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Abstract

This report presents a detailed evaluation of observation data from a fish farm weather sta-

tion in Northern Norway, alongside numerical weather prediction output from the Arome

Arctic model covering the period from March to November 2023. Parameters analyzed

include wind, temperature, pressure, precipitation, turbulent kinetic energy (TKE), heat

fluxes, and radiation. All observational variables are compared with model data at 2.5 km

horizontal resolution. The findings highlight the importance of accounting for possible

disturbances related to the measurement platform, such as the influence of the feeding

barge on vertical wind velocity during southwesterly flow. Excluding these disturbances,

the remaining parameters show consistent and reliable behavior. The model evaluation in-

dicates a negative bias in temperature, a positive bias in weak wind speeds, a negative bias

in strong wind speeds, a negative bias in modelled incoming longwave radiation, and a

positive bias in incoming shortwave radiation. Case studies of offshore flow indicate that

model limitations related to horizontal resolution and inaccurate representation of land

and sea tiles negatively impact the simulation of both TKE and sensible heat flux. Finally,

the analysis suggests that applying an emissivity value of 0.7 in the incoming longwave

radiation term in the radiative heat flux calculation applied in the MINCOG spray icing

model is appropriate during the cold season. On the other hand, using incoming longwave

radiation directly from the Arome Arctic model may improve the accuracy of spray-icing

estimates.
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1 Introduction

The research project "Multidisplinary approach for spray icing modelling and decision

support in the Norwegian maritime sector" (SPRICE) which is funded by the Research

Council of Norway (RCN) are running from 2021 to 2025. One of the goals of the project

is to measure parameters that are relevant for sea-spray-icing modelling on a �sh farm

in order to re�ne the operational ship-icing model MINCOG (Samuelsen et al., 2017)

currently applied at MET Norway to be applicable for �sh-farm icing modelling. For

that reason a full scale weather station was mounted in March 2023 by MET Norway

in Gratangen in Northern Norway in strong collaboration with the �sh farming com-

pany Gratanglaks and UiT - The Arctic University of Norway. Firstly, a WS600-UMB

Smart Weather Sensor has been mounted on a feeding barge in Skjærvika approximately

at N68.73 E17.24 (Figure 1) in order to measure atmospheric variables like tempera-

ture, humidity, precipitation, air pressure, and horizontal wind. Secondly, a Thies Clima

Figure 1: A map showing the position of the measurement site in Northern Norway.

Source: The Norwegian Mapping Authority.
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3D ultrasonic anemometer is mounted on the same barge in order to measure the three-

dimensional wind �uctuations and turbulence. Furthermore, a CNR4 Net Radiometer

from Kipp & Zonen is mounted to measure radiation from the atmosphere and from the

sea surface.

An Obscape Buoy 400 is also mounted outside the �sh cages in order to measure the

wave height, wave period, and wave direction. Finally, horizontal sea spray and rain �ux

are measured both on the �sh rings and the feed barge using a maritime rain gauge with a

novel design for the horizontal direction (Dhar et al., 2024). However, the wave data and

the spray data are not considered in this report.

To the knowledge of the authors, some of these parameters measured at this station, like

vertical wind, turbulence, longwave radiation, and shortwave radiation, have never been

measured regularly before at a stationary position at a location just above the sea sur-

face in Northern Norway. Thus, this report aims to evaluate the current data collected

�rst from the period 15 March to 30 June 2023 and later from the period 1 July to 14

November 2023. Furthermore, the operational model Arome Arctic of the Norwegian

Meteorological Institute is veri�ed against these data (Müller et al., 2017; Køltzow et al.,

2019).

2 Instrumentation

Most of the instruments are mounted on the feeding barge at a height of approximately

22 m above the mean sea level in calm conditions.

2.1 All weather sensor (AWS)

The WS600-UMB Smart Weather Sensor (Figure 2) is an All-in-One or All weather sen-

sor (AWS) measuring temperature (T), relative humidity (RH), precipitation intensity

(RRint), precipitation type (RRtype), air pressure (p), horizontal wind direction (DD),

and horizontal wind speed (FF). The precipitation measurements are conducted by us-

ing Doppler radar technology. The station has a built-in compass which means that the

outputted data shows the wind direction relative to magnetic north instead of true north.

For air pressure a height correction must be realized in order to measure the air pressure

relative to the mean sea level (MSLP) instead of the station pressure. The data output is

every minute. More details about the various sensors may be found in Lufft (2022).
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Figure 2: All weather sensor (AWS) with outputs like temperature (T ), relative humidity

(RH), mean sea level pressure (MSLP), horizontal wind direction (DD), horizontal wind

speed (FF), precipitation intensity (RRint), and precipitation type (RRtype). Photo: Eirik

Mikal Samuelsen.

2.2 3D sonic anemometer

The Thies Clima 3D ultrasonic anemometer (Figure 3), here referred to as a 3D sonic

anemometer, measures wind speed in three directions (u, v, w) with a time resolution of

one second, which means that both the horizontal (u0, v0) and the vertical wind �uctuations

(w0) are measured. In addition, sonic temperature (Ts) is measured. From the wind and

sonic-temperature �uctuations, turbulent kinetic energy (TKE), momentum �uxes, and

heat �uxes, e.g. the sonic heat �ux (w0T0
s), may be derived. For more details about the 3D

sonic anemometer, the reader is referred to the manual of the instrument (Thies, 2022).

2.3 Net Radiometer

The CNR4 Net Radiometer from Kipp & Zonen (Figure 4) measures incoming shortwave

(SW) and longwave (LW) radiation from above and below. The radiometer is mounted on

the railing of the feed barge in such a manner that the incoming radiation from below is

planned to come mainly from the sea surface. However, since the vertical distance to the

sea surface is 22 m , there might be interference of radiation from other surfaces as well,

and the evaluation will show whether the placement of the sensor is good enough to serve

the purpose of having a radiation signal mainly from the sea. The incoming radiation

from above is mainly from the atmosphere, but also here there might be interference from
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Figure 3: 3D sonic anemometer with outputs like wind speed in three directions (u, v,

w), turbulent kinetic energy (TKE), and the sonic heat �ux (w0T0
s). Photo: Eirik Mikal

Samuelsen.

Figure 4: Radiometer measuring incoming shortwave (SW) and longwave (LW) radiation

from above and below. Photo: Eirik Mikal Samuelsen.
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Figure 5: Zoomed in map of measurement location. Source: The Norwegian Mapping

Authority.

other objects as well. For instance there is a steep mountain just southeast of the location

that might affect particularly the incoming shortwave radiation from above (Figure 5).

The incoming radiation from the sea is further in the report called "outgoing" longwave

radiation.

3 Methods

The observation quality control is done by plotting and inspecting the parameters out-

putted by the three instruments (Figures 2, 3, and 4). Firstly, the data are analysed

monthly, and secondly, over the �rst time period from 15 March 2023 until 30 June 2023,

and later for the period from 1 July to 14 November 2023. Some shorter time periods and

cases are also inspected in more detail for investigating interesting correlations between

some of the parameters.
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3.1 Wind speed, wind gust, and wind direction

Horizontal wind speed is calculated from both the 3D sonic anemometer horizontal wind

components and the wind components of the AWS. The wind speed is calculated from

u (west-east) andv (south-north) as FF=
p

u2 + v2, whereu is the 10 minute running

average ofu andv is the 10 minute running average ofv. The instantaneous horizontal

wind speed, often referred to as wind gust whenu > u, is calculated as FG=
p

u2 + v2.

The wind direction (DD) is calculated fromu and v and presented in degree cardinal

coordinates by using the four-quadrant arctangent function, named atan2, in MATLAB

(The MathWorks Inc., 2023) in the following manner:

DD =
�

atan2(u;v) �
180:0

p

�
+ 180; for (u;v) 6= ( 0;0)

DD = 0; for (u;v) = ( 0;0)
(1)

The vertical wind speed is calculated as the 10 minute running average of the absolute

value of the vertical wind component (jwj), but also the 10 minute average of the vertical

wind component (w) is calculated with an on average positive or negative value.

3.2 TKE

The turbulence kinetic energy (TKE) is calculated from the wind componentsu, v, andw

retrieved from the 3D sonic anemometer with the following equation:

TKE =
1
2

�
(u0)2 + (v0)2 + (w0)2

�
(2)

whereu0= u� u, v0= v� v, andw0= w� w. Hereu, v, andw are the 10 minute running

averages ofu, v, andw. Moreover,(u0)2, (v0)2, and(w0)2 are the variances of the wind

componentsu, v, andw during the same time period. In aviation forecasting at MET

Norway the square root of TKE is commonly presented as a measure of turbulence in-

tensity (Mathisen, 2023). Hence, the observed
p

TKE is also presented in this report and

compared with the model output of
p

TKE from the Arome Arctic model.
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3.3 Dry temperature

The 3D sonic anemometer outputs the sonic temperature(Ts) given as (Thies, 2022):

Ts = Td

�
1+ 0:30�

e
p

�
(3)

whereTd is the dry temperature,e is the vapour pressure, andp is the air pressure.e=
RH

100% � es, where RH is the relative humidity in percent andes is the saturation vapor

pressure.es in hPa is calculated from Bolton (1980):

es = 6:112� exp
�

17:67T
T + 243:5

�
(4)

whereT is the air temperature in °C with an accuracy of 0.1% for� 30°C � T � 35°C

(Bolton, 1980). By using humidity measurements from the AWS,Td is derived from Eq.

(3) through an iterative method. The dry temperature calculated by this method, is then

compared to the dry temperature outputted by the AWS, by �nding the absolute mean

difference and mean difference between the parameters.

3.4 Kinematic heat �ux and buoyancy �ux

The vertical kinematic heat �ux is calculated asw0T0, wherew0= w� w andT0= T � T,

wherew andT are the 10 minute running averages of the temperature (T) and the vertical

wind component (w). w0T0 is the 10 minute running average ofw0T0. Since the 3D sonic

anemometer measures the sonic temperature (Ts), the output from the 3D sonic anemome-

ter is the sonic heat �ux (w0T0
s). It is here assumed that the kinematic heat �ux is approx-

imately equal to the sonic heat �uxw0T0 � w0T0
s which is an acceptable assumptions in

relatively cold and dry conditions. The buoyancy �ux (BF) is found by multiplying the

kinematic heat �ux with the factorg=Ts, whereg is the gravitational acceleration.

BF =
g
Tv

w0q0
v �

g
Ts

w0T0
s (5)

Here,Tv is the virtual temperature andqv is the virtual potential temperature.
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3.5 Sensible heat �ux

The sensible heat �ux is calculated as

Qs = r acpw0T0 (6)

wherer a = 1:2 kg m�3 is the density of the atmosphere and is for simpli�cation set to a

constant,cp = 1004 J kg�1 K�1 is the speci�c heat capacity for air at constant pressure,

andw0T0 is the kinematic heat �ux as explained in Section 3.4.

3.6 Incoming longwave radiation

The incoming longwave radiation is measured by the upper pyrgeometer on the net ra-

diometer and is compared to the incoming longwave radiation calculated using the Stefan-

Boltzmann law:

LW in = e� s T4 (7)

wheree is the emissivity,s is the Stefan-Boltzmann constant, andT is the tempera-

ture in Kelvin. For this calculation the dry temperature (Td) derived from the 3D sonic

anemometer and the humidity from the AWS is applied. In order to investigate the valid-

ity of the parameterization of longwave radiation applied in the operational spray-icing

model MINCOG (Samuelsen et al., 2017; Samuelsen, 2017), the measured LWin is com-

pared to the calculated value from Eq. (7). In the operational settings an on average

emissivity of 0.7 is assumed for the atmosphere in the cold season, but also an emissivity

of 1 is applied in the literature (Lozowski et al., 2000). Finally, an optimal emissivity

(eoptimal) is derived by �nding the smallest mean absolute error (MAE) between a range

of e used in Eq. (7) and the output from the upper pyrgeometer.

3.7 Estimated SST

In order to test whether the outgoing longwave radiation from the sea could be applied for

sea-surface temperature (SST) estimation, Eq. (7) is rearranged with SST as temperature:

SST=
�

LWup

es

� 1
4

(8)

LWup is the outgoing longwave radiation from the pyrgeometer. An ocean emissivity (e)

of approximately 0.96 is applied in the calculations which is in the lower range of the

ocean-emissivity values presented in Newman et al. (2005).
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3.8 Model veri�cation

Model veri�cation is done by comparing the measured parameters as well as the cal-

culated parameters to model data from the Arome Arctic model. Since the model has

one output every full hour UTC-time, the parameters are veri�ed at each full hour out-

put. However, for simplicity, it is assumed that the model UTC time is the same as the

observed local time (CET or CEST depending on time of the year) since the difference

between UTC and local time is only two hours during summer time and one hour during

winter time. Furthermore, the weather station is located at 22 m above sea level (MASL)

and the model data are either linearly interpolated between the two lowermost model lev-

els 64 and 65 which has an approximate height of 36 m and 12 m. In some cases, such

interpolation is not possible, and the parameters are adjusted to �t the station height in a

best possible manner. Some parameters are also veri�ed against other model heights for

comparison: at 0 m for pressure, at 2 m for temperature and relative humidity, and at 10 m

for horizontal wind speed, wind gust, and wind direction. Mean absolute error (MAE), the

mean of the absolute value of the difference between the model and the observed parame-

ter, and the mean error or BIAS, the mean value of the difference between the model and

the observed parameter, are calculated for most of the parameters. Moreover, the Pearson

correlation coef�cient,r, is also calculated in the model veri�cation when relevant. For

veri�cation of pressure, the observed pressure is compared to a value derived from the

hypsometric equation providing:

z22 � z0 =
RdTv

g
ln

�
p0

p22

�
(9)

By assuming that the observed sonic temperature at 22 m (Ts) is equal to the mean virtual

temperature in the layer between the surface (z0 = 0 m) and 22 m height (Tv), one can

simplify the calculation of pressure at 22 m height to be:

p22 =
p0

exp(z22g=(RdTs))
(10)

where p0 is the pressure at sea level from the model,g is the gravitational constant,

z22 = 22 m is the height at the measurement site, andRd is the gas constant for dry air.

For the veri�cation of relative humidity, the following equation is utilized to �nd the

modelled relative humidity at 22 m height (RHM22):

RHM22 =
qM22pM22

0:622es
(11)
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whereqM22 is the speci�c humidity from the model linearly interpolated to 22 m,pM22

is the calculated pressure at 22 m in the model, andes is the saturated vapor pressure

calculated with Eq. (4). In order to �nd the observed speci�c humidity (q), the following

relationship is applied:

q = 0:622� RH
es

p
(12)

where RH andp are observational parameters from the AWS. In the operational Arome

models including Arome Arctic wind gusts at 10 m height are parameterized in the fol-

lowing manner:

FG10m = FF10m+ 3:5�
p

TKE20m (13)

For the modelled wind gust at the Skjærvika location the following relationship is

implemented to �nd the gust at 22 m:

FGM22 = FFM22 + 3:5�
p

TKEM22 (14)

where FFM22 is the model horizontal wind speed linearly interpolated to 22 m and TKEM22

is the model TKE interpolated to 22 m. In contrast to the wind gust parameterization in

the operational model, here, all parameters are applied from the same height.

For the veri�cation of the precipitation and radiation data, an hourly mean at each full

hour, in mm h� 1 and W m� 2, respectively, are found from the model and the measurement

data.

4 Results from 15 March 2023 to 30 June 2023

4.1 Raw data from the three instruments

The raw data of the three wind components and the sonic temperature is plotted in Fig-

ure 6 and Figure 7. Here it is apparent that there are periods of strong winds with hor-

izontal wind components above 10 m/s from mid-March until mid-June (Figure 6). It is

noticeable that the positive vertical wind component is surprisingly strong, compared to

the horizontal components and the negative component of the vertical velocity (w). In

addition, it is apparent that the temperature is increasing throughout the period with some

distinct cold periods in March, in the beginning of April, in the beginning of May, and

also in the beginning of June, with some milder or warmer periods in the end of April,

end of May, and particularly in the end of June (Figure 7).
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Figure 6: u (in red), v (in green), and w (in blue) from the 3D sonic anemometer from 15

March 2023 to 30 June 2023.

Figure 7: Acoustic or sonic temperature from the 3D sonic anemometer from 15 March

2023 to 30 June 2023.
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Figure 8: Temperature (in blue), dew-point temperature (in green), air pressure (in red),

and relative humidity (in pink) from the AWS (15 March to 30 June 2023).

Figure 8 shows the temperature, the dew-point temperature, the air pressure, and the

relative humidity from the AWS. It is apparent that the temperature and also in part the

dew-point temperature follow the 3D sonic temperature trends from March to June (Fig-

ure 7) which strengthens the trustworthiness of the data from both instruments. In addi-

tion, the plots show the necessity to do some �ltering of the data in order to remove some

of the spikes noticeable in Figure 8.

Figure 9 visualizes the longwave radiation and shortwave radiation from the net ra-

diometer together with the temperature and relative humidity from the AWS. As is appar-

ent from Figure 9 some radiation data in April are missing and this should be considered
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