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Executive summary

Satelliteobservationsvere used taupdateandextendkey indicatorgelated to changes sea
surface conditiongn both openocean(9 km)and coasta(0.5 km)scaledn Aotearoa New Zealand
The study focused on thrdeeyproperties (1) seasurface temperature (&T)(2) chlorophyHa (cht

a) asan indicator of phytoplanktobiomass angbrimary productivity, and(3) total suspended solids
(TSSasanindicator of coastal river plumes and bottesedimentresuspensionThe first two
properties havepreviouslybeen ncluded innationaktscaleenvironmental reportingd2016, 2019)
while the inclusion of TSS provides new insights tdastalregions Thisreport alsoincludes a
analysis of marine heatwavenetrics(MHWS). By leveraging multiple satellifgroducts this study
enhances the robustness and temporal coverage of indicators, thereby significantly strengthening
the reliability and accuracy diie analysis. These improvements provide a solid foundation for
assessinghangesaroundNew Zealan@nd guidesrecommendationdor future research and
reporting.

Oamanscalesummary

The oceans around New Zealand are warming (especially in winter) and the rate of warming has
acceleratedsince the last reporin 2019 Between 1981 and 2023, the ar@gighted mean rate of
surface warming in th&lew ZealandExclusive Economic ZofteEZyvas found to be +0@C per

decade exceedng the previous rate of +0.15°C per decade observed from 1981 to 2018 (Pinkerton
et al., 2019)The EEZ has warm8&%fasterthan the global average warming rateer the last 40
years and 2.4 times faster than the global average over the last 20 yleang we note there are
areas of the global ocean warming faster and slower than the New Zealand régien)the last 20
years, he fastest warming arearound New Zealandas the Chatham region (more than 3 times
higher than the mean global rate of waing over the same period) and the greatest acceleration in
warming occurred in the Subantarctic regionf¢&l increase from the 4§ to the 20y analysis).

Over the last 40 year$iére has beeran increamsgoccurrence and intensity of marine heatwaves
(MHW)around New Zealanaspecial in the Tasman Sea region, with significant acceleration since
2010. These MHW events have become more freqa@atongerlasting.

We used changes in surface phytoplankton abundanceafihd indicate changes in oceanimary
productivity. Increasing trendén chia were foundin the Subtropical Front includirgmoderate
increasing trenabver the Chatham RiseZ2%of the medianper decade), and greatermrelative
changein Subantarctic water to the south (#86 perdecade) Conversely, a declining trene (2%
per decade)vas identified in Subtropicabaterslocated northeast of New Zealand. These findings
generally align with previous analyses and our understanding of factors influencing primary
productivity in thewaters surrounding New Zealandowever, & unexpected decline iprimary
productivityin Subantarctic watewasobserved since 2020, where ongoing warmiyjgjcally
promotesincreasesn phytoplankton abundancdt is possible that some sort tireshold has been
crossed in this regiowhichcalls for further investigation as it may have broader implications for the
ecological dynamiosf the Subantarctiat the global scale

Coastabkcalesummary

Nearlyall coastal waters surrounding New Zealdrave experienced @A NJIi dzl fsfirfdice OS NIi | A y €
warmingover the last 40 yand the warming over this period was faster than the global mean

1 A marine heatwave is a period of more than 5 days when the water temperature is much higher than normal
2The concentration of chlorophydl, the ubiquitous green pigment in algae, is commonlgdias a metric of phytoplankton biomass
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warming rate by betwee5% (eastere Ikaa-a n ddarth Island region) an87% (East CoaSe
WaipounamuSouth Islad). In all but one region (eastern North Island), coastal warming was
substantially higher over the last 20 y than over the last 40 y (increaseg bd&) indicating
widespread acceleration of coastal warmiogind New Zealandrhe acceleration of coaait
warming was particularly high around South Island, whery &@&rming ratesn all regionsvere
more than three times the global warming rate over the same period, and nearly 3.7 dsrtggh as
the global average in the Southern South Island regidermingoccurred yearound in most
coastalregions thoughgenerallygreater warming occued in summerautumnthan in
winter/spring CoastaMHWQ ldavesubstantiallyincreasedn all coastal regionsver the last 40
yearsand particularlysince 2010Coastal scale MHW evertitavegenerally becomenore frequent
andlongerlasting

Increassin chla were observedround the coasts ahid-lower North Island andll South Island,
particularly duringwinter. In contrast coastal regions alorthe west coast offe Tai Tokerau
Northland andnortheast New Zealand sheiffcluding theHauraki GulfTe TaraO-TelkaA-a n dzA
Coromandel, ande Moana a Tday of Plentylisplayeddecreasindgrends in chla (productivity)
Lower-than-normalchlawas obgrvedalong the west coast of South Island during the MHW of
December 20170 March 2018 and December 2082 January 2023.

Our analysief total suspended solids (TSS) trenelgealedcomplexpatterns of increasing and
decreasing trendat both broad(continental shelfland small (local) scalethere were
predominanty increasing TSS trendsthe broad-scale althoughwith generally low confidencén
a smaller scale, both positive and negative 3i88ltscaletrend featureswere observedhat could
be indicative of localised changassociated witlspecific rivers, estuaries and harbouasd ar
reportidentifiesareas wherechanges in TSS wdikely to beinfluenced by variations imaterials
originating fromriver systemsas opposed talimate driversThese identified "hotspots" of TSS
changeprovidevaluable focal pointto help prioritisefuture investigations

Recommendations

The following recommendations aim to guide future studies, patieking processes, and
management approachetoward achievingnprovedunderstanding andtewardshipof New
%S| f bogdr @il coastalystems

1. Link satelliteobservations to marine biological resource and hazar8stellitedata
andanalyses provide a basis#@ssess the links between changest®an and coast
environments and biological resources (such as fisheries, kai moaneaanda
species and protectedspecies such as seabirds, marine mamruzaid reptiles.
Linking biological response to environmental variability and change will takedomg
commitment tonew multi-trophic level monitoring and researchhese programs
should encompass both open ocean and coastal waters.

2. Commit to improving and validatinghe quality of satellite products in the New
Zealand region (coasts and oceanShtellite observations offer lorgrm, largearea,
low-cost resource but new, targeted, local ptical research is needed to improve
robustness of the data. Specificalgcal validation and local tuning of the global data
to the New Zealand region will provide more useful and reliable satellite observations
in the future. In parallel, users require better information on data quality to ensure
that new applications use satite information appropriately, with due consideration
of its weaknesses as well as its strengths.

Monitoring ocean health: 2023 9



3. Foster collaboration and data sharinglew Zealand could make moaad betteruse
of satellite capability if there wasnhancedcollaboration and datshaing among
coastal ecologistsatellite datascientists management agencieenda n 2 pddiciples
of kaitiskitanga More effective collaboration woultinprove the accuracy, resolution,
accessibilityand of satelliteproductsand lead to nevapplicatiors for coastal
managementOngoing developments and enhancements to M&/A SCENZ poral
streamlinesharingof satelliteproductsfor New Zealan@nd enable timely analysis,
empowering comprehensive exploration of patterns and monitoring of changes.

4. Developoperational (near reattime) updating ofsatellite-based indicators Given the
increasing pace of change in the ocean and coastal domains, more frequent updates of
these satellitebased indicators would be useful. We recommend standardising the
processing methodology and moving towards a mfsegjuent (and ideally semi
automated) update proces&xploring how to dfine baselinesacross multiple satellite
andin situtime-seriesaround New Zealandiould be useful.

5. Prioritiseresearch effortson coastl sediment Based on the identified coastal
GK2GaLR2G¢ I NB werecdnaréedd hdviigld-badedaydinggrativei(e.,
in situsampling, modelling, remote sensing, social and pot&sgarch to understand
the factorsresponsible for the observechanges in TSS over time. Knowledge of the
interactions between land catchments, climatdated weather patterns,
river/estuarine/continental shelf processesd human activitiesvill improve the
quality of satellite observations of TSS and advance tissto improve management
of the effects of sediment on coastal ecosystems.

6. Incorporateclimate-awareresponses intamcean andcoastalresourcemanagement:
The information provided here could be used to adagtrinemanagementstrategies
for the effectsof climate variability/change includingarming MHWand changes to
primary productivityand TSSThe information in the present report should imeluded
alongside shifts in cloud cover, rainfall patterns, wave/current dynars@aevel rise
when considering how to manage resourcesr examplesome practical examples
could include changes to primary production in major fishing areas or juvenile fish
locations may indicate potential trophic effects on stock productivity; teeimicoastal
primary productivity are relevant to aquaculture industry; marine reserves should be
designed taking into account patterns of climatdven oceanographic changand
patterns of change in T&®ludes theeffects ofclimate at the catchmentcale

7. Expand work on MHWInvestigate correlations between MHW metrics and primary
production, chla, TSS; investigate trends in MHW metrics using a moving baseline;
investigate seasonal drivers of MHWSs around New Zealand; investigate trends in
subsurfaceand bottom (seafloor) MHWSs around New Zealand using models asitlin
time series (Argo floats, buoys); support a seasonal MHW forecast as recommended by
Stevens et al. (2022); support long term biological monitoring across all coastal
bioregions to bette understand ecological impacts of MHWSs.

8 https://hub.arcgis.com/documents/NIWA::niwscenzoceancolourapplication1/explore
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1 LYUGNRRdAzOUGAZ2Y

This report updagsand enhanesthe indicatorsusedby Te Papa Atawhai (Ministry for the
EnvironmentMfE) and Tatauranga Aotearoa (Statistics ,Naf) evaluating and communicating
progress in sustaifde environmental management within Aotearoa New Zealemasistent with

the Environmental Reporting Act 20IEhegoalis to provide an ugio-date assessment of the

current state of Mw Zealands marine environmentThis report offers valuable insightstanthe

status and trends of significant environmental indicators, equipping deceismiers,and

stakeholders with essential knowledge for informed environmental management and conservation
initiatives. Specificallypbjectivesfocus on national indicatorf®r oceanc and coastasea surface
temperature and primary productivity, building upon previous analyses (Pinkerton, 2015, 2016;
Pinkerton et al., 2019). Additionally, this report introduces a new indicator for total suspended solids
in coastal watersanda newfocused analysien marine heatwavéMHW)metrics.

The physical conditions in New Zealand's coastal and oceanic waters exhibit substantial variation in
response to local climate and weather, spanning a wide range of spatial and temporal scales. The
marine realm is charaetized by its remarkable diversity, heterogeneity, and dynamic nature,
undergoing constant chang&his profound variabilityneans thatin situmonitoring, using sensors
installed at particular locationgr water samplegollowed by laboratory analysis fundamentally
limited and cannotfprovide insights into changa the marine environmenat the national scaland
acrossappropriatetime and space scal€Bigurel-1). Remotelysensed observationshich use

sensors on Eartbrbiting satellites serve as a valuable solution to address this gap by providing
frequent, longterm, wide-area, and spatiallyesolved observationdHooker et al., 1992; Murphy et

al., 2001) Satellite observationis alsocosteffective compared tan situsampling, as a significant
numberof satelliteproducts arefreely accessiblecourtesy of research funding especially in USA and
Europe

However, it is essential to recognize the limitations of satgfiiteductsin terms of coverage,
resolution, accuracy, and consistency, which shoulddresideredvhenusingthem as indicators. In
this report, we present satellitproductsfor sea surfacéeemperature (SST), primary production
(chlorophylta), and total suspended soli@®ncentrationgTSS). Our analysis not only examines
trends and patterns but also delves into the limitations and uncertainties associated with these
measurements, providingaluable insights.

Monitoring ocean health: 2023 11
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Figurel-1: Observation platform context to ime and space scales of variability in physical and biological
processes in the ocearPhysical processes are in blue and biological preseaee in green. River plumes,

storms and suspended sediment resuspension events are highlighted as dark brown. Each observation platform
(yellow) provides different scale insigh&atellite remote sensing is ideally suited to climate scale changes and
provides broad and lonterm coverage. Adapted from Dickeyal. (2006).

1.1 Sea arface temperature

Sea surface temperature (SST, °C) refers to the temperature of the uppermost layers of the ocean,
typically within a mete from the surface. It exhibits spatial variations, generally showing warmer
temperatures in the northern regions and cooler temperatures in the southern parts of New Zealand.
Additionally, SST experiences seasonal fluctuations, with warmer temperat@wssljprg during the
summer months and cooler temperatures in winter. The complex dynamics influencing SST involve
multiple factors, including radiative solar heating (absorption of incoming solar radiation by the
upper ocean), evaporation from the ocearrface, sensible (conductive) heat exchange between the
air and the sea, and the mixing of deeper water with surface waters through convective energy
transfer. These interactions collectively shape the dynamic natug&Ssdh the marine environment.

SST issuallya useful indicator of the state of thewaflA ES R dzLJLISNJ 2 OSIy | @ SNJ 6 ¢
f I & S NE wypicallgvirizsdétween about0 m and300 m in depth(but can be outside this

range. This upper ocean mixed layer is important because mastric primary production takes

place within it and also because it is the part of the ocean in contact with the atmosphere and so

affects exchange of gases between the atmosphere and 0&&ilis also affected by factors such as:

(1) upwelling, where winglcan bring colder (often nutriemich) water up from depth leading to

phytoplankton blooms; (2) inflow of river water (which testd be cooler than the sea in winter and

warmer than the sea in summegnd(3)ocean and coastaurrents.

12 Monitoring ocean health: 2023 update



The temperatureof the ocean plays a crucial role in the emission of near&daradiation (NIR). By
usingsensors on Eartbrbiting satellites, it becomes possible to measure the NIR emitted by the
ocean and consequently estimate the temperature of its surface waldrsse satellitdased

sensors have been employed since 1981, offering a valuable time series spanning over 40 yeatrs,
enabling the assessment of sea surface temperature (SST) on a global scale. This extensive dataset
provides a valuable resource for stuidg longterm temperature trends and variations in the world's
oceans

1.2 Phytoplanktonbiomass and itprimary productivity

Phytoplanktonare microscopic algae which are kept in suspension in the upper parts of the ocean by
the movement of the waterPhytophnkton grow by the process of photosynthesis, whereby energy
from the sun is captured by coloured compounds (pigments) in the algal cells and used to create
2NHIFYAO YIF GOSN ¢ KA produdiy®O S A0R ded ©1 X § SRa a LS YLINR Y
which organic matter is produced from inorganic building blocks. Phytoplakeconsumed by
microscopic animals (zooplankton) or die to form organic detritus. The grazers of phytoplankton and
consumers of breakdown products are themselves consumedrgrianimals in the marine foed

web. Through these processes, primargductivityby phytoplankton in the upper layers of the

ocean ultimately supportsirtually* all marine organismimcludingfish, mammals, seabirds and

benthic biota like corals argbonges. Phytoplankton also play an important feedback role in the
regulaion of global climate, by forming organic matter that can be sequestered (storeetéong in
seabed sediments, and by releasing chemicalsdha help clouds to forr{Charlson eal., 1987.

Phytoplankton, similar to plants, imparts a green colto the upper layers of the ocean, while pure
seawater appears blue. Multiband, radiometric sensors on E@nititing satellites can detect this
change in water colar, enabling the estimtion of phytoplankton biomass in neaurface waters
using processing methods knowndgorithms. The concentration of the main photosynthetic
pigment, chlorophyia (chta), widely present in phytoplankton, serves as a reliable proxy for
phytoplanktonbiomass(Gordon et al., 1988; Hooker et al., 1992; O'Reilly et al., 1998). These
capabilities facilitate the study and assessment of phytoplankton dynamics and their ecological
significance in the marine environment.

On a larger scale encompassing mudtipbars andargespatial extents, higher phytoplankton

biomass serves as a reasonable indicator of increased primary productivity, although the relationship
between the two igjuantitatively moreintricate (Friedland et al., 2012). In line with previotusdges

on indicators for the MfE, this report adopts chloropkyl{chta) as a proxy for primary productivity.

This approach aligns with international research, where monitoring changes in the magnitude and
patterns of chla has proven valuable in undeasiding shifts in fisheries, marine biogeochemistry,

and climaterelated alterations in ocean productivity (Murphy et al., 2001; Aiken et al., 2004; IOCCG,
2008).

1.3 Total suspendeddids

The mass concentration of Total Suspended Solids (TSS) in the waten can arise from a mixture
of particles derived from both organic and inorganic sources. In-@gean areas, the predominant
contribution to TSS is organic in nature, while in coastal regions with higher turbidity, the TSS is
primarily composed of inganic particles.

4Some animals around deegga thermal vents obtain their energy from chemosynthetic processes rather than from phytoplankton.
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On rocky coasts, studies of ecological problems cabgestdimentatioAfrom rivers and shoreline
erosioninputsare widespreadhave a long history, anareincreasing globl acknowledged

(Airoldi, 2003).Sedimentation can also adversely affeoft sedimentcosystems. After somearly
studies (McKnight 196®eterson 1985here has been considerable recent research in New Zealand
(and overseasyhowing thepotential for substantial impacts associatediwsmotheringby

terrestrial sediment depositg.g., Miller et al., 2002; Ellis et al., 2004; Lohrer et al., 200dpyNf

the key papersvere used tadevelop ANZECG@Guidelines for estuary sedimentation (Townsend &
Lohrer, 2015) and recommendations OC research priorities for sediments in the CMA (part of
Green et al., 2021).

The presence of suspended sedimenthe water column has significant implications for filter
feeding organisms and can lead to reduced water clarity through increasedtightiation.Fine
particulate material settling on the seabed can be resuspended by the combined forces of waves and
currents, creating a dynamic interchange between suspended sediment and sedimentation
processes. While sediment impacts have traditionadlgn assessed based on mass concentration
alone(e.g., Hughes et al., 201%) is important to recogise thatwater claritycan varynon-linearly

with mass concentrationWater column light attenuation and visual clarity anfluenced by factors
such aghe particle size distribution antheir scattering propertiegStramskiet al., 2004) potentially
makingwater clarity aspectamore ecologically meaningful measue primary producers and
visually sighte@rganismghan the mass concentration of suspended mat®mith & Davie€olley,
2002; Davie£olley et al., 2014; Hughes et al., 20F5)e suspended sediment plays a crucial role in
visual clarity and light penetration, while coarse sedimieas a diminished imgzt, but, if present
candominate mass concentration. Furthermore, fine suspended sediment servamaea
conservativeracer for pollutants compared to coarse sedime(@aviesColley et al., 2014)

Satellite sensors that measure optical backscattewvle valuable insights for observing and

analysing finesuspended sediments in dynamic marine coastal environments (Pinkerton et al., 2019).
By indirectly assessing the presence, distribution, and dynamics of suspended sediments, these
sensors contributéo the assessment of spatial patterns and léegn climatescale changes in river
inputs, coastal erosion, and bottom resuspension across coastal bioregions. This information is
crucial in monitoring the state of the marine environment and for informedisiormaking and the
implementation of sustainable practices in coastal management

1.4 Marine heatwaves

Marine heatwaves (MHWSs) are prolongedents of abnormallyarm waterthat havesignificant

impacts ormarine ecosystems and the services they provideb@ay et al., 2016, 201&male et al.,
2019; Smith et al., 2021%lobally MHWSsare increasing in duratigrirequercy, andintensity (Smale

et al., 2019; Frolicher et al., 2018; Oliver et al., 2018, 2848)several recent marine heatwave

events have occurred in New Zealafdhisglobaltrend in MHWis expected to accelerate under

future climate change, potentially pushing many marine organisms and ecosystéhesrtiimits of
resilience (Frolicher et al2018).The study of MHWSs has seen a significant incregdaally, driven

by the severity of their impacts and the development of metrics and computer codes to characterize
MHWSs, ing longterm satellitebased sea surface temperature data that is fyembailable (Banzon

et al., 2016and we apply these global methods to New Zealand in this report

S SRAYSyliliGA2yé Ay GKAA NBLERZNI YSIya (KS RSLRaAadAzy 2F aSRAYSy
6 Australian and New Zealand Environment and Conservation Council
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2 aSiK2Ra
2.1 Satellite data sources

2.1.1 Overview

In our analysis, epredominantlyusedsatellite productsthat align withprevious environmental
reporting in New Zdand (Pinkerton et al., 2019 owever we have also incorporatatew satellite
productsinto the analysis t@xplore thevariability between differenapproachegseeTable2-1).

This comprehensive approach allows us to gain a deeper understanding of the factors influencing
variability and enhance the accuracy of our findings

Ocean and coastal SSTheOptimum InterpolationSea Surface Temperature (OISST) product

(Reynolds et al., 2002) version 2 was used in Pinkerton et al. (2019) and this was updated to version

2.1 (Huang et al., 2021) for the present repdite time seriesvas also extened to April 2023.

Ocean chia: Inprevious work in New Zealand, we developed methods to link observations from two
ocean colour satellite sensors (SeaWiFS and MA{US) into a consistent and lengthened time
series by adjusting both sets of measurements using a comparison between #gewvinen both
sensors were in operation (their overlap period). For consistency, we exténdrtieseries to April
2023 andalso include new coastal products developed overseas by the Copernicus project (see
below).

Coastal chl: Remote sensing of chlin opticallycomplex, coastal waters remains a scientifically
challenging area. For consistency, we repeat and extend the analysis from Pinkerton et al. (2019),
using a coastal product generated in New Zealand from leoedlyived downlink databut the
methodology has been advanced as describe@atl et al(2022) In this new analysis, we also
include new coastal ctd products developed overseas by the Copernicus project (see below).

CoastalTSSMethods for the remote estimation of TSS concentnagian coastal waters are
developing rapidly. For consistency, we repeat and extend the TSS analysis in the New Zealand
coastal zone carried otior Te Papa Atawhaihe Department of Conservation (DO@inkerton et

al., 2022 which used the SCENZ 738 product Thisproductis based ombservations by the
MODISAqua sensormrimarily received by the New Zealand satellite receiver in Lauder, and
processed at NIWA at spatial 500 m spatial resolution. For comparison, in the present analysis we
also inclu@ new coastal TSS products developed overseas by the Copernicus project (see below).

Copernicus An approach for muksensor blending of ocean colour satelliteservationshas been
developed and implemented overseas by various projects including GlabGodpernicus
(Garnessoret al., 2019. A list of data products is available from Copernicus (Z0Zhe overseas
method uses multiplesensors (SeaWiFBIERIS, MOD¥&gua, VIIRS and OCLI) and provide a-time
series of data slightly longand likely more robusthan we could achieve frogust two sensors. In

I RRAGA2WAEL 6t SEAIWNR RdzOG Aa | JI Af BoficBaink dikdude?2 Y S
the effect of cloud cover and sensor/algorithm failure on ldegn observationgVolpe et al., 2018

In this study we comparkthe nontgap filledo & / | pral §affilledd & / | [CDBp€raicushla
products because we are interested in the effectshas method on the timeseries and trend

analysis in théNew Zealanaceanregion

”marine.copernicus.eu
8 https://catalogue.marine.copernicus.eu/documents/PUM/CMEREPUM.pdf
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Validation: No new validation of satellite productsingin situmeasurementsas been carried out
in this studyas this is beyond the scope of the project.

Table2-1:  Summary of satelliteproducts € t N dataddtirkdicates the dataset most consistent with
LINB@A2dza 62N] T2N) a¥F9d a{SO2yRINEBE¢ YR GUSNIALFNEE
comparison to different processing methods. Below the data source we give the spatial resolution and period
covered (monthyear).

Indicator Primary dataset Secondary dataset Tertiary dataset
Ocean SST OISST v2.1 None None
1/4°-> 9km
Sep 198X Apr 2023
Coastal SST OISSTv2.1 MODISA sst None
1/4°->500 m 500 m
Sep 198Xk Apr 2023 Jul 2002 Jun 2022
Ocean MHW OISST v2.1 None None
1/4°
Sep 198Xk Apr 2023
Coastal MHW OISST v2.1 None None
1/4°
Jan198 ¢ Dec2022
Ocean chh MODISA+SW(NIWA) CMEMS MeHE CMEMS gapfree
9 km 4 km-> 9km 4 km-> 9 km
Sep 1997 Apr 2023 Jul 1997 Apr 2023 Jul 1997 Apr 2023
Coastal chh SCENZ v4.0 CHL CMEMS CHit CMEMSCHLGF
500m 4 km->500m 4 km-> 500 m
Jul 2002 Jun 2022 Jul 1997 Apr 2023 Jul 1997 Apr 2023
Coastal TSS SCENZ v4.0 TSS CMEMS LSPMM

500m
Jul 2002 Jun 2022

4 km->500 m
Jul 1997 Apr 2023

Notes

1 Copernicus: cmems_olx_glo_bgeplankton_my_I3multi-4km_P1M/CHL

2 Copernicuscmems_obsc_glo_bgeplankton_my_l4gapfreemulti-4km_P1D/CHL
3 Copernicus: cmems_olix_glo_bgdransp_my_l4multi-4km_P1M/SPM

2.1.2 Oceanscalesea surface temperature

Thelongestrunning measurements of NIR for estimating SST are fromdvanced Very High
Resolution RadiometdAVHRRSeries of satellite sensors operated by NOAA (National Oceanic and
Atmospheric Administration of the USA)hrough a series of overlappiagd intercalibrated sensors,
the AVHRR project has produced dsitace 1978 and continuous data since 198/& used the

I+l ww LINEOSE3aSR MNR RAK KD Biitukidl®drudédaily SST éstimate
derived byOptimum InterpolationSea Suace Temperature, version(Reynolds et al., 2002

Huang et al., 20210nequarter of a degree spatial resolution is equivalent to about 28 km
(longitude) and 1§25 km (latitude, 25fo 57°S) in the New Zealand regidime OISST data is
processed to rmove observation gaps caused by clouds, so this is-d@rgeproduct(Huang et al.,
2021) Data were interpolated by bilinear interpolation to the 9 Katitude-longitudeto enable
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intercomparison of trend ocean chh. This dataset represents the loesgf satellite SST data
available worldwide, and has been widely used internationally, so we dimcladesecondary or
tertiary comparisos. TheOISSV2.1dataset was also used for the ocean MHW analysis.

2.1.3 Coastabkcale sea surface temperature

Two data sarces were used for coastal SST: (1) the innermost pixels of the ocean scale OISSTv2.1
product;and(2) highresolution (1 kmBST timeseriesobtainedfrom MODISAqua.Although theV?
resolution OISSR.1dataare appropriate for oceanic analysthe spatial resolutions relatively
coarse for coastal investigatiose comparison with higher resolution data is necessHigher
resolution SST datasedse available but are ohuch shorter duratiorand so of lessalue for
investigating multidecadal trendsWeobtainedMODISAqua measurements using the SeaDAR v7
default W & grad@t (ttps://seadas.gsfc.nasa.gowvhich isderived flom measurements ofong-
wave (1112 um) thermal radiatiofNASA, 2018a)nd started in 2002SST productat 1 km were
subsampled to 500 ranthe New Zealand Transverse Mercator projection (NZohhatch the

other coastal productsising bilinear interpolgon. In order to confirm that the OIS$J.1datawere
appropriate for investigating lomg-term trends in SST toastalwaters,Pinkerton et al. (2019)
compared the coarsecale OISS2 data with the finescale MODIAquaSST data in the territorial
waters. This work found that ithe New Zealand coastal zgrthe OISS/2 datawere highly
correlatedwith the MODISAqua 1 km measurements between 2002 and 2EST: £0.972, N=256
687; SST anomaly?#.793, N=3 686) with the conclusion that OISSIE¥2 were suitable to track
long term change in Aotearoa New Zealand territorial watarsl this analysis is not repeated here
as the changes from OISSTv2 and OISSTv2.1 are relatively small

2.1.4 Oceanscale chlorophyll a

Primary data used for ocean ehlwas the merged SeaWiFS and M@&8a dataset as used in
previous stug for MfE €.g.,Pinkerton et al., 2019). This merged dataset provides information from
September 1997 (the advent of SeaWiFS) to April 2023 (MAquI&s still operational as of June
2023). Satellitgoroductsare periodically reanalysed to take into account improvements in processing
methods.We used the most currenBeaWiFS8ersionR20180 and the most currenMODISAqua

data version R2018loth as ugd in Pinkerton et al2019) Merging of the SeaWiFS and MODIS
Aqua timeseries was carried out based on an approximately overlap period of 8 yearsZQ00},
with most reliableoverlap periodof 2003 to 2007We used the same process of blendinga&hl
measurements as previously (Pinkerton, 2016; Pinkerton, 2Bitkerton et al., 2019 Over all

months and all years, MODMjua tended to give slightly higher enlvalues than SeaWiFS but the
differences were very small (median difference inalf-0.0023 mg . We found that differences
tended not to vary with ch& concentrationand there was no indication of a logrm (interannual)
variation in the differences between SeaWiFS and Mgl measurements (Pinkerton, 2016;
Pinkerton, 2018).

We al® used two new Copernicus (CMEMé&hta products for comparisorT @ble2-1): (1) the

G OY S Y dop 310_agglankton_my 13multi-n { YWt mak/ | K SINBR R &AHsSHR b/ | [ a
monthly, 4 kmresolution chla product that uses a blend of coastal (senalytical) and ocean

(empirical) processingnd(2)tK S & O Y Sot &glp sb@ealankton_my_l4gapfreemulti-

niYwt m5okA I E[f£S Ris dailylctlarodudi based on the same processingCat Mout

gaps (due to clouds or algorithm fail) are filled usangmpirical Orthogonal Functions (EOF)

9 Copernicus Marine Environment Monitoring Service
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techniques to characterise spatiand emporalpatternsproducing a gagree product(Volpe et al.,
2018) The CHLGtraily data werecombined into monthly products.

2.1.5 Coastakcale chlorophyll a

The primary data source of coastal-ehtlata for this study was from the NNBICENZ CHLv4.0
produa which is based on MODISjua observations at 500 m resolution over the period July 2002
June 2022NIWASCENZSgas, Coasts and Estuaries, New Zealarad) online data repository, GIS
access and imaging portal, and tireeries analysis tools (Galladt, 2022)The methodused
previously (Pinkerton et al., 2019) was extendetvo ways: (1) byeveloping methods to
extrapolate satellite measurements from offshore into the area within ~2 km to the coast (an
important area that is particularly imponta but difficult to observe); and (2) bgnproving the

merging semanalytic and empirical methods in coastal and ocean regions respectively to ensure
consistency between coastal and ocean products in the continental shelf transition zone.

Data ingesion, calibration and mappingLevel 1A (top of atmosphere, uncalibrated) MOBtftia

data were acquired either by file transfer from NASA (data between @ili¥7) as full spatial
resolution 5minute granules, or as direct broadcast data by the NI\Abantreceiver (after 2007).

All direct broadcast data were calibrated and processed using NASA Collection 6 calibration files
dza Ay 3 b! { ! Q@attpd/Schadad.gbfc.ndsa.gdvData were rejected for land, cloud cover,
solar glint, whitecap reflection, atmospheric correction failure onirater algorithm failure. Satellite
productsbased on visiblvand measurementwere calculated at a spatial resolution of 500 x 500 m
usingpairedbands(after Franz et al. 2006)nd derived variables were projected toNew Zealand
TransverseéMercator grid(NZTM2000; LINZ, 2017)

Atmospheric correction¢ KS y2NXYFf [ GY2ALIKSNAO O2NNBOGAZ2Y LINE (
LA ESt Y S (nktadly to turBi@véters but alternatives have been developRdddiclet al.,

2000; Lavender et al., 2008/ang & Shi, 20Q7Pinkerton et al. (2019hvestigated two atmospheric

correction methods appropriate for turbid coastal New Zealand watéjthe NIRshort-wave

infrared radiation (SWIR) switching algorithm (Wang & Shi, 2@@0i8)(2) the MUMM model with

the default MUMM alpha for MODIS &f945(Ruddick et al., 2000). In a comparison in European

coastal waters, it was found that the NB®VIR ad MUMM methods performed similarly, but that

GOGKS alaa Ft3I2NAGKY 3IABSa | 0 SothedMNMN pdiictwiage LINE Rd
used in Pinkerton et al. (2019) and here

In-water algorithms Simple empirical methode@..h QwSAt t & SiG It ® mpdgy 0 OF Yy
in ocean waters but typically perform poorly coastally (IOCGG 2000; Pinkerton et al. 2006). Two main
types of semanalytical inwater algorithms were testeth Pinkerton et al. (2019§1)the Quasi

Analyical Algorithm (QAA) algorithm (Lee et al. 2002; Lee et al. 2806)2) the GarverSiegel

Maritorena (GSM) algorithm (Garver & Siegel 1997; updated procéYyskgjlowing Pinkerton et al.
(2019) and Gall et al. (2022) we used the QAA approach Rbymplankton absorption was

converted to an estimate of cfal using the ch$pecific absorption coefficient,#(488). The value of
apn*(488) can vary seasonally and spatially, related to different phytoplankton species (varying cell
physiology and pigmensj, different phytoplankton cell sizes, and the light environment

(phytoplankton in more turbid waters may increase light harvesting pigments) (Kirk, 2011). Here, we
used an average of values found for oceanic phytoplanktdog@d et al. 1995; Bissett at. 1997,

10 hitps://gis.niwa.conz/portal/apps/experiencebuilder/template/?id=9794f29cd417493894df99d422c30ec2

11 www.icess.ucsb.edu/OCisD/
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and measurements in the lower reaches of New Zealand rivers and estuaries (Pinkertgn, 2017
Pinkerton et al., 2019; Gall et al., 2022Zhe latter measurements were made as part of lNaional
River Water Quality NetworftNRWQN) projecQGallet al., 2022. MODIS data were interpolated to
500 m using paired bands where necessary (Franz et al. 2006).

Coastal extrapolationOcean colour satellitproducts areoften missing for the -2 km closest to

shore which is a problem for those particulanjerested in this zone, including recreational users

and coastal managers. The causes of this missfogmationinclude atmospheric correction issues
due to near infrared radiance from the land, shallow water (leading to algorithm fail), and pixel
gedocation errors (where a coastal pixel is Auisated further offshore by up to ~1 kmih a
development since Pinkerton et al., (2019)mathod to extrapolate valid coastal data intoe

nearshore zone has been developed at NIWA and applied to the d&td in the analysis presented
KSNB® CANRG LAESt&a SNNRyS2dzate t20F3iSR 20SNJ (GKS
that is, individual pixels very different from those surrounding them are removed. Two methods are
then used to estimate misginvalues within 5 km of the coast: (1) iterative neanasighbour

smoothing with a 2.5 km smoothing window applied 3 times; (2) L@&&Holation(LOcally

WEighted Scatteplot Smoother Cleveland & Devlin, 1988here the fitted variation in the property
with distance offshore in 10 kiwide transects is used to estimate missing values. The smoothed and
interpolated estimatesvere blended using weights based on their similarity to each other and to the
surroundingdata. The parameters used in thisshore extrapolation scheme were optimised to
maximise the proportion of missing data fillgdand theplausibilityof the values. The method

works well when spatial patterns and processes further offshore are repratembf the very
nearshore zone (<2 km from the coast), but it cannot provide information on-scell processes

that have no offshore expression. Given that coastal features are of the order of >10 km (Pinkerton
et al., 2022), this limitation is notitical, but does highlight the need for using satelfiteductswith

a higher spatial resolution in the future to observe these very nearshore environments.

Onshoreoffshore blending It is important that there is not a discontinuity between the coastdla

data (processed using a seamalytical method because of optical complexity) and oceaachl
(processed using an empirical algorithiextending Pinkerton et al. (2019)vd levels of blending

were used to ensure that the ocean and coastal dataset® consistent across the insheo$fshore
transition zone over the New Zealand continental shelf. First, in each daily image, we blended the
QAAchla and the MOD#8efault chia product (NASA, 2018b) using a logistialing of b,(555)
(Pinkertonet al, 2022; Gall et al., 2022). This is implemented in SCENZ data version v3.0 as currently
active in NIWASCENZ. However, we found that this blending still led to issues in the transition zone
where high backscatter offshore was caused by phytoplankton blponexample in areas off
HoromakaBanks Peninsula in the western part of the Chatham Rise high productivity region. A
second blending at the monthly level was hence developed and implemented for this work, leading
to CHL product v4.0. TIRCENZ produdDET v3.QGall et al., 2022) was us@dthe blending agn
AYRSE 27 & O2ADETineasurasyhe antashi/o6li§ht absorption in the blue part of the
spectrum (wavelength 443 nm) by detrital materiahdcan be a useful indicator of freshwatepint

into the coastal zoneéMonthly climatological dta on bg(ADET) in overlapping coastal sectors of

width 21 km and extending between the coast &tlkm offshorevere extractedaround the New
Zealand North and South Islands, and Stewart Island. Thersenterlapped by 14 km in the

direction parallel to the coastline. The change in log(DET) with distance offshore from pure coastal
(less than 3 km from the coast) to pure oceanic (more than 30 km from the coast) in each sector was
used as a proxy for theéegree of coastal influence on baptical properties. Although terrestrialy
sourced suspended sediment in the uppeaater column can extend further than 30 km offshore,
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coastal influence here is considered to be relatively sheed and relatively unaomon at the
Y6EGA2y Lt ao0FtSd ¢KS F@SNF3IS SadAyYlFdiS 2F aO2Fadlf
estimates of coastal and ocean ¢hto producehe SCENZHLv4.0product.

2.1.6 Coastakcale total suspended solids

The primary source afformationon coastal TSS was the SCENZM3®roduct (Pinkerton et al.,

2022; Gall et al., 2022) SS was estimated from the total particulate backscatter product (BBP) which
estimatesthe optical backscattering from gtlarticulate material presentithe nearsurface water
column Technically, BBP is defined as the particulate backscatter coefficient at 555)ntn(the
SCENZ methodology, BBP v3.0 was estimated using theamadgiic algorithm (QAA v5; Lee et al.
2002; Lee et al. 2009) and camted to an estimate of gravimetric total suspended solids using an
average masspecific backscatter factor for the New Zealand coastal zone as described in detail by
Pinkerton et al. (2022) and Gall et al. (2022). Suspended particulate material inchydeplankton,
particulate detritus and inorganic sediment arftkse different components have different optical
characteristicand different mass concentrations, so ththe conversion fronBBPto a gravimetric
quantity (TSS) is approximate.

In addition the new Copernicus (CMEMS) SPM (suspended particulate matter) product was used for
comparisonTable2-10 Y & OY S §lap Bgdransp_my_ldmulti-n { Y Pt ™M a théreaftes

called SPMM)This is a monthly, 4 kimesolution gravimetric (g rf) product that uses coastal (semi

analytical) processing A G K | a3t 26t F GSNFr IS¢ O2yOSNBAZ2Y 2F 0
matter concentration Garnessoret al., 2019)

2.2 Anomalies

2.2.1 Annual anomalies

Annual anomalies were calculated as the mean value for a given year minus therongeanof a
whole-number of yeargEquation 1). For example, the 2000-aldnomaly is the mean value of hl
for 2000 at a given pixel mintdise longterm mean chia value for the same pixelhe mean is
calculated on whole years to avoid bias due to different number of values in different seasons.
Equation 1dyis the annual anomaly for yeadr Ny is the total number of years of dathl, is the total
number of months of data per year, a@inis the chla or SST value for year y and month m.

1 —B 6y —B B 0§ [Equation 1]

2.2.2 Monthly anomaliegdeseasonalisation

Monthly anomalies were calculated as the averagee/éu each month minus the lorgrm

monthly mean (Equation 2iHere,dynis the anomaly foyear y,month m;Ny is the total number of
years of data, and@g mis thesatellite measurdor year y and month m. For example, the monthly
anomaly for January@®0 was calculated as the mean of January 2000 minus theiéomgmean of
all JanuariedNote that this implies a reference period against which anomalies are judged as the
whole time series.

Th Yn —B Yy [Equation 2]
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2.2.3 Reference period

The reference period for analysis is the time period over whickiitii2f A YI § 2 f 2 Bve@dst ¢
are calculated. The choice of appropriate reference periods for thmees analysis is important
because it affects the anomalies fronhieh trends are calculatelut the choices somewhat
subjective especially when there are multiple products spanning different time perioddis work,
we used a primary ocean reference period matching the SeaWP3SIS timeseries {.e.,the
complete years 1992022). This reference period was also used for the OISSTv2.1 data. For the
coastal chla and TSS data, we used a reference pamatthing the period of operation of the
MODISAqua sensorife.,complete years 2002022). e MHW analysis requires a different
reference period, and the 3@ period 1983012 was chosefseeSection2.6). Further research
(beyond the present study) toonsider defining appropriate reference periods for New Zealand
indicator work would be useful.

2.3 Descriptive regions

2.3.1 Oceanscale

Monthly anomalies of ckh and SST were extracted for the EEZ and four descriptive oceanic regions
(Figure2-1; Appendix Awhich have not changed from previous environmental reporting.(

Pinkerton et al., 2019)These regions were chosen to inclymeticularlyproductive regions ante
characteristic ofvater massegfollowing Murphy et al., 2001), while noting that they do not cover
(and do not need to cove#gll locations in the EEZ. The four regions #re Chatham Rise

(Subtropical Front east of New Zealand); the Tasman Sea (irglindirSubtropical Front west of

New Zealand); Subtropical Water (STW); and Subantarctic Water (SAV¢eahlicdescriptive

regions, including the EEZ regiercludechla data in New Zealand territorial watefwithin 12

nautical miles of the coast)
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Figure2-1: Oceanscaledescriptive regions for which summary data were extractddlepth contours are
shown in grey at 500 m, 1000 m and 3000 m depthsasurements in territorial waters (less than 12 nautical
miles from the coast) were excluded from coastal analysis.

2.3.2 Coastabkcale

Information on trends in ckh and SST in coastal regions were summarised bastu: dhew
Zealandcoastal bioregion analys{Department of Conservation and Ministry of Fisheries, 2@hti)
extended to the territorial limit of 12 nautical miles offshofédure2-2). Thisselection of costal
regionswas considered more biologicaligeaningful than dividing by Regional Council boundaries as
was carried out in previouslfPinkerton et al., 2019) because Regional Council boundaries do not
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necessarily align with oceanographic or biogeochehdiféerences round the coasbnly the 9

coastal regions around North and South Island were considered, not including Three Kings Islands,
Chatham Islands, Snares Islands, because these are of comparable sizes and lie completely within the
SCENZ domain.

I'hree Kings Islands .

North Eastern

West Coast North Island

South Cook Strait Fast Coast North Island

North Cook Strait
West Coast South Island

Fast Coast South Island

Fiordland ‘

Chatham Islands

Southern South Island

Snares Islands

Figure2-2: Coastalscaledescriptive regionsSummary analyses were only carried out for the 9 coastal
regions around North and South Island, not including Three Kings Islands, Chatham Islands, Snares
Idands.Boundaries are based dtew Zealand coastal regions analysis (Department of Conservation
and Ministry of Fisheries, 2014hd extend out to 12 nautical miles from the caast

2.4 Trend analysis

Satellite data were deasonalisedingmonthly anomalieqSection2.2.2 to removethe effect of
seasonal cycles on the estimates of ldagn changgtrends) We comparedan alternative method

of deasonalisinghe data using a spline smooth by month, and the results were almost identical (data
not shown).Temporal trendsor each pixelvere then determinedby applyinghe Sen slope (Sen,
1968)method to these monthly anomalieStatistical significance was assed usingMann-Kendall

Z statistic and alues(Mann, 1945; Kendall, 1975The null hypothesis in the Mankendall test
assumes that the data are independent and randomly ordered (Mann, 1945; Kendall, 1975). The
existence of positive autocorrelation ihe data increases the probability of detecting trends when
noneactually exist, and vice versa (Hamed & Rao, 1997). A number of correction methods for
autocorrelation in the MantKendall test exist and wesed the method of Yue & Wang (200Fhis
correcion method reduces the effective number of degrees of freedom if positive autocorrelation
occurs and hence tends to reduce the risk of type 1 errors (false positives) but increases the risk of
type 2 error (false negatives). The Sen slope and M&@mdaltest are preferred over linear

regression analysis because the method is-parametric (distribution free) and does not require an
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assumption that the data are normally distributed. In particular, the insensitivity of the Sen slope to
outliers means thait is generally the preferred neparametric method for estimating a linear trend
(Hipel & McLeod, 1994).

We followed the trend direction assessment procedures and guidelines of McBtakrifle, 2005,

2019 McBride et al., 2040 summarise trends intofeI K G G NBYy R & f Argpfesehtiig 2 R¢ O
the confidence that the assessment of the slope is in the correct diredt@amnppsitive or negative)

rather than the confidence that the slope is different from z€Fable2-2). Given that timeseries of

satellite observations areelativelyshort (at most ~40 years)nd variability in such natural systems

high, this is a more useful way of assessing the significance of a trend than whether the Mann

Kendall pvalue is less than 0.0 fact,Makowski et al. (2019) showed that Ma#endall pvalues

statistics in mostases have a direct correspondence with thékelihoodcategoriegproposed by

McBride et al. (2014)

For chla and TSSrends aregiven as an absolute magnitude and aspressed as a percentage of
median valueper decaddo standardise change acrosgeasures of interest (Larnezt al,, 2016)
both these metrics are informativd his normalisation to the medias notcalculatedfor SST
because theffset of the temperaturescaleused (° Celsiugs arbitraryand instead trend slopes for
SST arenly presented as an absolute magnitude of change per decade.

As outlined in McBride (2019), for freshwater quality assessment, the ecological or management
significance of a trend.€.,whether the trend is large enough relative to variability to be considered
GAYLRNIFYyGé o NBI dzAi NBa SAs thiBddia lackoRagcepfeBRBVBIsF T G KS a @
importance thresholds for New Zealand waters (Dudtesl., 2017), we do not attempt to assess the

ecological or management importance of trends.

Table22: ¢ NBYR dafA{1StAK22Ré¢ OF{iS3I2NASaE RSGSNN¥YAYSR FTNRY L.
direction. Mann-Kendall pvalue statistics are also given which havettiis case, a direct correspondence with
G F NB |j dzSslued (Makawskitlal. 2019).

Probability of

McBride Ikelihood
non-zeroslope

Mann-Kendalp-value

0¢0.01 0.995¢ 1 Virtually certain
0.1¢0.33 0.835¢ 0.950 Possible
0.33¢ 0.66 0.665¢ 0.835 About as likely as not
0.66¢ 0.90 0.550¢ 0.665 Unlikely
0.90¢ 0.99 0.525¢ 0.550 Very unlikely
0.99¢1 0.5¢0.525 Exceptionally unlikely

2.5 Correlation analysis

Correlation analysisan be used tanderstand the underlying drivers of oceanograpttianges
(Feng & Zhu, 2012; Kumar et al., 20H) the ocean domainhe linear Pearson correlation
coefficientbetween monthlyanomalies irchlaand SSTwere deermined for each pixel separately,
using thefull overlap period. This correlation analysis investigates to what extent changesan chl
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may be related to changes in ocean surface temperato®.the coastal regiorworrelations were
carried outon a pixelby-pixel basis betweenhlaand SST, and betweehlaand TSS.

It is possible to carry out other correlate analyses, for example between MHW aachdamalies,
or between climate indices (such as ENSO) and SSTochISS anomalies, buette are beyond the
scope of the present study.

2.6 Marine heatwaves

A marine heatwavéMHW)is definedto occurwhen seawater temperature excesd seasonally
varying threshold (usually the 9@ercentiletemperature) for at least 5 consecutive dafidobday &
al., 2016). In this studyHW metrics were calculated frorthe Daily Optimum Interpolatio®ST
data (OISST, v2.1, Huang et al., 2@@&tyveen F' January 1982 t81% December 2022with afixed
30year climatologyXJanuary 198to 31 December2012 Hobday et al., 2006 Our analysis used
thS WKSI (g @ Sevsidn 4.6 (SdhlEgke& S, 2018)Five key MHW metricwere
generated at each pixéThoral et al., 2022; Montie et al., 2028)) the number oMHW events, (2)
the number of MHWdays(time from start to end MHW date# days), (3) the meaand (4) max
intensity (anomalies in relation to the climatological meam;Q, and (5) the cumulative intensity
(integrated intensity oveevents,in °C days Thespatiallyresolvedmetricswere then combinedper
descriptive regions (EEZ, oceanic and coastefiddition, arend analysigMannKendall and Theil
Senslopg was performed to determine significant changes in MHW metAssthere was evidence
of autocorrelation in some metrics time series, adified ManrKendall(variance correction
approach wasperformedto account for autocorrelatiomsing theW Y 2 R A TRApadRaggeion
1.6 (Patakamuri et al., 2020The TheilSen slope estimator was calculated on MHW metrics time
series to determine théntensity and directiorof change Decadatrends were estimated by

Ydzf GALX @Ay 3 (GKS { Sof ska of ddritgirtie mairé&pbriNge dedided tdocug n ®
and describdrends in the cumulative intensity metrasthis measurecontainsinformation of both
MHW duration and intensit{Schlegel et al., 20).0ther metricscan helpcapture thespatial and
temporal variability of MHWs (Thoral et al., 2022)d other four metricsare given imppendix F
and Appendix G

2.7 Trophic classes

G¢NBLIKAO Of I aaSaé¢ | Niblogidahpoudivity f 2 wadeNd@dy Rrid are NI G S
generally based on cfal. For New Zealand lakes, regional councils historically have used adasen
trophic level index (TLI) initially proposed by Burns 28100, which has evolved into the trophic

state (ecosystem health) system in the National Policy Statement for freshwater management
(Freshwater NBSIfE 2018. A4-attribute state eutrophication system was used in the New Zealand
Estuary Tropic Index (ETRobertson et al. 2016) and adapted bgwlet al. (2020) for four salinity
estuary types. In this report, we suggest extending the euhaline type estuaries (>30 ppt salirdty) chl
ranges from Plew et al. (2020) to include oligotrophic, microtrophic and-oitcaotrophic classes for
chika< 1 mgm?, as guided by Morel et al. (1996) as these can be associated with oceanic waters
surrounding New Zealand éble2-3). Nixon (1995) provided useful guidance oastal marine
eutrophication primary productivity ranges for oligotrophic (< 100 gtday*), mesotrophic (100

300 gC miday?), eutrophic (301500 gC m day?) and hypertrophic (>500 gC?%day?) systems that

can be broadly associated with the propdgeophic classes. Another useful guide is given in a
worldwide compilation of 131 estuarireoastal ecosystems (Cloern et aD14).
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Table2-3:  Trophic classeRroposed chlorophyl concentration (chl, mg n¥) ranges for descriptive
trophic classes used in New Zealand estuaries and oceans. Note: Microtrophic areligttaophic are not
commonly present in the coasts and oceans around New Zealand.

Trophic class Level Lakes Estuaries and ocean
Min (mg m?3) Max (g m?) Min (mg ) Max (ng m?3)

Ultra-Micro 1 0.13 0.33 0.01 0.05
Microtrophic 2 0.33 0.82 0.05 0.10
Oligotrophic 3 0.82 2 0.1 1
Mesotrophic 4 2 5 1 3
Eutrophic 5 5 12 3 8
Supertrophic 6 12 31 8 12

Freshwater and Estuarine NPS stafegMinimal) B (Moderate) C (High) BINERERIGh)

3 wSadzZ Ga

3.1 Oceanscaleanalyses

3.1.1 Data coverage

The spatial distribution of data for the analység(re3-1 a and ) shows the greatenumberof
observationsof SSTompared to chiafor the New Zealand region: 500 points compared to a
maximumof 310 points respectivelgnote the scale differenge The figure also shows the effect of
systematically excluding data where the sun angle was low for ocean colo@) @l seen irthe
reduction in the number obbservationsavailable for analysis in the SeaWMODIS timeseries at
greater latitudegyellow to blue) The CMEMS products use a less strict requirement foaagte
and more satellite sensoreas much better coverage souththie Chatham Rise in wintéFigure3-1
c). The CMEMS gdapee product(Figure3-1 d) has slightly better coverage than the CMEMS standard
chla product,and although thegainappearssmall and confined to the extreme south of the BBZ
month averagedts calculation from gaffree dailymaps is expected to provide more accurate
statistics and analyticgroducts(Sathyendranath, 201 Q.iu, 2022).
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Figure3-1: Number ofobservations(N. Obs)sed in theoceanscaleanalysis a: SST1981¢2023) from
OISST v2.1; Chia (199%2023) from primary dataset (MODISA+SIWA; se€lable2-1); c: CHLM (1997
2023) from the secondary dataset (CMEMS-MIABL)andd: CHLGF (1992023) from the tertiary dataset
(CMEMS gafree). The boundary of the New Zealand EEZ is also shewrethe 200 and 500 m depth
contours Note the differentscalefor SSTn (@).
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3.1.2 Meanspatial patterns

The longterm averageor spatialclimatology, inSST (198R023)andchla (19972023) for the New
Zealand oceanic regigrovides a useful overview of searface conditionsand surfacevater
massesacrosgronts and continental shelf§-igure3-2). Annual averag&Svarieswith latitude
principally, from about 28C in northern Subtropical Water t&°C in southern Subantarctic Water
(Figure3-2 a). Variation in vater temperature around the coagt alsoprimarily related to latitude
modified bywater currents with colder watemmassego the south (Subantarctic) and warmer water
massego the north (Subtropical)The Southland Current pushes cold wagastwardsound the
bottom of South Island anthen northwards pasn i S LD2niédinbefore being entrained eastwards
by Chatham Risé@ heEast Auckland Currentoves warm wateidown the upper eascoast of North
Islandand brings warmer water tothe Bay of Plenty.

In terms of the proposed ocean trophic classkEah]e2-3), most of the New Zealand ocean domé&
oligotrophic (chia between 0.1 and 1 mg# with microtrophic conditions (ckd 0.05- 0.1 mg n¥)

in the extreme subtropical part of the EEAgure3-2 b-d). New Zealand Subtropical and Subantarctic
waters are generally classified as oligotrophith low chia concentrationsHigher oceanic cH is
associated with the Subtropical frgnwhich extends across the New Zealand domain at abot§45
especially over Chatham Rjsad is typically classified as mesotropRaly around the coast are
mesotrophic conditions (ckd 1-3 mg n¥) present on an annual average scale.

Patterns in mean ckd are very similar between the SeaWMODIS productFigure3-2 b) and the
two CMEMS producté-igure3-2 c-d). The difference in ckh between the two CMEMS products is
very small but therés an offsein chta of about 0.05 mg mto the SeaWIFMODIS producthe
latter beingconsistentlyhigher(see Appendix P

The mean anual SST and chlvalues for each year based on the merged Sea¥iBBIS produc
(Appendix B and their anomalieAppendix § provideinformation oninterannual variabilityThe
annual plotdisplayrelativelylow yearto-year variability in SSalfout+1°C between years)
compared toyearto-year variability in ché of about+25% between years.
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Figure3-2:  Oceanscalelongterm averagesn environmental indicatorsa: Sea-surface temperature (198;

2023) from OISST v2.h; Chia (199%2023) from primary dataset (MODISA+8UWA, sedlable2-1); c.
CHLM(1997-2023) from thesecondarydataset (MEMS MGCHL)andd: CHLGFEL997-2023) from the tertiary

dataset (CMEMS gapfredjhe boundary of the New Zealand EEZ is also shown as are the 200 and 500 m depth
contours.Territorial waters (to 12 nautical miles offshore) are excluded fromyasil
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3.1.3 Trends in sea surface temperature

Most of the oceararound New Zealand lva& warmed significantly between 1981 andZX) as
illustrated in their longterm positive trendgFigure3-3 a), with & + A NJi dzl ftrieri# lik@ilkobids | A y £
(Figure3-3 b). Warming rates were highest the Subtropicategionand the Tasman Sea and lowest
in Subantarctic Water. For the EEZ as a whole4thgareaweighted mean rate of surface warming
was0.20°C per decade between 1981 and22{Table3-1), up from0.15°C per decade between
1981 and 2018Pinkerton et al., 2019)rends in SST in all descriptive regions were all pagsitive

d @A NI dz fahd@xceptSaNBubaktyiétic, wetdgher than the global average warming rate
(Table3-1). The40-y globalmeanwarming rate wa$.15°C per decadavith aglobal25"¢75" range

of 0.09;0.23°C per decaddn comparisonthe EEZ0y warming rate wa82% higher tharthe mean
global average warming ratequivalent to the 6% percentile of globalarmingtrend rates The
fastest warmingNew Zealandegion was the Sutopical region(55%higher than theglobal average)
followed by theTasman regio63%higher than theglobal average)The40-y warming rate of the
Subantarctic region was 6% lower than the global average.

Warming is accelerating: the warming rates in the EEZ and all oceanic regions increased-y the 20
analysis (between 2002 and 2023) compared to the/ 4balysigTable3-2). The 20y warming rate

for the EEZvas nearly twice the 4§ warming rateln the New Zealand Subantarctic regidm rate

of increase of SST over the last 20 years is more than 3 times thevextéhe last 40 yeard.heNew
Zealand 20y warming rates are alsaccelerating faster than the global average. They 2@arming

rate in the Chatham region was found to be more than 3 times higher than the mean global rate of
warming over the same perigd@able3-2).

The regional timeseries plotsKFigure3-4) showthat surface ocean warming in the New Zealand

region has exhibited a ndimear pattern over the past four decades. Rather than a consistent

upward trend, the data reveals the influencerofilti-yearclimatevariability, including phenomena

like ENSO, ovkaying the overall warming trendror comparison, we show the mean global SST
anomaliesFigure3-4acNBR f Ay Sus y20Ay3 GKIFG (KH&usangd NI RQA&
include areas with very different trajectories of SST over timeontrast to therelativelylinear
warmingof globalmean SSThe New Zealand EEZ has had periods of cooling {1983; 2002

2010; 20182020) and rapid warming (1993002; 20162018; 2021present).The smalleiscale

20!

climatevariabilityd K ¢ F NB I LI} NByd 4 GKS 99% INB dal @SN 3

At the EEZ scale, the most recent rate of warming (since 2021) seems to be unprecedented in the
satellite record Figure3-4 a). Similar patterns are evident in the regional time series where the
underlying rate of warming seems to have increased in all regions from about 200@\eanwvdrming
since 2020 has been particularly rapkdgure3-4 b-e).

Satial patterns in the sasonal3-month averageyvarmingrate of the surface ocean around New
Zealandwas highest in winter (especially to the north and east of the EEZ) and in autumn (especially
in the Tasman Seadnd bwest in the summe(Figure3-5). SSTrends within each month were

further used to examine seasonal changes in E§line3-6). Atthe EEZ scale, warming rates were
highest between March and Augustigd-autumn andate-winter), andthe seasonal differences were
quite modest Figure3-6 a). In theoceanic regiong-igure3-6 b-e), a fairly consistent picture

emerges with highest surface warming rates occurring mainly in autumn/winter: Chg#anihk

August) Tasnan (FebruaryMay); SubtropicalFebruaryAugust) andSubantarctigApril-July).
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Figure3-3: Oceanscale patial trendsin sea surfacéemperature (SST1981-2023): a: Senslope trends °C
per decadebased on OISSTv2.1 datgsatdb: Likelihood of norzero trend based oMann-Kendall analysis
corrected for autecorrelation Territorial waters (to 12 nautical miles offshore) are excluded from analysis.
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Table3-1:  Ocean scale region trends in sea surface temperature over 40 years compared to global trends
(1981-2023). The Mam Kendall test (using the Z statistieas applied tosSSTmonthly anomalies in the EEZ

and descriptive regionbased orthe OISSTv2.1 produdtiote: TK S a { Sy & f (B/idslly calSuRided fof £
other products)is notcalculatedfor SST because the sealffset isnon-zero MannKenddl significance is

shown: *** p<0.001; ** p<0.01; and * p<0.05.

Mann- Mann- Sen slope Median Mann-  McBride likelihood  Slope(40y) /
Kendall Kendall (°C decadd) °O Kendall global(40y)
Region z p sig

EEZ 5.42 6.1E08 0.20 14.0 *rk Virtually certain 1.32
Chatham 4,78 1.8E06 0.23 12.7 ok Virtually certain 1.46
Tasman 4.62 3.9E06 0.24 155 ok Virtually certain 1.53
Subtropical 5.18 2.2E07 0.24 18.1 i Virtually certain 1.55
Subantarctic 3.21 1.3E03 0.14 9.2 *x Virtually certain 0.94
Global 5.54 3.0E08 0.15 18.2 ok Virtually certain 1

Table3-2:  Ocean scaleegiontrends insea surface temperatur@ever 20yearscompared toglobal trends
(20022023) The Mann Kendall tegtising the Z statistiayas applied to monthly anomalies in the EEZ and
descriptive region based on the OISSTv2.1 prod&ee also captiomable3-1

Mann- Mann-  Senslope Mann- McBride likelihood  Slope(20y)/ Slope(20y)/

Kendall Kendall cC Kendall global(20y) slope(40y)
Region z P decade?) sig
EEZ 4.07 4.7E05 0.41 work Virtually certain 2.44 1.99
Chatham 3.94 8.2E05 0.51 ik Virtually certain 3.04 2.25
Tasman 3.32 8.9E04 0.44 Frk Virtually certain 2.67 1.88
Subtropical 2.61 9.1E03 0.29 o Virtually certain 1.75 1.21
Subantarctic 4.26 2.1E05 0.45 ok Virtually certain 2.72 3.14
Global 2.66 7.9E03 0.17 b Virtually certain 1 1.08
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Figure3-5: Seasonaltrends in SST1981-2023). Trends in SSEHown as °C per decattased on OISSTv2.1)
are shown for each season separat@lyiN=winter; SPR=spring; SUM=summer; AUT=autumn).
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Figure3-6: Trends in SST anomalies by month for EEZ addstriptive
regions. a: EEZb: Chatham Rise; Tasman Seat: Subtropicalvater (STW; e:
Subantarctiavater (SAW). All plots are based on primary dataset (OISST v2.
Seasons are coloured differently (spring=green; summer=yellow; autumn=re
winter=blue).Panels have differentsaxis scales to best show withimonth

trends.
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3.1.4 Trends in chlorophyll a

Trends from the two CMEMSla productswvere consistent with the NIWA blended ehproduct

with similar results for trends within oceanic regioiskle3-3), lending confidence to our
interpretations based on the NIWA blended product aloBignificant positive trends in chl
concentrationsvere observed in certain oceanic regions, notably in the Subtropical Front regions to
the east (over lhe Chatham Rise) and west of New Zeal@figure3-7a). Additionally, notable

positive trendswere identified in Subantarctic waters located to theush. Conversely, substantial
negative trends in ckh concentrations are evident in the Subtropical Water located east of New
Zealandspecifically northeast of T 1 2 K dzk 2 Kte BB&athdmdaMids and in the regions
encompassinge Tai TokeraNorthlandacross theeasern coatline over the continental shedéind

to the west. These negative trends extend to include the continental slope offshore of the Hauraki
Gulf, easternre TaraO-TelkaA-a n d2dromandel ande Moana a Tday of Plenty, as well as
progressing down the western coast of the North Island, reaching the northern parts of the South
Island, andccontinuinghalfway down the western coast of the South Islafi@ndsin chla over much
ofi KSaS NBIF& ¢Fa I aaFagueSRoredi aPANLdz e OSNIIFAYE

At the scale of the EEZpositivetrend in chta g | @bodt as likely asate between 1997 and 2023

at +1.1% of the median per decadq@&able3-3). The CMEMS products gasensistent busslightly

lower trends forthe EEZ @¢ 12> LISNJ RSOF RSO |yR aAYAfINI& t2g O2
y 2 @ndéldunlikely). Decreasingrendsin chtag S Ni®ssibilé in Subtropical WatersZ.2%per

decaddz | YR LI aAdGAGS i NEyhRBubanmStivaters (b xonderddecadehR OS NI | A
positivetrend g | & & LJnha Ghathad Rise regi@nd+2.2% per decadavhiled S NE @ dzyf A 1 S
in the Tasman regiof0.2% per decade

)
t

Despite the offset in the absolute estimates of-ahbetweenthe SeaViFSMODIS product (Figure 3

2 b) and the two CMEMS products (Figui2 &d), the anomalies are very consisteRidure3-8) ¢

the thin black line (SeaWitBODIS) is virtually indistinguishable from the blue and red lines
(CMEMS)Regionalchlatime-seriesdisplaynon-linear pdterns and longterm (multi-year to decade)
climate variability(Figure3-8). In the ChathanRise TasmarSeaand Subtropicalegions(Figure3-8

b-d), chlaappearso havehad fourphases: (1) increasfrom 1997to a peak in R10; (2)decreases
from 2010to a low in2016; (3)another increase to @eak in2020;and (4) a generaldecreag over

the past few years t@023. The changes in ehlin the Subantarctic regiqiFigure3-8 e) were
generallylower than other regionsexcept for arapid rise from 2018 to a peak in 2020, followed by a
decline to 2023There has been a notably decline in-ehlevels across all four oceanic regions during
the period of 202€2023. The rate of reduction in ehlduring thigecentperiodappears

exceptonally rapidand if it continueswouldsurpasses previous records captured by satellite
observations

Therewasspatialvariationin chlatrendswithin and betweerseasos (3month, Figure3-9)
compared to overallKigure3-7). Largest dereasesn chla generallyoccurredin springand summer
in southern Subtropical watera/hile largestpositive trendsn chla are seen irSubantarctiavaters
in summer, with the southland currefoundaryin particularshowing prominencéFigure3-9).
Trends in chia weregenerallysmallestduringwinter.

At the finer monthly scaldjmeseriesat the EEZ scal€igure3-10 a), indicated positive trends in chl
a from MarchAugust éarly-autumnto late-winter) and generallyo trends inmostother months
exceptfor alargepositive trendduringNovember.Theseasonal pattern of ckd in theChathanrise
region(Figure3-10 b) was characterised by peaks in-ahhlate-spring(November) and latesummer
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(February), andlow chla duringmid-winter (Juy). Increasingrendsin chla occutredin all months
from late-autumn (April) to late-spring(November), with no change odecreagng trendsin the
summer(Figure3-10b). In the Tasman Segegion Figure3-10c), chla pealedin late-spring
(Nowember) andwas lowest inlate-summer (Feluary) to early autumn (Mash). Therewere smdl
increasng trendsin chlain winter months, while therevas either no change or small decreasing
trends in all other monthdn the Subtropical regionHigure3-10d), theseasonal patternwas similar
in shapeto the Tasman regiomwith a prominent earlymid spring bloom (Seépmber-October) and
lower chiain latesummer (Feluary). Decreasing trends in chlwere found during spring and
summer, progressing to no change in autyrand small increases durisgmewinter months In the
Subantarctic waters regiofrigure3-10 e), chla seasonal patterngsere similar to ttosein the
Chatham Rise regiofrigure3-10b), with peaks in latspring (Noember) and early autumn (Mah).
Note thatthere was no data for early wimtr (Jure) in the NIWA dataset for this regidrecause of
low sun angleChia trends were positivén this regionin all monthswith the greatest rates of
changein late autumn (May) and late spring (Nember).

a oy + I . b lieinoos NN NN NN _

-25 -20 15 -0 -5 -2 A 1 2 5 10 15 20 28 Virtually certain ~ Very likely Likely Passi Unlikely

Figure3-7:  Ocean scalapatial trends inchlorophyll a(1997%2023) a: Senslope trends as a proportion of
the median value (% p&ecadg; andb: Likelihood of noreero trend based oMann-Kendall analysis
corrected for autecorrelation Dataare from the merged SeaWiH8ODISAqua dataset.
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Table3-3:  Ocean scaleegiontrendsin chlorophyll afrom three different data sourceg19972023. The
Mann Kendall tesfusing the Z statisticyasapplied to monthly anomalies in the EEZ and descriptive region
See text for more detailddann-Kendall gynificance(sig)is shown: *** p<0.001; ** p<0.01; * p<0.05

Trend  Mann-
median Kendall McBride likelihood
(%10y7) sig

Mann- Mann- Senslope  Median chia

Region Kendall Z Kendallp (mg m310y?1) (mg m3)

SeaWiF$/10DISAqua (NIWA)

EEZ 0.85 0.39 0.0024 0.21 11 About as likely as not
Chatham 1.12 0.26 0.0086 0.39 22 Possible

Tasman -0.08 0.94 -0.0005 0.22 -0.2 Very unlikely
Subtropical -1.23 0.22 -0.0034 0.16 2.2 Possible

Subantarctt 3.59 0.00 0.0136 0.20 6.7 ok Virtually certain
CHLMCMEMS)

EEZ 0.41 0.68 0.0011 0.18 0.6 Unlikely

Chatham 0.76 0.45 0.0048 0.31 1.6 About as likely as not
Tasman -0.01 0.99 -0.0001 0.18 0.0 Exceptionally unlikely
Subtropical -0.75 0.45 -0.0019 0.14 -1.4 About as likely as not
Subantarctic 1.83 0.07 0.0048 0.17 29 Likely
CHLGFCMEM$

EEZ 0.82 0.41 0.0020 0.17 1.2 About as likely as not
Chatham 1.08 0.28 0.0062 0.30 21 Possible

Tasman 0.16 0.87 0.0008 0.18 0.5 Unlikely

Subtropical -0.57 0.57 -0.0013 0.14 -1.0 About as likely as not
Subantarctic 2.29 0.022 0.0057 0.16 35 * Very likely
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Figure3-8: Timeseries of chla anomaliesa: EEZb: Chatham Rises; Tasman

Seayd: Subtropical; an@: Subantarctic. The colours plots show: primary
(MODISASWNIWA), thin black line andyear smoother (thick black line).
Secondary (CMEMSHLM), blue. TertianlCMEMSCHLG) red. Sedable2-1

for more information on data used. Monthly data are not shown where there
was less than 80% data coverage for a given month in the region. The vertic
grey lines divide different years. THashed horizontal lines show the lotgym
means. Note some of the panels have differerays scales.
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Figure3-9: Ocean scaleeasonaltrendsin chlorophyll a(chl-a, 1997-2023). Trends irchlorophylta
concentration ¢hka, shown asngChia m® per decadebased on MODISBW NIWA dataset) are shown for
each season separatefWIN=winter; SPR=spring; SUM=summer; AUT=autumn).
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Figure3-10: Trends in chia by month for EEZ and 4 descriptive regioasEEZ;
b: Chatham Rise; [panels belowv]Tasman Seal: Subtropical Water (STW4;
Subantarctic Water (SAW). All plots are based on primary dataset (MEIWSA
NIWA) chla only. Seasons are coloured differently (spring=green;
summer=yellow; autumn=red; winter=blue). Note all panels have differentiy
scales to show within month trends.
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3.1.5 oatial correlatiors

Correlations between monthly anomalies dfita and SST for each pixel between 1997 2028
(Figure3-11) were found to begenerallynegative in Subtropical Water and the Tasman Sea, and
positive in Subantarctic Watgeconsistent withprevious analyseletween 1997 and 201@inkerton
et al., 2A9).In Subtropical Water and the Tasman Sea, when the surface water is warmer than
normal, surface ckh tends to be lower than norméhegative correlation)innorthern portions of
SubantarctidVater, the reverse is trugwhen the surface water is warméhan normal chlatends
to increaseg(positivecorrelation), particularly so around th&uthlandQurrent and southern extent
of the sultropical convergence zone.

K-RCOR -
k-

-1 05 04 03 02 01 01 02 03 04 05 1

Figure3-11: Oceanscalespatial correlation between sea surface temperature and chlorophyll a (1§97
2023).The linear Kendall regression correlation coefficieAREBOR) was computed between anomalies.
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3.2 Coastabkcaleanalyses

3.2.1 Data coverage

The spatial distribution afatellite observatiasfor the coastal analysggigure3-12) is influenced by
a range ofactors:

1.

Reduceddatacoverage close to the coast (within ~4 kwgsdue to a combination of
processing failurein SeaDASoftwarefrom a combination ofatmospheric correction
failure in highlyturbid waters land adjacency effestbright land pixelg, in-water
algorithm failuredueto factors includingbottom reflectionin clear, shallow waters
Datawere extrapolated and smoothed to fill in data gaps (see Se&idr) in this
nearshore zone and the increase in data coveragaiobt using this method is not
shown inFigure3-12. Insteadthe coverage shown iRigure3-12is indicativeof the
number ofactual observationbefore the fillingin process

The decrease in data coverage to the south of Stewart Isiasddue to low solar
elevations in winter which leads failure ofb ! { lgualdy-control routines in
SeaDAS

Decreases in the quantity of data quantity at the extreme edges of the coastal domain
was due to failure of the mwater algorithmin clear oceanic environmentand

Residual broagcale patterns in data availability (e.greater number of available
ocean coloupbservationgn areas like Bay of Plenty, Hawke Bay, Cook Siva#t)

primarily influenced byhe distribution ofcloud cover(i.e, these areas tend to be
sunnier than normal)
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Figure3-12: Coastal scalematial coverage obbservations (2002023)The colour shows the % of potential
satellite observations that provided valid ocean colour products. The boundary of the New Zealand territorial
sea and coastal regiosge also shownalong with the 200 and 500 m depth contours.

3.2.2 Meanspatial patterns

Sea surfacéeemperature around the coastas primarily related to latitudewith colderSubantarctic
water to the south and warmeBubtropicalvater to the north Figure3-13 a). The influenceof
alongshorecoastal currentsvasimportant, for examplehe Southland Current along the south
eastern coast of th&uth Islandwhichtransportscolder water further nortraroundBanks
Peninsulaandthe East Auckland Current off the norfastern coast of thé&orth Islandwhich
transportswarmerwater south towardshe Bay of Plenty

Coastathla concentrationgFigure3-13 b) were highest closer toland, typicallyclassifying as
mesotrophic(1-3 mg m?), reducing offshore to oligotrophi®.1-1 mg m?). The general spatial
pattern and offshore gradient typicaifollowed the underlying bathymetnput elevated coastal
phytoplankton abundanceslended into offshoreelevationsin the area to the east of Banks
Peninsulat the extreme west of the Chatham Rise.

Total suspended solids (TSS) concentratjmatialpatterns(Figure3-13 c) were similar to chla
(Figure3-13 c) with an offshoreto-inshore gradientwith lower concentrations offshorand higher
relative concentrations inshord SS was particuladyevated in areaassociagd with shallower shelf
regions andarger river inflows
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Figure3-13: Coastalscalelongterm averages in environmental indicators (20@023): a: SST (°Ch; Chia
(mg m3); andc: TSS (g H). Refer to Figure-32 for further details.
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3.2.3 Trends in sea surface temperature

Surfacewater over most of the New Zealand coastal region warmed dihiadast 20 years2002

2023 period) with the exception of waters to the east of central New Zealamuere there was

either no changeor a small negativecpoling trend off the Wairara coast (Figure3-14 a). Mostof

the warmingtrend isd @A NJi dz fahd&he CoSliNgh théi BAstern North Island regionlLJ2 & 3 A 0 f S ¢
(Figure3-14 b). Coastal areasound the South Islandeemgenerally warmed at a faster rate overth

last 20 yearshan coastal waters around North Island

SSTrends inthe ninecoastal regions ere analysedover two periods, ~20 years (20@D23) and

~40 years (1982023). The 4§ analysis was carried out only on the OISSTv2.1 prodabte3-4)

and the 28y andysis on both OISSTv2Taple3-5) andthe SCENZ SST vBr@duct (Table3-6). Over

GKS fFrad nn @SINERX ¢S F2dzyR G@ANIdzr tft& OSNILIAYE
0.29 °C per decad&@ble3-4). New Zealand 49 coasthwarming ratesn all coastal regionwere

greater than the global mean warming rate over the same period, by bet@B#&{North Easten

region) and87% (East Coast South Islan®e note that there is a wide range of SST warming rates
worldwide.

Over the last 20 yearsrends in SST were very consistent between the OISSTv2.1 and SCENZ SST v3.0
products Table3-5, Table3-6). Based on both SST prodyascept for EastertNorth Island, there

wasvA NIi dzl £ f28NJ GSNTIIRBY srace &dad warmiin the New Zealand coastal

regions at rate®f between 0.3&; 0.61 °C per decadé€Table3-5, Table3-6, Figure3-15). Based on
OISSTv2.1,avming ratesover the past 20 garswere 50¢146% higher tharequivalentwarming

rates over the last 40earsin allregiors except Eastern North Island where they2@arming rate

wasa quarter ofthe 40y rate (Table3-5). The acceleration of the coastal warming was particularly

high around South Island, where-2@varming ratesn all coastal regiomvere more than three times

the global warming rate over the same period, and nearly 3.7 times the global average in the
SouthernSouthlslandregion {Table3-5).

SSTime-seriesfor the coastal regionf-igure3-16) showedevidence fomulti-yearclimate
variabilityon whichwas superimposed an overall warming trend. The warming trend since 2002
seems to have dominatedulti-yearclimate variabilityin most coastal regionsThe occurrence of
marine heatwavegMHW)in somecoastal regions is appareint these timeserigmote thehighSST
anomaliesn coastal regionsuch asn January2018in the SouthCookStraitregion(Figure3-16 e)
and December2021in the Western North Islandegion(Figure3-16e).

Seasonallgoastalwarming wagyreatestin summer ancautumn, except off the Wairarapa coast
(East Coast South Island regifigure3-17). Month trends within regionsreinforces this pattern
(Figure3-18), with particularly strong warming trends adl regions betweenate spring (Noemben
and late autumnilay). SST anomalidés the anomalousEasern Northlsland regiorwere flat during
winter months (Jur-August).
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Figure3-14: Coastal scaleatial trends in sea surface temperatur@0022022): a: Senslope trends in sea

surface temperature (SST) shown as °C per delsased on MODIBqua datase{SCENZ SST v3&andb:

Likelihood ohon-zero trend in SST based btann-Kendall analysis corrected for autorrelation

Table3-4:  Coastal scale region trends in sea surface temperature over 40 yg#£81-2023) based on

OISSTv2.1The Mann Kendal(M-K)test (using the Z statistjavas applied to monthly anomalies in tlowastal
descriptive region based on the OISSTv2.1 prodddtNorth Island; SI=South Islamdbte: Thed { Sy
at 2 LIS k npieallycsliculated for other productis) notcalculatedfor SST because the scale offsetas-
zero. MannKenddl significancdsig)is shown: *** p<0.001; ** p<0.01; and * p<0.05.

M-K M-K Senslope  Median°C M-K McBride Slope(40y) /

Region 7 P °Q10y sig likelihood global(40y)
North Eastern 3.61 3.1E04 0.19 175 Fkk Virtually certain 1.25
Western NI 4.78 1.8E06 0.26 16.9 Frk Virtually certain 1.70
Eastern NI 430 1.7E05 0.25 16.0 rkk Virtually certain 1.60
North Cook Strait 4.39 1.1E05 0.25 14.8 rkk Virtually certain 1.61
South Cook Strait 4.10 4.2E05 0.23 14.9 rkk Virtually certain 151
West Coast Sl 3.65 2.7E04 0.23 14.5 Fkk Virtually certain 1.50
East Coast SI 6.13 8.6E10 0.29 12.8 Fkk Virtually certain 1.87
Fiordland 3.77 1.6E04 0.24 13.3 rkk Virtually certain 1.57
Southern SI 424 2.3E05 0.26 12.1 rkk Virtually certain 1.67
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Table3-5: Coastal scaleegional trends in sea surface temperature over-28ars (20022023) based on
OISSTv2.1 The Mann Kenda{M-K)test was applied to monthly anomalies in tle@astaldescriptive region
based on the OISSTv2.1 produ#te also captiomable3-4.

M-K M-K Slope M-K Slope(20y) Slope(20y)/

Region Z 0 °Q10y sig McBride likelihood global(20y) slope(40y)
North Eastern 3.29 1.0e03 0.40 * Virtually certain 2.40 2.07
Western NI 3.59 3.3r04 0.45 rkk Virtually certain 2.69 1.71
Eastern NI 0.54 5.9E01 0.06 About as likely as not 0.38 0.25
North Cook Strait 257 1.0e02 0.37 * Very likely 2.25 1.50
South Cook Strait 3.02 2.5E03 0.46 * Virtually certain 2.79 1.99
West Coast Sl 3.56 3.7E04 0.52 rkk Virtually certain 3.14 2.27
East Coast Sl 441  1.0E05 0.54 ok Virtually certain 3.23 1.86
Fiordland 3.93 8.6E05 0.60 *kk Virtually certain 3.58 2.46
Southern SI 3.96 7.4E05 0.61 ik Virtually certain 3.68 2.37

Table3-6:  Coastal scale regional trends in sea surface temperature ovey@érs (20022023) based on
SCENZ SST v3lthe Mann Kenda{M-K)test was applied to monthly anomalies in the coastal descriptive
regions based on the SCENZ SST v3.0 prd&keialso captiomable3-4.

M-K M-K Sope M-K McBride likelihood Slope(20y)/ Slope(20y)/

Region z p °d 10y sig global(20y) Slope(40y)
North Eastern 482 1.4E06 0.45 ik Virtually certain 2.711 2.34
Western NI 475 2.0E06 0.44 ik Virtually certain 2.67 1.70
Eastern NI 1.55 0.12 0.16 Possible 0.96 0.65
North Cook Strait 3.46 55E04 0.36 ok Virtually certain 2.17 1.45
South Cook Strait 4.04 5.2E05 0.45 ok Virtually certain 2.70 1.93
West Coast Sl 415  3.3E05 0.54 rkk Virtually certain 3.22 2.32
East Coast SI 5.00 5.8E07 0.44 rkk Virtually certain 2.66 154
Fiordland 445  8.7E06 0.52 Fkk Virtually certain 3.10 2.14
Southern S 461 4.0E06 0.51 Fkk Virtually certain 3.07 1.98
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Figure3-15: Coastal scaleegionalsea surface temperaturérend boxplot statistics Thedistribution of20-
yeartrends (20022023) in each of the coastal regiomasbased on NIWA SCENZ S8T°Cper decadg.
Boxes show the 25¢ 75" percentiles, dots the mean, horizontal line the median and the bars the full range.
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Figure3-16. Coastal scaleegional ime-series ofsea surface temperaturéSSTanomalies MODISAqua
(SCENZ SST v3.0) from 2002 are shown black wiglear 4moothed trend (thick black line). OISSTv2.1 data
from 1981are shown red for comparison.
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Figure3-17. Coastalscale seasonapatial trends insea surface temperatur¢20022023). Trends in SST
(shown as °C per decatfased on SCENZ SST v3.0) are shown for each season sefafidNelyinter;
SPR=spring; SUM=summer; AUT=autumn)

50 Monitoring ocean health: 2023 update



SS5T anomaly (°C}

<
-..€ =
- A

-

_.
:%aﬂ

—

— 5
==
g,
=

SST anomaly (°C)

Western_North_Island
T e
|

H ! . L *‘I\fﬂ r
“TVQI ‘ﬁ L &

S5T anomaly (C)

- T T T T T T T T T T

J Feb M Apr May  J Jul  Aug  Sep Oct  Nov D
5__‘ North_Cock_Strait
: BRIV
o N L
O

T T
r May Jun  Jul Aug  Sep O«

Eastern_North_Island

I

¢

[.

! ﬁﬂ b ton Mg

ki
ll;h\
M

1
i

SST anomaly (°C)

South_Cook_Strait

Apr May Jun Jul Aug Sep Qct Nev

o

SST anomaly (°C)

? T

Fiordland
*
\

TY

SST anomaly (°C)

l

SST anomaly {°C)

ad B o N

T T
r May Jun Jul  Aug Sep  Oct  Now

Figure3-18: Coastal scale month trends in sea surface temperature anomaliédl. analyses based on MOBA§ua (SCENZ SST v3.0) from 2002
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