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Executive summary
Greater Wellington Regional Council requested NIWA to produce a climagescatalogue,
containing a synoptic reference of various seasonal atmospheric and oceanic indicators.

Two cataloguesf climate imagesvere generated, each using a different gridded precipitation

dataset, but otherwise retaining consistency in the remaining variables presented. These catalogues
provide an illustrative overview of the seasonal variability from 12@21/22 for the following

variables:

A rainfall anomalies in the Greater Wellington region;
A

mean sea level pressure;

>\

seasurface temperature, and;

>

three climate modes (El Nifio Southern Oscillation, Indian Ocean Dipole, and the
Southern Annular Mode).

Themain source of rainfall observation datawad 2 ! Q& bl GAZ2Y | fwith €t AYFGS 51 Gt
supplementary rainfall data obtained from thihrties, including Greater Wellington Regional
Council.Sources of uncertainty in the results could be attributedhe application of bias correction,

and the spatial resolution of the gridded datasets. Ovehalyever,the datasetspresented in each

catalogue respectivelyhowedcomparable spatial patterns of seasonal rainfall anomalies across the

Greater Wellington reign during the 197202122 period.

In addition to the cataloguediustrated in this report, PNG copies of individual mesere provided
to GWRC.
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Thisreport presentsthe observed seasonal variations in rainfall, mean sea level pre@d&eP)
seasurface temperatur€SSY, and climate modes (El Nifio Southern Oscillation; ENSO, Indian Ocean
Dipole; IODand Southern Annular Mode; SANbr the period 1972021/22. Theseasonal state of
thesevariablessillustrated aseasyto-read seasonamapsby year whichhave beercombinel to

form the first comprehensivecatalogueof annual climate variabilitior the Wellington region

Theprimarypurpose of ths climate catalogue it provideGreater Wellington Regional Council
(GWRC3takeholdersand researcherwith avisualreference documenthat demonstratesat a
glance the seasonal rainfall variabilifyn conjunction withcorrespondingsynoptic scalelimatic
influences Specificallythe climate cataloguaims to leverage a recently developed gridded rainfall
productthat illustratesobserved rainfall over the Greater Wellington regioraéiigh spatial
resolution (500 m)This 500 m gridded resolution is the highest available to date, for the anafysis
Wellingtonregional rainfall patterns.

This new experimental higresolution product has been made possibledogessindgongterm
rainfall data made available by GWRC and other Regional Councils. As such, both GWRC and
stakeholders now have an opportunity to compare the older (standadash $esolution) and
augmented (500 m resolutigrsee Sectio.1) datasetsavhich aim toimprove the knowledge of fine
scale localised rainfajppatterns

2 510 dzASR YR YSUK2R2t 238
Section®2.1and?2.2 describe therainfall, MSLPand SSdata sources and how the seasonal variation

of these variables were calculategtspectivelyThe ENSO, IOD, and SAhate modes were

selected due to theimfluenceon AotearoaNew Zealand2 & Of A Y I (i SWHerg¢ Rlevar held K S NJp
19912020 climate normal period has been appliéat examplewhen calculating thseasonal

rainfall, MSLP, and SST anomaliste that the summer season startin December of the year

specified,and endghe following Februaryfor examplesummer 1972 represent®ecember 192 ¢

February 193, summer 1973 represenBecember 193 ¢ Februaryl974, and so on

2.1 Rainfall

Precipitation data fronthe National Institute of Water and Atmospheric Research (NIWA), New
Zealand MetServicgMetService)and other third partiesuch as Regional Coundgisgure2-1) have

been postprocessed by NIWA as part of tNew Zealand Water Modelling Framework pro@é R G |
ingestion procesfC. Zammit, personal communication, May 2023)is postprocessing generated

five distinct interpolated daily gridded precipitation datasets for New Zealdhdbase

methodology used to generate the different precipitation gridded datasets providedis

described in Tait et al. (2006) and Tait et al. (208je, the Mean Annual Rainfall Surface (MARS) is
used as a covariate in thieterpolation. Biascorrection was applied to onef the gridded

precipitation datasets, based dhe analysis described in Tait et al. (2012)
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Figure2-1:  Location of rainfall stations. Data for CliDBtations (blue triangles) were available in NIWA's
National Climate Database. Data for thjpdrty stations (red dots) were supplied by third parties including
Greater Wellington Regional Counélvers are depicted by blue lines

Twosourcedatasetswere used to generate the different gridded precipitation datasets:

1. Operationalusesdaily precipitation observations storedinL 2 I Q& bl GA 2y | f

DatabasgCliDB. Compriseslata collected by NIWA and MetService only

2. Augmenteduses(a) daily precipitation observations stored in CliDB, and (b) daily
precipitation observations shared by third partiéscluding the GWRC rainfall

network. It wasanticipated that the increased density of observatiavsuld deliver an

improvedgriddedrepresentationof rainfall This expectatiomotivated the creation
of this cataloguas a first comparisohetween the two sets of dataf the overall
seasonal patternsf climate, atmospheric and oceanic variables

2.1.1 Augmented rainfall data

The primary griddegrecipitation dataset chosen for the climate catalogue is described here as the
Augmented@500ndataset This consists afiterpolated daily gridded precipitation generated over

the period 1 January 19%23 October 2021 (at the time of this assessment) at a 0.005 degree
resolution (approximately 500 m) using the augmented observation dataset

Because thdugmented@500mdataset is not biasorrected, a second gridded precipitation

dataset the Operational_BiasCorrected@5kwas chosen to produce a supplementary version of

the climate catalogue as an exercise of validatidmeOperational_BiasCorrected@5ldatasetis
the standard interpolated daily gridded dataset generated over the period 1 January 7872

6 Climate catalogue for the Greater Wellington region
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February 2023 (at the time of this assessment) at a 0.05 degree resolution (approximately 5 km)
dzaAy 3 GKS 2LISNIGA2yFE RIEGEFEASH AyOf-daektigrE WRdzYYeE Q

TheldummyKJor virtual) stations are uset better represent the orographic effect on precipitation
Due to the paucity of high elevation rainfall observations thar@available across all data

LINE JARSNAYX a8ydiKSGAO RFEGF F2NJ yAyS WRdzyyeQ a
¢ N} NdzZ& wlk y3Sa FNB AyOfdRSR® ¢KSasS WRdzryeaQ &
example from Hokitika, bae 2y GKS NI A2 2F GKS SadAYlFIGSR YSIy
nearby statim locationsP 2 A i K WRdzYY & Q adatasét ks thghostprycesbedzBnd Bias (1 K S
corrected based offait et al. (2012)

c:
>

Seasonal anomalies for the period 192@21/22 were calculated, based on the 192020 climate
normal period.

2.1.2 Mapping the rainfdldatasets

Seasonal anontizs for hetwo selected gridded precipitation datasets veanappedusingthe

Pythan programminglanguage The gridded format of the data meatisat some areas near
coastlinesvere not captured by the datasets. To account for this, a neamegjhbour interpolation

was applied to expand the extent of the datasets. These extended boundaries were then clipped by
masking out all areas that fell outside the Greater Wellington regiambdary.

The 0.05 degree resolution of tl@perational_BiasCorrected@>5lkdataset appears pixelated when
YIELIWSR® ¢2 | OKAS@GS | aY22iKSRwas iséddeathitheloighg y > t & ( K
dataset interpolated onto a 0.005 degree gfict. matching the gd resolution of the
Augmented@500ndataset)using bilinear interpolation.

Rainfall anomalies were illustrated in 10% incremeexeept fora 20% incrementised for
anomalies 080-109% The category 9009% is presented assingle colour (white)and was ksosen
because i) 90.09% anomaly represents close to normal rainfall, aratéiating a break in the colour
schemehelps distinguish areas of above/below normal rainfathe maps

2.1.3 Caveats

There are severalaveats to consider when interpreting the rainfall anomaly maps presented in the
climate catalogues:

A Aspart of thedata generation, no attempivasmade to bias correct the
Augemented@500rabservatiors. As a result, tis dataset should be considered as
AN g¢ Ay 0 S NLadichimayDR subjdctiio fuitiBedrrections and
improvements in future

A ToNBRdzOS | WLISNEA&AGSYd RNATTESQ STFSOG OF dza
interpolated precipitation less thanrhm was set to 0 mm/day.
A The reliability of gridded precipitation datasessaffected by thevailability and

density of station observationS$pecifically, ggater reliability is expected for areas
with a relatively high density of station observatiqsseFigure2-1), and where

1 https://xesmf.readthedocs.io/en/latest/
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observations are available for the entire 192@21/22 period(not addressed in this
report).

A Previousexamination of the gridded precipitation datasétaspresented examples of
ring-like artefactsaround relatively high elevation terrain when the data are mapped.
These tended to occur when observed rainfall does not correlate wellthtMARS
but further examination is required tonderstandwhy these artefactoccur(R.
Srinivasan, personal communication, April 2023).

A TheOperational_BiasCorrected@5ktataset haa gridded resolution of
approximately 5 kmAs described in Sectichl.2 these data wee further
interpolatedonto a gridded resolution of approximately 500 m. Therefore, the
resultingrelatively highresolutionillustrated in the corresponding majs the
secondary catalogue (present@dSectiorB) does not reflecthe resolutionavailable
in the source datasefhis is not thease, however, for thAugmented@500rdataset
used for the primary version of the catalogyedsented in Sectioi) which utilises all
additional third-party weather stations available.

2.2 Mean sea level pressuand seasurface temperature

The MSLP and SST variables were sourced frofEutmean Centre for MediwwRange Weather
ForecastdECMWIHifth generationatmospheric reanalysis of the global clim@ERASHersback et

al. 2020. ERAS5 providelsourly estimates of many atmospheric, land and oceanic climate variables.
The data cover the Earth on a Bt grid covering the period from January 1940 to prest@EMWF,
2023).Data were aggregated to the seasonal timestep, with anomalies calculated relative to the
19912020 climate normal period.

2.3 Climate modes

Much2 ¥ (0KS @FNARIGAZ2Y AY DbSg wSIHflIyRQa OfAYIFI(GS Aa
longer term, quasctyclic variations in climate can be attributedadagange ofactors. Three large

scale oscillations that influence climate in New Zealand are the El®didithern Oscillatio(Ministry

for the Environment, 2008}he Indian Ocean Dipoleand the Southern Annular Mod&hese three

climate modes were selected for presentatiorthie climate catalogueeveloped here

2.3.1 El NifieSouthern Oscillation

H Nifio-Southern Oscillation (ENSO) is a natural mode of climate variability that hasanigiag
impacts around the Pacific BagMinistry for the Environment, 2008ENSO involves a movement of
warm ocean water from one side of the equatorial Pacific to the other, changing atmospheric
circulation patterns in the tropics and subtropics, with corresponding sbiftainfall patternsacross
the Pacific.

ENSO event&INifioor LaNifia) occur on averagéhree to sevenyears apart, typically becoming
established in April or May and persisting for about a year thereditering El Nifio eventdlew
Zealandbften experienca a stronger than normal souttvesterly airflow. This generally brings
wetter than normal summer conditions to the west of New Zealé®alinger and Mullan, 1999;
Figure2-2). DuringLa Nifizevents New Zealandisuallyexperienca more north-easterly airflove
than normal, and drier summer conditions in the south and west of the South Islanekell asireas
gSalt 2F 2 St f(RghERR yQa NI y3ISa
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Rainfall composites during ENSO summers

La Nina El Nifio

Rainfall compared to normal (%)

-30 —-20 -10 0 10 20 30

Figure2-2:  Averagesummer percentage of normal rainfall during La Nifia (left) and EI Nifio (righdpta:

bL2! +ANIdzr€ /EAYIFGS {GF 4A 2 y-20008limat@agdLabNing bothpaite dsés NB F S N&
the following summers: 1973/74, 1975/76, 1988/89, 1998/99, 1999/2000, 2000/01, 2007/08, 2Q08/09

2010/11, 2011/12, 2020/21, 2021/22. El Nifio composite uses the following summers: 1972/73, 1977/78,

1982/83, 1986/87, 1991/92, 1992/93, 1994/95, 1997/98, 2004/05, 2009/10, 2019M8 figure was last

updated in 2022. © NIWA

The air pressure dat@r Tahiti and Darwinused to calculatéhe Southern Oscillation Index (SOI), a

commonly used index for phasesEINSO, were obtainddom the Australian Bureau of

Meteorology ENSO events have beeategorised vian SOl filter of £0.7 overfave-monthrolling

average period. For example, if the fir@nth rolling average ending in February is at least +0.7, the
SOSYyli Aa Ofl aaATAGHreds&Hitidkn @ E BKF SHEYWSKE Of | 4aA
adzY YS NI €

2.3.2 Indian Ocean Dipole

The Indian Ocean Dipol@QD) is acoupled ocean and atmosphere phenomenon, similaENSO but

in the equatorial Indian Ocean (BOM, 2024 positivelOD event is associated with warmer sea
surface temperatureand enhanced precipitatiom the western Indian Oceamegion relative to the
easern Indian Ocean region (Griffiths, 2011; BOM, 20@éhverselya negative IOD event is
associated with cooler sea surface temperatures in the western Indian Ocean relative to the east
(BOM, 2024)During a positive (negative) 10D event, westerlies and associated storm track activity
tend to weaken énhance) over northern New Zealamndhereas they enhance (weaken) over
southern New Zealand (Ashekal., 2007. 10D data were obtainedrom the Japanese

Meteorological AgenéyA seasonal threenonth rolling average valuef the IOD was used to
RSGSNXAYS K;Se R05 R fositive;0480-40=dm@utral, and¥0.5 = negative.

2 https://ds.data.jma.go.jp/tcc/tcc/products/elnino/index/iod_index.html
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2.3.3 Southern Annular Mode

The Southern Annular Mode (SAMgscribeghe variability of circumpolar atmospheric jets that

encircle the Southern Hemispheamd extend out to the latitudes of New Zealand. The SAM is often
O2dzL SR $6AGK 9b{hX YR 020K LKSy2YSyl I FTFSOG bSs
strength and storm occurreng&kenwick and Thompson, 28)01n its positive phase, the SAM is

associated withrelatively light winds and more settled weather over New Zealand, with stronger

westerly winds further south towards Antarctica. In contrast, the negative phase of the SAM is

associated with unsettled weather and stronger westerly winds over New Zealaedeas wind and

storms decrease towards Antarctica.

{lta RFGlF ¢SNB &a2dz2NOSR FTNRY bL2! Q& /fAWathé t NBaSy
National Centesfor Environmental ProtectionNCEPreanalysis data using the methodology
described irLimpasuvan & Hartmann (1999).

3 wSadz ua

Two climate catalogudsave been generatedand these are presented towards tead of this

report in Sectiory and Secton 8, respectively Thesecataloguesllustrate the seasonal variability of
rainfall, MSLP, and SST, as welh&sseasonal status of three climate modes (ENSO, #0d SAM),

for the period 1972202122. The firstcatalogueuses theAugmented@500rgridded precipitation
dataset(Section7), while thesecondcatalogueuses theOperational_BiasCorrected@5lgridded
precipitation datase{Section8). Note that the MSLP, SST and climate mode information presented
in each catalogue is the same, i.e. théfall maps are thenly element thatdiffers between each
climatecatalogue

Thecatalogues contain 58-612 maps, noting thathe springandsummer 2021 rainfall anomaly
maps areunavailabl€for the Augmented@500matalogue as the underlying gridded datnds in
October 2021There were many examples fig-like artefacts around relatively high elevation
terrain when theAugmented@500rprecipitationdatawere mapped(e.g.Figure3-1). These may
have occurred due to the lack of biasrrection, or poor correlation betweesbserved rainfaland
the MARSas described in Sectidl.3. Therefore, users are urged tbe circumspect when
interpreting the rainfall anomalies presented in tAegmented @500maatalogue particularly for
areas about the Tararudange, Remutaka Range, dhd Aorangi Range

Thering-like artefacts were not present in th®perational_BiasCorrected@5Keg.Figure3-1),
which suggests it biascorrectionhas improved the reliability of these dadé higher elevation
terrain. Overall, the rainfall anomaly patterns illustrated ttwe two gridded precipitation datasets
used in thigeport werecomparableacross alseasos and yeas (e.g.Figure3-1). Although subtle
discrepanciesre present, theyr 2 ya@péar tomateriallychange the overall spatial patterns of
seasonal rainfall anomalies obsenadtoss the Greater Wellington regidaring the 1972202122
period, as showrby the example below

10 Climate catalogue for the Greater Wellington region
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Figure3-1:  Autumn 2018 raifiall anomalies, based on thAugmented@500n{left) and
Operational_BiasCorrected@5kgridded datasets Anomaliesarerelative to 19912020 climate normal
period.
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This study has generateavb climate catalogug each using a differemgridded precipitation
dataset but otherwise retaining consistency in the remaining variables preseifitessecatalogues
providean illustrative overview ofthe seasonavariability inclimatological anomalieand climate
modes in the Greater Wellington regicemd how they could influenceinfall anomaliesfor the
period 1972202122.

Asimplequalitative assessment of the climate catalogues indicabefall anomalies for the
Wellington Region arelosely linkedvith the changingdirection ofdominantwind flows. Westerly
anomalies tend to increase the rainfall west of the ranges, whereas easterly anomalies tend to
increase theprecipitation over the Wairarapancreased rainfall for the region overall tends to be
associated witlhwarm, moist airflow anomalies (i.e. more frequent winds from the northerly
quarter).Other insights includel) lower rainfalltendsto be associated with El i, andcoolerSSTs,
but can also occur duringNSQheutral conditions and 2)higher rainfalkendsto occurmost often
duringENSneutral conditionsand warner SSTs. Thiiggestshat El Nito and La Nia arenot
necessarilyassociated witttonsistentlycontrastingweather patterns over the Wellington Region,
and that significantainfallanomaliescanalsooccur under ENSO neutral catioins.

It was anticipated that the increased density of observatiamailable for theAugmented@500m
datasetmight deliver an improved gridded representation of raihfaind his may well be the case at
lower elevationof the Greater Wellington regiorHowever a lack of biasorrectionappears to
contribute to ringlike artefactsn the rainfall anomalieat higher elevation terraipwhich would

seem improbablegiven ypicalphysical processgg.g. the orographic effect) associated with rainfall
in these aread-uther investigation is required tbetter understandwhy these artefacts occur, and
determine if they are afeaturethat can(or should be corrected

Althoughdifferent griddedprecipitationdatasets are presented in each catalogue, the catalogues
should not be used tinfer whichrainfalldataset is more reliable than the othbefore further
research is carried ouThere are severaldvantages and disadvantages associated with each
dataset respectivelyOveral| both dataset®bservedcomparablespatial patterns of seasonal
rainfall anomalies across the Greater Wellington region during the -2822/22 period.

Thiscataloguecanaid understandingof climatological variabilitandthe associated rainfall

anomalies observed in the Greater Wellington regiarseful for considerations of seasonal climate
prediction and identifyingotential longterm changesln addition to the catalogueset outin this

report, PNGcopies of individual mapwere provided to GWRChe rainfall anomaly mapsiclude
labelled contours to aid interpretatiorzor future work GWRC has commissioned NIWA to produce a
detailedclimate drives report to identify and analyderther correlation details between high
resolution rainfalland the climaic and oceanic modes of influence
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ClibB
ECMWF
ENSO
ERAS
GWRC
I0OD
MARS
MetService
MSLP
NCEP
NIWA
SAM
SOl
SST
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European Centre for MediwwRange Weather Forecasts
El Nifio Southern Oscillation

Fifth generation atmospheric reanalysis of the global climate
Greater Wellington Regional Council

Indian Ocean Dipole

Mean Annual Rainfall Surface

New Zealand MetService

Mean sea levegbressure

National Centers for Environmental Protection
National Institute of Water and Atmospheric Research
Southern Annular Mode

Southern Oscillation Index

Seasurface temperature
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Generated usinghe Augmented@500mngridded precipitatiordataset which runs through to winter

2021 This dataset is experimentalsing supplementary rainfall data provided by thpdrties
including Greater Wellington Regional Council.
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