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1 Introduction

In this study, seasonal averages and temporal variability on different time-scales of surface wind
and air temperature over Iceland are analysed. It is part of research conducted by the University of
Iceland (Haskdli Islands; UI) and the Icelandic Meteorological Office (Vedurstofa Islands; IMO),
in the context of the project “Improved Forecast of Wind, Waves and Icing” (IceWind), funded
primarily by the Norwegian Top-Level Research Initiative (Toppforskningsinitiativet; TFI), in col-
laboration with national and private organisations in other Nordic countries. More specifically, the
work done at UI and IMO is part of IceWind Work Package 2, the goal of which is the development
of a wind atlas for Iceland, the identification of suitable wind farm sites, as well as carrying out
technical and market integration studies.

The primary data source for the wind atlas are mesoscale simulations, obtained with the Weather
Research and Forecasting (WRF) Model (Skamarock et al., 2008). To be able to evaluate the ac-
curacy of the model data, the goal of this study is to provide an observational basis for the recent
prevailing surface wind and air temperature conditions over Iceland. Although the main focus of
IceWind Work Package 2 is on winds, surface air temperature is included in the analysis due to
its close connection to atmospheric motion, and its importance for icing. The results discussed
here are based on station records, as well as operational analyses produced by the European Cen-
tre for Medium-Range Weather Forecasts (ECMWF), through four-dimensional variational data
assimilation, combining different types of observational data with a priori fields from short-term
predictions of the global meteorological model (Courtier, 1997; Andersson and Thépaut, 2008).

In this first of a series of reports, the climatological conditions at weather station locations are
analysed. Wind data are corrected for differences in anemometer heights. Otherwise, no attempt
is made to account for terrain effects, or sheltering and speed-up from local obstacles. Operational
analyses are included here for comparison, as they only contain large-scale effects, and no impact
from local obstructions. Gridded terrain models based on station data, covering all of Iceland and,
in simplified form, taking into account terrain elevation and sheltering, are discussed in Nawri et al.
(2012a). A comparison of local station data and terrain models for surface wind with WRF model
simulations is given in Nawri et al. (2012b), and a statistical correction of WRF model data based
on these comparisons is discussed in Nawri et al. (2012c).



2 Data

Quality controlled hourly surface measurements of wind speed and direction, as well as air tem-
perature, were obtained from the Icelandic Meteorological Office. Winds are measured at different
heights i above ground level (AGL), varying between 4.0 and 18.3 m. These differences are taken
into account following WMO guidelines (WMO, 2008), whereby wind speeds are projected to 10
mAGL by

In(10/z)
In(h/zo)
where for Iceland the surface roughness length zg over land is approximately 3 cm (WMO, 2008).
Surface air temperature is measured at 2 mAGL. The names, ID numbers, and coordinates of all
stations from which data was used are given in Tables 1 and 2, in alphabetical and numerical order,
respectively.

S(10m) = S(h) (1)

For any given variable, only those locations are considered, for which station records have at
least 75% valid data within any specific period under consideration. As a result of these selection
criteria, the stations shown in different figures may vary, depending on the variable and the season.
The lower limit of data availability is introduced to avoid biases in inter-station comparisons, which
may arise due to uneven missing data within a certain time period at some locations.

Thereby a compromise needs to be made between temporal coverage at individual locations, and
spatial coverage, determined by the number of stations with sufficient temporal data availability.
As seen in Figure 1, over the last decade there has been a steady increase in the number of stations
with 75% of valid hourly surface wind speed data within each year.

With a total of 145 stations with some wind data at any time within 2000-10, from 2006 onwards,
75% of all stations have a temporal coverage for surface wind speed of 75%. WRF model simula-
tions, which are used in related analyses, are available from 1 Sep 1994 until 2 Nov 2009. Since
the emphasis of IceWind is on establishing the current and recent past surface wind field over Ice-
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Figure 1. Number of stations with at least 50% (blue lines), 75% (green lines), and 95%
(red lines) of valid surface wind speed data within a given year. The dashed line at 109
represents 75% of the total number of stations (145).



land and its spatial and temporal variability, rather than its longterm climatological conditions, the
study presented here is limited to the 4-year period from 1 Nov 2005 until 31 Oct 2009, which
is covered by the WRF simulations, and provides the best balance between temporal and spatial
coverage.

Also used in this study are 6-hourly operational surface analyses for air pressure, temperature,
wind, and sea surface temperature from ECMWE, valid at 00, 06, 12, and 18 UTC (which is local
time in Iceland throughout the year). For the purpose of comparisons with operational analyses,
station data is reduced to the same 6-hourly time-step. The highest available resolution of analysis
fields is 0.125 degrees in longitude and latitude. A similar physical grid-spacing in meridional
and zonal direction over Iceland results with twice the angular grid-spacing in longitude. For
time-series derived from the operational analyses for specific station locations, a comparison is
made between fields with two different spatial resolutions: low-resolution fields with an angular
grid-spacing of 0.50 degrees in longitude, and 0.25 degrees in latitude; and high-resolution fields
with an angular grid-spacing of 0.250 degrees in longitude, and 0.125 degrees in latitude. The
physical grid-spacing is then 27.8 and 13.9 km in latitude, respectively. In longitude, along 65°N,
the physical grid-spacing is 23.5 and 11.7 km, respectively. The model terrain at both resolutions,
derived from the geopotential at the surface, is shown in Figure 2.

Figure 2. Terrain elevation as represented in operational analyses, as well as based on the
GLOBE and Icelandic digital terrain models (DTMs, see Section 2).



To relate the spatial variability of surface variables to terrain characteristics, a digital terrain model
(DTM) at a 100 x 100 m resolution was used (see Figure 2). This DTM was produced in 2004 by
the Icelandic Meteorological Office, the National Land Survey of Iceland (Landmelingar Islands),
the Science Institute of the University of Iceland (Raunvisindastofnun Héskdlans), and the National
Energy Authority (Orkustofnun).

For plotting purposes, lower-resolution digital elevation data from the Global Land One-km Base
Elevation Project (GLOBE), produced by the National Geophysical Data Center of the U. S. Na-
tional Oceanic and Atmospheric Administration, is used (see Figure 2). It has a homogeneous
30-arcsecond angular resolution.

3 Geography

The locations considered in this study, within the context of the GLOBE topography, are shown
in Figures 3 to 7. In regions with a high density of stations, some numbers are omitted for clarity.
Station locations are then indicated by black dots only.

There are large differences in the density of stations across Iceland, with the highest number of
stations on Reykjanes in the southwest, around Egilsstadir in the east, and around Akureyri in the
north. All stations included in this study are located below 900 m above mean sea level (mASL),
with 88 of the 145 stations (61%) located below 100 mASL. There are therefore no stations on
any of the glaciers. Additionally, no data is available for a large region with terrain mostly below
1000 mASL, extending northward from Vatnajokull and eastward from Myvatn to the coast. The
average shortest horizontal distance! between two stations is 15 km, with a maximum of 50 km.

Terrain statistics within 1 km around each station location, derived from the 100-m-resolution
DTM, are shown in Figure 8. Sheltering is defined as the difference between the maximum terrain
elevation within the 1-km radius, and the local elevation. Terrain slope is defined as the magnitude
of the local elevation gradient. Regional averages of terrain slope are distance weighted with ex-
ponential function exp(—ar), where r is the distance from the station location, and a = log(2)/r,
with half-width r;, = 1 km. Local elevation generally increases towards the interior of the island,
but a few elevated sites are within 30 km of the coast. Sheltering is largest in the Westfjords,
where weather stations are situated at low elevations within complex and high terrain. Intermedi-
ate sheltering is found in the east. Within the short distance of 1 km, characterising the immediate
station surroundings, elevation standard deviation and average slope show a similar spatial distri-
bution as sheltering. Terrain statistics within 30 km around each station are shown in Figure 9.
Here, elevation difference is defined as the difference between local terrain elevation and average
elevation, distance weighted as above, but with half-width r;, = 30 km. On this scale, resolved
at least by high-resolution operational analyses, the regional pattern of ruggedness becomes more
apparent, with some exposed stations primarily in the southwest, and sheltered stations primarily
in the Westfjords, in the north, and east.

"' All horizontal distances in this study are calculated along great circles on a spherical Earth at mean sea level.

10



Land surface area above a certain altitude, and therefore surface friction, decreases with altitude,
accompanied by a reduction in surface roughness, as tall vegetation and built-up areas become
increasingly sparse. Even without stronger forcing, this generally leads to an increase in surface
wind speed with terrain elevation. At a given elevation, terrain surface area per unit horizontal
area, and therefore surface friction, increases with ruggedness, such as measured by terrain slope.
This contributes to a reduction of surface wind speed over complex terrain. Additionally, under
stable flow conditions, blocking locally reduces wind speed, whereas channelling and flow over
low hills increases wind speed. The combined effects of elevated terrain on surface winds, even
qualitatively, is therefore difficult to predict.

Figure 3. Topography (based on the GLOBE digital terrain model) and locations of surface
weather stations in northwest Iceland.
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Figure 4. Topography (based on the GLOBE digital terrain model) and locations of surface
weather stations in northern Iceland.
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Figure 5. Topography (based on the GLOBE digital terrain model) and locations of surface
weather stations in eastern Iceland.
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Figure 6. Topography (based on the GLOBE digital terrain model) and locations of surface
weather stations in southern Iceland.
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Figure 7. Topography (based on the GLOBE digital terrain model) and locations of surface
weather stations in southwest Iceland.
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Figure 8. Terrain statistics within 1 km around weather station locations derived from the
Icelandic digital terrain model (see Section 3). Terrain elevation contour lines are drawn

at 1000 and 1500 mASL.
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Figure 9. Terrain statistics within 30 km around weather station locations derived from the
Icelandic digital terrain model (see Section 3). Terrain elevation contour lines are drawn
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4 Methodology

This section describes different methods of deriving time-series at station locations from opera-
tional analysis fields, and the calculation of stereographic projections of horizontal wind vectors.

4.1 Selection of Local Values from Analysis Fields

For comparisons between operational analyses and surface station data, appropriate values, cor-
responding to individual station locations, need to be selected from the gridded fields. Generally,
however, station locations do not coincide with any grid-point. For that reason, different selection
methods are discussed in this section.

The representativeness of local values largely depends on the horizontal variability of meteoro-
logical fields, which varies greatly between different variables. For seasonally averaged fields of
mean sea level air pressure (MSLP), shown in Figure 10, terrain effects are eliminated by the use
of one reference level, resulting in fairly smooth wavelike spatial patterns. In winter, absolute
pressure values are lower than in summer, with low pressure centres situated predominantly to the
west-southwest of Iceland, and with the most intense pressure gradients over the western part of
the island. In summer, the lowest pressure is found predominantly to the south-southwest of Ice-
land, with the strongest gradients along the northern coast. Correspondingly, geostrophic winds at
mean sea level in winter are strongest in the west, with prevailing directions from the southeast.
In summer, geostrophic winds weaken over the land, but intensify along the northern coast from
east-northeasterly directions.

As shown in Figure 11, in contrast with MSLP, seasonally averaged analysis fields of surface
wind speed have spatial patterns of well-defined maxima and minima over the land, which are
inconsistent with those of the geostrophic wind at mean sea level, and must therefore be due to
terrain effects as described in the ECMWF operational model. In fact, the highest wind speeds
occur over the highest model terrain (see again Figure 2), whereas the the lowest wind speeds
occur over the most rugged terrain of the island, as measured by regionally averaged terrain slope
(see again Figure 9). Analysed surface wind speeds over the land are higher in winter than in
summer. However, there is a proportionally greater wintertime increase in surface wind speed over
the ocean. Consequently, especially in winter, there is a strong gradient between land and ocean
grid-points. Due to the complex coastline of Iceland, several outlying land areas are not resolved
by the ECMWF operational model. Most significantly, the western end of Snafellsnes and the
northern tip of the Westfjords are classified in analyses as ocean areas. Similarly, smaller islands
off the southern and northern coast are not recognised by the operational model. In these places,
the nearest land grid-point, for low- and high-resolution fields, is tens of kilometres away from
station locations.

18
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Figure 10. Average mean sea level pressure in winter (DJF) and summer (JJA) based on

low- and high-resolution operational analyses. Terrain elevation contour lines are drawn
at 1000 and 1500 mASL.

Surface air temperature, shown in Figure 12, also shows a clear dependence on model terrain
elevation, with a strengthening of near-coastal gradients in winter.

The different selection methods for local values which were tested are:?

a) Linear interpolation from the four surrounding grid-points, taking into account only the relative
distances from the weather station, regardless of land or ocean grid-points.

b) Choosing the value at the nearest land grid-point.

¢) A mixed approach: If for a station location the surrounding four grid-points are either all over
land or all over the ocean, according to the land—sea mask of the operational model, method a) is
used; otherwise, method b).

A comparison between the results for annually averaged surface wind speed derived by the three
different methods, using low-resolution analysis fields, is shown in Figure 13. There are no sig-
nificant differences between linearly interpolated and nearest-neighbour values in the interior of

2Variations of method a) using different weights for land and ocean grid-points were tested and found to be of
inconsistent value. Likewise, as a modification of method b), calculating the average between the nearest and the
nearest land grid-point did not lead to general improvements.
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Figure 11. Average surface wind speed in winter (DJF) and summer (JJA) based on low-
and high-resolution operational analyses. Terrain elevation contour lines are drawn at
1000 and 1500 mASL.

the island. As may be expected from Figure 11, on the western end of Snafellsnes, and at the
northern tip of the Westfjords, linearly interpolated values, using “off-shore” grid-points, are too
large. Considering the other coastal locations, there is no bias towards either too high or too low
values. By contrast, nearest-neighbour values along the coast are generally too low. The mixed
method results in nearest-neighbour values north of Akureyri and east of Egilsstadir, which are
too low. However, too high linearly interpolated values on Snafellsnes, at the northern tip of the
Westfjords, and on Langanes in the northeast are maintained. For high-resolution analysis fields,
there are only very few “coastal” locations with mixed land—ocean surrounding grid-points. The
results then, at almost all station locations, are identical to linear interpolation. Overall, linear
interpolation appears to provide the best results, and is employed throughout the rest of the analy-
sis. Surface wind speed from operational analyses at station locations will always be referring to
interpolated values from horizontal fields of wind speed, rather than the speed of interpolated wind
vectors.
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Figure 12. Average surface air temperature in winter (DJF) and summer (JJA) based on

low- and high-resolution operational analyses. Terrain elevation contour lines are drawn
at 1000 and 1500 mASL.
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4.2 Stereographic Projection of Wind Vectors

For all maps presented here, a stereographic projection is used, requiring special consideration for
the transformation of wind vectors.

On the curved surface of the Earth, the horizontal wind vector can be written as
v=ui+vj, 2)

with orthonormal unit vectors (i, j), oriented along the longitudinal and latitudinal coordinate axes,
respectively, with corresponding velocity components (u,v). Since stereographic projections are
conformal, right angles between unit vectors are preserved. The projected wind vector on the flat
figure plane can therefore still be written as

vV =ui+Vj, (3)

where the new set of orthonormal unit vectors (i’, j') is derived by mapping stereographically the
angular differentials (dA,d¢), corresponding to (i, j), onto the vector differentials (dx’,dy’) in the
figure plane. The normalised unit vectors are then given by

dx’

o/ - " 4

i x| “4)
dy'

./

jl==" ®)
|dy'|

Additionally, the angles between the unit vectors (i, j) and v need to be preserved by the new unit

vectors (i’, j') and v'. This requires that

Y

—=_. (6)

u u

Finally, it is required here that the projected wind vectors at different locations across the domain
have the same relative lengths as in the original velocity field. This implies that

Vu'? +v2 =cvu? +v? 7

with an arbitrary positive scaling constant c¢. Together with (3) and (6), the projected wind vector
is then given by
vV =c (ui' + vj/) . ()
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5 Seasonal Averages

For the purpose of comparison, in calculating local seasonal averages, for each missing value
in surface station data, the corresponding value is removed from the time-series derived from
operational analyses. No significant differences exist between seasonal averages based on either
hourly or 6-hourly time-series (not shown).

5.1 Surface Wind

Local averages of hourly measured surface wind speeds in winter and summer are shown in Fig-
ure 14. Consistent with previous findings (Einarsson, 1984; Blondal et al., 2011), winds are weaker
in summer, due to weaker pressure gradients over the island (see again Figure 10). In winter and
summer, generally the highest wind speeds are found over the interior highlands. In winter, inter-
mediate and high measured wind speeds at low elevations also exist along the north and southwest
coast. As pointed out by Einarsson (1984), by far the highest surface wind speeds are measured at
the southernmost station on Vestmannaeyjar, due to its location on a low hill and near a cape on the
mainland. Due to sheltering, the weakest measured winds in winter occur in the Westfjords and
the eastern part of the island. In summer, the weakest winds are found in the Westfjords. Calcu-
lating averages for the cold season from September through April, and for the warm season from
Mai through August, as well as projecting surface measurements to 90 mAGL using logarithmic
vertical profiles, the same regional patterns of high and low wind speeds were found by Blondal
et al. (2011).

In winter, there are a few high-wind outliers compared with neighbouring stations, which can partly
be explained by nearby terrain features. Station 1496 (Skardsmyrarfjall) is located to the west of
Station 1493 (Olkelduhdls), and somewhat higher up on Skardsmyrarfjall (see Figures 7, 8, and 9).
Station 6017 (St6rhofdi) is located to the south of Station 6015 (Vestmannaeyjaber), on a low hill
at the southern tip of Heimaey, the main island of the Vestmannaeyjar archipelago (see Figure 7).
It therefore has a greater exposure to strong off-shore winds. Station 5960 (Hallormsstadahdls) is
located on a ridge to the east-southeast of Station 4060 (Hallormsstadur) (see Figure 5).

In contrast, Station 6235 (Tindfj6ll), located on the southwest slope of Tindfjoll (see Figure 6),
experiences only a small increase in average wintertime wind speeds, despite the fact that it is
situated about 700 m above the average regional elevation. Similarly, Station 3752 (Siglufjordur)
is at a significantly higher local elevation than nearby Station 3754 (Siglunes) towards the northeast
(see Figure 4). Nonetheless, it has a slightly weaker average wintertime surface wind speed due to
its sheltered location at the head of Siglufjordur, compared with Station 3754, which is located at
the open coast.

Figure 14 also shows the comparison between seasonal averages of measured surface wind speed
and linearly interpolated values from low- and high-resolution operational analyses. Differences
in seasonal averages between analysis fields with different resolutions are negligible. As for the
annual averages discussed in Section 4.1, linearly interpolated analysed wind speeds, in winter and
summer, on Snefellsnes are too high, whereas in the interior, analysed speeds are almost exclu-
sively too low, particularly in the Périsvatn area west of Vatnajokull, as well as around Akureyri
and east of Egilsstadir.
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Figure 14. Average surface wind speed in winter (DJF) and summer (JJA) based on local
observational time-series and linearly interpolated operational analyses.

Seasonally averaged measured surface wind vectors for low speeds (2 < speed < 5ms~!) are
shown in Figure 15. For weak winds, the influence of temperature gradients is clearly noticeable at
nearly all locations (compare with Figure 12). Especially during winter, prevailing surface winds
flow from low to high temperatures, downslope in the interior of the island, and off-shore along the
coast. In summer, as seen in the following section, the surface air temperatures around Vatnajokull
in the analyses are too low. Nonetheless, the reversal of land—sea temperature gradients compared
with winter along the coast is well represented, and results in prevailing on-shore winds in most
places. This has previously been discussed by Einarsson (1984). Exceptions are found at outlying
locations in the north, where east-northeasterly surface winds are affected by large-scale pressure
gradients (shown in Figure 10), as well as in the southwest region, where summertime temperature
gradients are weak.
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Figure 15. Average surface wind vectors in winter (DJF) and summer (JJA) based on
local observational time-series and linearly interpolated operational analyses, taking into
account low surface wind speeds (2 < speed < 5ms™!).
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For intermediate and high measured surface wind speeds (speed > 5 m s~ 1), in both seasons, strong
easterly and southeasterly winds dominate near the coast in the western part of the island (see
Figure 16), where large scale geostrophic winds combine with local temperature gradients (refer
again to Figures 10 and 12). Inconsistency between large-scale and local forcing in the east results
in weaker average wind vectors. The largest seasonal difference in intermediate to strong surface
winds is found in the region south of Hunafl6i (east of the Westfjords), where wind direction
variability in summer is reduced in favour of a higher occurrence of on-shore northerly winds. In
the Myvatn area in the northeast, a change occurs from southerly off-shore winds in winter, to
northerly on-shore winds in summer.

As for wind speed, differences in seasonally averaged wind vectors derived from operational analy-
sis fields with different resolutions are negligible. In winter, the prevailing weak to strong off-shore
flow is well represented in the analyses. In summer, weak to strong winds along the northern coast
have a too large northerly component, while there are too strong easterly average winds in the
Poérisvatn area.
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Figure 16. Average surface wind vectors in winter (DJF) and summer (JJA) based on
local observational time-series and linearly interpolated operational analyses, taking into
account intermediate to high surface wind speeds (speed >5ms™!).
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5.2 Surface Air Temperature

Local and regional averages of surface air temperature in winter and summer are shown in Fig-
ure 17. These results are qualitatively consistent with those obtained by Bjornsson et al. (2007)
and Crochet and Jéhannesson (2011), although different periods were analysed in those studies.
Contrary to surface wind speed, there are no significant outliers. In winter and summer, the lowest
measured temperatures exist in the interior of the island. In winter, temperatures along the coast
vary little, with only slightly higher values in the south. In summer, the highest temperatures at
low elevations are found in the southwest. As for surface wind, there are no significant differences
between seasonal averages derived from operational analysis fields with different spatial resolu-
tions. In the interior, the seasonal cycle is too weak compared with measurements, primarily due
to too high wintertime temperatures.

In the previous subsection, the connection between surface air temperature gradients and surface
winds was discussed in relation to the seasonal reversal of near coastal wind directions. Comple-
mentary to this, differences in surface air temperature during either on- or off-shore wind condi-
tions will be discussed here. For this, that component of the local wind vector is calculated, that
points into the direction from the station location to 18.35°W and 64.77°N, located halfway be-
tween Hofsjokull and Vatnajokull, approximately in the centre of the island. Wind conditions at
each individual location are then separated into cases in which the inland component of the local
wind vector is either positive or negative. Additionally, for comparison with surrounding surface
air temperatures and sea surface temperatures, operational analysis fields are separated into cases
during which the average of the inland component of the wind vector at all locations below 100
mASL is either positive or negative. For each class of wind conditions, the average surface air
temperature at each station location for winter and summer is then calculated.

The results for averages based on station data are shown in Figure 18, whereas Figure 19 shows
the results for station averages based on low-resolution operational analyses. As Einarsson (1984)
pointed out, surface air temperatures over Iceland are strongly influenced by large temperature
differences between the surrounding ocean currents. The Irminger Current, a branch of the warm
North Atlantic Drift, encircles the western half of the island, while the East Icelandic Current,
a branch of the cold East Greenland Current, passes southward along the east coast. It is found
here that, in winter, the coldest temperatures over land are situated further northeast with on-shore
than with off-shore winds. Also, the temperatures in the southwest are significantly warmer with
on-shore winds. These changes are well represented in the operational analyses.

This increase in the northeast to southwest temperature gradient across the island with on-shore
winds is consistent with differential temperature advection associated with the north to south gra-
dient in air and sea surface temperatures. Northerly onshore winds lower surface air temperatures
over the northern half of the island, whereas southerly onshore winds increase temperatures over
the southern half of the island. With offshore winds from the elevated interior of the island, tem-
peratures along the coast are more homogeneous. Based on the operational analyses, relatively
cold off-shore flow is seen to extend several kilometres over the ocean. In summer, low-elevation
measured and analysed surface air temperatures near the coast are very similar to the surround-
ing sea surface temperatures. Consequently, there is no significant impact on average land-based
temperatures from winds with either on- or off-shore directions.
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Figure 17. Average surface air temperature in winter (DJF) and summer (JJA) based on
local observational time-series and linearly interpolated operational analyses.
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Figure 18. Average land surface air temperature (coloured dots) in winter (DJF) and sum-
mer (JJA) at station locations for local observational time-series, and average surface air
temperature over the ocean from high-resolution operational analyses, separated into cases
with on-shore or off-shore surface winds (see Section 5.2).
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Figure 19. Average land surface air temperature (coloured dots) in winter (DJF) and sum-
mer (JJA) at station locations for linearly interpolated low-resolution operational analyses,
and average sea surface temperature from high-resolution operational analyses, separated
into cases with on-shore or off-shore surface winds (see Section 5.2).
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6 Temporal Variability

A meaningful characterisation of inter-annual variability requires longer time-series than those
used in this study. Therefore, the seasonal cycle is the longest dominant mode of variability re-
solved in the data record.

For surface air temperature, the magnitude of the seasonal cycle can easily be quantified by taking
the difference between summer and winter averages. In contrast, as seen below, for surface wind
speed, generally two maxima of monthly mean values occur in spring and autumn. However, this
is not consistently the case throughout the island. Therefore, as a generally applicable measure of
the magnitude of the seasonal cycle of any variable, the standard deviation of monthly averages
throughout the year will be used. Complementary, the measure of variability on sub-monthly time-
scales, or time-scales of transient weather systems, is defined as the average of standard deviations
for each individual month. With the average and standard deviation over any sequence of numbers
denoted by E[ | and D[ |, respectively, and with monthly averages and standard deviations over
a given time-series S;, at the i-th location, denoted by E,[S;] and D,,[S;], these two measures of
variability are formally defined as

A[S;] = DIEn[S/]] ©)

for seasonal variability, and
MIS;] = E[D[Si]] (10)

for sub-monthly variability. No significant differences exist for these two measures of variability
between either hourly or 6-hourly time-series.

Finally, on the shortest resolved time-scale, that of the sampling rate, temporal variability is defined
as root mean square tendencies,

RI[Si] :A_l\/E [(Si(l-i—A) —Si(0)?], (11)

where A is the time interval between subsequent data points (6 hours in this study). For time-series
of wind direction, which have discontinuities around north, the differences (S;(r +A) — S;(¢)) in
degrees are reduced to the half-open interval (—180, 180].

6.1 The Seasonal Cycle

For the calculation of seasonal cycles of surface air temperature and surface wind speed, stations
are separated either by local terrain elevation, or by geographical region.

According to terrain elevation, zg, stations are classified as

low coastal for 0 < z; < 15 m,
high coastal for 15 < z; < 50 m,
intermediate for 50 < z; < 400 m,
high for z; > 400 m.
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According to longitude, Ay, and latitude, ¢, stations are classified as belonging to

the northwest region for A; < —18°E and ¢ > 65°N,
the northeast region for A; > —18°E and ¢ > 65°N,
the southwest region for A; < —18°E and ¢; < 65°N,
the southeast region for A; > —18°E and ¢, < 65°N.

Thereby, to avoid biases due to different numbers of inland and coastal stations within different
regions, as well as different numbers of low- and high-elevation stations, for the regional classifi-
cation only stations with local elevations below 50 mASL are used. These stations invariably are
near the coast.

Ensemble averaged seasonal cycles of surface air temperature for stations separated according to
local terrain elevation, based on measurements and operational analyses, are shown in Figure 20.
At all elevations, the lowest monthly temperatures occur in February, and the highest in July,
although near the coast, August remains almost as warm. As for seasonal averages, differences
between monthly ensemble averages derived from analyses with different spatial resolutions are
negligible. Atlow elevations up to 50 mASL, on average, analysed winter temperatures are slightly
too low. At intermediate elevations, where measured winter temperatures are about 1 K lower than
at low elevations, there is a close match between observations and analyses. At elevations above
400 mASL, overall and especially wintertime measured temperatures are several degrees lower
than at the coast. As seen before, based on operational analyses, the magnitude of the seasonal
cycle is too small, with slightly too cold summer temperatures, and too warm winter temperatures.

Ensemble averaged seasonal cycles of surface air temperature for stations separated according
to region are shown in Figure 21. As can be seen from this regional comparison, the too low
wintertime temperatures in the analyses for low-lying stations (as seen in the previous figure), are
mostly due to locations in the north. Low-elevation summer temperatures are around 10°C in July
and August, with the exception of the southwest region, where monthly temperatures in July peak
at about 12°C. The lowest winter temperatures in February are about 1-2 degrees lower in the
northern part of the island, compared with the south.

Ensemble averaged seasonal cycles of surface wind speed for stations separated according to local
terrain elevation are shown in Figure 22. At low elevations near the coast, there are only small
differences between ensemble averages of observations and operational analyses. On average,
below 400 mASL, surface wind speeds are 4 m s~! in summer, and around 6 m s~! in autumn
and winter. Above 400 mASL, there is a noticeable increase in ensemble averaged measured wind
speed. At those higher elevations, consistent with the results discussed in the previous section,
analysed wind speeds are consistently too low. The timing of the lowest and highest wind speeds,
on average, is the same at all elevations, and well represented by the analyses.

As seen in Figure 23, at low elevations, there are no significant differences in ensemble averaged
surface wind speeds between different regions.
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Figure 20. Seasonal cycle of surface air temperature at different locations (dashed black
lines), classified according to station elevation. Also shown are ensemble averages within
each group for observations (blue lines), and high-resolution analyses (red lines). Results
for low-resolution analyses (green lines) are mostly hidden by those for high-resolution
analyses.

6.2 Surface Wind

Temporal variability on seasonal and sub-monthly time-scales of surface wind speed based on
station data and operational analyses, is shown in Figure 24. On a seasonal time-scale, there is no
consistent spatial pattern in temporal variability, although the highest values are found at the coast.
On shorter time-scales up to one month, with the exception of a few high-variability outliers at
the coast, variability generally decreases from the centre of the island outwards. The main high-
variability outlier on a sub-monthly time-scale is Station 6017 (St6rhofd1), situated (as mentioned
in Section 5.1) on a low hill on the southern tip of Heimaey. This station not only has the highest
average surface wind speeds, but is also in the region with typically the lowest mean sea level
pressure throughout the year (refer again to Figure 10). The high temporal variability of surface
wind speed on short time-scales is therefore most likely related to cyclone activity. Differences
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Figure 21. Seasonal cycle of surface air temperature at different locations (dashed black
lines), classified according to region. Also shown are ensemble averages within each group
for observations (blue lines), and high-resolution analyses (red lines). Results for low-
resolution analyses (green lines) are mostly hidden by those for high-resolution analyses.

between variability derived from analysis fields with different spatial resolution, on both time-
scales, are negligible. On a seasonal time-scale, variability is well-represented in analyses, as far
as spatial patterns are concerned, although the seasonal cycle is underestimated in the southwest
and the Myvatn area. One high-variability outlier is Station 2862 (Hornbjargsviti), located at
the northern tip of the Westfjords. The large annual cycle there is overestimated in analyses,
and largely driven by oscillations in the intensity of off-shore winds to the northwest of Iceland
(see Figure 11). On sub-monthly time-scales, analysed temporal variability is generally too low,
especially in the interior where, as discussed in Section 5.1, also seasonally averaged surface wind
speeds are underestimated.
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Figure 22. Seasonal cycle of surface wind speed at different locations (dashed black
lines), classified according to station elevation. Also shown are ensemble averages within
each group for observations (blue lines), low-resolution analyses (green lines), and high-
resolution analyses (red lines).

As shown in Figure 25, root mean square tendency (RMST) of measured surface wind direction
generally decreases with wind speed, although at some locations, wind direction variability in-
creases again at high speeds. This increase is also seen at many coastal locations in the operational

analyses, especially in winter.

Some consistent regional differences exist for wind direction variability. For low surface wind
speeds (2 < speed < 5 m s~ 1), this is shown in Figure 26. In winter, the wind direction variability
is lowest on Reykjanes and to the southeast of the peninsula, whereas the highest values are found
around Egilsstadir, Akureyri, and in the Westfjords. In summer, wind direction variability gener-
ally increases throughout the island, as diurnally oscillating thermal wind systems become more

important.
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Figure 23. Seasonal cycle of surface wind speed at different locations (dashed black lines),
classified according to region. Also shown are ensemble averages within each group for ob-
servations (blue lines), low-resolution analyses (green lines), and high-resolution analyses
(red lines).

As shown in Figure 27, for intermediate and high surface wind speeds (speed > 5 m s~!), wind
direction is generally more steady than for weak winds. In winter, there are no significant regional
patterns. In summer, locations with high wind direction variability are primarily within 30 km
of the coast. One high-variability outlier in summer is Station 6499 (Skaftafell), situated in a
sheltered location at the southern edge of Vatnajokull, with low seasonally averaged wind speeds.
The neighbouring station to the southeast is Station 5309 (Fagurh6lsmyri), where summertime
wind speeds are greater by a factor of 6. Intermediate winds at Station 6499 generally coincide
with strong winds at the nearest station. Therefore, shear induced turbulence, related to the elevated
terrain, is likely to be the cause for the high wind direction variability.
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6.3 Surface Air Temperature

Temporal variability on seasonal and sub-monthly time-scales of surface air temperature based
on station data and operational analyses, is shown in Figure 28. As is expected, measurements
show that the seasonal cycle is largest in the centre of the island, and decreases towards the coast.
Variability on shorter time-scales of up to one month is highest in the region of relatively flat
terrain between Myvatn and the northern slopes of Vatnajokull. Qualitatively, these results are
consistent with those found by Gylfadéttir (2003) and Bjornsson et al. (2007), although in these
studies different measures of temporal variability within a different time period were used. As seen
in Sections 5.2 and 6.1, operational analyses greatly underestimate the seasonal cycle in surface
air temperature in the interior of the island, most significantly in the Sprengisandur and Périsvatn
area to the west and northwest of Vatnajokull. Closer to the coast, seasonal variability is well-
represented by analyses. Also, on sub-monthly time-scales, analysed variability of surface air
temperature within the interior is significantly too low compared with observations.
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Figure 24. Temporal variability on seasonal and sub-monthly time-scales (see Section 6) of
surface wind speed based on 6-hourly local observational time-series and linearly interpo-
lated operational analyses.
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Figure 25. Root mean square tendency (RMST) of surface wind direction as a function of
wind speed in winter (DJF) and summer (JJA) for hourly local and regionally averaged
observational time-series.
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Figure 26. Root mean square tendency of surface wind direction in winter (DJF) and sum-
mer (JJA) at station locations for hourly local and regionally averaged observational time-
series, taking into account low surface wind speeds (2 < speed < 5ms~!).
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Figure 27. Root mean square tendency of surface wind direction in winter (DJF) and sum-
mer (JJA) at station locations for hourly local and regionally averaged observational time-
series, taking into account intermediate to high surface wind speeds (speed > 5ms™!).
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Figure 28. Temporal variability on seasonal and sub-monthly time-scales (see Section 6)
of surface air temperature based on 6-hourly local observational time-series and linearly
interpolated operational analyses.
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7 Summary

In this report, an analysis is presented of the station record for surface wind and temperature over
Iceland during the 1 Nov 2005 to 31 Oct 2009 period, considering all stations with at least 75% of
valid data. These results are compared with operational surface analyses from the European Centre
for Medium-Range Weather Forecasts. Different selection methods for values corresponding to
station locations from the gridded analysis fields were discussed. The relative performance of
different methods varies along the coast. However, it was argued that overall the best results are
obtained by linear interpolation.

Surface Wind Conditions

No significant differences are found between seasonal averages based on either hourly or 6-hourly
time-series.

Generally, winds are weaker in summer than in winter, consistent with weaker pressure gradients
over the island. In winter and summer, the highest regional wind speeds are found in the interior.
In winter, intermediate and high wind speeds at low elevations also exist along the north and
southwest coast. Regionally the weakest surface winds in winter occur in the Westfjords and the
eastern part of the island. In summer, the weakest regional winds are found in the Westfjords.
Especially in the Westfjords, this is most likely due to the strong terrain sheltering at low-lying
observation sites. Based on the large-scale pressure gradients over that region, winds over higher
terrain are likely to be intense.

For weak winds, the influence of temperature gradients is clearly noticeable at nearly all locations.
Especially during winter, prevailing surface winds flow from low to high temperatures, downslope
in the interior of the island, and off-shore along the coast. In summer, land — sea temperature
gradients result in prevailing on-shore winds in most places. Exceptions are found at outlying
locations in the north, where east-northeasterly surface winds are affected by large-scale pressure
gradients, as well as in the southwest region, where summertime temperature gradients are weak.

For intermediate to strong surface winds in both seasons, easterly and southeasterly directions
prevail near the coast in the western part of the island, where large scale geostrophic winds combine
with local temperature gradients. Inconsistency between large-scale and local forcing in the east
results in weaker average wind vectors.

On monthly to annual time-scales, no significant differences exist between variability of hourly and
6-hourly time-series. On a seasonal time-scale, there is no consistent spatial pattern in temporal
variability. On shorter time-scales up to one month, with the exception of a few high outliers at the
coast, temporal variability generally decreases from the centre of the island outwards.

Root mean square tendency of surface wind direction decreases with wind speed. It has the lowest
regional values over Reykjanes, and the highest regional values in the east, the north, and over
the Westfjords. Wind direction variability generally increases in summer, as thermal wind systems
become more prevalent.
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The increase in wind speed with terrain elevation, seen in observations, is underestimated in oper-
ational analyses, since the model terrain is considerably too low. Additionally, there is a decrease
in analysed wind speed in regions with rugged terrain. Consequently, analysed wind speeds in
the interior of the island are almost exclusively too low. Too high values are found primarily on
Snafellsnes, and to a lesser extent at some locations along the north coast. Aside from these dif-
ferences in absolute values, the timing of monthly minima and maxima throughout the year is well
represented in operational analyses.

In winter, the prevailing off-shore flow is also well represented in analyses. However, in summer,
winds along the north coast have a too strong northerly component, while there are too strong
easterly average wind vectors in the Porisvatn area.

Surface Air Temperature

There is a well-defined decrease in seasonal averages of surface air temperature with local terrain
elevation. Therefore, in winter and summer, the lowest temperatures exist in the interior of the
island. In winter, temperatures along the coast vary little, with only slightly higher values in the
south. In summer, the highest temperatures at low elevations are found in the southwest.

In winter, the coldest temperatures over land are situated further northeast with on-shore than
with off-shore winds. Also, the temperatures in the southwest are significantly warmer with on-
shore winds. These changes are well represented in the operational analyses. This increase in the
northeast to southwest temperature gradient across the island with on-shore winds is consistent
with differential temperature advection associated with the north to south gradient in air and sea
surface temperatures. In summer, low-elevation measured and analysed surface air temperatures
near the coast are very similar to the surrounding sea surface temperatures. Consequently, there is
no significant impact on average land-based temperatures from winds with either on- or off-shore
directions.

The seasonal cycle of surface air temperature is largest in the centre of the island. Variability on
shorter time-scales of up to one month is highest in the region of relatively flat terrain between
Myvatn and the northern slopes of Vatnajokull.

Surface air temperatures in operational analyses in the interior of the island are consistently too
high compared with measurements in winter, and too low in summer. The seasonal cycle in surface
air temperature in the interior of the island is therefore significantly underestimated, especially in
the Sprengisandur and Pdrisvatn area to the west and northwest of Vatnajokull. Closer to the coast,
seasonal variability is well-represented by the operational analyses. On sub-monthly time-scales,
analysed variability of surface air temperature within the high interior is slightly larger than for
seasonal time-scales, but remains too low compared with observations.
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A Surface Weather Stations

Lists of all surface weather stations used in this study, ordered by name or identification number.

Table 1. Surface weather stations ordered by name.

Location Station ID Longitude [°E] Latitude [°N]
Akureyri - Krossanesbraut 3471 -18.111 65.696
Akureyri 16greglustdd 3470 -18.100 65.686
Arnes 6420 -20.252 64.041
Asbyrgi 4614 -16.483 66.030
Asgardur sjalfvirk st6d 2175 -21.754 65.230
Bésar 4 Godalandi 6237 -19.481 63.679
Bildudalur 2428 -23.612 65.679
Bjarnarey 4472 -14.317 65.783
Bjarnarflag 4303 -16.837 65.630
Blafeldur sjalfvirk stod 1936 -23.301 64.839
Bléfjallaskali 1487 -21.650 63.983
Blonduds 3317 -20.293 65.658
Bolungarvik sjélfvirk st6d 2738 -23.254 66.161
Botnsheidi 1689 -21.403 64.453
Bru 4 Jokuldal 5940 -15.530 65.109
Bruarjokull B10 5932 -16.112 64.728
Brudardalur 5968 -14.511 64.996
Burfell 6430 -19.745 64.117
Dalatangi sjélfvirk st6d 4193 -13.575 65.268
Egilsstadaflugvollur sjalfvirk stod 4271 -14.405 65.276
Eskifjordur 5981 -14.037 65.076
Eyjabakkar 5943 -15.423 64.815
Eyrarbakki sjélfvirk stod 1395 -21.160 63.869
Fagurhélsmyri sjalfvirk stod 5309 -16.636 63.874
Faskradsfjordur Ljésaland 5982 -14.041 64.937
Fiflholt 4 Myrum 1868 -22.147 64.694
Flatey 4 Skjalfanda 3779 -17.841 66.163
Flateyri 2631 -23.510 66.050
Fontur 4867 -14.533 66.378
Gardskagaviti 1453 -22.689 64.082
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Table 1. Continued.

Location Station ID Longitude [°E] Latitude [°N]
Geldinganes 1480 -21.804 64.168
Gjogurflugvollur 2692 -21.330 65.995
Grindavik 1361 -22.417 63.844
Grimsey 3976 -18.017 66.544
Grundarfjordur 1938 -23.251 64.921
Gufuskalar 1919 -23.933 64.900
Hafnarmelar 1673 -21.963 64.465
Hallormsstadahals 5960 -14.675 65.080
Hallormsstadur 4060 -14.745 65.094
Hallsteinsdalsvarp 5970 -14.453 65.018
Haugur sjélfvirk stod 3103 -20.785 65.184
Hagongur 6776 -18.111 64.571
Hella sjélfvirk st6d 6315 -20.365 63.826
Hellisskard 1490 -21.367 64.033
Hjardarland sjalfvirk stod 6515 -20.331 64.251
Hornbjargsviti 2862 -22.379 66.411
Hoélmavik 2481 -21.681 65.687
Hoélmsheidi 1481 -21.686 64.109
Husafell 6802 -20.869 64.699
Husavik 3696 -17.328 66.042
Husavik Hédinshofoi 3695 -17.322 66.080
Hvanneyri 1779 -21.767 64.567
Hvassahraun 1370 -22.092 64.020
Hveravellir sjalfvirk st6d 6935 -19.562 64.867
Hofn { Hornafirdi sjalfvirk stod 5544 -15.214 64.269
Ingdlfshofdi 5210 -16.651 63.803
[safjordur sjalfvirk stod 2642 -23.170 66.060
Jokulheimar 6670 -18.217 64.317
Kambanes 5885 -13.842 64.801
Kaélfholl 6310 -20.567 63.963
Kérahnjukar 5933 -15.777 64.928
Keflavikurflugvollur sjalfvirk st6d 1350 -22.589 63.974
Kirkjubajarklaustur - Stjérnarsandur 6272 -18.012 63.793
Kolka 3225 -19.717 65.233

49



Table 1. Continued.

Location

Station ID Longitude [°E]

Latitude [°N]

Kollaleira sjalfvirk stod
Korpa

Krékottuvotn Reykjahlidarheidi
Lambavatn

Laufbali

Loénakvisl

Minarbakki sjalfvirk sto6d
Middalsheidi
Midfjardarnes

Myvatn

Modrudalur sjalfvirk stod
Mork & Landi

Nautabu sjalfvirk st6d
Neskaupstadur sjalfvirk stod
Olafsfjordur

Olafsvik

Patreksfjordur

Raudinupur

Raufarhéfn sjalfvirk st60
Reykhdlar sjalfvirk stod
Reykir { Fnjéskadal

Reykir { Hrutafirdi sjélfvirk st6d
Reykjavik sjélfvirk stod
Reykjavikurflugvollur
Sandbudir

Saudarkrokur flugvollur
Samsstadir

Sata

Seley

Seljalandsdalur - skidaskéli
Setur

Seydisfjorour

Siglufjordur

Siglunes

5975
1479
4404
2315
6472
6459
3797
1483
4652
4300
4830
6424
3242
5990
3658
1924
2319
4912
4828
2266
3380
2197
1475
1477
6975
3433
6222
3054
5993
2641
6748
4180
3752
3754

-14.240
-21.751
-16.879
-24.093
-18.120
-18.614
-17.103
-21.545
-15.080
-16.977
-15.883
-20.019
-19.369
-13.669
-18.666
-23.714
-23.975
-16.544
-15.953
-22.206
-17.767
-21.098
-21.902
-21.941
-17.983
-19.574
-20.109
-18.838
-13.517
-23.210
-19.019
-14.000
-18.919
-18.843

65.037
64.151
65.710
65.492
64.024
64.098
66.199
64.104
66.067
65.620
65.375
64.029
65.458
65.150
66.074
64.895
65.595
66.508
66.456
65.438
65.585
65.254
64.128
64.128
64.933
65.726
63.735
65.063
64.983
66.069
64.604
65.281
66.135
66.194
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Table 1. Continued.

Location Station ID Longitude [°E] Latitude [°N]
Skaftafell 6499 -16.967 64.016
Skagata 3720 -20.099 66.119
Skardsfjoruviti 6176 -17.979 63.518
Skardsmyrarfjall 1496 -21.347 64.057
Skjaldpingsstadir sjalfvirk stod 4455 -14.821 65.704
Skrauthdlar 1578 -21.805 64.232
Soéleyjarflatamelar 3595 -17.227 65.891
Stérhofdi sjalfvirk stod 6017 -20.288 63.400
Straumnesviti 2941 -23.133 66.433
Straumsvik 1473 -22.040 64.044
Stykkishélmur sjalfvirk stod 2050 -22.732 65.072
Surtsey 6012 -20.599 63.299
Sudavik 2646 -22.986 66.043
Svartéarkot sjalfvirk st6d 3292 -17.243 65.342
Talknafjordur 2323 -23.830 65.628
Teigarhorn sjalfvirk st6d 5872 -14.344 64.676
Tindfjoll 6235 -19.677 63.776
Torfur sjalfvirk stod 3371 -18.162 65.501
Upptyppingar 4019 -16.210 65.061
Vadlaheidi 3474 -18.001 65.749
Vatnsfell 6546 -19.047 64.196
Vatnsskardsholar sjalfvirk st6d 6045 -19.183 63.424
Vattarnes 5988 -13.685 64.937
Veidivatnahraun 6657 -18.505 64.395
Vestmannaeyjabar 6015 -20.276 63.436
Végeirsstadir i Fnjoskadal 3477 -17.886 65.817
beistareykir 4500 -16.976 65.911
Pingvellir 1596 -21.088 64.280
Pordalsheidi 5969 -14.462 65.001
bufuver 6760 -18.601 64.575
bykkvibeer 6208 -20.618 63.748
byrill 1685 -21.417 64.388
Olkelduhils 1493 -21.253 64.055
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Table 2. Surface weather stations ordered by identification number.

Location Station ID Longitude [°E] Latitude [°N]
Keflavikurflugvollur sjélfvirk st6d 1350 -22.589 63.974
Grindavik 1361 -22.417 63.844
Hvassahraun 1370 -22.092 64.020
Eyrarbakki sjélfvirk stod 1395 -21.160 63.869
Gardskagaviti 1453 -22.689 64.082
Straumsvik 1473 -22.040 64.044
Reykjavik sjélfvirk stod 1475 -21.902 64.128
Reykjavikurflugvollur 1477 -21.941 64.128
Korpa 1479 -21.751 64.151
Geldinganes 1480 -21.804 64.168
Holmsheidi 1481 -21.686 64.109
Middalsheidi 1483 -21.545 64.104
Blafjallaskali 1487 -21.650 63.983
Hellisskard 1490 -21.367 64.033
Olkelduhals 1493 -21.253 64.055
Skardsmyrarfjall 1496 -21.347 64.057
Skrauthdlar 1578 -21.805 64.232
bingvellir 1596 -21.088 64.280
Hafnarmelar 1673 -21.963 64.465
byrill 1685 -21.417 64.388
Botnsheidi 1689 -21.403 64.453
Hvanneyri 1779 -21.767 64.567
Fiflholt 4 Myrum 1868 -22.147 64.694
Gufuskalar 1919 -23.933 64.900
Olafsvik 1924 -23.714 64.895
Blafeldur sjalfvirk stod 1936 -23.301 64.839
Grundarfjordur 1938 -23.251 64.921
Stykkishélmur sjalfvirk stod 2050 -22.732 65.072
Asgardur sjilfvirk stod 2175 -21.754 65.230
Reykir { Hrutafirdi sjélfvirk stod 2197 -21.098 65.254
Reykholar sjalfvirk stod 2266 -22.206 65.438
Lambavatn 2315 -24.093 65.492
Patreksfjordur 2319 -23.975 65.595
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Table 2. Continued.

Location Station ID Longitude [°E] Latitude [°N]
Talknafjordur 2323 -23.830 65.628
Bildudalur 2428 -23.612 65.679
Hoélmavik 2481 -21.681 65.687
Flateyri 2631 -23.510 66.050
Seljalandsdalur - skidaskdli 2641 -23.210 66.069
Isafjordur sjalfvirk st6d 2642 -23.170 66.060
Sudavik 2646 -22.986 66.043
Gjogurflugvollur 2692 -21.330 65.995
Bolungarvik sjélfvirk st6d 2738 -23.254 66.161
Hornbjargsviti 2862 -22.379 66.411
Straumnesviti 2941 -23.133 66.433
Sata 3054 -18.838 65.063
Haugur sjélfvirk st6d 3103 -20.785 65.184
Kolka 3225 -19.717 65.233
Nautabu sjalfvirk st6d 3242 -19.369 65.458
Svartarkot sjalfvirk st6d 3292 -17.243 65.342
Blonduds 3317 -20.293 65.658
Torfur sjélfvirk stod 3371 -18.162 65.501
Reykir { Fnjéskadal 3380 -17.767 65.585
Saudarkrokur flugvollur 3433 -19.574 65.726
Akureyri 16greglust6d 3470 -18.100 65.686
Akureyri - Krossanesbraut 3471 -18.111 65.696
Vadlaheidi 3474 -18.001 65.749
Végeirsstadir { Fnjoskadal 3477 -17.886 65.817
Séleyjarflatamelar 3595 -17.227 65.891
Olafsfjordur 3658 -18.666 66.074
Husavik Hédinshofoi 3695 -17.322 66.080
Husavik 3696 -17.328 66.042
Skagata 3720 -20.099 66.119
Siglufjordur 3752 -18.919 66.135
Siglunes 3754 -18.843 66.194
Flatey 4 Skjalfanda 3779 -17.841 66.163
Maindérbakki sjalfvirk st6d 3797 -17.103 66.199
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Table 2. Continued.

Location Station ID Longitude [°E] Latitude [°N]
Grimsey 3976 -18.017 66.544
Upptyppingar 4019 -16.210 65.061
Hallormsstadur 4060 -14.745 65.094
Seydisfjordur 4180 -14.000 65.281
Dalatangi sjélfvirk st6d 4193 -13.575 65.268
Egilsstadaflugvollur sjalfvirk stod 4271 -14.405 65.276
Myvatn 4300 -16.977 65.620
Bjarnarflag 4303 -16.837 65.630
Krokéttuvotn Reykjahlidarheidi 4404 -16.879 65.710
Skjaldpingsstadir sjalfvirk stod 4455 -14.821 65.704
Bjarnarey 4472 -14.317 65.783
Peistareykir 4500 -16.976 65911
Asbyrgi 4614 -16.483 66.030
Midfjardarnes 4652 -15.080 66.067
Raufarhofn sjélfvirk st6d 4828 -15.953 66.456
Modrudalur sjalfvirk stod 4830 -15.883 65.375
Fontur 4867 -14.533 66.378
Raudinipur 4912 -16.544 66.508
Ingdblfshofdi 5210 -16.651 63.803
Fagurhdlsmyri sjalfvirk stod 5309 -16.636 63.874
Hofn { Hornafirdi sjalfvirk stod 5544 -15.214 64.269
Teigarhorn sjélfvirk st6d 5872 -14.344 64.676
Kambanes 5885 -13.842 64.801
Bruarjokull B10 5932 -16.112 64.728
Kérahnjukar 5933 -15.777 64.928
Bri 4 Jokuldal 5940 -15.530 65.109
Eyjabakkar 5943 -15.423 64.815
Hallormsstadahdls 5960 -14.675 65.080
Brudardalur 5968 -14.511 64.996
Pérdalsheidi 5969 -14.462 65.001
Hallsteinsdalsvarp 5970 -14.453 65.018
Kollaleira sjalfvirk st6d 5975 -14.240 65.037
Eskifjorour 5981 -14.037 65.076
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Table 2. Continued.

Location

Station ID Longitude [°E]

Latitude [°N]

Féaskrudsfjordur Ljoésaland
Vattarnes

Neskaupstadur sjalfvirk stod
Seley

Surtsey
Vestmannaeyjabar
Stérhofoi sjalfvirk stod
Vatnsskardsholar sjélfvirk stod
Skardstjoruviti
bykkvibeer

Samsstadir

Tindfjoll

Bésar 4 Godalandi
Kirkjubajarklaustur - Stjérnarsandur
Kalfholl

Hella sjélfvirk stod

Arnes

Mork a Landi

Burfell

Loénakvisl

Laufbali

Skaftafell

Hjardarland sjalfvirk stod
Vatnsfell

Veidivatnahraun
Jokulheimar

Setur

bufuver

Héagongur

Husafell

Hveravellir sjélfvirk st6d
Sandbudir

5982
5988
5990
5993
6012
6015
6017
6045
6176
6208
6222
6235
6237
6272
6310
6315
6420
6424
6430
6459
6472
6499
6515
6546
6657
6670
6748
6760
6776
6802
6935
6975

-14.041
-13.685
-13.669
-13.517
-20.599
-20.276
-20.288
-19.183
-17.979
-20.618
-20.109
-19.677
-19.481
-18.012
-20.567
-20.365
-20.252
-20.019
-19.745
-18.614
-18.120
-16.967
-20.331
-19.047
-18.505
-18.217
-19.019
-18.601
-18.111
-20.869
-19.562
-17.983

64.937
64.937
65.150
64.983
63.299
63.436
63.400
63.424
63.518
63.748
63.735
63.776
63.679
63.793
63.963
63.826
64.041
64.029
64.117
64.098
64.024
64.016
64.251
64.196
64.395
64.317
64.604
64.575
64.571
64.699
64.867
64.933
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