Effects of Climate Change on New Zealand Design Wind Speeds
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ABSTRACT

Thisstudy aimsat (i) analysingthe gustwind recordsof four meteorological
stationsacrossNew Zealandfor 19722017 (ii) investigatingwhether or not
the longterm wind gust serieshave changedsignificantly and (iii) assessing
the impact of these changesin the estimation of designwind speedsto
ensure the safety and reliability of future structures Historicalhourly and
daily gust wind speed seriesrecorded at the four selected stations were
subjected to a robust quality control and homogenisationprotocol. The
resultsdemonstratedthat the annualand seasonatrendsin both magnitudes
and frequencies of extreme winds were generally negative over the
consideredperiod. Therefore,basedon the derivedgusttrendsfor thesefour
stations,at this stage,it seemsthat the longterm gustwind speedtrendsare
not likely to have a significanteffect on New %S | { ldegigh@iaid speeds
Lastly,our findings were comparedwith gust wind speedtrends in several
other countriesandwith IPCGth assessmenprojectionsfor New Zealand
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INTRODUCTION

AThe study aimsto investigatethe question *,} Aare New Zealanddesignwind speedsinfluenced by different climate changes v E]}} 1
throughanalysindongterm trendsin nearsurfacewind speeds

A Extremewindshaveserioussocietaland environmentalimpactson countries,and cancausesignificantdamageand costs

A The estimation of appropriatedesignwind speedsis an essentialfirst step in the calculationof designwind loads AS/NZ$1702 (2011), the
referencewind-loadingstandardin Australiaand New Zealanddefinesthe designwind speed( &, 4) as

8qgér L 8/ x(/ ié(')()/gaelg) a
where &:isregionalgustwindspeed,/ , / i 6d «and / caredirectional,terrain/height, shieldingandtopographymultipliers,respectively

A Forthe nextversionof AS/NZ3$1702, the Australian/NewZealandstandardcommittee is consideringaddinga new multiplier called tlimate
changemultiplier (/ g , whichallowsfor possiblechangesn longterm extremewind speedsdue to different scenario®f climatechange

A In this study,for 4 selectedocationsin NewZealandve analysedhe spatiotemporakrendsin two parametersof maximumgustwind speeds

(i) the magnitudeqin m s1) of annualand seasonamaximumgustspeedsand
(i) the frequenciedin days)of occurrenceof maximumdaily gustsexceedind@0", 95" and 99" percentilesfor 1972¢ 2017.

== Trend Analysis and Selected

| . . . v : '

X Wind speed data series can be influenced by several factors, which may cause 7/ Read ith data point / Stations I1n NZ
InhOmOgeneltleS and US|ng Wlnd data. ObservathnS WIthOUt quallty COﬂtI‘O| and r:echrlzagtat:ef;J::::e) X For thls prellmlnary Study’ four StatlonS, namelyWe”lngton,
homogenisatiorcanintroducesignificanterrorson the order of 10%- 40%in future analyses Auckland Christchurcrand Invercargillere selected

X ]ICDriorhto anyanalysisjt is essentialthat station recordsare adjusted/homogenisedo account| [<—"° @ x Daily and hourly maximum gust speeds, 10-minute mean
Or chahgesn. Yes speedsand directions were extracted from b L 2 !clirate

- Instrumentandrecordingmethodology(usingwind-tunnel tests) database
;1 Exposure, mast Iolca_tlon and height (using data analysisand computational fluid | [«—no @ x The nonparametriccorrelation coefficientof Mann-< v o o[
ynamicCFDyimulation) Slope= A Yes tau-b was appliedto assesghe statistical significanceof the

x We aimto eliminateall the breakpointsto ensure T T linear trends at annual and seasonal time scales by
that time seriesare free of any artificial shifts or iEqs. 6,7,8) determining significant trends at two p-value thresholds,
trends, using the homogenisation algorithm E - @ namelyat 0.05 anqq.lo. -

][Iecentlﬁl proposed by Turr]ner Iet a_'-h(2019)(-j Tr:‘e » x The trend analysisis basedon the application of the ~ v [e
ow chart summarisesthe algorithm, and the v slopemethod.
figure below shows the result of the Slope= A He s L Trendsin th itudesand f | di
et K Ve s (Eqsf,lm X 1ren sn;lt e magnitu eialn reguenciesarereportedinms
, decade' anddaydecade', respectivel
maximumgustsrecordedat the Wellington | | | | Calculate standard 4 : 4
Figure 1. Comparison of raw and homogenised maximum us and Uy
, ] annual gusts recorded at Wellington station during 1972-2017 (Egs. 9,10)
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Figure 3: CFD simulation of the Wellington region at the location of the wind Figure 4: A schematic diagram of the

Figure 2: Wind-tunnel tests on Munro MKII
anemometer in the boundary-layer wind tunnel at
the University of Auckland

RESULTS |Trends in Magnitudes

wind speed. Blue colours correspond to > 2 m/s, and red

mast at Wellington Airport. Colours correspond to the standard deviation of the

steps undertaken in the homogenisation Figure 5: Locations of the four selected
algorithm (Turner et al. 2019) stations across New Zealand

colours to > 4 m/s.

Trends in Frequencies IPCC 5th Assessment

Figure 7. Annual and
seasonal number of days
when daily maximum gusts
exceeded the 90" percentile
of whole period from 1972-
2017. Dashed lines are the
best-fit linear trends

2020

Figure 8: Percentage change in the magnitude of the 99t percentile of
Andamdano wind speed for RCP8.5 3
century relative to the daily 99t percentile in the baseline 19861 2005

period (Ministry for the Environment, 2018)

New Zealand Ministry for the Environment (2018
reported projected overall changesin various climate
variablesunderdifferent climatechangescenarios
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X Magnitudesof maximumgustspeedsshownin the figure abovegenerallyhavedecreasingrendsat allthe | x Annuallyand seasonallythe trendsin the

stationsin all seasons

X Exceptat Aucklandand Christchurchstationsthe trendsare positivein spring,alsoat Wellingtonstationin negative

summerthe maximumgustspeedsshoweda positivetrend.

X Autumn and winter had the
strongestdownwardtrends.

X Annually, all the stations
experienceda decreasingtrend,
and the strongest trends

happenedat Invercargill(p <0.05) Table 1: Annualand seasonaltrends in maximum gust wind speeds(m s* decadel). trends
and ChristchurcHp <0.10). Statisticallysignificanttrends are definedasthosep < 0.10 (in bold) and p < 0.05 (in bold Table2: Annualand seasonatrendsin the number dayswhen daily gustsexceededd0", 95" and 99" percentilesfor 1972-

andin parenthesis)

2030 Figure above shows the percentage changesin the

magnitudeof 99" percentile of dailymeanwind speed
under one the most severe of the climate change
scenariosRCB.5, by year2090

Most part of the North Islandexperiences reductionin

wind speeds, which agrees with our findings for

Auckland

However, the increasing trends in Wellington,
Christchurchand Invercargillareasreported in IPCC5t"

assessmendre in contrastwith our results

Therewas no attempt by Ministry for the Environment
(2018 to homogenise the observational datasets

Therefore,more analysesare required to evaluatethe

accuracyof the IPCGth assessment

occurrenceof extremewindsare generally

X Autumn and winter experienced the
strongestdecreasingrendsat all stations
X At higher percentiles(i.e. 95", 99") the
trendsbecomesmalleror evennegligible
X Overall, the negative trends in the
frequencies agree with the magnitude

2017(in daydecadel). Statisticallysignificanttrends are definedasthosep <0.10 (in bold), p <0.05 (in bold and parenthesis)

CONCLUSION AND FUTURE WORK

I CC: ¢

Generallytrendsin both magnitudesandfrequenciesof maximumgustwind speedswvere negative

Annuallythe strongestdownwardtrendsin the magnitudesof extremewindswere observedat Christchurcrand Invercargill In addition,autumnandwinter experiencedstrongestnegativemagnitudeand frequencytrends
Theresultsdemonstratedthat the trendsin the frequencyof the uppertail of extremewind speeddistributions(i.e. 95" and 99, whichare important in the estimationof designwind speedshavenot changedsignificantly
It wasshownthat the trendsare mostly negativeor negligiblesuggestindghat at this stageno extramultiplier is requiredto be appliedto the designwind speeds

Theresultsof this studyare limited dueto the low numberof stations Currently,more work is underwayto analysethe long-term wind gusttrendsat more stationsacrossNewZealandasshownin the figure.

U Forfuture work, the potentialimpactof changesn ex-tropical cyclonesshouldalsobe investigated
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