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ABSTRACT

On 12August 2009, a series of satellite images revealed asymmetric shedding of atmospheric vortices in the

lee of Mt. Snæfellsjökull, and their passage a distance of 120km across Faxaflói Bay and over the city of
Reykjavík inWest Iceland. After landfall, the vortices were detected by a network of surface weather stations.
These observations are presented and with the aid of a numerical simulation, they are discussed in view of
existing theories of orographic wakes and vortex shedding. In general, the flow is in line with existing
knowledge, but there is a remarkable absence of vortices with anticyclonic rotation. Atmospheric conditions
for vortices of this kind are most often favorable in late winter and spring and they are a forecasting challenge.

1. Introduction

Downstream of mountains, there is frequently an ex-

tended area of weak winds, referred to as a wake.

Mountain wakes are of particular interest in studies of

weather and climate because they feature a flow pattern

and flow speed that may be very different from the am-

bient flow,which ismost often reasonablywell reproduced

by numerical models, while the wake flowmay not be well

reproduced.

In general, mountain wakes are associated with back-

ground flow (upstream of the mountains) of strong static

stability, weak winds, high mountains or all of the above.

At values well above 1 of Nh/U, where N is the Brunt–

Väisälä frequency, h is the mountain height, andU is the

wind speed, the atmospheric flow is blocked on the up-

stream side of a mountain. Downstream, there is most

often a wake that may extend large distances away from

the mountain.

It is well established that vorticity may be produced in

stratified flow that impinges on an obstacle (e.g.,

Smolarkiewicz and Rotunno 1989a,b; Smith 1989b;

Hunt et al. 1997) and that potential vorticity and a

reduction in the value of the Bernoulli function inside

the wake is preceded by mixing and dissipation that may

be distributed widely inside the wake region or be con-

centrated in regions of gravity wave breaking (Schär and
Smith 1993a; Schär and Durran 1997).
Based on the work of Schär and Smith (1993a,b) and

Grubi�si�c et al. (1995), Smith et al. (1997) present wake

flow regimes as a function of mountain height, critical

mountain height for internal wave breaking, and the

Reynolds number. When the mountain height is well

above a critical mountain height for wave breaking

and the surface Reynolds number is large, there is

vortex shedding inside the wake. Earlier, a critical

value of 0.4 of the Froude number had been estab-

lished as an upper limit of the regime of vortex shed-

ding (see Etling 1989, 1990). An extensive description

of vortices in the atmospheric boundary layer down-

stream of a smooth mountain, based on numerical

simulations with ultrahigh resolution and including

series of sensitivity tests is given in Heinze et al.

(2012).

On 12 August 2009, unique observations were

made of vortex shedding downstreamofMt. Snæfellsjökull
in West Iceland and the advection of the vortices
over a dense network of automatic weather stations.
This case is presented and discussed in the present
paper.
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FIG. 1. Moderate Resolution Imaging Spectroradiometer (MODIS) images

(visible light, 250-m resolution) from theTerra andAqua satellites showing a part of

West Iceland at (a) 1210, (b) 1350, and (c) 1410UTC 12Aug 2009. Also shown in (a)

are the coastline, the locations ofMt. Snæfellsjökull (S), Reykjavík (R), Keflavík (K),
the Faxaflói bay (F), the direction of the large-scale flow, as well as the location of the
first vortex in the three satellite images.
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2. The atmospheric flow, generation, and shedding
of the vortices

On 12 August 2009, a series of consecutive satellite

images (Fig. 1) documented the advection of two atmo-

spheric vortices across the Faxaflói Bay in West Iceland
and their passage above the city of Reykjavík, Iceland. A
third vortex can also be detected, but not as clearly as the
first two. A pattern of elongated clouds wrapped up in
a circle with a localized clearing in a layer of stratus or
stratocumulus clouds is associated with the vortices and
makes them visible in the satellite imagery. Both the ob-
served vortices rotate counterclockwise and were shed
from Mt. Snæfellsjökull, a glacier-capped mountain reach-
ing 1446mabovemean sea level (MSL).Mt. Snæfellsjökull
is located at the westernmost tip of the approximately
80-km-long Snæfellsnes peninsula, which has an average
height of a few hundred meters with some 15 individual
peaks rising to 800–1000m MSL.

Upper-air observations from Keflavík, Iceland, at
1200 UTC 12August 2009 (Fig. 2), 100 km to the south of

Mt. Snæfellsjökull (but outside its wake), show a 3–4-K
inversion at 900 hPa (1000m) with winds of 5–6m s21

from the northwest in the atmospheric boundary layer.

The sounding reveals a thin layer of clouds at the top of

the boundary layer, above which the air is dry. Earlier

that day, the inversion was very close to the surface and

in the evening the same day, the winds in the boundary

layer turned to the west and later southwest.

According to the satellite images, the vortices were

advected some 120 km to the southeast, across Faxaflói
Bay in the same direction as the ambient flow at a speed
of 5–6m s21, which is similar to the boundary layer wind

speed in the sounding at Keflavík at 1200 UTC. The
satellite images indicate that the shedding period at the
mountain is close to 2h.
The mean sea level pressure is shown in Fig. 3. There is

a ridge of high pressure to the west of Iceland, leading to

a northwesterly breeze over West Iceland. No high-

resolution satellite images are available in the late after-

noon, but veering of the winds toward a more westerly

direction (putting the Snæfellsnes mountain range in the
place of the Snæfellsjökull wake) suggests that there were
no more vortices that day.
Approximately 5 h after the creation of the first vor-

tex, it passed above the city of Reykjavík. Its passage
over the city and further inland is documented by a dense
network of automatic weather stations in the Reykjavík
region (Figs. 4 and 5). Changes in the wind speed and

wind direction at 10m above ground level are an indicator

of the passage of the vortex aloft. At Veðurstofa Íslands
(VI; the Icelandic Meteorological Office) observations

FIG. 1. (Continued)
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of solar radiation show a continuous clearing in the cloud
cover from 1410 to 1440UTC, corresponding nicely to the
size and the speed of the eye of the first vortex in Fig. 1c.

After landfall, this vortex travels with similar speed as

before. It can be traced for more than 1h (25 km) using

gradually weakening signals in the observed winds from

six automatic weather stations, starting at 1410 UTC at

the westernmost weather station and ending at 1520 UTC

at the easternmost station in Fig. 5. As it progressed

farther inland it presumably eithermissed the subsequent

weather stations or had weakened too much to be de-

tected in the convective boundary layer over the land.

The vertical structure of the low-level atmosphere

revealed by the Keflavík radiosounding at 1200 UTC 12
August 2009 (i.e., a shallow layer of cold northerly winds
capped by potentially warmer air with weaker winds) is
not uncommon. Such structures, but with much stronger
winds are well known to be associated with violent
downslope winds in the winter (Ólafsson and Ágústsson
2007;Ágústsson and Ólafsson 2012). Here, the low-level

air mass arrives from the cold ocean at the east coast of

Greenland, while the air mass above the inversion ar-

rives from the west and is subjected to subsidence on the

eastern side of a mid- to upper-level ridge (Fig. 6).

3. Numerical simulations

To establish a clearer picture of the vortices and the

atmosphere in which they are embedded, the flow has

been simulated with the nonhydrostatic mesoscale Ad-

vanced Research Weather Research and Forecasting

(WRF) Model (ARW; Skamarock et al. 2005) with ini-

tial data from the European Centre for Medium-Range

Weather Forecasts (ECMWF) operational analysis. The

simulation domains are shown in Fig. 3. Their horizontal

resolution is 9, 3, and 1 km and there are 55 vertical

levels. The flow was also simulated with Interim

ECMWFRe-Analysis (ECMWF-Interim) data andwith

Global Forecast System (GFS) data as well as with the

upper-air observations from Keflavik Airport as con-

stant initial and boundary conditions. None of these

simulations gave better results in terms of creation and

shedding of vortices, and shall not be discussed further.

All the available PBL parameterization schemes were

tested. Only results from the simulation producing the

best results in terms of the depth of the boundary layer

and the sharpness of the inversion are presented here.

They are obtained using the Yonsei University (YSU)

PBL scheme (Hong et al. 2006; see also Shin and Hong

2011) which is a first-order closure scheme. The scheme

considers nonlocal mixing by convective large eddies. It

expresses nonlocal mixing by adding a nonlocal gradient

term to the local gradient of each prognostic mean

variable for heat and momentum components.

A clear signal of shedding vortices or plumes of warm

air are present in the simulation, but the vortices are

somewhat more diffuse than those observed; that is, the

simulation underestimates the turning of the surface

winds and the structured and stable circular flow pattern

observed in the satellite images is not quite as remark-

able in the simulation. This could possibly be due to

details in the vertical structure of the upstream flow, but

is more likely due to too much mixing at the top of the

boundary layer. A slight underestimation of the height

FIG. 2. Skew T–logp diagram from the Keflavík upper-air station
in southwest Iceland (Fig. 1) at 1200 UTC 12 Aug 2009. Shown are

observed (solid lines) and simulated at 1-km resolution (dashed

lines) temperature (dark gray, 8C) and dewpoint (light gray, 8C) as
well as wind barbs (2.5m s21 each half barb, observed to the right

and simulated to the left) with temperature/dewpoint on the lower

axis and height (hPa) on the vertical.

FIG. 3. Mean sea level pressure (hPa) in the ECMWF analysis at

1200 UTC 12 Aug 2009. Also shown are the locations of the nu-

merical domains, with the extent of the innermost domain similar

to that of the satellite images in Fig. 1.
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of the mountain at 1-km resolution (about 100-m dif-

ference between the real plateau below the narrow

peaks and the top of the model topography) may also

have an impact. There is a clear signal of a vortex in the

local small-scale trough in the surface pressure (marked

as 1 in Fig. 7), approximately two-thirds of the distance

fromMt. Snæfellsjökull to Reykjavík. The model results
are mostly correct, but even very small errors in the
speed (1ms21) and direction (108–208) of the impinging

flow inevitably lead to errors in the location and time of

landfall of the vortices several hours later. One simulated

disturbance makes landfall at approximately 1400 UTC

to the west of Reykjavík (not shown), coinciding quite

well with the timing of the observed vortex in Fig. 5,

but with a shift of several kilometers to the west when

compared to observations. The model produces at least

three vortices or plumes, two of which can be identified

with those seen in the satellite imagery (Fig. 1) although

they are shed a little too fast in themodel. A third vortex

signal is produced earlier and makes landfall at 1200 UTC

(marked as 0 in Fig. 7), but is neither confirmed by the

available satellite images, nor by the surface-based obser-

vations in the Reykjavík region. The vortices appear as
localized minima in the wind field and maxima in the vor-
ticity field (Fig. 8). The vortices are associated with local-

ized curved minima in the relative humidity field (Fig. 9),

FIG. 4. Observations of (a) 10-m wind speed F and direction D and (b) incoming solar ra-

diation I and sunshine S at VI (Fig. 5). The time of the vortex above the station is depicted by

the shaded region.
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resembling the vortex pattern in Fig. 1. Aloft, the vortices

are represented by columnar wind minima (Fig. 10) with

small pockets of reversed flow at the top of the boundary

layer. The vortices have a warm core and they are associ-

ated with a lowering of the top of the boundary layer.

To shed a light on the role of the orography on the

Snæfellsnes peninsula, to the east of Mt. Snæfellsjökull,
on the vortices and the flow in general, the atmosphere is
simulated with these mountains removed. The results
are shown in Figs. 8 and 10. In this simulation, there is an

extended, narrow, and wavy wake, but no clear vortices.

In the simulation where the mountains have been re-

moved, there is stronger low-level flow over the east part

of Faxaflói Bay, but the flow on each side of the wake of
Mt. Snæfellsjökull, close to themountain itself, is weaker
than if the entire mountain range is present. Upstream,
the stable layer is a little lower and more stable and the
flow inside the boundary layer is a little faster if the
mountain range is not present.

4. Seasonal variability

Winds from the northwest atmountain-top level and an

inversion between approximately 925 and 850hPa are

obviously conditions that are favorable for wake creation

with or without vortex shedding from Mt. Snæfellsjökull
toward Reykjavík. An insight into the seasonal vari-
ability of such situations is given in Fig. 11. The columns

indicate winds from the northwest at mountain-top level

(850hPa), coinciding with an inversion in the 925–850-hPa

layer. There is high frequency in the late winter and the

spring, but low frequency in the autumn and local minima

in February and July. As the frequency of the weather

conditions favorable for vortices of the kind described in

the present paper is a combination of winds and static

stability, both the frequency of northwesterlywinds and the

mean static stability are also presented in Fig. 11. The late

winter/spring high frequency, the low autumn frequency,

as well as the February and Julyminima correspond to the

variability of the frequency of northwesterly winds as well

as variability in the mean static stability.

5. Discussion

A number of morphological and dynamical parameters

of the flow and the vortices are given in Table 1. The

FIG. 5. Map of the Reykjavík region depicting the timing of the
passage of the vortex aloft as deduced from changes in wind speed
and direction at 10m observed at automatic weather stations. The

station at VI is marked with V (Fig. 4).

FIG. 6. Trajectories of air masses ending at 300 and 2000mMSL at

Mt. Snæfellsjökull at 1200 UTC 12 Aug 2009, calculated using the
Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT)
provided online by NOAA.

FIG. 7. Simulated surface pressure (hPa) at 1-km resolution

at 1200 UTC 12 Aug 2009. Also marked are the locations of

Reykjavík (R), vortices 0 and 1, as well as the cross section inFig. 10
across Mt. Snæfellsjökull and Faxaflói bay (dashed line).
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Brunt–Väisälä frequency N and the wind speed are cal-

culated from the radiosounding by averaging through

a layer below the mountain-top level [see aspects of flow

blocking and calculations ofN in vertically structured flow

in Ólafsson (1996b), chapter 5, and the extensive numer-

ical experiments of Reinecke and Durran (2008)]. The

parameter a is the along-flow distance between vortices,

and b is the across-flowdistancebetween vortices [same as

h inHeinze et al. (2012) andYoung and Zawislak (2006)].

The critical height for wave breaking hc is estimated

from linear theory fusing U and N as in Table 1 and es-

timating stagnation aloft [curve A in Smith’s (1989a) flow

diagram] for aspect ratio 1 to be close toNh/U51.2g and
numerical simulations by Ólafsson (1996a) and Ólafsson
and Bougeault (1996). The Reynolds number (Re) is de-

fined as h/(CD 3 L) as in Smith et al. (1997), where h is

mountain height,L is a length scale, and CD is the surface

drag, set to 0.001 (Stull 1988, chapter 7). The Fr (div) is the

Froude number based on the height of the dividing

streamline (hdiv) calculated using the equation Fr(div) 5
1 2 hdiv/H, where H is the mountain height (e.g., Snyder

et al. 1985; Etling 1989); hdiv is determined from the sim-

ulated flow, defined as the upstream height of the lowest

isentrope that reaches the mountain top.

The shallow-water Froude number [Fr (sw)] is calcu-

lated using Eq. (24) in Schär and Smith (1993a), the
Strouhal number is defined as L/(TeU), and the Rossby

number is U/(fL), where f is the Coriolis parameter and

Te is the period of vortex shedding.

A key parameter for the classification of the flow is the

nondimensional mountain height (Nh/U), often referred

to as the inverse Froude number. According to Snyder

FIG. 8. Simulatedwinds (m s21) with intervals of 1m s21 and vertical vorticity (s21) with intervals of 100 s21 at amodel level close to 35m

above the ground (a),(b) with true topography and (c),(d) with no mountains in the Snæfellsnes peninsula east of Mt. Snæfellsjökull.
Negative vorticity is indicated with dashed isolines. The zero isoline is omitted.
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et al. (1985) (see also Etling 1989, 1990), a Froude

number (based on the above definition ofN) below 0.4 is

a prerequisite for vortex shedding. This limit should of

course not be taken too literally for real flows with

nonuniform vertical profiles, but according to Table 1,

the present case is very close to this limit. However, in

terms of the Froude number calculated from the height

of the dividing streamline [Fr(div)] in Table 1, the

present case is not close to the upper limit for vortex

shedding. The difference between the values of the two

Froude numbers presented in Table 1 lies in the vertical

variability of the stability and the wind speed. The

strongest winds are in a near-neutral layer well below

mountain-top level, capped by the inversion with highN

and weak winds. Consequently, the dividing streamline

is almost as high as the mountain itself. A vertical re-

distribution of N and U giving lower N and greater U

immediately below themountain-top level would lead to

a larger part of the flow being able to flow over the

mountain and a Fr(div) closer to Fr.

In terms of the topographic data and the morpholog-

ical and dynamic parameters in Table 1, the present case

falls close to the laboratory and real cases studied by

Etling (1990). However, In terms of morphology, our

case is quite different from the classical Jan Mayen Is-

land vortices, which are typically quasi symmetric with

alternating direction of rotation. The present case does

not have symmetric and counterrotating vortices [b/d5 0

and a/b 5 ‘, see Young and Zawislak (2006)]. Yet, Jan

Mayen has a very similar h/L ratio. The Jan Mayen

Froude number (which is based on the dividing

streamline) is higher than in our case, but similar to the

N-based Froude number in our case (U/Nh). Most Jan

Mayen cases, such as the 6 June 2001 event (Heinze et al.

2012) do, however, have a larger Rossby number due to

stronger winds. There are, on the other hand, weak wind

cases at Jan Mayen with a clear asymmetry in favor of

the cyclonic vortices (e.g., 5 April 2012). Such an asym-

metry is also evident in the experiments of Heinze et al.

(2012, in their Fig. 11a). Mt. Snæfellsjökull is slightly
steeper on the west side than on the east side. This con-
tributes to a sharper shearline and more concentrated
vorticity on the cyclonic (west) side of the wake (Fig. 8).
This favors the cyclonic vortices. The removal of the

mountains to the east ofMt. Snæfellsjökull results not only
in stronger winds in their wake, but also upstream of the

FIG. 9. Simulated maximum humidity (%) in the lowest 2000m of

the atmosphere.

FIG. 10. (a)Wind speed (m s21), wind vectors, turbulence kinetic

energy (J kg21), and isentropes (K) in section A across Faxaflói
Bay, simulated at 1 km at 1200 UTC 12 Aug 2009. Also shown is

orography, dashed line at 4m s21, stagnant flow with a white line

(0m s21), and reversed flow with white dashed lines at 1m s21 in-

tervals. (b) As in (a), but with no mountains on the Snæfellsnes
peninsula, east of Mt. Snæfellsjökull.
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entire peninsula and a slight drop in the height of the
top of the boundary layer. As the upstream winds in-
crease, the (N based) Froude number increases. This

increase is only of the order of 0.1, but as the Froude

number of 0.4 is close to the critical value for vortex

shedding, it is not entirely surprising that there is only

a wavy wake with no clear shedding vortices when the

mountains are removed. This underlines not only the

strong sensitivity of the vortices to the characteristics

of the flow in which they are embedded, but it suggests

that the Froude number based on a simple averaging of

U and N separately, below mountain-top level, is indeed

predictive for the downstream flow as it is in idealized

flow configurations.

The present case falls far into regime III in Schär and
Smith (1993a, their Fig. 3) with high h/Zi (‘‘M’’ in Schär
and Smith 1993a) and a low shallow-water Froude

number. Regime III has a pierced fluid surface and

a wake with a reversed flow. As in Schär and Smith
(1993a), the simulated flow shows a pattern of hydraulic

jump or small-scale gravity wave breaking close to the

mountain. Downstream, there is a circular region of low

pressure (Fig. 7) and a dip in the isentropes at the top of

the boundary layer (Fig. 11) corresponding to a local

lowering in the height of the fluid associated with the

vortices in Schär and Smith (1993b).
To the extent that the regime thresholds are known,

the parameters in Table 1 place the current case well

within the regime of a wake with eddy shedding defined

by the work of Schär and Smith (1993a,b) and Grubi�si�c

et al. (1995) as presented in Fig. 1 in Smith et al. (1997).

Unlike the ‘‘weak wake’’ flow in Smith et al. (1997),

our case features clear vortices that are advected

downstream. The height of themountain is far above the

threshold of breaking waves and the fact that the in-

version is well belowmountain-top level provides a clear

upstream blocking of most of the flow below mountain-

top level. The low surface friction and small horizontal

scale provide a sufficiently high Reynolds number for

shedding of the vortices.

The qualitative structure of the vortices is reproduced

in the numerical simulation and elements such as a

warm core and cloud pattern are comparable with the

vortices simulated and Heinze et al. (2012). In fact, the

commalike cloud structure resembles very much a typical

Jan Mayen vortex street (e.g., Heinze et al. 2012, their

Fig. 1), apart from the absence of the counter-rotating

vortices.

Finally, the Strouhal number of our case is calculated

to be 0.3, which is within the range of vortex shedding

(Atkinson 1981, referenced by Schär and Smith 1993b),
but close to the upper limit of the shedding range.

The seasonal variability calls for some discussion. The

static stability cycle reflects the cooling of the air by the

ocean surface in the summer and the warming of the air

by the ocean surface in the winter. The result that the

FIG. 11. Seasonal variability of the following parameters: frequency of winds from the northwest

quadrant at 850hPa (solid line), mean temperature difference between 850 and 925hPa (T at

850hPa minus T at 925hPa: high value means strong mean static stability) in K (dotted line) and

frequency of flow [%of time (310)] from the northwest quadrant at 850hPa featuring an inversion

between 925 and 850hPa (columns and short solid horizontal lines). Based on radiosoundings at

0000 and 1200 UTC at Keflavik Airport (WMO 04018) 1993–2012.
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northwesterly flow is more frequent in late winter than

in the autumn is in line with frequency of blockings to

the southwest of Iceland (Barriopedro et al. 2006, from

their Fig. 7). In fact, favorable conditions for wake flow as

defined in Fig. 11 are almost exclusively when there is

a stationary high to the southwest of Iceland (see Fig. 12).

The February minimum coincides with high frequency

of southerly winds (Ólafsson and Ágústsson 2007;
Jónsson 2002) as the storm track is anomalously me-

ridional and lies between Iceland and Greenland. The

July minimum coincides with the time of the year when

thermally driven mesoscale flow is frequent. Heating of

the low-level air leads to a high at 850 hPa over Iceland

(close to the top of the boundary layer), generating

southerly flow over the Faxaflói Bay. The relatively high
frequency of wake flow in January is neither reflected in
the mean of the northwesterly winds nor in the mean
static stability, which is low in January. This underlines
the fact that the frequency or likelihood of events may
not be reflected in the mean values of individual flow
features of which they are composed.
The implications of the present study on local weather

forecasting needs to be highlighted. First, we have con-

firmed that vortices in the clouds at the top of the

boundary layer are connected with circulation at the

surface (Fig. 4). Nowcasts of wind direction may there-

fore benefit from detection and consideration of cloud

patterns like those described in this paper. Second,

forecasts up to far downstream of Mt. Snæfellsjökull in
weak winds with low-level inversions may not be very
reliable in terms of the persistence of wind direction.
That may be important for not only the distribution of
pollutants (certain management of waste may only take
place in favorable and persistent winds), but also for
temperature and concentration of pollen. In weak wind
situations, there can be very strong gradients in these
parameters along the coast. Correct forecast of wind
direction and probability of a change in the wind di-
rection is therefore very important for local forecasts of
temperature and pollen. Finally, the fact that only one of
the PBL schemes reproduced the vortices underlines
how sensitive these flow features can be to subgrid pro-
cesses.

6. Summary and conclusions

In this paper, a series of satellite images, an atmo-

spheric sounding, surface-based weather observations, as

well as high-resolution atmospheric simulations have

been used to explore an interesting case of vortices trav-

eling in the atmospheric boundary layer. The vortices

were asymmetrically shed from Mt. Snæfellsjökull on the
Snæfellsnes peninsula in West Iceland and advected
120km across the ocean until they made landfall in

Reykjavík where the progress of one of the vortices far-
ther inland was documented by surface-based observa-
tions. The flow is characterized by high-nondimensional
mountain height (low Froude number) and a Rossby
number indicating nonnegligible effects from the Coriolis
force. In general, the parameters governing the flow do
predict an upstream blocking and a wake with vortex
shedding according to previous results on stratified and
shallow-water flows. The flow resembles in all main as-
pects flows that lead to typical Jan Mayen vortex streets,
except that in this case, the Rossby number is somewhat
lower, there are hardly any winds at mountain-top
level, and Mt. Snæfellsjökull is not quite symmetric in
the sense that a low mountain range blocks some of the

TABLE 1. Fundamentalmorphological and dynamical parameters of the flow:N is the Brunt–Väisälä frequency;U is the wind speed; h is

mountain height;L is a characteristic length scale and the diameter of themountain; a is the along-stream distance between vortices; CD is

surface drag;Zi is the height of the inversion;Te is the period of vortex shedding; hc is a critical mountain height for internal wave breaking;

b is the cross-flow distance between vortices; Fr is the Froude number and Fr (div) and Fr (sw) are the Froude numbers based on the

dividing streamline and shallow water, respectively; St is the Strouhal number; Ro is the Rossby number; and Re is the Reynolds number.

N U h L a CD Zi Te hc h/Zi h/d a/h h/L h/hc

Nh/U

(Fr)

Fr

(div)

Fr

(sw) St Ro Re

0.009 s21 5m s21 1400m 10 km 30km 0.001 1000m 2h 600m 1.4 0 ‘ 0.14 2.3 2.5 (0.4) 0.05 0.2 0.3 4 100

FIG. 12. A composite mean sea level pressure (hPa) in cases of

Mt. Snæfellsjökull wake flow in January 1993–2012 as defined in

Fig. 11. Based on data from NOAA.
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low-level flow on its east side and that the west side of
Mt. Snæfellsjökull is steeper than its east side. The
asymmetry of the shape of Mt. Snæfellsjökull and geo-
strophic adjustment are most likely responsible for the
fact that the vortices in the present case do not form
a symmetric pattern of counter-rotating vortices, like in
a typical Jan Mayen vortex street case. Geostrophic ad-
justment with a Rossby number of 4 or even less at the
inversion level also appears to play a role. Needless to say,
it is very hard to forecast winds and cloudiness inside
a mountain wake with shedding vortices, even only a few
hours ahead. Not only is the timing of the passing of
the vortices uncertain, but so is the exact location of
landfall.
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