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Executive summary

ThisreportF 2t f 2¢6a (GKS W2StftAy3adz2y wSaAAzy /[ fAYrdS / KIy

Greater Wellington Regional Council in 2019 (Pearce et al., 2019). This report is considered an
appendix to the 2019 report, with additional analysis of historic climate extremes for Wellington sites
of wind, rainfall, atmospheric pressure, and dewrggemperature.

Wind

Analyes oftrendsand recordsn maximum wind gusts at Wellingtqda9602019 and Masterton
(1991-2019)were carried out Homogenisation techniquesere usedo account for potential
changes in exposure due station location changes.

The time series of annual maximum guatdlastertonshows a decreasing number of southerlies
and an increasing number of northerlies.

North-westerly events dominate annual maxima events in Masterton and northerlies dontimate
Wellington record.

Thethree annual maximum events in the Wellirogt record that are southerly include the strongest
on record the Wahinestorm of 1968 and two other very strong events (2013 and 1974

There is little in terms of temporal trends in strength of annual maxima, but some increasing trends
in Wellington forspring.

Rainfall

Changes in the frequency of extreme precipitation events for four locations in the Wellington Region
were analysed using the following thresholds: number of events >5 mm in 10 miraviests>10

mm in 30 minutesevents>15 mm in 1 hourvents>40 mm in 6 hoursgvents>50 mm in 12 hours,
events>60 mm in 24 hours, arevents>100 mm in 48, 72, and 120 hours.

There are no obvious consistent temporal trends in the frequentystéricextreme precipitation
events within or between thanalysedsites

Of the stations that were analysed, Kelburn generally has the largest number of exceedances of
extreme rainfall thresholds per year while Waingafveasterton)has the least.

Atmospheric pressure

The analysis of atmospheric pressure wagied outfor Wellingtoncity, incorporating data from a
group of sites in close proximitRatafor Wellington citygoes back to the 1860s.

Extreme pressureobservationsvere considered athosewhich fallbelow the 1" percentile(low
pressure)or exceed thed0" percentile(high pressuredf all observations in the record

Extreme low pressure events are more evenly distributed across the seasons whereas extreme high
pressure events are more concentratiEdautumn and winter

More highpressure extremes are observed during La Nifla and moretegsure extremesccur
during El Nifio

Historic climate extremes analysis for Wifggton Region 9



Extreme lowpressure events occur more frequently than average during the positive phase of the
Interdecadal Pacifi©scillation (IPOPuring the negative phase of the IPO extreme ipgessure
events occur more frequently than average.

Dew point temperature

Digitisation of daily wet and dry bulb temperatuwlatafor both Kelburn and Masterton sites was
completed to enable this analysis.

Overall there wasa 0.7°Cincrease in dew point temperatur@q) averaged over all seasans

The strongest trend for an increase was in winter, amounting t@ %1 over 90 years at Kelburn, and
+18 °C atMastertonover the same periodAutumn also saw increasing trenasboth locations
whereassummer andspring saw smaller increases

January 2018 had the highest averdage&alues of any month in both the Kelburn and Wairarapa
records while February 1998as ranked third in the Kelburn record. Both 1998 and 2018 are tied for
2" warmest years on record for New Zealgady bulb air temperature)

Despite the longerm upward trend, averag&; values for February 1938 and February 1935 are
ranked 29 and 10" highest respectively in the Kelburn record. Februk8g5is also ranked'8
highest in the Wairarapa record.

Extreme high summer and autumn valuesip2 OO dzZNNBR Ay (KS mponQa o KSNEB
considerable year to year variability.

Of the ten months with lowest averagevalueg &S @Sy 2 O0O0dzZNNBR Ay (GKS wmdgon
2 8ffAyIG2yd 1§ alaiSNI2ys AAE 6&NB Ay GKS mMdponQs
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1 LYGNRRdAzOGAZ2Y

In 2019, NIWA completedraport for Greater Wellington Regional Council (GWRC) about projections
and impacts of climate change extremes on the regReafce et al., 2039. This report is an

extension to the 2019 report, presented as argtalonedocumentbut intended to serve as an
appendix.

This reportpresentsanaly®s forhistoricextremes ofwind, rainfall, air pressure, and dew point
temperaturedatafor the Wellington Region.

2 2 AYyR

2.1 Data and methods

The wind speed parameteranalysed in this report are daily maximum gsgeeds12 p.m. local

time gust speedsanddaily windrun (equivalent to the daily average mean spge&tations used in
this study are Wellington Aerfor Wellington and East Taratahi and Masterté®ro Automatic
Weather StationAWS for the WairarapaThese stations were chosen because they have the longest
running gust speed recordsd key statiordetails are provided iTable2-1 and Table2-2. In order

to get longterm recordsfor the locationscombining records due tshifts in the locatiorfFigure2-1
and Figure2-2) of the anemometer was requiredo combine the recordsensibly, horngeniation
procedures as described in Turredral (2019)mustbe applied. Thashomogenization procedures
account for changes in instrumentatige.g. Munro MK [lanemometers tended to overspeed in high
wind situations) exposurelocd hill-shape effecandupwind fetch and producespeedshat
approximatewhat would be observed at aairfield with short grass and flat terrainTurner et al
(2019)provides extensive detail aboutigmethodologyandapplied this process to Wellingtorero

- some ofthose results ard@irectly presented hergFor Masterton differencesin exposure and fetch
had to be accounted for in the hargenisation. Addionally, there was a eightmonth period of
overlap ofthe East Taratahi and Mastertarcords(26 Felbuaryto 4 November2009 whichallowed
calibration of thehomogenisatior(seeFigure2-12).

1 NIWA client report 2019134AKvailable ahttps://www.gw.govt.nz/assets/Climatehange/ GWRBIIWA<climate-extremesFINAL3. pdf
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Table2-1: Details on the climate stations in this section, including station name, NIWA Climate Database
Agent No, longitude, latitude, and comment#lote the datum for longitude and latitude is WGS84 and
coordinates are for the anemonter masts

Agent  Longitude  Latitude

Comment
No (deg E) (deg S)

Name

Anemometer on mast above terminal ¢
Wellington Aero 3445 174.8114 41.3317  airfield, and gust records available from 197
1993. Monthly Max gusts from 1961

Anemometer to west of runway and adjacel
to road and seawall, gust records availat
from 1994 to present, flat and open exposu
and near sedevel.

Wellington Aero 3445 174.8056 41.3314

Rural setting; grassfarmland andsome trees

5km south from edge of townThis station on
outer edge ofNWIlee zoneand gust records are
for 1991-2009

East Taratahi 2612 1756225 41.0138

SE of airstripnd900 m from edge of towrThis
36735 175.6389 40.9762  station onouter edge ofNW lee zonaand gust
records are available f&009-2020.

Masterton Aero
AWS

Table2-2:  Details about the wind sensors at the climate stations in this paper, including base elevation,
height of sensor, and remarks

BaseElevation Height of sensor above Bas

Parameter (m) Elevation (m) Remarks
Wellington Aero  Wind Speed 3 11 (prior 1993)/7 (present) MKII/WAA151
Wellington Aero  Wind Directior 3 11 (prior 1993)/7 (present) MKII/WAV151
East Taratahi Wind Speed 91 10 WAA151
East Taratahi ~ Wind Directior 91 10 WAV151
Masterton Aero AWS Wind Speed 104 10 WAA151
Masterton AeroAWS Wind Directior 104 10 WAV151

12 Historic climate extremes analysis for Wellington Region
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Figure2-1:  Map showing location ofvind gustobserving sites aWWellington Airport.

1820000 1830000

3

L‘\}

Figure2-2: Map showinglocation ofwind gust doserving sites aEast Taratahi and MastertoAero AWS .
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2.2 Wellington

The examination dfiomogenisedyust recordgTable2-3 and Figure2-3, bottom pane) shows that
the annual maximum gusts ar@hinated by northely (windsfrom NW through NE§ventsin the
range of about 3688 m/s (108137 km/hr)with 58 of the peak annual maximum gustser the last
60 years beingortherlies The othertwo events weresoutherly, and oneof these the Wahine
Storm of 1968, was the most egme event of the record Thepeak honogenised gusbf the
WahineStorm was44 m/s(158 km/hr) whichwas 6 m/922 km/hr,or 1699 higher than the second
most extremeevent The remaining annual maximum that was southerly occurrei®ifd4 and was
the 15" highest annual maximuntt is also noted that in June 2013tong southerly occurredith
apeak homogenised gust of 37d/s (134 km/hr)(Figure2-3). While thissoutherlydid not rank as
the annual maximum for 2013 in th@mogenised gust recorit,was strongethan 51 of the 60
annual maximathat occurred in other years the homogeised record Table2-3; Figure2-3). The
1974 and 2013 southerlmaximum gustshadsimilarspeeds Figure2-3) and Figure2-4 and Figure
2-5 havetherefore beenpresented b give a general impressitmomparisonof the effect of these
southerlygusts on temperaturesat the time

A simple linear regressiditted to the annual corrected maximurshows a slight decreass the
annual maximungust speed of aroundl.5 m/s(5.4 km/hr)over the 60 yearsbutaround H%of this
trend is due to thewahineevent occurring near the start tfie record

An examination ohoon gust recordgonly possible since 1994 when hdyrecords became
availablg showslittle changein the strength of noon gusiver the last 25 years-{gure2-6).
Additionally, there is little evidence of a trend in average wind speed in Wellirgg@an be seen by
the time-series of daily wind rufFigure2-7). Homogenised station recordslow for more
meaningful comparisons between wind recotutween storm events andt different stations
acrossaregion and are important in design wind consi@tions where they allow engineers to
easily quantify exposures at different locatiamsing weHestablished adjustmentis wind-speeds
due tohill-shape anderrain differences. For instangstructures on hittops and close to the sea
havehigher returnperiod gustspeeds Further, for events such dise Wahinestormwe can work
backwards from the homogenised gugegsdrecords toget better estimates of likely peak gusts
experienced at differenbications across the citiyom local (or sit¢ estimates of surface roughness
and topographic effects

Table2-3:  Table listing the annual maximum homogenised giists?) at Wellington Aero for the decades
1960's to 2010'sYears with annual overall maximubeing a southerly have bold red text, decadal maxima are
yellow highlighted cells.

Year of Mmpcn MpTn mdbyn Mphan HAAA HAMA

decade
0 31.7 38.1 34.4 37.4 32.3 36.2
1 324 31.7 34.7 36.8 32.3 31.1
2 27.9 34.1 34.2 37.4 31.6 38.3
3 37.0 30.4 334 36.8 31.6 37.8
4 37.0 36.7 334 334 35.0 334
5 38.2 37.7 334 36.2 30.0 32.8
6 32.6 37.7 30.7 32.3 32.8 34.4
7 36.2 334 31.6 31.3 31.6 35.0
8 44.0 325 34.9 35.0 334 35.2
9 33.1 34.0 36.9 31.1 33.9 347
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Figure2-3: Timeseries plots showing annual maximum gugtas?) (thick red lines) and annual maximum
northerly (thin redline) and southerly(thin green line)sector gustdor Wellington Aero from 1960 to 2019
The upper panel showthe uncorrected (raw) timeseries while the lower panel shows the corrected
(homogenised time-series.
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Figure2-4:
Aero from 13April to 11-May 1974 Wind speeds are from the corrected (homogenisgd$ttime-series,

with plotted arrows indicating the general direction from which the gust came. The souttpest of 36.7 ms
on 27-April 1974 was the highest wind guset that year. The temperatures for each day are also listed at the
base ofeachcolumn.
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Figure2-5:
Aero from 06June to 04July 2013. Wind speeds are from the corrected (homogenisgd3ttime-series, with
plotted arrows indicating the general direction from which the gust came. The southerly guatlahg® on
20-June2013was thestrongestsoutherlygustfor that year. The temperatures for each day are also listed at
the base of each columihere nodirectionalarrowis shown for the gust record, no data exists.
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Figure2-6: Time series ohomogenisednoon (12:00 pm NZST) gsgms?, blue dots)for Wellington Aero
for the period 199 through 2019The thick black line is &80-day movingaverage.
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Figure2-7:  Time series of daily wind run (km) faellington Aerofor the period 199 through 2019 The
black line is the regression line drshowsno significant change in the mean wind.
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Figure2-8: Time series of daily maximum wind gusfsis?) at Wellington Aero for the period 1972 through
2017 from N {op panel) and Skottom panel).

An examination obveralllongterm trendsfor northerly and southerly gust$igure2-8) showsonly
smalland not significantrends. For seasonal trendaowever, Figure2-9 and Figure2-10 (taken from
Figures 17 and 18 of Turnetral., 2019) show thatverage daily maximum gust speeds have
increased irspring by around 0.5 m/gL.8 km/hr)since 1972 at Wellington Aero. Spring was the only
season with a marked trend and it also had an increase in days with max gusts exceedirfy the 90
95", and 99 percentiles(noting thatrecords indicaa that averagespring wind speeds have

18 Historic climate extremes analysis for Wellington Region



decreasedcross this period Interestingly, the other seasons all show a slight decrease in days of
exceedance.
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Figure2-9: Annual and seasonal timseries of average maximum daily gust speddss?) for Wellington
Aero from 1972 to 2017The dashed lines argrend lines obtained bylinear regression. Figure from Turner et

al. (2019)
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2.3 Wairarapa

The record for daily maximum gusts at Masterton only extends back to (B3@dre2-11 and Table
2-4). Smilar to Wellingtonthere is little apparent trad with timeand speed varyingin the range of
25to0 37m/s (90133 km/hr) For Mastertornthe annual maximum gusts are dominated by Northerly
sector windswvhich were primarilydirected (> 90%betweenWNW and NNWThe lackof a trend
over the last 29 yearis consistent with theine-series of noon gust@-igure2-12) andalso
consistent with the Wellingtonecord over the same periodhe time-series of noomgusts also
clearlyshows the seasonalycle in gusspeeds with a latautumn/ earlywinter minima and late
spring/early summer maximawWhen consideringnore narrow directional sectorat Mastertonfrom
where the strongestaily maxgustsfrequentlyoccur(NW: 292.5 to 337.5, and S157.5 to 202.5)
(Figure2-13), a similampicture is seen Howeverit is interestingto note that the number ofdaily
maximumsSgustsper yearshow a decrease (lineaggressionpf around 10 daysver the1991-2019
period whilethe numberof daily maximumNW gusts (292.5 to 337.pgr yearshows an increaseof
around 10 daysHigure2-14). There was little overall trend in the daily windn (Figure2-15).
Overall, it cantherefore be inferred that any change in a sfeexposue to windin this period will be
due to localn terrain surface roughnesshanges (e.g., housing developments or shelter belt
removal)and diffelencesin exposure irthe NW or S directions
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Figure2-11: Time series of the homogenised annual maximum gusst, thick blue line) at Masterton for
the period 1991 to 2020. Also shown are the annual maximum southerly sector aistthrough WSW
green line) and thenaximum rortherly (NW through NE; red line).
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Table2-4:

Table showing annual maximum gust speeds homogenigad?) for Masterton in period 1991

to 2019 Years with annual overall maximum being a southerly have teoldext, decadal maxima are yellow
highlighted cells.

40

Year Ann Max Year Ann Max Year Ann Max

2000 34.7 2010 314
1991 1275 2001 28.7 2011 28.3
1992 28.1 2002 30.8 2012 28.8
1993 29.7 2003 34.7 2013 36.0
1994 29.7 2004 31.4 2014 324
1995 35.8 2005 24.8 2015 345
1996 33.1 2006 275 2016 335
1997 29.7 2007 31.4 2017 35.0
1998 36.9 2008 275 2018 29.3
1999 33.1 2009 27.8 2019 24.7

L ¢ from April 1991
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moving average$or the East Taratahi and Masterton sites respectively
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Figure2-13: Time series of daily maximum wind gusfsis') at Masterton (East Taratahi plus Masterton
Homogenised) for the period 1991 through 201®f NW ¢op panel) and Skottom panel).
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Figure2-15. Time series of daily wind rufkm) for Masterton (East Taratahi plus Masterton AWS) for the

period 1991 to 2019The blackrend line was obtained by linear regression and indicatas significant
changein the mean windspeed
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3 wlAYyFILIEt AyaSyaardae

This section considers the changes in the frequency of extreme precipitation evefasiftwcations
in the Wellington Region (Kelburn, Wellington Aero, ParaparaumulMasterton), based on
digitised historic data held in L 2 IN&tianal Climate DatabagqCliDB and records collated fahe
High Intensity Rainfall Design Syst@#RD% CareySmithet al., 2018)Tocreatelongtime-seriesat
each of these locationglifferent gauge records have been combireexidescribed iffable3-1.
Annual rainfall thresholds for analysis were chosen by GWRC and are |iStaule8-2.

Table3-1:  Details of rainfall gauges used in this sectidBauged I 6 St f S R weérd usdd fokfilingT A £ £ Q
gaps in the main recals for that location.

Location Gauge ID Latitude Longitude Elevation Details

18691906, 19272019
(subdaily since1940)

WELLINGTON KELBURN E14272 -41.286  174.767 125

19061912
Kelburn WELLINGTON BUCKLE £ E14370 -41.3 174.783 34 (daily)
19121927
WELLINGTON THORNDO E14278 -41.283  174.783 3 (daily)
19602019
WELLINGTON AERO E14387 -41.322 174.804 4 ) :
. (subhourly since 1967
Wellington Aert 19582010
WELLINGTON RONGQ(iréill) E14386 -41.321  174.801 5 (daily)
19512019
PARAPARAUMU AERO EO04991 -40.907 174.984 5 ) .
b (subhourly since 1955
araparaumu
" PARAPARAUMU E\(8ill) E04995 -40.904  174.984 5 19962019
' ' (subhourly)
18841942
MASTERTON ESSEX S1 D05960 -40.967 175.65 118 (daily)
WAINGAWA D05964 40.98 175.611 114 19261990
' ' (subhourly since 1967
19922019
MASTERTON TE ORE OF D05973 -40.957 175.707 110
(sub-hourly)
MASTERTOfill D05962 40.95 175.667 102 19461956
Masterton Opnfil) s ' (daily)
19512018
WAIRARAPA CADETFAR 15061 .41.006 175641 106 .
(infill) (daily)
L 20002007
WRC Masterton Offic@nfill) 59646  -40.948 175.662 120
(sub-hourly)
Ruamahanga at Wairarapa
20032016
College 59616  -40.952  175.647 100
(infill (sub-hourly)
2The National Climate Database (CIliDB) can be accessed publicly tf tliflo.niwa.co.nz

3 The High Intesity Rainfall Design System (HIRDS) can be accessed as an online thtibfdfhirds.niwa.co.nz/
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Table3-2:  Annual rainfall thresholds analysed for WellingtoRegionsites from HIRDS.

Annual rainfall thresholds

Number of events >5mm in 10 min
Number of events >10 mm in 30 min
Number of events >15mm in 1 hour
Number ofevents >40mm in 6 hours
Number of events >50mm in 12 hours
Number of events >60mm in 24 hours

Number of events >100mm in 48, 72, and 120 hours

3.1 Historicrainfallthresholdexceednces

Therainfallthreshold exceedances for each of the faMellingtonlocations are displayed fRigure
3-1to Figure3-4. The plots show thaverage annual rainfall threshoékceedances by decade.
Essentially, the plotmdicatethat there are no obvious consistet¢mporaltrends within or
between the sitesWhen examining extreme eventat this scale, thénter-decadal variability is very
largeso any trend that may exist in these dagalifficult to detect The only statistically significant
trends inthese observed threshold exceedances are fergub-hourly Kelburrtime series.
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Figure3-1:

data is not available for this decade.
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Wellington Aero
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Figure3-2:  Average annual rainfall threshold exceedancesr deade for Wellington Aera Where no bar
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Historic climate extremes analysis for Wifggton Region

29



Paraparaumu
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Figure3-3: Average annual rainfall thresholéxceedance per decade for Paraparaumu/here no bar is
shown, data is not available ftinis decade. Where there is a thin horizontal line (e.g. the decade starting in
2000 for the 4&hour duration) data is available, but the threshold was not reached.
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Figure3-4:  Average annual rainfall thresholdxceedances per decade fiMasterton. Where no bar is
shown, data is not available for this decade. Where there is a thin horizontal line (e.g. the decade starting in
1990 for the thour duration) data is available, bute threshold was not reached.

The large inteddecadal variability means that the number of exceedances per decade can be very
different at different locations, so in order to compare the frequency of these events between
locations it is necessary to aveegver a longer periodzigure3-5 shows the average rainfall

threshold exceedances per year over the entire period of record for each of the fourditeshows

that Kelburn generally has the largest number of exceedances of the extreme rainfall thresholds per
year (i.e. this site experiences the most extreme rainfall events under the definitions used here), and
Mastertongenerallyhas the least (i.ahis site experiences the fewest extreme rainfall everiighle

3-3 shows the same data &gure3-5.
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Figure3-5: Average annual rainfall threshold exceedances for all four Wellington Region locations, for the
entire period of record.

Table3-3:  Average annual rainfall threshold exceedances for all four Wellington Region sites, for the
entire period of record.

Average exceedances per year

Kelburn Wellington Aero Paraparaumu Masterton
5mm/10 min 1.92 1.28 2.75 1.00
10mm/30 min 1.61 0.95 1.65 0.63
15mm/1 hour 1.39 1.02 1.20 0.38
40mm/6 hour 1.00 0.62 0.72 0.34
50mm/12 hour 1.31 0.78 1.02 0.44
60mm/24 hour 1.45 1.23 1.20 0.91
100mm/48 hour 0.45 0.31 0.22 0.37
100mm/72 hour 0.66 0.45 0.35 0.50
100mm/120 hour 1.07 0.65 0.61 0.68
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3.2 Futurechanges irrainfallthresholdexceedances

Intense rainfall events are expected to increasenagnitudein a warmer climateWhen expressed

as the number of events exceedingfixed)high threshold, this would equate to a larger number of
theseeventsin the warmer climateTo assess how the observed rainfall threshold exceedances given
in Table3-3 will change in the future, two different methodologies have bé@aplemented, one
applyingrainfall augmentation factors to the historical record and the secestimating changes

based on repnal climate modeprojections

The firstmethodrelieson the climate change analysis done as part of the 2019 update to the High
Intensity Rainfall Design System (HIRII&reySmithet al., 2018. This study provided

augmentation factorshat can beapplied to extreme rainfall depths (or intensitigs)estimate the
increase in rainfall ge to given increasdn temperature.However, these factors were only
estimated for events with return periodsf two years or greatewhich corresponds to a 50% auned
exceedance probability (&.5 exceedances per year). As can be seen Trahte3-3, the majority of
the thresholds of interest occur more often than thesidin a warming climate are likely to become
more frequent meaning that theaugmentation factors from HIRD$yno longerbe directly
applicable.

Despite this caveafor the first methodwe havere-estimated theobservedfrequency of threshold
exceedanceafter increasing the historical observations fagtors appropriate for different
representative concentration pathwa (RCPs) ardture time slicesAll rainfallvaluesin the gauge
records vereincreased by the same factor for this analysis, but tmyrainfalleventsjust below
the relevant thresholdvill have been affected asnly these will have been pushed ovigre
threshold

The factoraised (percentage increase in rainfall depth per degree of warmiieg those estimated
for the 2-year return periodand varyfor the different event durationsis shown immable3-4. The
temperaturedeltas used for the different scenarios and future periods were also taken from the
HIRD%nalysisand are reproduced ifiable3-5. The results from this (first) analysis are shown by the
dashed lines irigure3-6 to Figure3-9.

Table3-4:  Percentage change factofer a 2year return period evento project rainfall depthsderived
from the current climate to a futureclimate that is 1 degree warmerThe values in brackets show the
expected variability across New Zealand based on Regional Climate Modelling rg$tdta Table 6and
Table 7in CareySmithet al., 2019.

10 min 30 min 1 hour 6 hours 12 hours 24 hours 2 day 3 day 5 day

12.2% 12.2% 12.2% 9.8% 8.5% 7.2% 6.1% 5.5% 4.8%
(9.817.9%) | (9.817.5%) | (9.817.5%) | (7.514.9%) | (5.7-135%) | (4-11.9%) | (2.611%) | (2.1-10.5%) | (1.39.6%)

Table3-5: New Zealand lanéhverage temperature increas@C)relative to 198& 2005 for four future

greenhouse gas concentratioscenarios Eachprojectionis an average of six regional climate model
simulations(from Table 8 inCareySmithet al., 2018.

Period RCR2.6 RCP 4.5 RCP 6.0 RCP 8.5
2031t 2050 0.59 0.74 0.68 0.85
2081 2100 0.59 1.21 1.63 2.58

4The High Intensity Rainfall Design System (HIRDS) can be accessed as an onlinetttipbftiinds.niwa.co.nz/

Historic climate extremes analysis for Wifggton Region

33



https://hirds.niwa.co.nz/

To assess the impact osing2-yearreturn period augmentation factors for events more common
thanthis, we have alsestimated the change in threshold exceedance frdinect rainfall projections
FTNRBY blL2! Qa NB3IAAROMprogiaimerThisp®grarmenddsolvided different
RCM130-yearprojections for eachepresentative concentration pathway (RCppviding rainfall
output down tohourly temporal resolutionChanges in the number adinfall threshold exceedances
were estimated bycounting the number of exceedanceseach of three different 3§ear perials,
1976t 2005(historical) 2081t 2060 (midcentury) and 2071 2100 (endcentury)and averaging
across all sigifferent projections for each RCP

Due tobiases irmodel precipitatioramounts thethresholdused for the different events at each site
was adjusted so that threquency of exceedances in tiRCMhistorical period closely matchdate
observedevent frequenciegTable3-3). As can be seeim Table3-6, in most cases this adjustment
was not largehowever for the dhour duration event, tk thresholdis reduced by nearly one lia
suggesting that the RCM is not able to capturerdiafall intensity fovery short duratiorevents.

Results from this second method are sholynthe solid lines ifrigure3-6 to Figure3-9. No
information from this method ishownfor sub-hourly durationsas this data is not aylable from the
RCM outputln general, the two methods show similar results, howevetHerthresholds leading to
lesscommon eventgi.e.lessthan 1 event per year,)there is more variability between methods and
the trends are less cleafhis variabity is mainly aesult of the lowsamplihg rateand can be seen
mostclearly for Masterton where the chosen threshotisrespond to relatively rare evenfand
alsq in the HIRD®ased methodbecause the sublaily observation record is relatively short)

Note that for themid-centuryperiod, the relative difference between the current number of
exceedances (red) aritle future (green) is notery large, especially for longer duration events. It is
not until end-century under thehighergreenhouse gas concentration pathwdkat the differences
become large (e.g. more than double the curreaie). This slow emergenaligns with the observed
recordswhere significanttrends in threshold exceedances asrely found.For the Wellington

region, the only location that showssignificant trend is Kelburffior its short duration eventsThis is
also the longest of the Wellington region sdhily recorddendingsome credence to the result
However, vhile thisis consistent with the model re#ta (short duration events increasing quicker
than others) given its isolated nature, it @sopossible this observed trend it due to climate
change, busimply aresult of climate and weather variability.

34 Historic climate extremes analysis for Wellington Region



Table3-6:  Adjusted thresholdgin mm)usedto account for model biases wheastimatingchanges in

event frequencyfrom RCM rainfall

Observed Adjusted RCM threshol@mm) to match observed frequency
Duration Threshold
(mm) Kelburn Wellington Ar Paraparaumu Masterton
1 hour 15 8.2 9 8.7 8.6
6 hours 40 37 41 41 39
12 hous 50 48 54 55 57
24 houss 60 56 58 69 64
48 hous 100 99 108 132 101
72 hous 100 92 101 130 100
120 hous 100 86 97 130 103
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Figure3-6: The change in rainfall exceedances with climate change for Kelblihe results from tle first
(HIRDShased analysis are shown by the dashed linetere the red lines are for the currenclimate and
reproduce the numbers ifTable3-3. The shadinghows the angeproduced when using the climate change
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Figure3-7:  AsFigure3-6 but for Wellington Aero.
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Paraparaumu (E04991)

Events above 10mm within 30min

Events above Smm within 10min

B
__-®8
——a=""
4| =
#I-.___ e ——=nD
-
B-————- B-——-——- B-————- s

17— 1976-2005

——— 2031-2060 —&— RCM Change

Number of exceedences per year
@
Number of exceedences per year

o

——— E2071-2100 —8®=

HIRDS Multiplier

RCP2.8

235

RCP4.5

RCP&.0O

RCP&.5

4]

T
RCPz2.8

T
RCP4.5

T
RCP&O

Events above 40mm within 6hr
2.5+

Events above S0mm within 12hr

1
RCP8.5

Number of exceedences per year

Number of exceedences per year

T T
RGCP4.5 RCP&O

Events above 100mm within 72hr

1
RCPa.5

T
RCP&O

T
RCP4.5

o o o o
0.5 | 0.5
0.0~ 00—
I
RCP2.6 RCP4.5 RCF&0 RCP&.5 RCPz.6
Events above 100mm within 48hr
0.8
it g 10
£ L
g g
b 2 o8
[+ o
g g
3 4 0.6
[*] o
[} o
g g
L L 04
5 5
2 3
E E 0.2
3 3
=z =
0.0 - 0.0-
. . i X |
RCPz2.8 RCP4.5 RCF&.0 RCP&.5 RCPz2.8
Figure3-8: AsFigure3-6 but for Paraparaumu.

1
RCP8.5

MNumber of exceedences perysar Number of exceedences per year

Number of exceedences per year

Events above 15mm within 1hr

4
3 o
’»’ o
e
R g==—""——0
g———=——_g--—-—"F9
[ ] a a a
1
0
T T T 1
RCPz2.& RCPa.5 RCP&O RCP&.5

Events above B0mm within 24hr

0.5

0.0~

T T T 1
RCPz.6 RCP4.5 RCP&O RCP&.5

Events above 100mm within 120hr

1976-2005
2031-2060 —&— RCM Change

2071-2100 — @— HIRDS Multiplier

0.0-

T T T 1
RCPz& RCP45 RCP&O RCP&5

38

Historic climate extremes analysis for Wellington Region



20

0.5

Number of exceedences per year

0.0

RCP2.8

0.8

0.6

0.4 -

0.2

Number of exceedences per year

0.0~

RCP2.6

Events above Smm within 10min

_B
——
.I—"__-'-.’
-
f’l-.___ ‘____II
~— g~

O===— == b= ————— O=————— o
—— 1976-2005

——— 2031-2060 —&— RCM Change
——— 2071-2100 —®= HIRDS Multiplier

RCP4.5 RCP&.0O RCP&.5

Events above 40mm within 6hr

RCP4.5 RCF&0 RCP&.5

Events above 100mm within 48hr

Number of exceedences per year

Number of exceedences per year

Masterton (D05973)

Events above 10mm within 30min

O= === == O= === == O= === = - o
0.5
0.0
T T T 1
RCPz.8 RCP4.5 RCPE&.O RCP8.5
Events above S0mm within 12hr
1.2

0.z

00—

I
RCPz.6

i i
2 2 08
g L
i 060
8 3
2 2 04
[+ L
B B
5 0.2 5
E E 0.2+
= =
0.0 - ; N i ) 00— I
RCPz2.8 RCP4.5 RCF&.0 RCP&.5 RCPz2.8
Figure3-9:  AsFigure3-6 but for Masterton.

T T
RGCP4.5 RCP&O

Events above 100mm within 72hr

T T
RCP4.5 RCP&O

1
RCPa.5

1
RCP8.5

MNumber of exceedences perysar Number of exceedences per year

Number of exceedences per year

0.8

0.6

0.4+

0.2

0.0

T
RCPz2&

0.5

0.0~

T
RCPz.6

0.6

0.4

0.2+

0.0-

T
RCPz&

Events above 15mm within 1hr

T T 1
RCP45 RCP&O RCP&.5

Events above B0mm within 24hr

T T 1
RCP4.5 RCP&.O RCP&.5
Events above 100mm within 120hr

1976-2005
2031-2060 —&— RCM Change
2071-2100 — @— HIRDS Multiplier

T T 1
RCP45 RCP&O RCP&5

Historic climate extremes analysis for Wifggton Region

39



4 aSly asSl tS¢gSt LINbaadzNb
Atmospheric pressure has been recorded in Wellington since the@ 86@king it one of New

%S| f Iy R @uoning thefedrBldgitalrecords b L2 ! Aa (GKS OdzaG2RALY 2F &
climate data archivesand much of the handwritten data on paper forms has been digitised in the
Nationaldimate Database (CliDBHoweversomeof the earlier daily data has not beatigitised
andingested into CliDBlthoughmonthly sums or means have begmwgested. Daly data from the
early Wellington periodavere recently digitisecand submitted to the International Surface Pressure
Databank (ISPPand contribute to the 20 Century Reanalysis (20.R hese data have been made
available for analysis in this repofthemore recentdaily data (post ~195Q@yere obtained from
CliDBNote however thafull homogenisatiorof the data wasnot undertaken andbiases may
therefore exist irthe combinedpressurerecord.

This analysis aims to understand extremes of mean sea level prébsBEéjor Wellington, i.e.
incidences of high and low pressure which indicate periods of calm or stormy weatiperctively

4.1 Methodologyanddata

In the early period of the Wellingtopressure records, the observation locations were moved
frequently (Table4-1), but all observation sites were withir3-5km of each other(Figure4-1). All
datawere convertedto hectopascals (hPaarly datawerein inches of mercury). No further data
corrections were made the corrected data as transcribedere used. Due to sometsis having

slightly different corrections applied at the time of measurement (e.g. including gravity as a factor in
the correction or not), there may be small differences, howevestpotential differenceswere

deemed to beminor. Data for dl siteshad beencorrected for temperature and sea level.

Table4-1:.  Listing of Climate stations where 9 am (NZST) mean sea level pressure records were obtained
for this section.

Station name Date range Frequercy Comment Percentage
complete (%)

Knowles Observatory 18621868 Daily Corrected ta0°Cand sea level 83.7
Old Museum 18681869 Daily Corrected to0°C and sea level 100.0
Bolton Street Cemetery 186931906 Daily Corrected to0°C, sea level andravity 99.2
Daily Corrected to0°C and sea level 99.6
Mt Cook 19062012

Thorndon Esplanade 19121927 Daily Corrected to0°C and sea level 100.0
Kelburn 19281960 Daily Corrected ta0°C, sea level and gravity 99.9
19611962 3-Hourly Corrected ta0°C, sea level and gravity 100.0
19621989 Hourly Corrected to0°C, sea level and gravity 94.0
19892004 Daily Corrected ta0°C, sea level and gravity 99.1
Kelburn AWS 20042020 Hourly Corrected ta0°C, sea level and gravity 99.6
Hourly, 3Hourly, 97.4

Total Record 18622020 Daily

5The National Climate Database (CIliDB) can be accessed publicly tf tliflo.niwa.co.nz

6 https://reanalyses.org/observations/internationaurfacepressuredatabank
7 https://www.psl.noaa.gov/data20thC _Rean/
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Figure4-1:  Approximate locations ofVellington climate stations used in the pressure analysis.

To determinethe relative frequency of anomalously higind lowpressure events, the percentage

of observations that exceed the 9percentile and fall below the ¥0percentile on a monthly basis
were computedas show in Table4-2 andvisualised irFigure4-2. The sampling frequency of the
record was highly variable and inconsistent throughout the record. Observations prior to 1961 were
sampled at 9:00 am (local time), while after 1961 they arelpneinately hourly with a few time
intervals of daily and-Bourly sampling.

To ensure consistency across the entire record, pressure observations are only sampled from 7:00
am to 11:00 anftwo-hour windowaround 9:00 am)The combined record of all obsetionsis
shown inFigure4-3.
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Table4-2:  Pressure thresholds used for the analysis on a monthly basis.

Types ofpressure events Description Pressure threshold value (hPa)
High pressure events % of observations > §(ercentileper 1025.6 hPa
month
Low pressure events % of observations < f(ercentileper 1001.3 hPa
month
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Figured4-2:  The probability distribution of all pressure observations from the combined pressure record.
The 10th and 90th percentiles are outlined as vedticd lines
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Figure4-3:  Anillustration of the aggregated/Vellington pressure recordhPa) with the records of each
individual site colorcoded. Thic black line represents rolling tyear averageHorizontal straight lines
above and below theolling 1-year average represertthe 90" and the 10" percentile thresholdsfor all
observations.Note that pressure observationsvere only sampled from 7:00 am to 11:00 am

4.2 Annualtrendsin pressure

Trends of both maximum and minimum annual pressurepsesentedin Figure4-4: An illustration

of the aggregatedVellingtonpressure recorghPa)as show irFigure4-3, with the trend analysis for
annual minimum pressure (red) and annual maxinpmessure (blue)and Figure4-5 (Figure4-5 also
includes the trendanalysidor mean annual pressuy@ndTable4-3 and Table4-4 show the five
highest and lowest years of mean annual pressure respectiBetj. annual maximum and minimum
pressure contain a high degree of variability associated with interannual and interdecadal variability,
and thus are likely to obscure a temporal trend. For annual maximum pressure, there is a weakly
negative trend althouglthis is not statistically significafp =0.26). For annual minimum pressure, it
appears that there is a statistically signific§mt= 0.01)ncrease of approximately 0.2 hPa per
decade or 2 hPa per centuphowever this result should be taken with céon due to the large
amount of interdecadaVariability. Additionally, the extent to which changesinstrumentation

and/or site exposure influence these trends remains unclear and further work would therefore be
required to assess any apparent changepriessure.

It isalsonoted thattrendsin the spreadof observedMSLRhrough timewere briefly exploredduring
this researchAslightdecrea in the standard deviation d/ISLRhrough timewasindicatedacross
all three movingime window intervalsused for the analysignovingtime window intervals ofl, 3,
and 5 yeaswere used however thestatistical significance of these results wetably different
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betweenanalyses (significant onfgr the 3-yearanalysisnterval). Rurther work istherefore required
to understandtrends inthe distribution ofMSLRwhich is beyond the scope of this reporteTl
results of these exploratory analyses &w@veverpresentedas supplementary figures Bection7
and may serve as a starting point for furtiresearch on this front

1050 -

1040

-
.
1030 -

[ I ]i W "Nym A i Al

1020 -

1010 - “

i I Ll ul gmlll i

Pressure (hPa)

1000

9

©
S

980

970 -
]

1860 1880 1%0 1920 1940 1%0 1880 2000 2020
Year
Knowles Observatory (1862 - 1868) ® Maximum Annual Pressure
Wellington Old Museum (1868 - 1868) —— 1 Year Rolling Average
Bolton St Cemetery (1869 - 1906) == y =-0.007x + 1049.76 , r = -0.09, p = 0.26
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Figure4-4: An illustration of the aggregatedVellington pressure recordhPa)as show inFigure4-3, with the
trend analysis for annual minimum pressure (red) and annual maximprassure (blue)The points represent
the maximum (red) and minimum (blue) pressure within the plotted calendar (ye@rs15 days or moref
missing datavere not includedin the trend analysjs Dashed lines are trend lines obtained by linear
regressionNote that pressure observations were only sampled from 7:00 am to 11:00 am.
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Figure4-5: Trend analysis for annual minimum pressuteRa,top), annual maximum pressurenfiddle), and
annual meanpressure (bottom) Thetop two plotsfor maximum and miimum pressure ar¢éhe same as the

red (max) and blue (mirdata points and trendlines presented kigure 44. Dashed lines are trend lines
obtained by linear regressiohlote that pressure observations were only sampled from 7:00 am to 11:00 am.

Years with15 days or moref missing data we not indudedin this analysis
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Table4-3:  5-higheg years of annual mean pressui@Pa,JanDec averageand associated relative
humidity (RH 99, temperature(°C) and wind speedanomalies. Pressure alues correspond to the-gear
rolling average ifrigure4-3. Some Rknd wind data were not available in tiNational Climate Database.

Year Mean Pressure (hPa) RHanomaly Wind speed
) Temp anomaly(°Q

(change in%) (%of average
1891 1017.3 - -0.1 -
1999 10170 2.2 1.0 94
1875 1016.9 - 0.3 -
1949 1016.6 -3.7 -0.5 -
1942 1016.5 -2.6 -0.4 -

Table4-4:  5-lowestyears of annual mean pressu@Pa,JanDec averageand associated relative
humidity (RH %9, temperature (°C) and wind speed anomalieBressure valuesorrespond to the dyear
rolling average irigure4-3. Some RH and wind data were not available in the National Climate Database.

Year Mean Pressure (hPa) RH anomaly Wind speed
: Temp anomaly (°C)

(change in%) (%of average
1903 1010.8 - -0.2 -
1904 1011.2 - -0.2 -
1991 1011.2 0.9 -0.2 117
1964 1011.7 -3.1 -0.3 103
1887 1011.8 - 0.1 -

4.3 Seasonavariability inpressure

Pressure varies omumeroustemporal scaleg ranging fromsub-dailyto inter-decadal variations.
One ofthe most significantemporalmodesin variability of pressure is associated with the seasonal
cycle.

The seasonal cycle tife frequencyof high-pressureextremes (9¢h percentile)appears tchave a
moderatestrengthpositivecorrelation (r = 0.9 with the seasonal cyclef mean sea level pressure
(MSLP)as illustrated ifFigure4-6. There is also weakmoderate strength correlation betweethe
frequency oflow-pressure extremes (10 percentile) and MSL{ =-0.4).This indicates that when
the MSLP is highghan-average (e.g. between Maie ¢ April) theretends to be aeduction of low
pressureextremes and an increase of highessure extremeslheseasonal cycles fahe frequency
of low- and highpressureextremes are very weakly correlategith an approximate lag of three
months Alsq the amplitudeor the changdrom the month ofminimumto maximumof low- and
high-pressureextremes isvery different and asymmetric.
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Figure4-6: Themeanseasonal cyclg¢1868¢ present)of the % of observations that fall belowr exceed
the 10" and 90" percentile, respectively.

This difference or asymmetry between theasonal cyclesf the low- and highpressure extemesis
largely driven by the seasonal changes in distributions of pressure. During the suimener,
distribution of pressurénas lower variance or igarrowerin comparison to the winterThis
illustrated inFigure4-7, as the range between the feand 90" percentilesof pressureis significantly
larger for winter.However, thsechangesre largelyasymmetricandthe increag is larger for the
90" percentileof pressureduring winter, andthuswhy there is adifferencein the seasonal cycle
amplitudebetweenlow- and highpressure extremes.

Thisanalysis indicates that pressure extremes témdhave a significant seasonaktsy. The

proportion of observatiosfalling below the 18 percentile undergoes a relatively modest seasonal
cycle. In comparison, the proportion of observations exceeding tHep@@centile undergoes a
significantly stronger seasonal cydie otherwords, extreme low pressure events are more evenly
distributed across the seasons whereas extreme high pressure events are more concentrated in
some seasons than others.
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Figure4-7: A comparison of the distribution of pressure for Summ@ecFeb)and Winter (JunAug) The
bold vertical linesmark the 10" and the 90" percentiles of the distributionfor Summer (blue) and Winter
(red), respectively

4.4 Multi-year and Interdecadal vaability

In addition to the seasonal mode, there appears to be a strong mode of temporal variability in
extreme pressure that is associated with longer time scales such asymaitand interdecadal
variability. To observe temporal variability associated wiitlese time scalesigh frequency
variabilitymust be removedrom the signal. This high frequency variability represents the seasonal
cycle and random noisewhich obscures longerm trends and fluctuations

Longterm variability in climatological signals are often linked to processes that change atmospheric
or oceanic circulation. Such processes include thefiel 8lbuthern Oscillation (ENSO) dhd Inter-
decadal Pacific Oscillation (IP@&riations inhe IPO occur on interdecadal tistales(20-30 years)
whereaseENSO variabilitfpetween phasedypically occurs on timescales betweef? ¥ears.In this
analysisto determine the strength of the IPO and the EN&©use thePacific Decadal Oscillation
(PDO)Jndex and the Southern Oscillation Index (S@Bpectively. Thesadicesare obtained from

the National Oceanic and Atmospheric Administration (N&ANote, there are some differences in
the PDCamongst the variouproviders. However, the analysis remains relatively invariant across
different indices.

Research into the influence of the IPO on New Zealand cliesténdicated that dring the positive
phase of the IPO, sea surface temperatures around New Zealaddddoe lower, and westerly

winds stronger, resulting in drier conditions for eastern areas of both North and South Islands
(Salinger et al., 2001)he opposite effectgenerally occur during the negative phase of the IPO.

During EI Nifio events, weakenwdde winds cause New Zealand to experience a stronger than
normal southwesterly airflow. This generally brings lower seasonal temperatures to the country and

8 https://www.ncdc.noaa.gov/teleconnections/pdo/
9 https://www.ncdc.noaa.gov/teleconnections/enso/indicators/soi/
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drier than normal conditions to the north and east of New Zealand (Salinger and Mullan, 1999).
During La Nifia conditions, strengthened trade winds cause New Zealand to experience more north
easterly airflow thamormal, highethan-normal temperatures (especially during summer), and
wetter conditions in the north and east of the North Island.

Theanalygsin the section outlined belowre averagd overall months (Januarg December)Our
analysis indicates that muljiear variability irthe proportionof observations exceeding or falling
below the 9¢" and 10" percentilesrespectivelyappearsto be linked to variability in ENS@&s
illustrated inFigure4-8. A negative correlation between thgercentageof observations below the
10" percentile andhe Southern Oscillationindex (SOlindicatesthat during ENifio (ENSO positive
phase or negative SOI) there tends to be a gretdtan-average occurrence @xtremelow-pressure
eventsin Wellington Convesely, during Lalifiathere tends to be a lowethan-average occurrence
of low-pressure eventin Wellington Similarly, for 90 percentile exceedance there tends to be a
higherthan-average occurrence of higiressure eventin WellingtonduringLaNifiaand a lower
than-average occurrence of pressure events duriniid. Note that the SOl does not extend back
beyond 195Qherefore thisanalysionly covers the 1952020 period

With further signal smoothing (2@ear running meanjnter-decadal variabilityor the proportion of
observations exceeding or falling below the"@hd 10" percentilesrespectivelyappears to be
strongly linked to variability in the IF@dex(Table4-5 and Figure4-9). Our results show that during
the positive phase of the IPO (IP@.0), theproportion of observationgalling below thel 0"
percentile tends to bdigherthan-averagewhile the converse occurs in the negative phase of the
IPO(i.e. lower proportion during the negative phasEjgure4-9a). A somewhanegative correlation
occurs for the observations above the'9percentileand there tends to be a lowethan average
proportion ofobservations exceeding this threshold during positive phases dPt®eand vice versa
(higher proportion duringiegative IPOEigure4-9b). The decades associated with the mésiquent
exceedances of these extreme pressure threshfiols-5 ranked decades) are shownTiable4-6
andTable4-7. The ranking of these decades is consistent with our analysis of the IPO signal and
extreme pressure.

Our analysis indicates that pressure extremes are associated with bothymaaltivariability (ENSO)
and the interdecadal variability (IPO). Furthermore, the amplitude associated with these temporal
scales is significant (comparable to gmmplitude of the seasonal cycle) and obscures {mm or
time-dependent statistical trensl

Table4-5: The correlation coefficient between the % of pressure events above and below tHe&@ 100
percentile and the SOI (left column) and IPO (right column) indexes, respectively.

Correlation Coefficient » with SOl Correlation Coefficient » with IPO

(summer) with a 2year running (summer) with 1Gyear running
mean. mean.
10th Percentile -0.47 0.31
90th Percentile 0.31 -0.28
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Figure4-8: The annual mean timeseries for the SOl and percentage of observations of mean sea level
pressure in Wellington below the 10th percentile (a) and above the 90th percentile (b) over the period-1950
2020. A tweyear running mean is applied to both timseries.Dashed lines are trend lines obtained by linear
regression.
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Figure4-9: The annual mean timeseries (168year running mean) for the IPO and percentage of
observations of mean sea level pressureWellington below the 10th percentile (a) and above the 90th
percentile (b) over the period 1876 2020.Dashed lines are trend lines obtained by linear regression.

Table4-6:  Decadeswith the highestpercentageof pressureobservations falling below the 10 percenti
(All Seasons)Top five ordered highest to lowest.

Decade Percentage opressureobservations
less than the 18 percentile
1880-1890 117
19001910 11.0
19101920 10.7
20002010 103
1950-1960 103

le
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Table4-7:  Decades with the highest percentage pressureobservations exceeding the 90percentile
(All Seasons)Top five ordered highest to lowest.

Decade Percentage opressure
observations exceeding the 90
percentile
1870-1880 121
1940-1950 116
1950-1959 114
1900-1910 11.0
2010-2020 106
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5.1 Methodology anddata

In New Zealand longerm (historic)climate records relating tonoigure contentof airmassesi.e.,
Relative HumidityRH, Dewpoint TemperaturgTq), and WetBulb Temperature(Tw)) are typically

only available from daily 9 am observatioridourly records of these variablase more

commonplace fronii K S S | N®itk thevrdveplactiba ofautomated weather stations (AW.S)
Typicallyonly one of the three varlaes(RH,Tq, Tv) wasreported. This is becausghen one of

these is known alagpwiththe dry bulb air temperature @) (which salmost always reported}the

other two variables can beeasonablydetermined Abbot and Tabony (1985), Alduchov and Eskridge
(1996), August (1828), Magnus (1844), and Stull (2011) prbaickgground and various methods to
do these calculationsAdditionally, there are online calculators and resources which can be utilised
to these conversions listing of some of these sites is provideithin the reference section of this
report.

A surveyof NIWA statiorhistories (Fouhy et gl1992) andb S¢ %St f I yYRQa Yyl GA2ylFf O
(CliDB)dentified that for Wellington the Kelburn siteould be used taerive dewpoint temperature
recordsback t01928 and that a collection of sitesuld beused for Masterton (se&able5-1). The
locatiors of the Masteton areasitesare shown inFigure5-1. The lomest records were for 9 am
recordsandso this time was chosefor the analysis hereEarly dailynaximum andminimum
temperaturerecordsdo not have coincident humidityecords so wes unsuitable Digitization, and
quality controlof many of the older recordespecially thoserior to 1972 was afsrequiredfor this
analysisQuality control consisted of visual inspection of records checking for obviously spurious
values,unphysical values, e.gzthen dav-point or wet-bulb temperatures exceededry-bulb air
temperatures and also theonvesionfrom Fahrenheito Celsiuswhen required.Prior to automated
stations theobserving method typically involved tlidserverrecordng the drybulb temperature
andwet-bulb temperaturethen using psychrometric charts tietermineRelative Humidityand dew
point temperature Attimesa slingpsychrometer maylsohave been used to determine the wet
bulb temperatureby a trained observeiThe psychrometrichartdeterminationalsorequires
barometric pressure to be knowjor assumedl

One complicatiorin this analysisdue to daylighsavingsyas thatthere were periodsn the past
where only9 am local records were availablEhese perids are noted imable5-1. Thismeant that
only 8 am w Zealand Standard Time (NZ&Tprds were availabli these periods. To account for
this, regression relationships between 8 am and 9 am NZST observations were devetoped f
nearby stationsvhere, or from a later periogwhen hourly observations weravailable and
adjustments madeFurther details about tle adjustment argorovidedin Table5-2. It should also be
noted that the current NZSWwas adopted in 1941in the period 19271941 New Zealand did have
daylight savings in the summer montasd in 1941 tis daylight savings time was adopted-gdlar
round and became the current NZShe old standard timéNZMT )etween1927 and 1941 wa30
minutesbehind our currenNZST or +11:30 ahead of UTK period of daylight savingsom 1928

to 1933 was from the ® Sunday in October to the“3Sunday in Marclndfrom 1933 to 1941 itvas
from the 15 Sunday irBeptember untithe last Sunday in Apriddjustments were made to account
for the halfhour shift during the period of NZMZthis tended to result in a slight cooling of average
dew-point temperatures on the order of IC at Masterton, but only a slighooling of around 0.1C

at Kelburn.
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Wet-bulb temperature, dewpoint temperature or relative humiditgre measures ahe moisture
content ofair-mass characteristics arae mostmeaningfulwhen combired with other parameters
such agiry-bulb temperatureto provide apparent temperature (heat indices)gewhere hgh
humidity andhigh temperaturesare uncomfortablefor humansor livestockasit limits the ability to
regulate the coolin®f the body Physically, éw-point temperatureis, in the absence of a change of
air-mass oftena usefulindicatorof what the overnighttemperatures may drop tandwhenhigh in
the summer are associated with stitmpical airmassesand so can be used s®ssclimaticrisk of
spread of som@otentially invasieinsect pess fom warmerclimates, e.g.Red Imported Fire Ant
(RIFATurner et al, 2006. Low dewpoint temperaturesnear zero or belowvill also be associated
with frost occurrence and extended periods of ldwmidities in warmer months associated with
drought risk. Thus in this section we presantual time series afeasonal averageariables of
Relative HumidityRH, Dewpoint Temperaturel@, Wet Bulb Temperaturél'(s), andDry bulb air
temperature(Ta), along with timeseries othe monthly maximum, minimum and average values of
dew-point temperature and relative humidity.

Table5-1:  Listing of Climate stations wher@® am (NEZST) temperature antiumidity records were obtained
for this section

Station Name Begin Date (analysis) End Date (analysis) Comment
Wairarapa
Masterton, Essex St 2-Sepl1928 30-Now1942 Digitizedfrom paper records
Masterton Waingawa 2-Jan1943 31-Dec1971 Digitized from paper record
Masterton Waingawa 1-Jan1972 31-Mar-1991 8 amrecordlséglNZDm”c
East Taratah? 28-0ct1991 4-Nov-2009 8am recorggég NZDT 199:
MastertonAeroAWS 5-Now2009 25-Mar-2020
Wellington
Kelburr? 1-Dec1928 30-Jan1961 Digitizedfrom paper records
Kelburr#:5 1-Dec1961 1-Sep2005 8 am records in NZDT &3¢
2004
Kelburn AWS 2-Sep2005 25-Mar-2020

1 ¢ Dec 1996Stevenson Screen Replaced

2 ¢ May 2001 Humidity Probeeplaced due to overheating
3¢ Ju 1949: Exposurcreased and improved

4 ¢ Apr 1970: Equipment replaced due to vandalism

5¢ Dec 1989Thermometer replaced
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Figure5-1:  Map showing location of Mastertorclimate stations with records used in the Dewpoint

Temperature analysis.

Table5-2:  Regression relationships and correlations between 8 am and Stamperature and humidity
variables for stations where hourly records availabl€a = dry bulb air temperature, Tw = wet bulb air
temperature, RH = relative humidity, Td = dew point temperature

Ta Tw
Station Years slope intercept r? slope intercept r2
East Taratahi 19952009 | 0.9180  2.7207 0.926 0.8571 2.6097  0.929
Masterton AWS 20092020 | 0.9198  2.8088 0.925 0.8562 2.6016  0.938
Kelburn 19721988 | 1.0231  0.3251 0.943 0.9593 0.7802  0.958
Kelburn AWS 20042020 | 0.9839 1.0393 0.949 0.9578 0.9370 0.968
RH Td
slope intercept r? slope intercept r2
East Taratahi 19952009 | 1.0051  -5.1407 0.812 0.8295 2.1485 0.897
Masterton AWS 20092020 | 0.9753  -4.1650 0.811 0.8410 1.8891  0.907
Kelburn 19721988 | 0.8504 10.2570 0.591%0 0.8991 1.0695 0.899
Kelburn AWS 20042020 | 1.0122  -4.2783 0.834 0.9671 0.4719  0.959

10 Thelower correlationbetween8 am and 9 anRH at Kelburis suspected to bdue to different precisiosin repotted values at these

times of the day.
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5.2 Wadlington

Average valuefor each seasofsummer,autumn, winter, andspring) for each year froni928 to
2019for Kelburn forRH Ty, Tw, andTy. are provided irFigure5-2 to Figure5-5. Potential breakpoints
in thetime-series due to an exposure change in 1949 and theostathange ir2004 are indicatedh
these figuredut visuallytheseappear to have littleeffect on trendsWhile this section is focused on
trends and extremes idew-point temperatures the other variableare presented also as a check on
consistencyand to aidphysical interpetation. The other point to noteabout the other variabless

that the dry-bulb air temperaturesT,) are9 am temperaturegnd so trends and rankings presented
heremay notprecisey match thoseof daily maximumminimumor average temperaturederived
elsewhere.

From these seasonal plots, it is apparent that the yleayear variation and longeterm trends inT,
Tw, andTq are all very similar. Overall, the trend in winter is sigest where theresan increase
(linear regression) in 9 am depoint temperatures of 1.7C over the 90 years, and an increase in
relative humidity of around 3.6% over the perideéigureb-4). For autumn therés also an increase of
around 0.8°C inTg and around 2.1% in RHi§ure5-3), and for summer these increasase 0.4°C and
0.4% Eigure5-2). Meanwhile, for spring the increasesToand RHare 0.1 °C and 0.1% respectively
(Figure5-5). The increases in relative humidity are interesting since relative hyndiedreass as
dry-bulb temperature mcrease (if all other airmass parameters remain unchanged) and so it
appears that in this instance, increases to desint temperature are more influential than the
increases in dry bulb air temperature in determining the trend in relative humidiiy noted that
there is asuddenincreasein RH during summer between 19808d2004¢ KA OK R2 Say Qi
other seasongFigures-2), and thisappearsconsistent with theobserved émperature changeat

the time vhich show a drop in 9am temperatuie$Vhile no information in the station historiesas
found thatindicated anyrelevant stationissues during this period, it is noted thahe end of tre
periodalignswith a station changandit is therefore possible that there could be some underlying
data issues during this period.

The topten and bottomten ranked months ér average dewpoint temperatures are provided in
Table5-4 and Table5-5. Interesting points from theseables are that Jarary2018 had the highest
averagely values of 16°Cand February 1998was ranked thirdwhere thesewo years are tied for

2" warmest yeas for New Zealanthaccordingtdb L2 ! Q& 1 & i G A &Y. AlgoS Y LIS NI & dzNE

interesting is that, in spite of the lortigrm upward tend, Feluary 1938 (2"%) and Felouary 1935
(10" are rankedvithin the top ten.In terms ofbottom ranked yearsseven of the ten months
occurredinthean o n Q& LYR mdpnnQa

11 https://niwa.co.nz/ourscience/climate/informatiorand-resources/nziemp-record/seven-station-seriestemperature-data
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Table5-3:  Change in average seasonal valuesiimp ldevépoint temperature (Td) Relative Humidity
(RH) dry bulb air temperature (Taand wet-bulb airtemperature (Tw)for the Kelburn, Wellington site
between 1928and 2020

Change between 1928 and 2019

Season Ta (°C) RH (%) Ta(°C) Tw(°C)
Summer +0.4 +0.4 +0.3 +0.3
Autumn +0.8 +2.1 +03 +0.6
Winter +1.7 +3.6 +0.9 +1.2
Spring +.1 +0.1 +0.1 +0.1
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Figure5-2: Time seriesof summerda ¢ lavérages ér dry bulb air temperature T; red-line), wet-bulb
air-temperature (Tw; orange line), dewpoint temperature (Tq; blue line) and Relativédumidity (RH green
line) for the Kelburn, Wellingtonsite for the period 1928 to 2020he red vertical lines mark an exposure
change in 1949 and the switch to records from Kelbu@lipBagent no. 3385 to Kelburn AWS (25354) in
2004.
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Kelburn - Autumn
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Figure5-3: Time series of autumm ¢ lavérages for dry bulb air temperaturely; red-line), wet-bulb air-
temperature (Tw; orange line), dewpoint temperature (T¢; blue line) and Relative HumidityRH green line)

for the Kelburn, Wellington site for the period 1928 to 202he red vertical lines mark an exposure change
in 1949 and the switch to records from Kelbur@l{DBagent no. 3385 to Kelburn AWS (25354) in 2004.

Kelburn - Winter
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Figure5-4: Time series of wintetr ¢  lavérages for dry bulb air temperaturel; red-line), wet-bulb air-
temperature (Tw; orange line), dewpoint temperature (Tq; blue line) and Relative HumidityRH green line)

for the Kelburn, Wellington site for the period 1928 to 202the red vertical lines mark an exposure change
in 1949 and the switch to records from Kelbur@Il{DBagent no. 3385 to Kelburn AWS (25354) in 2004.
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Kelburn - Spring
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Figure5-5: Time series of spring ¢ lavérages for dry bulb air temperatureT§; red-line), wet-bulb air-
temperature (Tw; orange line), dewpoint temperature (T¢; blue line) and Relative HumidityRH green line)

for the Kelburn, Wellington site for the period 1928 to 2020he red vertical lines mark an exposure change
in 1949 and the switch to records from Kelbur@l{DBagent no. 3385 to Kelburn AWS (25354) in 2004.

Table5-4:  Top ten ranked nonths with highest average 9 amdl(6™ column)in the period 1928 ta2019 at
Kelburn. Also listed are theaveragevalues &, Tw, RHin thesemonths.

Date Rank Ta Tw RH Td
Janl8 1 20.6 18.2 78.8 16.6
Feb38 2 19.2 17.2 81.4 15.8
Feb98 3 18.2 16.7 87.0 15.7
Jan56 4 18.3 16.4 82.9 15.1
Feb90 5 18.2 16.3 82.8 14.9
Feb55 6 17.4 15.9 85.1 14.8
Feb74 7 17.9 16.0 82.4 14.7
Feb66 8 17.8 16.0 82.3 14.6
Jan86 9 19.2 16.5 74.7 145
Feb35 10 18.9 16.4 76.6 145
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Table5-5:  Bottom ten ranked nonths with lowest average 9 amdl(6™ column)in the period 1928 ta2019
at Kelburn. Also listed are theaveragevalues T, Tw, RHin thesemonths.

Date Rank Ta Tw RH Td
Juk39 1 6.3 4.8 76.6 3.0
Jun72 2 6.4 5.1 81.6 3.3
Juk32 3 7.0 5.6 79.6 3.6
Jundl 4 7.6 6.0 77.7 3.7
Juk45 5 7.1 5.7 80.3 3.8
Aug32 6 7.7 6.1 77.1 3.8
Jun69 7 7.0 5.7 81.2 3.8
Jun37 8 7.6 6.1 79.5 4.1
Juk95 9 7.1 5.8 82.1 4.1
Jund4 10 8.5 6.6 74.5 4.1

Monthly average, minimums, and maximunof dry bulb air temperature @, wet bulb temperature
(Tw), relative humidity (RH) and depoint temperature (1) for Kelburn are shown iRigure5-6 to
Figure5-9. The thick bold lines are running 12 month means ofalierage, minimum anchaximum.
Trends in the averages correspond to the overall annual trends in these valuasear@8°C for T,
Tw, and Tyand +1.3% for RH over the 90 years

The ten most extreme maximum values of 9 am gmint temperature and the dtes on which
these occurred are provided Fable5-6 while the values of the extreme minimums and dates are
provided inTable5-7. The most extreméigh9 amdew-point temperaturewas 20.3C on 10 March
1981. Interestingly, only the events of 18 Redry 1955 and 30 Jarary 1956 occurred in months
that had averages ranked in the té@n. Extreme minimum events occurred in winter, with the
record minimum of6.8 °C an 7 Jure 1944. Again 7 of the 10 bottom ranked events occurred in the
MponQa YR MpnnQaod

It is noted thatthis analysisonly capturesextremes ind ¢  Hevi4point temperatures and therefore
will have missedther significanbbservationghat mighthave occurred at different times of the
day. The maximundew-point temperatureacross the entire record fdfelburn wa2.0 °C
observedat 1800 hours on 11 Feb 201@®art of thenotablyhot and wet summer of 2018

60 Historic climate extremes analysis for Wellington Region



30

25

20

15

10

Dry Bulb Temperature (C)

S Ta-Max

Ta-Ave

Ta-Min

-10

Lo 2 T B 0 T ¥ O o) B IO 0T ¥ T ) IO O T W N e T e 0 T ¥ TN o T o I 0 TN ¥ o T e IO O T T e T 0 T T @ e IO 0 T ¥ TN ) IO B2 0 R ¥ 0 I )]
NN NN T TITOOLDLODWOLLLGOO WO OSSNSO DD O OO0 QO o d o
OO OO OO DT OO0 000 0000 0o
A B B B B I B B I B B B T T B O R R o B o o B B O B B I I I O I B I B I A o I o B o I I o B VI VI o B

Figure5-6: Monthly & ¢ lavérage (orange lines), minimum (blue lines), and maximum (red lines) time
series (thin lines) of dry bulb air temperature {Ifor Kelburn Wellington for the period 1929 to 2019The
thick bold lines are runnind.2 month means of the average, minimum and maximumrendlines are
represented by thefaint dotted lines.

Figure5-7: Monthly & ¢ lavérage (orange lines), minimum (blue lines), and maximum (red lirigsg
series (thin lines) of wet bulb temperaturélw) for Kelburn Wellington for the period 1929 to 2019The thick
bold lines are running 12 month means of the average, minimum and maximiirendlines are represented
by the faint dotted lines.
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