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Abstract

Continuing advances in computer power and capacitye h
allowed many weather forecast centres to condutim® weather
analyses and forecasts over large areas on corngmatiagrids on
the order of 1 km. This horizontal grid spacingoa# for the
explicit representation of convective processesthundderstorms,
and improved modelling of mountain waves that calesenslope
windstorms. This allows the production of “reatistlooking
event maps of extreme wind gusts (diagnosed fromdeinaind
fields and turbulent intensities inferred from bblbundary-layer
properties) from these models for the phenomenaimguthe
majority of New Zealand’s recorded extreme winds.

We present a preliminary evaluation of a numericél km grid
spaced weather model's (NZCSM New Zealand Conve&ibade
Model) performance in simulating ten-minute timeies of wind
gusts (bias and short-range skill) as well ashtétato reproduce
daily and annual maximum gusts that occurred in Mealand in
2014 and 2015. Maps of annual extreme gusts fod 20i 2015
as simulated by NZCSM are also presented. Mafigofype and
at this scale have not previously been produdéidally we detail
plans to create a regional climatology (based 8 year NZCSM
re-analysis) at this scale.

Introduction

Since 2014 NIWA has produced on a 4 times a daledyuitial
times of 0300, 0900, 1500, and 2100 UTC) NZCSM 36rhou
forecasts (42 hour since November 2015) which ohelmaximum
3-sec gust estimates for each 30 minute peridokifidrecast. The
gusts are diagnosed based on estimatesupfthe standard
deviation of the horizontal wind from the mean 16tra speed.
The diagnostic method is described in Lock et AB2@ith the key
features being that the estimates depend on $yaf#ilanofsky et
al 1977) and universal turbulence spectra (Beljd®87). Note,
it has also been our experience that the 133 m htede mean
speeds are often quite close to these gust estiroaer relatively
flat terrain, and thus mean speeds at this model kre often a
crude proxy for the 10 m surface gust.

The production of these realistic forecast higlehason gust

maps provides not only value for weather forecastaut also for
establishing model climatologies (once properlyibrated) and
the calculation of return period statistics forioeg characterized
by “mixed-wind” climates (Kruger et al 2011). Thaxed-wind

climate disaggregation when calculating extremgssizs has not
been performed for New Zealand as previously it besn too
impractical to identify the weather phenomena poily extreme
gusts. The existence of the 2 year archive withvalk practical
classification of phenomena when examining statémords.

This abstract is set out as follows, in the negtisa the NZCSM
model is briefly described, following that a brsefmmary of wind
speed and gust validation efforts to date, thenesimitial results
from the first two years of NZCSM are presented lefeatures
discussed. Finally, plans for a 30 year reanalgses briefly
outlined.

NZCSM Model

The New Zealand Convective-Scale Model (NZCSM is a
Numerical Weather Prediction (NWP) model and a lloca
configuration of the UK Met Office Unified Model (&4UM),
featuring a non-hydrostatic dynamical core (callétew
Dynamics), semi-implicit time-stepping and semi-taggian
advection and terrain-following vertical levels. eThNew
Dynamics core is described in Davies et al. (2005).

The underlying orography used by NZCSM is createdeamodel
resolution of 1.5 km from the GLOBE source dataséh va

horizontal resolution of 1 km (GLOBE Task Team, 1p9he

model orography is lower than in reality, becauseeguires
smoothing to prevent numerical instabilities fronsiag due to
overproduction of two grid length features durihg tourse of the
forecast. Various verification efforts have beergaing since
2014 and key settings used with NZCSM for the majaf this

period are given in Table 1

Item Notes

Domain size 1200x 1350x 70

Computational grid Rotated latitude / longitude

Levels below 2km 23 (model top 40 km)

Dynamics time step 50s

Radiation time step 600 s /10 min

Data Assimilation Pseudo-analysis (merge NZLAM

12 background)

Incremental Analysis
(IAU) Period

2 hours (T-1 to T+1)

Observation types used  Surface, Aircraft, Sateliie

NZLAM-12 background)

Forecast period 36 h prior Nov 2015, 42 h since

Forecast frequency 4 times per day at 03, 09, #i24n

UTC (Analysis Time)

Derived from NZLAM-12 run at
12km horizontal resolution

Lateral Boundary
Conditions (LBC)

LBC Update frequency| 30 mins

Output frequency Prognostic fields: 30 mins ;
Accumulations: Hourly, 3, 6, 12

hours, 24 hours

Table 1. Key NZCSM settings during 2014 and 2015.

Validation efforts for a selection of complex teémraites have
indicated normalized RMSE errors of 0.27-0.30 foeéast ranges
of 06-12 hours with only a slight degradation au86-42 hours
(approx 0.34-0.38). Biases of around -2 to -3 ay@fox 10%) in
gust speeds were typical and explained variances typically

ranged from 60% to 70%. Wind rose (directionjnaiologies
have generally been well reproduced for well exgastes and the



forecast model wind generally beat persistence af&hours for
many sites. However, it also seems to be the daae geak
observed gust speeds during high wind events aterastimated.
Much of the under-prediction can be attributechtofact that with
a 1.5 km grid spacing many slopes are still n@seEnough. More
details are provided in Moore and Turner (2016) #ray show
that improvement of extreme gusts was gained whBiZ@sM
grid-spacing of 100 m was used and thus steepeelnoodgraphy
was being represented. This means that bias omibeelled
NZCSM gusts seen for many stations sited on ridgesin
complex terrain) are likely due to sub-grid hillagte speed-ups
and thus will be largely correctable for most gailine wind
events where the direction is known. Thereforecercluded that
the generally good performance of NZCSM suggestwas
worthwhile to attempt to produce gust “climatolagjiefrom
NZCSM forecast archives.

Initial results 2014 and 2015

From the archive of NZCSM forecasts; maximum gutse of
maximum gust, direction of maximum gust, and a tairhours
for which gusts exceeded 25 m/s (90 km/h) were diachfior each
day (0300 UTC cycle — so forecast hours 9 to 33 rcake
midnight to midnight period for which daily maximumgust
statistics are recorded) from April 16, 2014 (tbeetast which
includes ex-TC Ita) through to April 30, 2016.

Figure 1. The maximum 10 m 3-sec gust as diagnweed0300 analysis
time NZCSM forecasts for the period Apr 16 throigr 31, 2014.
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Figure 2. The maximum 10 m 3-sec gust as diagnweed0300 analysis
time NZCSM forecasts for the period Jan 1 througle B1, 2015

Figures 1 and 2 show the NZCSM estimate of the mami
“annual” gusts for 2014 (8.5 months only) and 2(&atures that
stand out in 2014 are ex TC Ita (yellow area tonbst of Farewell

Spit in Figure 1) and in 2015 ex TC Pam the yelled-area east
of Gisborne in Figure 2). The dark band near 37imtke figures

is close to the threshold at which damaging winfisnooccur.

Other aspects to note from these plots are; thefmece of S-SW
gales over the ocean, the general sheltering effethe lower

South Island on much of the country, the high valoger the

mountains, and the streaky nature of the convegtigéfootprints.

These streaks are most apparent over the seaf theg mean

average daily-maximum gust surfaces (see Figurasd34) are

removed, the streaks, and lee wave effects becoou mmore

apparent over land (Figures 5, 6, and 7). Reducstispeeds over
land due to friction (increase surface roughnefferts are also
obvious. Note, the surface roughness over thésseadelled to

increase with wind speed due to wave state (Lock 2015), but

this is done in a fairly simple manner as we doyebtun a coupled
wave model with NZCSM (although NZCSM outputs areduse

drive wave models).

It is interesting to note that the Cook Strait regitas a high
average gust and high annual maximum gusts anditgetsvn

region “W” in the AS/NZS standard. Similarly FoweaStrait and
SW Fiordland, and Steward Island seems to be signgxposed
and yet are aggregated into region A7 (the reMef Zealand,
except for Northland and Auckland). It was alsteiiasting to
note, the overlap of many regions of high averaajly gnaximum

gusts with the map (not shown) of duration of 18ghmodel gusts
exceeding 90 km/h. This kind of information colld a useful
indicator of environments prone to fatigue effects.
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Figure 3 The average daily maimum 10 m 3-sec gusti@gnosed from
0300 analysis time NZCSM forecasts for the periodyMhrough Dec
2014.
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Figure 4 The average daily maimum 10 m 3-sec guslisgnosed from
0300 analysis time NZCSM forecasts for the peramithrough Dec 2015
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Figure 5 The ratio of NZCSM max gust in the perfgtil 16 to Dec 31,
2014 to the average daily maximum gust for the spened.
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Figure 6 The ratio of NZCSM max gust in the perAgatil 16 to Dec 31,
2014 to the average daily maximum gust for the spemniod. This plot is
like an anomaly plot and highlights the “unusualéets for an area.
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Figure 7 Zoomed in area of Figure 6 over Cantersbowing how altitude
effects are largely removed when normalizing (@iiding by average
max daily gust) and how lee (downslope) gusts &hblighted. The red
circles denote recording stations.

Other interesting maps which can highlight whiclgioas
experience “extreme” events in similar synoptiaaiions can be
got by calculation correlations between all thel grdints. Figure
8 shows the correlation in Monthly average dailyximam gust
events for a point in Cook Strait and reassuritigéyhighest areas
do coincide well with region W of AS/NZS 1170.2.ig&re 9
shows the correlations with a point in Foveauxisarad show that
extreme events there (more westerly) will oftemcale with lee
events in east Otago, North Canterbury and the ufarand
Ruahine ranges of the North Island

Figure 8 Correlation (Red areas exceed 0.9) of Nd@8erage maximum
gusts for a grid point in Cook Strait with all ottggid points in the area.

Figure 9 Correlation (Red areas exceed 0.9) of Nd@8erage maximum
gusts for a grid point in Foveaux Strait with af@®ISM other grid points.
Note, the colour scale is the same as for Figure 8.

A preliminary comparison with raw observations froh81
stations which record daily maximum gust speedgufiei 10)
showed reasonable agreement for many stations. ettow
discrepancies with many stations were apparentis Was for
several reasons, one of which is the differencewdsn model
terrain and reality and no attempt has yet beerenmadnatch the
exposure and altitude of model points to actualilllistrate the
issue, Figure 11 shows the location of 3 statiosar Mt Cook
overlaid on the NZCSM orography. Here Mueller EWSnishe
lee (NW) of the ridge, in reality it is on a ridgest to the east of
the main divide (Figure 12). To make a fairer cangopn model
winds from the point indicated by the white arroeed to be used.
When this is done annual maximum speeds for 2058 aifi/s are
obtained (as opposed to the 25 m/s value for theirele in Fig



11) and compare much better to the observed vab@ m/s. This
exercise needs to be repeated for all the statitwese necessary.
For many sites, additional adjustments for senseigttts not being
10 m need to be made as well as possibly for dinegklocal hill-
shape and terrain category effects.
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Figure 10 Location (red dots) of stations usedampare observed and
NZCSM daily maximum gust speeds for 2014 and 2015
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Figure 11 NZCSM orography near Mt Cook and the tiocaof 3 wind
recording sttaions in the area.
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Figure 12 Aerial image (Google) of mountains neaiQdok and location
of wind recording stations in the area

Reanalysis Project

The capability of NZCSM forecasts in reproducing listia
looking aspects of gust fields (and with other rostéogical
parameters not described here) has prompted mansertake a
30 year (model output every hour) convective-sqédl®d km)
model weather reanalysis (1981-2010) for New Zehland
surrounding oceans. The processing and data stogggirements

to undertake such a project are dependent on agdampgrade to
NIWA’'s HPCF (High Performance Computing Facility) bare
eminently feasible.

Having a reanalysis time-series of annual maximustgand all
the associated meteorological analyses for eaateregt event,
will allow for station records of gusts to be digezgated by the
cause of the gust (i.e., ex-Tropical Cyclone, midtde cyclone,
downslope windstorm, squall line, or isolated thenstorm
(convective storm)) and other synoptic classifmatystems used
such as the Kidson Type (Renwick 2011) and thusigeoa
foundation for a mixed-wind climate return periodabyses for
New Zealand and a basis for which climate changelt®can be
interpreted.

Acknowledgments

Research into NZCSM is funded by NIWA under its Mtilaizard
Forecasting Systems Programme. High Performance @timgp
at NIWA receives support from NeSl (New Zealandcéefce
Infrastructure)

Aspects of this research also support part of ab®Rd 4-year
programme: “Tools and knowledge to improve New Zedls
long term resilience to wind storms”. The reseasdianded by the
NZ Ministry of Business, Innovation and Employment,
administered under the Natural Hazards Researcfoihat

References

Beljaars A C M (1987) The influence of sampling aittering on
measured wind gusts. J. Atmospheric and Oceanieribéagy,
4, 613-626.

Davies T, Cullen M J P, Malcolm A, Mawson M H, Sfanih A,
White A A, Wood N (2005) A new dynamical core foetMet
Office’s global and regional modelling of the atpbere. Q. J.
R. Meteorol. Soc. 131, 1759-1782.

GLOBE Task Team and others (1999) The Global Lan&-On
kilometer Base Elevation (GLOBE) Digital Elevation ¥,
Version 1.0. National Oceanic and Atmospheric Adstration,
National Geophysical Data Center, 325 Broadway, Boulde
Colorado 80305-3328, U.S.A. Digital data base onWwrld
Wide Web. (http://www.ngdc.noaa.gov/mgg/topo/glbibel)
and CD-ROMs.

Kruger A, Reteif J, Goliger A (2011) An updateddoription of
the Strong Wind Climate of South Africa. ProceediafkCWE
13, Amsterdam, NL.

Lock A, Edwards J, Boutle | (2015) The parameteriratof
Boundary Layer Processes. Unified Model Documemnatio
Paper 024, MetOffice 70 pp.

Moore S, Turner R (2016) Issues with and performarfoeery-
high resolution (DX=100m) nested configurationshaf Unified
Model over steep and complex terrain in New Zeakamdl with
Tropical Cyclone Winston. Proceedings of"1A8ustralasian
Wind Engineering Society workshop, McLaren Vale,utbo
Australia.

Panofsky, H A, Tennekes, H, Lenschow D H, Wyngaar@
(1977) The characteristics of turbulent velocitympmnents
Atmospheric Turbulence. Boundary-Layer Meteorology,
355-361.

Renwick J (2011) Kidson’s Synoptic Weather Types Sodace
Climate Variability over New Zealand. Weather andntie,
31, 3-23.



