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Abstract: Storm Ophelia made landfall over Ireland as an extra-tropical storm on the morning of the
16t October 2017. The storm caused major power outages, lifted roofs, caused coastal flooding in
Ireland, and resulted in the loss of three lives. A model’s capability to forecast extreme weather
events such as Storm Ophelia is of upmost importance and now with a changing climate, it becomes
more important to improve and enhance model forecasting capability. The Weather Research and
Forecasting (WRF) model V3.9 has been configured for the Irish domain and this study presents a
preliminary evaluation of the Model during Storm Ophelia. Simulated wind speed and direction
were compared with hourly remote sensing (lidar) and in-situ (wind speed and wind direction at
10m) observations at the coastal site of Mace Head Atmospheric Research Station on the West coast
of Ireland (53.33° N, 9.90 49 - W). The model simulation has generally small biases in the simulated
wind speed and wind direction during this case study. The model also realistically simulated the
magnitude and geographical distribution of the wind speed and wind direction observed during
Opbhelia.
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1. Introduction

Earth’s climate is rapidly changing, with widespread changes in the atmosphere, ocean,
cryosphere, and biosphere [1]. Human-induced climate change is already affecting many
weather and climate extremes in every region across the globe and there is more evi-
dence of observed changes in extremes such as heatwaves, heavy precipitation,
droughts, and tropical cyclones. Increasing likelihoods of extreme weather events is the
most noticeable and damaging manifestation of human induced climate change [2]. Hur-
ricanes are among the most devasting natural disasters, with approximately 80-90 tropi-
cal cyclones reaching tropical storm intensity around the globe [6]. The number of cate-
gories 3, 4, and 5 North Atlantic hurricanes during the first decade of the 21st century
was the highest since 1951. The recent increases in activity are linked, in part, to higher
sea surface temperatures in the region where Atlantic hurricanes form and move
through. An increase in strength and number of intense hurricanes is projected for the
end of this century. These projected changes are based on an average of projections from
a number of individual high-resolution models and mechanistic considerations [3] [4]

[5].

© 2021 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202109.0093.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 September 2021 d0i:10.20944/preprints202109.0093.v1

2 of 14

Storm Ophelia was the easternmost major hurricane on record. It caused almost 70 mil-
lion worth of damage and is considered to be the worst storm to affect Ireland in 50
years. The tropical storm developed from the strongest eastern Atlantic storm in a cen-
tury and a half and brought wind speeds of 191 km/h to parts of Ireland. It left more
than 385,000 homes without power, and effectively shut down the country for 2 days.
Three deaths can be directly attributed to Ophelia, all of which occurred in Ireland. Fig-
ures 1(a) and 1(b) give an overview of the storm from satellite images. In Figure 1(b), the
eye of the hurricane is clearly visible.

Figure 1: Images from NASA-NOAA's Suomi NPP satellite; (a) Thermal image of Hurri-
cane Ophelia from over Ireland on Oct. 16 at 02:54 UTC; (b) Visible light image of Ophe-
lia over the Atlantic on Oct. 12 at 15:30 UTC.

Current mesoscale numerical models, such as the Weather Research and Forecasting
(WRF) model, are capable of simulating intense tropical cyclones with realistic structures
[7]. The WRF Model is designed to serve both operational forecasting and atmospheric
research needs [8][9][10]. Evaluation of the Hurricane Weather Research and Forecasting
(HWRF) model, designed specifically for hurricane studies [11] against WRF Models
showed that the intensity forecasts displayed only marginal improvement of 5-8 % over
the operational forecasts [15]. Domain size, location, and resolution are critical [12][13]
and the importance of selecting representative grid points for evaluating the model per-
formance has been shown to be of relevance [14].

2. Materials and Methods
21 WRF model configuration

One of the essential steps in numerical weather forecasting simulations is the initial
setup of physics options for the region and time period being considered. The mesoscale
model used in this study is the Weather Research and Forecasting Model (WRF). WREF is
a multi-scale model which scales from hemispheric scale down to km scale and can ac-
commodate multiple levels of nesting. The WRF model is used extensively within aca-
demia, governments, and industry, and has an ability to simulate a wide range of synoptic
scale, mesoscale, and microscale atmospheric phenomena. The model is equipped with
multiple parameterization schemes (e.g., microphysics, land-surface interaction, radia-
tion, planetary boundary layer, etc.) [7]. WRF can produce simulations based on actual
atmospheric conditions (i.e., from observations and analyses) or idealized conditions. In
this study simulations were carried out using 3 nested resolutions, 25km, 5km, and 1km.
WREF Version 3.9 was used for model simulations. The centre of domain is located at
52.32N, 1.51W with a resolution of 25 km, which covers Ireland, UK, and most European
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regions. The vertical structure is divided into 30 levels, of which 8 levels are below 1 km
altitude [10]. The terrain, land use and soil data are interpolated into model grids from the
USGS global elevation with resolutions of 10 m, 2 m, and 30 m respectively. The European
Centre for Medium-Range Weather Forecasts (ECMWF) Reanalysis (ERA) Interim data
files are used for the meteorological initialization and boundary conditions [21]. The ERA-
Interim ends on 31st August 2019. The ERA-Interim file needed to be interpolated to the
limited area of WRF domain. This process is realised by the WRF Pre-Processing system
(WPS). In addition, we use the RRTM shortwave radiation schemes [22], and the Unified
Noah land surface model. The sub grid-scale turbulence mixing is turned on without ex-
plicit computational mixing. The microphysics and PBL schemes are Lin et al & YSU
scheme [23]. The full model configuration used in this study is presented in Table 1.

WRF MODEL SETUP

MODEL SOFTWARE VERSION
NUMBER OF DOMAINS

HORIZONTAL RESOLUTION
TEMPORAL RESOLUTION

FORECAST IN HOURS

NUMBER OF GRID POINTS

MAP PROJECTION

HORIZONTAL GRID

VERTICAL COORDINATE

TIME INTEGRATION

MICROPHYSICS

RADIATION

AEROSOL SCHEME

CHEMICAL MECHANISM
PLANETARY BOUNDARY LAYER (PBL)
LAND —SURFACE PARAMETERIZATION
CUMULUS PARAMETERIZATION

V3.9

3 domains

1kam, Skn and 25 km

1 hour

87 howrs

100x111, 186x131, 191x141
lambert

Arakava C-grid staggering [24]
Hybrid sigma-pressure
Runge-Kutta scheme

Lin et al. scheme
RRTM

no chemistry

no chemistry

YSU scheme

Unified Noah land-surface scheme

Grell-Devenyi ensemble scheme

Table 1: WRF 3.9 model configuration used in this study.

2.2  Doppler Lidar Measurements

We validated WRF wind profiles using a scanning Doppler wind lidar of type
WindCube 200S from manufacturer Leosphere (France). The lidar is located at Mace
Head, about 300 m from the shoreline at 21 m above ground level. The scanning lidar
delivers radial wind speed along any line of sight, from which horizontal wind speed and
direction can be calculated using a specific scan pattern. At intervals of 15 minutes, conical
scans at fixed elevation angles, also referred to as velocity-azimuth-display (VAD), were
performed consisting of 12 beams at discreet azimuth angles 30° apart. The elevation angle
of the conical scans used for this study was 15°. Temporal and vertical resolution of the
resulting wind field was 15 minutes and 20 m.

To obtain horizontal wind speed and direction, radial wind values were fitted to a
sine-curve as suggested by Browning and Wexler [33]. The least-square fit was applied to
each range bin (horizontal cross section of the cone forming a circle). Availability of lidar
signal depends on the presence of scatters, which are mostly aerosol particles. Therefore,
low signal-to-noise ratios are common at altitudes above the boundary layer and lead to
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poor fits, which we screened out by applying a threshold of the correlation coefficient R
of the fit of 0.98. Besides, in this part of the study we focus on eight WRF height levels
below 1300 m above sea level, to avoid outliers affecting the validation. For comparison
of WRF and lidar profiles of wind speed and direction, the closest lidar altitude to the
WREF levels, as well as the closest lidar time stamp to the full hour were selected.

23 Evaluation parameters

WRF model simulations from the three domains (D1), (D2) and (D3) were evaluated
statistically against the near surface in situ observations measured by the automatic
weather station. The investigated parameters were wind speed and wind direction. The
capability of the model was evaluated for a 24-h forecast period starting from 0000 UTC
to 0000 UTC the next day (the initial 12 h being discarded for model spin-up). Due to the
complexity and uncertainty associated with the forecast verification process, it is well
known that a single verification statistic cannot depict the quality of a forecast [34]. A
number of standard qualitative and quantitative accuracy measures were used to assess
the forecast, namely mean bias error (MBE), root mean square error (RMSE), standard
deviation of the mean value (o) and correlation coefficient (r).

3 WRF Model comparison to in-situ measurements

Our simulation period covers the time when Storm Ophelia reached Ireland, from 16
to 18 October 2017. In this section, model simulations for nested resolutions 25km, 5km,
and 1km are compared against hourly in-situ Met Eireann measurements of wind speed
and direction at Mace Head. Results using the metrics introduced in the previous section,
for the 16 and 17 October are shown in Table 2.

16/10/2017 17/10/2017
Mace Head centre wind speed

WRF resolution R2 RMSE MBE R2 RMSE
25 km 0.23 3.7 -1.46 0.90 3.1
5 km 0.11 2.8 -1.45 0.93 1.6
1 km 0.17 6.1 -6.81 0.94 5.8

Mace Head centre wind direction

WRF resolution R2 RMSE MBE R2 RMSE
25 km 0.27 35 -35 0.78 37.8
5 km 0.54 24.5 -25 0.92 11.16
1 km 0.63 14.88 -19.9 0.75 5.88

Table 2: Comparison of WRE results with in-situ measured 10-m wind at Mace Head on 16
October 2017, Mace Head centred extracted point

Comparing wind direction and wind speed at 10m against WRF simulations on the
16 October shows poor agreement for wind speed, with R? smaller than 0.23 for all WRF
resolutions. MBE, however, was small, especially for WRF resolution of 5 and 25 km.
Wind direction compared better than wind speed, with R? ranged from 0.27-0.63 for the
WREF resolutions, but RMSE and MBE were large. The comparison on 17 October shows
excellent correlation for wind speed with R? between 0.90 and 0.94 for 25 km and 1 km
resolution, respectively, and small MBE and RMSE. Wind direction agreed reasonably
well, with R2 between 0.75 and 0.92, and smaller MBE and RMSE than from the run-on 16
October.


https://doi.org/10.20944/preprints202109.0093.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 September 2021 d0i:10.20944/preprints202109.0093.v1

5 of 14

maximum wind speed time of maximum
m/s urc
measured 18.5 07:00
WRF 25km 21.2 12:00
WRF 5 km 17.8 08:00
WRF 1 km 11.8 21:00

Table 3: Observed and forecasted wind speed maximum on 16 October, as well as time the maximum was recorded, Mace Hea

Table 3 shows maximum and medium wind speed, and the time the maximum wind
speed was recorded, or forecasted by WRF. The nested WRF 5km resolution captures
both, timing, and wind speed very well, forecasting the peak within 1 hour of the maxi-
mum hourly average wind speeds measured on 16 October. WRF 25km appears to have
a time lag of several hours. While the WRF 1km resolution misses both the intensity and
timing of the peak wind speeds.

4 WRF Model comparison to Lidar measurements
4.1 WRF & Lidar Wind speed (30 vertical levels)
For comparison of WRF and lidar profiles of wind speed, the closest lidar altitude to

the WRE levels, as well as the closest lidar time stamp to the full hour were selected. Table
4 (A & B) show wind speed comparison results for 16 & 17 October 2017 for lidar VAD_15

and VAD_75.
WRF & LIDAR RESULTS MACE HEAD 16" OCTOBER 2017- WIND SPEED VAD 15
MODEL | R R2 RMSE Std Dev
WRF (25KM) | 0.59 0.35 7.62 0.11
WRF (5KM) | 0.68 0.46 5.42 0.08
WRF (1IKM) | 0.67 0.45 6.44 0.09
WRF & LIDAR RESULTS MACE HEAD 16" OCTOBER 2017- WIND SPEED-VAD 75
MODEL | R R2 RMSE Std Dev
WRF (25KM) | 0.63 0.40 8.56 0.09
WRF (5KM) | 0.55 0.30 7.01 0.08
WRF (IKM) | 0.413 0.17 8.03 0.09

Table 44: Comparison of WRF results with lidar measurements.
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WRF & LIDAR RESULTS MACE HEAD 17" OCTOBER 2017- WIND SPEED VAD_15

MODEL | R R RMSE Std Dev
WRF (25KM) | 0.97 0.94 3.13 0.02
WRF (5KM) | 0.96 0.92 2.07 0.02
WRF (1IKM) | 0.94 0.88 1.94 0.03

WRF & LIDAR RESULTS MACE HEAD 17" OCTOBER 2017- WIND SPEED VAD_75

MODEL | R R2 RMSE Std Dev
WRF (25KM) | 0.96 0.92 3.72 0.02
WRF (5KM) | 0.96 0.92 1.98 0.03
WRF (1KM) | 0.93 0.87 2.16 0.03

Table 4B: Comparison of WRF results with lidar measurements.

Comparing lidar wind speed against WRF simulations on the 16 October, we can see
that the agreement with wind speed VAD_15 is good (R? >0.59 for all WRF resolutions).
The agreement with wind speed VAD_75 is poorer, (R? >0.41 for all WREF resolutions). The
WREF 5km resolution perform’ s marginally better than the 25km domain for both VAD_15
and VAD_75. This agrees with the previous in-situ 10m wind speed analysis. Comparing
lidar wind speed against WRF simulations on the 17 October, we can see that the agree-
ment with wind speed for Lidar VAD_15 & VAD_75 is excellent (R2> 0.93) for all WRF
resolutions. Again, this agrees with the in-situ 10m wind speed analysis on the 17t of Oc-
tober.

4.2 WREF & Lidar Wind direction vectors (30 vertical levels)

For comparison of WRF and lidar profiles of wind direction, the closest lidar altitude
to the WREF levels, as well as the closest lidar time stamp to the full hour were selected.
Table 4 (a & b) show comparison results for 16 & 17 October 2017 for lidar VAD_15 and
VAD_75 for the u and v wind direction vectors.
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WRF & LIDAR RESULTS MACE HEAD 16" OCTOBER 2017- WIND DIRECTION U VECTOR VAD_15

MODEL

WRF (25KM)
WRF (5KM)
WRF (IKM)

R

0.45
0.28
0.50

R2

0.20
0.08
0.25

RMSE

11.50
7.70
6.50

Std Dev

0.05
0.05
0.05

WRF & LIDAR RESULTS MACE HEAD 16" OCTOBER 2017- WIND DIRECTION V VECTOR VAD_15

MODEL

WRF (25KM)
WRF (5KM)
WRF (1KM)

R

0.61
0.83
0.88

R2

0.37
0.69
0.77

RMSE

15.70
10.50
8.60

Std Dev

0.04
0.04
0.04

WRF & LIDAR RESULTS MACE HEAD 17" OCTOBER 2017- WIND DIRECTION U VECTOR VAD_15

MODEL

WRF (25KM)
WRF (5KM)
WRF (1KM)

R

0.50
0.40
0.50

R2

0.25
0.16
0.25

RMSE

4.01
2.10
1.90

Std Dev

0.12
0.05
0.04

WRF & LIDAR RESULTS MACE HEAD 17" OCTOBER 2017- WIND DIRECTION V VECTOR VAD_15

MODEL

WRF (25KM)
WRF (5KM)
WRF (IKM)

R

0.95
0.97
0.96

R2

0.90
0.94
0.92

RMSE

430
2.17
2.02

Table 5: Comparison of WRF results with lidar measurements VAD 15.

Std Dev

0.02
0.02
0.02
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WRF & LIDAR RESULTS MACE HEAD 16" OCTOBER 2017- WIND DIRECTION U VECTOR VAD_75

MODEL | R R2 RMSE Std Dev
WRF (25KM) | -0.42 0.18 12.7 0.04
WRF (5KM) | 031 0.09 8.50 0.05
WRF (1KM) | 0.57 0.32 6.70 0.05

WRF & LIDAR RESULTS MACE HEAD 16" OCTOBER 2017- WIND DIRECTION V VECTOR VAD_75

MODEL | R R2 RMSE Std Dev
WRF (25KM) | 0.61 0.37 18.0 0.04
WRF (5KM) | 0.82 0.67 12.3 0.03
WRF (1KM) | 0.86 0.74 10.5 0.03

WRF & LIDAR RESULTS MACE HEAD 17" OCTOBER 2017- WIND DIRECTION U VECTOR VAD_75

MODEL | R R2 RMSE Std Dev
WRF (25KM) | 0.57 0.32 4.30 0.10
WRF (5KM) | 0.50 0.25 2.09 0.05
WRF (1KM) | 0.60 0.36 1.88 0.05

WRF & LIDAR RESULTS MACE HEAD 17" OCTOBER 2017- WIND DIRECTION V VECTOR VAD_75

MODEL | R R2 RMSE Std Dev
WRF (25KM) | 0.95 0.90 4.90 0.01
WRF (5KM) | 0.98 0.96 2.05 0.02
WRF (1KM) | 0.96 0.92 2.50 0.03

Table 6: Comparison of WRF results with lidar measurements VAD_75.

From table 5 we see that the U wind direction component agreement was poor for all
days and all Lidar angles. From table 6 we see that the V wind direction component for
VAD_15 and VAD_75 give similar results on both days, with good agreement on the 17t
October (R? >0.90 for all the v vector WRF resolutions) and poorer agreement on the 16t
October (R? >0.37 for the vector for all WRF resolutions).

We now look at the time-height plots of the relative difference in percent between WRF
and lidar calculated as: diff = 100%(X_lidar - X_wrf)/X_lidar. We look at plots for u and v
wind direction components as well as horizontal wind speed for days 16 & 17 October for
Lidar angle, VAD 15.

From the Met Eireann in-situ measurements, we know that max wind speeds were de-
tected on the 16t of October at 7:00am. On the 16t October, we can see from Figure 3, that
the 5km WRF domains capture the max wind speeds seen at Mace Head at around 7:00am.

"

Figure 3: Wind Speed time series for % difference in Lidar and WRF 1km, 5km, 25km

In terms of wind direction on the 16t October, the u component WRF compares
poorly with Lidar for all WRF resolutions, while the v component performs well in the
early morning, as can be seen in Figure 4 and 5.
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Figure 4: Time series of % difference of the u-wind component in Lidar and WRF
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Figure 5: Time series of % difference of the v-wind component in Lidar and WRF
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Figure 6: Wind Speed time series for % difference in Lidar and WRF 1km, Skm, 25km
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Figure 7: Time series of % difference of the u-wind component in Lidar and WRF
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Figure 8: Tlme series of % difference of the v-wind component in Lidar and WRF
1km, 5km, 25km

From Figure 6, we can see that on the 17% October, the 1km WRF domain overesti-
mates wind speed at the lower altitudes of less than 200m, while the 5km domain slightly
underestimates the wind speed at less than 200m and indeed underestimates the wind
speed at all altitudes in the early morning.

Here we can see that clearly the 25km domain overestimates the wind speed at all altitude,
suggesting that the model performs better with a smaller domain over land, rather than a
large domain which covers land and sea. The v-vector wind direction component in better
agreement than the u-vector component.
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Results show that as seen with the in-situ measurements, the nested 5km WREF resolution
performs best for both Wind Speed and Wind Direction on the 16" & 17t October.

2 WRF Model Grid Point Analysis

The importance of selecting appropriate grid points to compare with observations is
now examined in detail. The wind speed from the nearest grid point is not always the
most appropriate one for this comparison, nearby ones may be more representative. To
see the sensitivity of model simulation to selected grid points, we extracted the data at
three grid points. One is centred at Mace Head (-9.9, 53.3), and the other two grid points
are near Mace Head. One is moving towards ocean (-10.2,53.3), and the other is moving
inland (-9.7,53.3).

e Mace Head centred (original)
e Mace Head, subg (inland)
e  Mace Head, subo(ocean)

As Mace Head is located in the boundary of ocean and land there is a transition be-
tween two distinct surfaces which need more sub-grid points to resolve the sub-grid scale

problem.
16/10/2017 17/10/2017
Mace Head centre wind speed

WRF resolution R2 RMSE MBE R2 RMSE
25 km 0.23 3.7 -1.46 0.90 3.1
5 km 0.11 2.8 -1.45 0.93 1.6
1 km 0.17 6.1 -6.81 0.94 5.8

Mace Head centre wind direction

WRF resolution R2 RMSE MBE R2 RMSE
25 km 0.27 35 -35 0.78 37.8
5 km 0.54 24.5 -25 0.92 11.16
1 km 0.63 14.88 -19.9 0.75 5.88

Table 74: Comparison of WRF results with in-situ measured 10-m wind speed and direction, Mace Head centred extracted poii

16/10/2017 17/10/2017
Mace Head subg- wind speed

WRF resolution R2 RMSE MBE R2 RMSE
25 km 0.58 32 -1.7 0.85 2.89
5 km 0.64 6.6 -6.4 0.63 538
1 km 0.78 6.2 -5.6 0.77 5.88

Mace Head subg-wind direction

WRF resolution R2 RMSE MBE R2 RMSE
25 km 0.53 37 -40 0.75 19.57
5 km 0.68 16.33 -27 0.44 27.55
1 km 0.87 7.1 -17 0.90 23.0

Table 7B: Comparison of WRF results with in-situ measured 10-m wind speed and direction, Mace Head subg extracted point
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16/102017 17/102017
Mace Head subgo-wind speed
WRF resolution R2 RMSE MBE R2 RMSE
25 km 0.15 3.52 -0.97 0.87 33
5 km 0.13 9.06 -7.97 0.73 59
1 km 0.11 4.5 -3.07 0.77 4.6
Mace Head subgo-wind direction
WRF resolution R2 RMSE MBE R2 RMSE
25 km 0.38 432 -36.0 0.88 2.8
5 km 0.7 16.5 -21.0 0.87 13.81
1 km 0.8 15.13 -16.81 0.9 19.8

Table 7C: Comparison of WRF results with in-situ measured 10-m wind speed and direction, Mace Head sub( extracted point

From table’s 7(A-C) we can see that the wind speed and direction of Mace Head Sudg
performs best on thel6 t* October with good correlations, significantly improving (R=0.78
for WRF 1km resolution) as the grid spacing approaches 1 km. There is poor agreement
for wind speed, with R? smaller than 0.23 for all WRF resolutions at grid point Mace Head
centre and Mace Head subgo. MBE, however, was small. Wind direction compared better
than wind speed, with R? larger than 0.5 for all WRF resolutions, but RMSE and MBE were
large.

The comparison on the 17 t October shows excellent correlation for the Mace Head cen-
tred grid point, with wind speed correlation R? between 0.90 and 0.94 for all resolutions,
and small MBE and RMSE. Wind direction also agreed very well, with R? between 0.75
and 0.92, and smaller MBE and RMSE than from the run on 16 th October.

6 WRF Model real-time Analysis & Storm tracking

In terms of local scale meteorology, we developed a unique interactive forecasting
evaluation system that provides real-time, in-situ, observational data delivered with a
range of model products to allow the viewer to discern model accuracy, and which one is
performing best. Figure 9 & Figure 10 below shows the models performance during Ophe-
lia using the real-time analysis system, three distinct models are all compared at their nor-
mal 25 km x 25 km resolution and then the nested model simulations are compared at 25
km? 5 km? and 1 km?2. A range of real-time meteorology data at Mace Head with a 1-
minute temporal resolution is streamed and compared against the WRF model forecast.

Measurements of Wind Speed at Mace Head Atmospheric Research Station, Ireland  Date:17/10/2017

Wind Speed (M:Sec)
s

T t T T T T i T T T T
249 80 31 22

Julian Day (2017)

Figure 9: Real-time Analysis of WRF (25km, 5km,1km) Wind Speed during Storm Ophelia.
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Measurements of Wind direction at Mace Head Atmospheric Research Station, Ireland  Date;17/10/2017

Wind Diection (Degrees)

— Data(in-situ) — WRF-ash(25km) — WRFnested_1km— WRFnested_5km— WRFnested.

s T . T . n T T T . By T T T T na
Julian Day (2017)

Figure 10: Real-time Analysis of WRF (25km, 5km,1km) Wind Direction during Storm Ophelia.

From Figure 9 and 10, we can see that as observed from our lidar comparison study,
that the WRF 5km, appears to follow the real-time in-situ measurements at 10m best, but
fails to capture the peak wind speeds. The WRF 25km showed a delay in capturing the
max wind speeds and a time lag in wind direction during Storm Ophelia. While the WRF
1km, underestimates the wind speeds during Ophelia. The importance of WRF horizontal
resolution is very apparent.

Finally, WRF Simulations were also evaluated in terms of their ability to track the path of
Opbhelia, Figure 11 show’s Ophelia simulation maps from the 15%-18% October 2017. From
Figure 11(A-D), you can see the track of Ophelia as it makes its way towards Ireland. The
eye of the storm is clearly visible in Figure 11 (B).
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Figure 11(A-C): WRF Wind Speed & Direction forecast plots (A)-(F) of Storm Ophelia 15%-
17th October 201
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7 Conclusions

In this study we analysed WRF simulations during storm Ophelia, looking at key
meteorological parameters, wind speed, wind direction and compared the model results
against in-situ observations and remote sensing Lidar measurements at Mace Head At-
mospheric research station. The model realistically simulated the magnitude and geo-
graphical distribution of the wind speed and wind direction observed during Ophelia,
with good agreement with LIDAR data for both wind speed and direction on the 16t Oc-
tober and excellent agreement with wind speed and direction on the 17t October (R2>0.9
for the WRF 25km domain and the 5km domain). The model simulation showed to have
generally small biases in the simulated wind speed and wind direction during this case
study.

The importance of selecting representative grid points for evaluating the model per-
formance has also been shown to be of relevance at Mace Head. As Mace Head is located
in the boundary of ocean and land there is a transition between two distinct surfaces
which need more sub-grid points to resolve the sub-grid scale problem. We can see from
our study that moving the grid inland (Mace Head Sudg) increases the performance of
the model during Ophelia (16 ™ October) with good correlations (R?>0.58) for wind speed,
with good correlations (R?=0.78 for WRF 1km resolution) as the grid spacing approaches
1 km. Wind direction also correlated well, with R2>0.53 for all WRF resolutions, with ex-
cellent correlation (R2=0.87) as the resolution increases to 1km.

From this study, the correct choice of model resolution becomes apparent, we can see
that the WRF 25km has a delay in capturing the max wind speeds and a time lag in wind
direction. Results show that as seen with the in-situ measurements, the nested 5km WRF
resolution performs best for both Wind Speed and Wind Direction on the 16" & 17t Octo-
ber, the model’s capability to forecast extreme weather events such as Storm Ophelia is of
upmost importance and now with a changing climate, it becomes more important to im-
prove and enhance model forecasting capability.
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