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METHOD

RESULTS

ABSTRACT
Thisstudy aimsat (i) analysingthe gust wind recordsof four meteorological

stationsacrossNew Zealandfor 1972-2017; (ii) investigatingwhether or not

the long-term wind gust serieshavechangedsignificantly; and (iii) assessing

the impact of these changesin the estimation of design wind speedsto

ensure the safety and reliability of future structures. Historicalhourly and

daily gust wind speed series recorded at the four selected stations were

subjected to a robust quality control and homogenisationprotocol. The

resultsdemonstratedthat the annualandseasonaltrendsin 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 long-term gustwind speedtrendsare

not likely to havea significanteffect on New½ŜŀƭŀƴŘΩǎdesignwind speeds.

Lastly,our findings were comparedwith gust wind speedtrends in several

other countriesandwith IPCC5th assessmentprojectionsfor NewZealand.

Trends in Magnitudes Trends in Frequencies IPCC 5th Assessment

Trend Analysis and Selected 

Stations in NZ
Homogenisation

Á Examples of wind-tunnel tests and 
CFD simulations:
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Figure 3: CFD simulation of the Wellington region at the location of the wind 

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

wind speed. Blue colours correspond to > 2 m/s, and red colours to > 4 m/s.

Figure 2: Wind-tunnel tests on Munro MKII 

anemometer in the boundary-layer wind tunnel at 

the University of Auckland

ÅThestudy aimsto investigatethe question: �^�,�}�Áare New Zealanddesignwind speedsinfluenced by different climate change�•�����v���Œ�]�}�•�M�_
throughanalysinglong-term trendsin nearsurfacewind speeds.

ÅExtremewindshaveserioussocietalandenvironmentalimpactson countries,andcancausesignificantdamageandcosts.

ÅTheestimationof appropriatedesignwind speedsis an essentialfirst step in the calculationof designwind loads. AS/NZS1170.2 (2011), the

referencewind-loadingstandardin AustraliaandNewZealand,definesthe designwind speed(�8�q�g�r�á�’ ) as:

where �8�Ë is regionalgustwind speed,�/ �×, �/ �í�á�Ö�Ô�ç, �/ �æand �/ �çaredirectional,terrain/height,shieldingandtopographymultipliers,respectively.

ÅFor the next versionof AS/NZS1170.2, the Australian/NewZealandstandardcommittee is consideringaddinga new multiplier called� ĉlimate
changemultiplier (�/ �Ö)�_, whichallowsfor possiblechangesin long-term extremewind speedsdueto different scenariosof climatechange.

ÅIn this study,for 4 selectedlocationsin NewZealandwe analysedthe spatiotemporaltrendsin two parametersof maximumgustwind speeds:

(i) the magnitudes(in m s-1) of annualandseasonalmaximumgustspeeds; and
(ii) the frequencies(in days)of occurrenceof maximumdailygustsexceeding90th, 95th and99th percentilesfor 1972ς2017.

Table2: Annualand seasonaltrends in the numberdayswhen daily gustsexceeded90th, 95th and 99th percentilesfor 1972-

2017(in daydecade-1). Statisticallysignificanttrendsaredefinedasthosep < 0.10(in bold),p < 0.05(in bold andparenthesis)

Table 1: Annual and seasonaltrends in maximum gust wind speeds(m s-1 decade-1).

Statisticallysignificanttrendsaredefinedasthosep < 0.10 (in bold)andp < 0.05 (in bold

andin parenthesis)

�x Wind speed data series can be influenced by several factors, which may cause
inhomogeneities, and using wind data observations without quality control and
homogenisationcanintroducesignificanterrorson the order of 10%- 40%in future analyses.

�x Prior to anyanalysis,it is essentialthat station recordsare adjusted/homogenisedto account
for changesin:

- Instrumentandrecordingmethodology(usingwind-tunnel tests)
- Exposure,mast location and height (using data analysisand computational fluid
dynamics(CFD)simulation)

�x We aim to eliminateall the breakpointsto ensure
that time seriesare free of any artificial shifts or
trends, using the homogenisation algorithm
recently proposed by Turner et al. (2019). The
flow chart summarisesthe algorithm, and the
figure below shows the result of the
homogenisationalgorithm applied to the annual
maximumgustsrecordedat the Wellington.

�x For this preliminary study, four stations, namely Wellington,
Auckland,ChristchurchandInvercargillwereselected.

�x Daily and hourly maximum gust speeds, 10-minute mean
speedsand directions were extracted from bL²!Ωǎclimate
database.

�x The nonparametriccorrelation coefficient of Mann-�<���v�����o�o�[�•
tau-b was applied to assessthe statisticalsignificanceof the
linear trends at annual and seasonal time scales by
determining significant trends at two p-value thresholds,
namelyat 0.05and0.10.

�x The trend analysisis basedon the application of the �^���v�[�•
slopemethod.

�x Trendsin the magnitudesandfrequenciesare reported in m s-

1 decade-1 anddaydecade-1, respectively.

Figure 7: Annual and

seasonal number of days

when daily maximum gusts

exceeded the 90th percentile

of whole period from 1972-

2017. Dashed lines are the

best-fit linear trends

Figure 6: Trends in the

magnitudes of maximum annual

and seasonal gust speeds.

Dashed lines are the best-fit

linear trends.

Figure 8: Percentage change in the magnitude of the 99th percentile of 

ñdaily-meanò wind speed for RCP8.5 scenario by the end of the 21st 

century relative to the daily 99th percentile in the baseline 1986ï2005 

period (Ministry for the Environment, 2018) 

�x Magnitudesof maximumgustspeedsshownin the figureabovegenerallyhavedecreasingtrendsat all the
stationsin all seasons.

�x Exceptat AucklandandChristchurchstationsthe trendsarepositivein spring,alsoat Wellingtonstation in
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)
andChristchurch(p < 0.10).

�x Annuallyand seasonally,the trends in the
occurrenceof extremewindsaregenerally
negative.

�x Autumn and winter experienced the
strongestdecreasingtrendsat all stations.

�x At higher percentiles (i.e. 95th, 99th) the
trendsbecomesmalleror evennegligible.

�x Overall, the negative trends in the
frequencies agree with the magnitude
trends.

�x New Zealand Ministry for the Environment (2018)
reported projected overall changesin various climate
variablesunderdifferent climatechangescenarios.

�x Figure above shows the percentage changes in the
magnitudeof 99th percentileof daily-meanwind speed
under one the most severe of the climate change
scenarios,RCP8.5, by year2090.

�x Most part of the North Islandexperiencesa reductionin
wind speeds, which agrees with our findings for
Auckland.

�x However, the increasing trends in Wellington,
Christchurchand Invercargillareasreported in IPCC5th

assessmentare in contrastwith our results.
�x Therewasno attempt by Ministry for the Environment

(2018) to homogenise the observational datasets.
Therefore,more analysesare required to evaluatethe
accuracyof the IPCC5th assessment.

üGenerally,trendsin both magnitudesandfrequenciesof maximumgustwind speedswerenegative.

üAnnually,the strongestdownwardtrendsin the magnitudesof extremewindswereobservedat ChristchurchandInvercargill. In addition,autumnandwinter experiencedstrongestnegativemagnitudeandfrequencytrends.

üTheresultsdemonstratedthat the trendsin the frequencyof the uppertail of extremewind speeddistributions(i.e. 95th and99th), whichare important in the estimationof designwind speeds,havenot changedsignificantly.

ü It wasshownthat the trendsaremostlynegativeor negligiblesuggestingthat at this stageno extramultiplier is requiredto beappliedto the designwind speeds.

üTheresultsof this studyare limited dueto the low numberof stations. Currently,morework isunderwayto analysethe long-term wind gusttrendsat morestationsacrossNewZealand,asshownin the figure.

üForfuture work, the potential impactof changesin ex-tropicalcyclonesshouldalsobe investigated.
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Figure 4: A schematic diagram of the 

steps undertaken in the homogenisation 

algorithm (Turner et al. 2019)

Figure 1: Comparison of raw and homogenised maximum 

annual gusts recorded at Wellington station during 1972-2017

Figure 5: Locations of the four selected 

stations across New Zealand
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