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1 Introduction

This study is a continuation of previous work (Nawri et al., 2012b), in which the performance
of a particular setup (Rögnvaldsson et al., 2007, 2011) of the Weather Research and Forecasting
(WRF) Model (Skamarock et al., 2008) with regard to the surface wind conditions over Iceland
was analysed. In comparison with local and interpolated station data it was determined that WRF
model simulations show systematic biases in surface wind speed across the land area of Iceland.
In this study, local station data is therefore used to correct model fields of surface wind speed.

The statistical correction follows a methodology which is similar to that employed for the devel-
opment of empirical terrain models, discussed in Nawri et al. (2012a). At first, measurements
and model data are projected to mean sea level, based on a linear least squares regression model.
At station locations, correction factors and offsets are determined for a linear transformation of
the model data, such that local model averages and standard deviations are equal to the statistical
properties of the measurements. The local correction factors and offsets are then horizontally in-
terpolated onto the model grid and applied to the monthly model fields projected to mean sea level.
Using the linear model, the corrected fields are then projected back onto the elevated terrain. In
principle, the same methodology can be applied to other variables, for which a sufficient amount of
station data is available, and meaningful averages and standard deviations can be calculated (which
excludes wind direction). However, in this study, only surface wind speed is discussed.

As in the previous study, measured and modelled surface wind conditions are analysed for indi-
vidual months, and for different geostrophic wind conditions at 850 hPa, as determined by the Eu-
ropean Centre for Medium-Range Weather Forecasts (ECMWF) operational analyses. The largest
differences in modelled surface wind speed for different directions of the geostrophic wind are
found at upper leeside slopes of the highest terrain (Nawri et al., 2012b). No surface data is avail-
able at these locations to test whether the windward (leeside) decrease (increase) in wind speed
over the given terrain, and under the given boundary-layer conditions is realistic. Since these ef-
fects are not captured by the current network of surface stations, for the statistical correction of
WRF model results discussed here, geostrophic wind directions are ignored. However, measured
surface wind speeds do show a systematic dependence on the intensity of the geostrophic wind
(Nawri et al., 2012a). Geostrophic wind speeds at 850 hPa are therefore taken into account for the
correction of monthly WRF model surface wind speeds.

2 Data

All data sources for this study are described in Nawri et al. (2012b). Here, however, in contrast with
the previous studies, small-scale variability of measured surface wind speed, which is not properly
represented by WRF model simulations on the 3-km grid, is eliminated by distance-weighted hor-
izontal averaging of locally measured values. Due to the wide range in station elevations of almost
900 m, prior to horizontal averaging, local measurements of surface wind speed are projected to
mean sea level in the manner described in Nawri et al. (2012a), using linear vertical terrain gradi-
ents, cs(l,m), determined separately for each month, m = 1, . . . ,12, as well as for three categories,
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l = 1,2,3, of the geostrophic wind speed at 850 hPa, with limits at the 30th and 65th percentile
within each month. At the i-th station location, the smoothed surface wind speed at time t is then
given by

Õ(t, i) =
∑ j exp(−λ ri j)(Ol(t, j)− cs(l(t),m(t))(zs( j)+h))

∑ j exp(−λ ri j)
+ cs(l(t),m(t))(zs(i)+h) , (1)

where Ol(t, j) are the locally measured speeds, zs( j) is the j-th station elevation, and h is the
reference height of measurements. Differences in sensor height are accounted for by correcting
all surface measurements to h = 10 mAGL (Nawri et al., 2012b). Additionally, ri j is the distance1

between the i-th and the j-th station, and λ = log(2)/rh, with half-width rh. Horizontal distances
to the nearest station vary between 1 and 50 km, with an average of 15 km, which is chosen as
the half-width of the exponential weighting function. The sums run over all station locations for
which data are available at time t, including the i-th. However, due to the large distances between
some stations, missing data at the i-th station are not filled in by regional averaging. The smoothed
time-series are rescaled,

O(t, i) = α(t)Õ(t, i) , (2)

such that at each time-step the total kinetic energy of the measured surface wind at all stations is
preserved. Ignoring differences in air density between different station locations at any given time,
the factor α(t) is then given by

α(t) =

√
∑ j Ol(t, j)2)

∑ j Õ(t, j)2)
. (3)

In the following, “measured” surface wind speeds, or “measurements,” will always be referring to
the horizontally averaged values, rather than the actual local measurements. Also, the empirical
terrain models used for comparison, and developed as described in Nawri et al. (2012a), are based
on the regionally averaged data.

3 Original Model Fields

Horizontal model fields of surface wind speed are separated by month, as well as into three cat-
egories of the geostrophic wind speed at 850 hPa, with limits at the 30th and 65th percentile for
each month. The ensemble average fields of WRF modelled surface wind speed for each of the
three geostrophic wind speed categories in January and July are shown in Figure 1. In winter and
summer, modelled surface wind speeds increase more systematically with increasing intensity of
large-scale pressure gradients than the interpolated measurements of surface wind speed based on
the one-parameter empirical terrain model (see Figure 16 of Nawri et al. (2012a)). This is primarily
due to low modelled surface wind speeds under the influence of weak large-scale forcing imposed
by ECMWF operational analyses at the model boundaries. This connection between modelled
surface winds and operational analyses, in comparison with measurements, is discussed in more
detail in Nawri et al. (2012b).

1All horizontal distances in this study are calculated along great circles on a spherical Earth at mean sea level.
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Figure 1. Average WRF model surface wind speeds in January and July for different inten-
sities of the geostrophic wind.
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The differences in surface wind speed between the WRF model and the terrain model are shown in
Figure 2.2 In winter, modelled surface wind speeds along the coast are higher relative to interpo-
lated measurements than in the interior of the island. Also, modelled wind speeds increase relative
to interpolated measurements with increasing geostrophic wind speeds. For weak geostrophic
winds, approximately the same surface wind speeds exist in both datasets along the coast, but with
lower modelled wind speeds in the interior, by about 6 m s−1 at intermediate elevations, and up
to 9 m s−1 at the highest terrain points. With increasing intensity of the geostrophic wind speed,
a large increase relative to measurements in modelled surface wind speeds is found, especially at
low elevations in the interior. For strong geostrophic winds, modelled surface wind speeds in the
interior are approximately equal to interpolated measurements, with 6 – 9 m s−1 higher modelled
surface wind speeds along the coast. In summer, the magnitudes of differences are smaller, both
spatially and for different intensities of the geostrophic wind. As in winter, modelled wind speeds
increase relative to interpolated measurements, particularly in the interior. For strong geostrophic
winds in summer, differences are consistently positive, with 2 – 3 m s−1 higher modelled wind
speeds in regions with a good coverage of observational data.

Due to these systematic biases of WRF model results, local station data can be used to statistically
correct simulations. Since biases differ significantly for different intensities of the geostrophic
wind in different months, the statistical correction is applied to individual datasets for each cate-
gory of the geostrophic wind speed in each month.

2These results differ from those discussed in Nawri et al. (2012b), since here individual fields of surface wind
speed are not separated into different sectors of geostrophic wind directions.
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Figure 2. Differences between average WRF model and empirical terrain model surface
wind speeds in January and July for different intensities of the geostrophic wind.
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Figure 3. Monthly vertical terrain gradients (VTGs) of surface wind speed based on mea-
surements (dashed lines) and WRF model simulations (solid lines) for weak (blue lines),
intermediate (green lines), and strong (red lines) geostrophic winds.

4 Statistical Correction of Model Fields

The deviations of model results from actual measurements, rather than from terrain models, which
by themselves contain uncertainties beyond measurement errors, are necessarily only determined
at station locations. For the elimination of model biases, local measures of differences between
model and station data need to be interpolated horizontally onto the model grid. Due to the strong
dependence of surface wind speed on terrain elevation, and to account for differences between
model and actual orography, effects of terrain elevation need to be removed from measured and
modelled data, before determining local differences and horizontally interpolating between them.
In a simple parameterised fashion, this is done by projecting measured and modelled wind speeds
to mean sea level, following the methodology described in Nawri et al. (2012a) and Nawri et al.
(2012b).

Central to this projection are vertical gradients of wind speed, calculated along the surface of ele-
vated terrain. The measured and modelled vertical terrain gradients, for each of the three categories
of geostrophic wind speed in each month, are shown in Figure 3. Throughout the year, measured
terrain gradients are systematically larger than those derived from model results. This is due to the
fact that, as seen in the previous section, modelled wind speeds along the coast tend to be higher
than the measured values, but lower in the interior of the island. With terrain elevation generally
increasing towards the interior, vertical terrain gradients of modelled surface wind speed are there-
fore reduced by the effects of excessive model surface roughness over much of the land area of
the island, with the exception of the glaciers (Nawri et al., 2012b). Generally, terrain gradients
increase with the intensity of the geostrophic wind, especially for modelled surface wind speeds.
This is true either for different categories of geostrophic wind speed in individual months, or for
the same category throughout the year, as the limits between categories are higher in winter than
in summer. The reason for this is a stronger effect of large-scale forcing at higher elevations than
below, due to the reduced land area at or above that level. This reduces the effect of surface drag on
momentum transfer from the overlying flow, and increases the wind shear between high and low
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elevations. Monthly terrain gradients are generally positive throughout the year. The only excep-
tion are negative values in May and June for modelled surface wind speeds under the influence of
weak geostrophic winds. For model simulations under those large-scale conditions, the negative
effect of surface roughness on surface wind speed, increasing towards the interior of the island,
outweighs the positive effects from increased terrain elevation.

Given these terrain gradients, measured surface wind speeds, O(l,m, i), for a given category, l =
1,2,3, of the geostrophic wind speed in each month, m = 1, . . . ,12, at the i-th station location can
be projected to mean sea level such that the reference values are given by

O0(l,m, i) = O(l,m, i)− cs(l,m)(zs(i)+h) . (4)

Here, the vertical terrain gradients, cs(l,m), are based on regionally averaged station data, rather
than actual local measurements, as described in Section 2. For modelled surface wind speeds,
S(l,m, i), the reference values at mean sea level are given by

S0(l,m, i) = S(l,m, i)− c(l,m)(z(i)+h) , (5)

where z(i) is the model terrain elevation at the i-th station location, and c(l,m) is the vertical
terrain gradient based on model data. WRF model surface wind speeds are valid at the same height
h = 10 m above ground as the measurements. The full model reference fields of surface wind
speed projected to mean sea level are given by

s0(l,m,x,y) = s(l,m,x,y,z(x,y)+h)− c(l,m)(z(x,y)+h) , (6)

where s(l,m,x,y,z(x,y)+ h) is the original field of wind speed at 10 m above the model terrain
elevation, z = z(x,y).

For a given correlation, C(l,m, i), between measured and modelled wind speeds projected to mean
sea level, a lower bound, 2(1−C(l,m, i)), exists for normalised mean squared deviation (NMSD),

N [O0(l,m, i),S0(l,m, i)] =
E
[
(S0(l,m, i)−O0(l,m, i))2

]
D[S0(l,m, i)]D[O0(l,m, i)]

, (7)

which is attained if and only if modelled averages and standard deviations are equal to the measured
values (Nawri et al., 2012b). Within each dataset corresponding to a specific category of the
geostrophic wind speed in a given month, locally a reduction in NMSD between measurements
and model data to that minimum value can be achieved by transforming model data such that the
transformed values are given by

S̃0(l,m, i) =
D[O0(l,m, i)]
D[S0(l,m, i)]

(S0(l,m, i)−E[S0(l,m, i)])+E[O0(l,m, i)] (8)

= r(l,m, i)S0(l,m, i)+q(l,m, i) , (9)

where averages and standard deviations of any set of values are denoted by E[ ] and D[ ], respec-
tively. The local non-dimensional rescaling factor is defined as

r(l,m, i) =
D[O0(l,m, i)]
D[S0(l,m, i)]

, (10)
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and the local offset, in units of wind speed, is defined as the difference between the measured and
rescaled model average

q(l,m, i) = E[O0(l,m, i)]− D[O0(l,m, i)]
D[S0(l,m, i)]

E[S0(l,m, i)] . (11)

It is therefore different than it would be for the correction of biases in model averages only, not
taking into account biases in standard deviations. For each category of the geostrophic wind speed
in each month, the transformed model data, S̃0(l,m, i), then has the same average and standard
deviation as the measured data at the same location, whereas correlation is unaffected by the linear
transformation.

Since the wind statistics at station locations are already known from measurements, this method-
ology is only beneficial, if the correction can be applied to the entire model fields. The rescal-
ing factors and offsets determined locally are therefore interpolated onto the model grid through
distance-weighted horizontal averaging, whereby the half-width of the exponential shape function,
at each grid-point, is set equal to the distance to the nearest station (see Nawri et al. (2012a) for
a detailed description of this interpolation technique). The local values r(l,m, i) and q(l,m, i) are
then mapped onto the horizontal fields r̃(l,m,x,y) and q̃(l,m,x,y), respectively.

Before applying the described methodology, the improvement or otherwise of model results needs
to be established, away from station locations from which measurements were included in deter-
mining local correction factors and offsets. This is done analogously to the test of empirical terrain
models (Nawri et al., 2012a). For each individual station, the local measurements are omitted from
the calculation of correction factors and offsets. The correction factors and offsets determined
at the other stations are then interpolated to the omitted station location, and used to correct the
interpolated WRF time-series there.

The differences between corrected and original model data, in comparison with the differences
between measurements and original model data, are shown in Figure 4. The two differences,
by definition, would be identical if local station data were used for the correction. However,
even if local station data are not used, the effects of the correction are similar to the original
differences. The main deviations between predicted and necessary changes exist for the largest
positive original differences, for which the necessary changes are under-predicted by the statistical
correction. Those locations are all on elevated terrain in the interior of the island (Figure 2), in a
region with relatively large distances between neighbouring stations.

Normalised mean squared deviations between averages of measured and corrected model surface
wind speeds are larger in winter than in summer, and larger for weak than for strong geostrophic
winds. At the low end, NMSD = 0.09 for strong geostrophic winds in July, and at the high end,
NMSD = 0.36 for weak geostrophic winds in January. For comparison, the same test was done for a
statistical correction that only takes into account averages, i.e., by setting the rescaling factor equal
to one, and horizontally interpolating local differences between measured and modelled averages to
determine the required offset. Normalised mean squared deviations between averages of measured
and corrected model surface wind speeds are consistently higher than for the correction taking
into account standard deviations, with NMSD varying between 0.21 and 0.54. Correcting for
differences in standard deviations, in addition to averages, therefore improves the correction of
averages away from station locations.
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Figure 4. Differences in surface wind speed at station locations between measurements and
original WRF model data (OMD), as well as between corrected (CMD) and original WRF
model data in January and July for different intensities of the geostrophic wind.
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Compared with the errors of empirical terrain models (Nawri et al., 2012a), the largest differences
between predicted and necessary changes seen in Figure 4 show a more systematic spatial pattern,
which can be used to adjust rescaling factors and offsets. The local error in rescaling factor,
δ (l,m, i) = r̄(l,m, i)−r(l,m, i), is defined as the difference between the test value interpolated onto
the omitted station location, r̄(l,m, i), and the actual rescaling factor, as determined in comparison
with local measurements. With local errors interpolated onto the model grid in the same fashion
as the rescaling factor, δ (l,m,x,y), the adjusted field of the rescaling factor is defined as

r(l,m,x,y) = r̃(l,m,x,y)− f (d)δ (l,m,x,y) , (12)

where d is the horizontal distance of grid-point (x,y) from the nearest station location. The weight-
ing function f (d) = 1− exp(−d/d0), with d0 > 0, is zero for d = 0, and positive otherwise. For
grid-points close to any station location, r(l,m,x,y) ≈ r̃(l,m,x,y), since there, r̃(l,m,x,y) is ac-
curately determined from measurements. With increasing distance from the nearest station, the
relative magnitude of the correction term increases at a rate determined by d0, with a maximum
value of the weighting function, f (dmax) = fmax, for d equal to half the maximum distance between
stations, dmax = 25 km. In this study, d0 =−dmax/ ln(1− fmax) is determined such that fmax = 0.5.
The adjustment of offset is done analogously.

The original and adjusted fields of rescaling factor and offset for intermediate geostrophic winds
in January are shown in Figure 5. Since only land-based measurements are available, the correc-
tion of model fields is only applied to land grid-points. Over the ocean, the rescaling factor is
set to one, and the offset to zero. These values are omitted from the figure. Rescaling factor and
offset maintain similar spatial patterns throughout the year, with smaller magnitudes in summer
than in winter (not shown). Unlike offset, the rescaling factor has a simple interpretation individ-
ually, since standard deviation scales in the same way as time-series. As such, rescaling is always
positive. Throughout the year, it is larger in the interior of the island than along the coast, and
decreases with increasing intensity of the geostrophic wind (not shown). For strong geostrophic
winds, the highest values in the interior are equal to about one. Rescaling is lowest in the southwest
and eastern coastal regions, where throughout the year, values are consistently below one. Due to
the negative bias of average surface wind speeds in the interior, especially with weak large-scale
forcing (as discussed in the previous section), variability of a positive variable such as wind speed
is necessarily reduced. For weak geostrophic winds, this results in a reduction of standard devia-
tions by a factor of less than 1/2, or inversely, in correction factors of greater than 2. On the other
hand, along the coast and under the influence of strong geostrophic winds, modelled variability,
as measured by standard deviation, is too large by up to a factor of 2. Interpolated errors of the
rescaling factor are mostly positive, and largest at the maxima of the original rescaling factors, i.e.,
in the interior of the island. The effects of the adjustment are therefore primarily to increase rescal-
ing around the maximum values, rather than affecting the maximum values themselves, which are
close to station locations. Unlike the rescaling factor, offset is not systematically related to the
intensity of the geostrophic wind. It also does not show a consistent qualitative difference between
the interior of the island and along the coast. However, consistently low values are found in the
Westfjords, whereas large positive values are consistently found in the southwest. Offset is posi-
tive throughout most of the island, with significant negative values at some inland locations. Offset
errors tend to have the same sign as the original values. Adjustment therefore tends to increase the
magnitude of extreme values.
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Figure 5. Interpolated original and adjusted correction factors and offsets for surface wind
speed in January for intermediate geostrophic winds. See Section 4 for a definition of
errors.
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5 Corrected Model Fields

The linear transformation of model data, discussed in the previous section, eliminates horizontal
biases in local averages and standard deviations at mean sea level. By projection back onto the ele-
vated terrain, the vertical dependence of surface wind speeds can be corrected as well by using the
terrain gradients determined from measurements, rather than those determined from the original
model fields. The corrected surface wind speed on the WRF model orography for each category of
the geostrophic wind speed in each month is then given by

sc(l,m,x,y,z(x,y)) = r(l,m,x,y)(s(l,m,x,y,z(x,y))− c(l,m)(z(x,y)+h)) (13)
+q(l,m,x,y)+ cs(l,m)(z(x,y)+h) .

For the three categories of the geostrophic wind speed in January and July, differences of the
corrected from the original (Figure 1) model fields of surface wind speed are shown in Figure 6.
These differences are qualitatively similar, though not identical, to the inverse of the differences
between the original model fields and the empirical terrain model that were shown in Figure 2. The
overall effects of the statistical correction primarily are to increase model wind speeds, especially
in the interior and under conditions of weak geostrophic winds. Negative correction only occurs
along the coast and with strong large-scale forcing in winter.

The corrected WRF model fields are not identical to the corresponding terrain models on the same
orography, since horizontal gradients of original and corrected model fields are dynamically mo-
tivated, rather than determined by horizontal averaging, as in the case of terrain models. This
raises the important question about what realistic information is gained from the corrected model
fields, in addition to local and interpolated surface measurements. For the three categories of the
geostrophic wind speed in January and July, differences of the corrected model fields of surface
wind speed from the corresponding terrain models are shown in Figure 7. Although measured wind
speeds are not exactly reproduced by either the terrain models or the corrected WRF model fields,
differences between the two near station locations are negligible compared with inter-station dif-
ferences. In winter, large differences with magnitudes of at least 4 m s−1 are exclusively positive,
and are situated on intermediate and high terrain elevations. The largest differences are found on
the northern and western slopes of Hofsjökull, as well as along the slopes of Vatnajökull. In sum-
mer, the magnitude of differences is reduced by about a factor of 2. However, the most significant
differences are also positive, and concentrated in places with complex terrain and steep slopes.

This suggests a more systematic investigation of the relationship between measured and modelled
surface wind speeds, including the differences between them, and terrain characteristics based
on the WRF model orography. In addition to elevation, two measures of terrain variability are
considered here: mean curvature and sheltering.
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Figure 6. Differences between average corrected and original WRF model surface wind
speeds in January and July for different intensities of the geostrophic wind.
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Figure 7. Differences between average corrected WRF model and empirical terrain model
surface wind speeds in January and July for different intensities of the geostrophic wind.
Note the difference in wind speed scale between January and July.
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Mean curvature of any two-dimensional surface, Z = Z(x,y), embedded in three-dimensional space
is defined as (e.g., Spivak, 1999, Chap. 3)

H =−

(
1+
(

∂Z
∂x

)2
)

∂ 2Z
∂y2 −2∂Z

∂x
∂Z
∂y

∂ 2Z
∂x∂y +

(
1+
(

∂Z
∂y

)2
)

∂ 2Z
∂x2

2
(

1+
(

∂Z
∂x

)2
+
(

∂Z
∂y

)2
)3/2 . (14)

With the normal vector pointing upwards, mean curvature is negative (positive) over a concave
(convex) surface. As a result, with negative extrema at valley bottoms, and positive extrema on
summits and along ridges, regardless of absolute terrain elevation, mean curvature can be expected
to be positively correlated with low-level wind speeds.

Sheltering is defined here as the difference between the highest terrain elevation within a radius of
30 km and the local elevation. As a measure of the magnitude of terrain blocking, sheltering can
be expected to be negatively correlated with low-level wind speeds.

Average surface wind speed as a function of mean terrain curvature, based on the empirical terrain
model, as well as on the original and corrected WRF model simulations, for the three categories
of the geostrophic wind speed in January and July are shown in Figure 8. Throughout the year,
and for all intensities of the geostrophic wind, terrain model and corrected WRF model surface
wind speeds show a systematic near-linear dependence on terrain curvature. The same is true for
the original WRF model wind speed under the influence of strong geostrophic winds. However,
with weak and intermediate geostrophic winds, the dependence of surface wind speed on terrain
curvature is less well defined. Similarly, the results for sheltering (not shown) confirm the ini-
tial expectation of a systematic decrease in average surface wind speed with increasing blocking
effects.

Having established the general dependence of measured and modelled surface winds on mean ter-
rain curvature and sheltering, in addition to the previously known dependence on terrain elevation,
the dependence of differences between modelled surface wind speeds and interpolated measure-
ments on those terrain characteristics can be investigated, focusing on regions between station
locations. For this it is necessary to determine changes in model elevation and other terrain charac-
teristics within these intervening regions, relative to the surrounding station locations. Therefore,
WRF model terrain characteristics at station locations are interpolated onto the model grid through
distance-weighted horizontal averaging, analogous to the interpolation of the correction factors
and offsets. These background fields of terrain characteristics are then subtracted from the actual
model fields. By definition, the resulting perturbation terrain characteristics are small at those
grid-points nearest station locations, but potentially increase in magnitude between stations. If
differences between the corrected WRF model fields of surface wind speed and the corresponding
terrain model are dynamically motivated, these differences are expected to be positively correlated
with perturbation terrain elevation and mean curvature, and negatively correlated with perturbation
terrain sheltering.
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Figure 8. Average surface wind speed as a function of mean terrain curvature based on
measurements (blue lines), original WRF model simulations (green lines), and corrected
WRF model simulations (red lines) for weak (dash-dotted lines), intermediate (dashed
lines), and strong (solid lines) geostrophic winds.
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As shown in Figure 9 for the wind conditions in January, contrary to these expectations, the orig-
inal differences between WRF model surface wind speeds and interpolated measurements are
negatively correlated with perturbation terrain elevation, especially with weak geostrophic winds.
However, the corrected WRF model wind speeds do show the positive correlation with perturba-
tion elevation, that is expected if deviations of model results from interpolated measurements are
realistically influenced by the model orography. For the original model wind speeds, these dynam-
ical terrain-related effects are masked by the excessive model surface roughness over much of the
land area of the island (Nawri et al., 2012b). Similarly, after spurious effects of surface roughness
are removed from the WRF model fields, the differences between corrected model surface wind
speeds and interpolated measurements are positively correlated with perturbation terrain curvature,
and negatively correlated with perturbation terrain sheltering (not shown). At least qualitatively,
deviations of corrected model results from interpolated measurements away from station locations
are therefore dynamically motivated, in a manner that is realistic with respect to the model terrain.
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Figure 9. Joint histograms of perturbation terrain elevation and differences between aver-
age WRF model and empirical terrain model surface wind speeds in January for different
intensities of the geostrophic wind.
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6 Summary

Previously (Nawri et al., 2012b), in comparison with local and interpolated station data, it has been
established that WRF model simulations show systematic biases in surface wind speed across the
land area of Iceland. In this study, local station data are therefore used to statistically correct model
fields of surface wind speed.

Separately for three categories of the geostrophic wind speed in each month, the correction is ap-
plied through linear transformation of model data at each grid-point, whereby the rescaling factor
and offset are determined at station locations by comparison with measurements, such that locally
modelled averages and standard deviations are equal to the measured values. The local values of
rescaling factor and offset are then interpolated onto the model grid through distance-weighted
horizontal averaging. To take into account the strong dependence of surface wind speed on terrain
elevation, as well as differences between model and actual orography, prior to correction, mea-
sured and modelled wind speeds are linearly projected to mean sea level. Tests of the correction
methodology indicate a generally good agreement of corrected model fields with measurements
away from station locations, at which data were used for correction.

By definition, differences between corrected WRF model fields and interpolated measurements
on the model orography are small in the vicinity of station locations. Between stations, these
differences are due to the fact that horizontal gradients of original and corrected model fields are
dynamically motivated, rather than determined by horizontal averaging, as in the case of terrain
models. Differences between corrected model surface wind speeds and interpolated measurements
are related to local differences in model terrain characteristics relative to the surrounding station
locations. Specifically, differences in surface wind speed are positively correlated with perturbation
terrain elevation and mean curvature, and negatively correlated with perturbation terrain sheltering.
They are therefore related to the model terrain in a qualitatively realistic fashion.

Given the current network of surface weather stations, and in combination with measurements,
there are some benefits from WRF mesoscale modelling for establishing past climatological sur-
face wind conditions over Iceland, especially in regions between surface weather stations, where
the terrain varies on a scale that is adequately represented by the model.

The statistical correction discussed here indirectly removes effects on low-level winds of excessive
model surface roughness over much of the land area of the island. In an ongoing study, this is done
by reverse modelling, using simple boundary-layer parameterisations.

25



References
Nawri, N., Björnsson, H., Jónasson, K., and Petersen, G. N. (2012a). Empirical terrain models for

surface wind and air temperature over Iceland. Report VÍ 2012-009, Icelandic Meteorological
Office, Reykjavik, Iceland.

Nawri, N., Björnsson, H., Jónasson, K., and Petersen, G. N. (2012b). Evaluation of WRF
mesoscale model simulations of surface wind over Iceland. Report VÍ 2012-010, Icelandic
Meteorological Office, Reykjavik, Iceland.

Rögnvaldsson, Ó., Ágústsson, H., Einarsson, E. M., Ólafsson, H., Björnsson, H., and Sveinsson,
Ó. G. B. (2007). Stöðuskýrsla vegna fyrsta árs RÁV verkefnisins. Technical report, Reiknistofa
í veðurfræði, Reykjavik, Iceland.

Rögnvaldsson, Ó., Ágústsson, H., and Ólafsson, H. (2011). Aflræn niðurkvörðun veðurs innan
LOKS verkefnisins. Technical report, Reiknistofa í veðurfræði, Reykjavik, Iceland.

Skamarock, W. C., Klemp, J. B., Dudhia, J., Gill, D. O., Barker, D. M., Duda, M. G., Huang, X.-Y.,
Wang, W., and Powers, J. G. (2008). A description of the Advanced Research WRF Version
3. NCAR Technical Note NCAR/TN-475+STR, National Center for Atmospheric Research,
Boulder, Colorado, USA.

Spivak, M. (1999). A Comprehensive Introduction to Differential Geometry, Volume Three, 3rd
Edition. Publish or Perish, Houston, TX, USA, 314 pp.

26


	2012_011_titilsida.pdf
	Slide Number 1

	2012_011_forsida.pdf
	Slide Number 1


