculated wind speed

4.3 A comparison of observed and calculated
wind speed

The following figures show wind speed (U) as a function of temperature difference
of the inversion layer (Dq ); observed wind speeds, calculated wind speeds at nose, as
explained in chapter 3.1 and calculated wind speeds near the surface after three hours.
The black points line up vertically, above one another, with decreasing value of Km, the
factor for the highest speed for each Dq would then be Km = 0 m2/s.

The observed wind speeds in Sauðárkrókur Airport and Staðarhóll are a lot smaller than
the calculated ones, shown in figures 4.28 and 4.29. In Eyrarbakki the observed wind
speeds are bigger than the calculated ones, shown in figure 4.30. The calculated wind
speed after three hours for all values of a , Dq and Km are shown in table 4.2.
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4 Results

Figure 4.28: The wind speed (U), at Sauðárkrókur Airport, as a function of temperature
difference of the inversion layer (Dq ); observed wind speeds (red points), calculated
wind speed at nose, (blue points) and calculated wind speed near the surface after
three hours (black points). The black points line up vertically, above one another,
with decreasing value of Km.
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4.3 A comparison of observed and calculated wind speed

Figure 4.29: The wind speed (U), at Staðarhóll, as a function of temperature difference
of the inversion layer (Dq ); observed wind speeds (red points), calculated wind speed
at nose, (blue points) and calculated wind speed near the surface after three hours
(black points). The black points line up vertically, above one another, with decreasing
value of Km.
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4 Results

Figure 4.30: The wind speed (U), at Eyrarbakki, as a function of temperature difference
of the inversion layer (Dq ); observed wind speeds (red points), calculated wind speed
at nose, (blue points) and calculated wind speed near the surface after three hours
(black points). The black points line up vertically, above one another, with decreasing
value of Km.
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4.3 A comparison of observed and calculated wind speed

a[�] K [m2/s] Dq [K] f after 3 hours [m/s]
0.01 0 2 2.4
0.01 0 5 6.1
0.01 0 10 12.2
0.01 4 2 2.2
0.01 4 5 5.6
0.01 4 10 11.3
0.01 20 2 1.6
0.01 20 5 4.0
0.01 20 10 7.9
0.007 0 2 1.6
0.007 0 5 4.1
0.007 0 10 8.1
0.007 4 2 1.5
0.007 4 5 3.8
0.007 4 10 7.5
0.007 20 2 1.1
0.007 20 5 2.6
0.007 20 10 5.3
0.002 0 2 0.5
0.002 0 5 1.3
0.002 0 10 2.5
0.002 4 2 0.5
0.002 4 5 1.2
0.002 4 10 2.4
0.002 20 2 0.3
0.002 20 5 0.8
0.002 20 10 1.5

Table 4.2: A list of the calculated wind speeds near the surface after three hours, values
of the slope angles (a), the eddy transfer coefficient (Km) and the inversion strength
(Dq ).
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5 Discussion

The overall positive impact of a and Dq , and the negative impact of Km on the speed of
the katabatic flow is as expected. There are however some details of particular interest:

The increase in wind speed with time is reduced substantially for Km = 20m2/s, com-
pared to the lower values of Km. After six hours the wind curves are becoming close to
horizontal for the highest value of Km, while for the lower values, there is still substan-
tial increase in wind speed with time. In the cases at hand there are no signs of consistent
increase in the speed of the katabatic flow for several hours, as seen in the calculations.
This suggest that the katabatic flow is regularly disturbed by meso-to synoptic scale
flows that are driven by other forces. Another possibility is that vertical mixing is in
reality greater than in most of the calculations, and that its nature is to a great extent
non-stationary.

The calculated winds at Sauðárkrókur and Staðarhóll are stronger than the observed
winds. In Sauðárkrókur, the reason may be that the slope is inhomogeneous. It is steeper
than the average value some distance away from the observations (further south), but
more gentle close to the observation site. Although, there are no observations close to
the more steep slopes to verify this.

The observed winds at Eyrarbakki are stronger than the calculated winds. This raises
the question if there is a considerable and underestimated contribution from the second
last term on the right hand side in Eq 3.1 If so, the Eyrarbakki winds may at least partly
be characterized as land-breeze and not only katabatic wind. Profile observations of
winds and temperatures over land and the sea would be needed to address this question.

No systematic investigation of katabatic winds has taken place in Iceland yet, apart from
field experiments at the glaciers. The results of the present paper suggest that such an
investigation should take place. It could partly be based on existing data from automatic
weather stations, but systematic four-dimensional observations of the boundary-layer
are also needed.

Although the maximum value for hd was found for each location, there are considerable
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5 Discussion

uncertainties associated with the estimation of the hd . The slopes are non-homogenous
and the turbulent transfer (the value of the Km) is presumably not constant and uncertain.
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6 Conclusions

• The slop angle (a) and the inversion strength (Dq ) have a considerable positive
impact on the speed of the katabatic flow.

• The eddy transfer coefficient (Km) has a considerable negative impact on the speed
of the katabatic flow.

• For low values of Km, the katabatic wind increases close to linearly to very high
and unrealistic values. The flow speed is still increasing after six hours.

• For Km = 20 m2/s, the resulting speed of the katabatic wind is more realistic than
for lower values of Km and the katabatic flow reaches a close to stationary state in
six hours.

• Comparison with observations indicate that the values of Km may be higher than
20 m2/s.

• The slopes are inhomogeneous and the flow is most likely not stationary, so the
turbulent transfer (the value of Km) is presumably not constant and uncertain.

• The cold northerly flow at the south coast of Iceland (Eyrarbakki) may be as much
a land-breeze as a katabatic wind.

39





Bibliography

[1] Arason, Þ. (1998). Mat á vindi á fyrirhuguðum brúm í Reykjavík.

[2] Ágústsson, H., Cuxart, J., Mira, A., Ólafsson, H. (2007). Observations and simu-
lation of katabatic flows during a heatwave in Iceland. Meteorologische Zeitschrift,
16(1), 99-110. Retrieved from haraldurolafsson.com

[3] Bengtsson, L., Andrae, U., Aspelien, T., Batrak, Y., Calvo, J., de Rooy, W., ...
Ivarsson, K. I. (2017). The HARMONIE–AROME model configuration in the AL-
ADIN–HIRLAM NWP system. Monthly Weather Review, 145(5), 1919-1935. Re-
trieved from https://journals.ametsoc.org/doi/pdf/10.1175/MWR-D-16-0417.1

[4] Bromwich, D. H., Bai, L., Bjarnason, G. G. (2005). High-
resolution regional climate simulations over Iceland using Polar
MM5. Monthly Weather Review, 133(12), 3527-3547. Retrieved from
https://journals.ametsoc.org/doi/pdf/10.1175/MWR3049.1

[5] Horst, T. W., Doran, J. C. 1986. Nocturnal drainage flow on simple slopes.
Boundary-Layer Meteorology, 34(3), 263–286.

[6] Icelandic Meteorological Office [IMO]. (2018-2019a). HARMONIE – Spákort. Re-
trieved from http://www.vedur.is/vedur/frodleikur/greinar/nr/3226

[7] Icelandic Meteorological Office [IMO]. (2018-2019b). Weather forecast based on
2.5 km horizontal resolution. Retrieved from the IMO database by request.

[8] Jónsson, T., 2003: Langtímasveiflur VI; Kuldaköst og kaldir dagar. -
Scientific report 03033, Veðurstofa Íslands, Reykjavík, 37 pp. Retrieved from
https://www.vedur.is/media/vedurstofan/utgafa/greinargerdir/2003/03033.pdf

[9] Livik, G. (2011). An observational and numerical study of local winds in Kongs-
fjorden, Spitsbergen (Doctoral dissertation, MS thesis, Geophysical Institute, Uni-
versity of Bergen, Bergen, Norway).

41



BIBLIOGRAPHY

[10] Mahrt, L. (1982). Momentum balance of gravity flows. Jour-
nal of the Atmospheric Sciences, 39(12), 2701-2711. Re-
trieved from https://journals.ametsoc.org/doi/pdf/10.1175/1520-
0469(1982)039%3C2701:MBOGF%3E2.0.CO%3B2

[11] Oerlemans, J., Björnsson, H., Kuhn, M., Obleitner, F., Palsson, F., Smeets, C. J.
P. P., ... De Wolde, J. (1999). Glacio-meteorological investigations on Vatnajökull,
Iceland, summer 1996: An overview. Boundary-layer meteorology, 92(1), 3-24. Re-
trieved from https://link.springer.com/content/pdf/10.1023/A:1001856114941.pdf

[12] Oerlemans, J., Grisogono, B. (2002). Glacier winds and param-
eterisation of the related surface heat fluxes. Tellus A: Dynamic
Meteorology and Oceanography, 54(5), 440-452. Retrieved from
https://www.tandfonline.com/doi/pdf/10.3402/tellusa.v54i5.12164

[13] Parmhed, O., Oerlemans, J., Grisogono, B. (2004). Describing surface fluxes in
katabatic flow on Breidamerkurjökull, Iceland. Quarterly Journal of the Royal Me-
teorological Society: A journal of the atmospheric sciences, applied meteorology
and physical oceanography, 130(598), 1137-1151.

[14] Prandtl, L. (1942). Führer Durch Die Strömungslehre, Braunschweig, F. Vieweg
Sohn.

[15] Reuder, J., Ablinger, M., Agústsson, H., Brisset, P., Brynjólfsson, S., Garham-
mer, M., ... de Lange, T. (2012). FLOHOF 2007: An overview of the mesoscale
meteorological field campaign at Hofsjökull, Central Iceland. Meteorology and At-
mospheric Physics, 116(1-2), 1-13.

[16] Stensrud, D.J., Mitchell, D.V. 1997. Simulating the Nocturnal Boundary Layer
During Low-Level Jet Events. Proceeding of the Seventh Atmospheric Radiation
Measurement (ARM) Science Team Meeting. March 3-7, 1997, San Antonio, Texas,
pp. 427-430, U.S. Department of Energy, Washington D.C.

42


