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Executive summary 
Kāpiti Marine Reserve is a unique marine ecosystem and has been a marine reserve since 1992. It 
was the fourth marine reserve established in Aotearoa New Zealand. The Department of 
Conservation (DOC) identified Kāpiti Marine Reserve as a sentinel site within their Marine Sentinel 
Sites Programme.  

In 2018, a joint project between DOC, Greater Wellington Regional Council (GWRC), and NIWA was 
established. The primary objective was to monitor the impact of land activity on coastal water 
quality. A telemetered coastal buoy, known as Wellington Regional Integrated Buoy Observations – 
Kāpiti (WRIBO-K), was deployed with a weather station and surface instruments in November 2020 in 
a water depth of 55m. Subsurface instrumentation was added in February 2021. In March 2021, the 
coastal buoy stopped cellular communications and after site visits and reconnaissance trips, WRIBO-K 
was found on the seabed. It was recovered in April 2021. This report is a summary of available data 
that was contextualised in 18-year trends from satellite observations. 

Three notable features from the 4-month WRIBO-K observations were: 

1. Kāpiti coastal ocean dynamics after large storm events. Warm, oxygenated, low 
salinity water was observed by WRIBO-K on two separate events in November and 
December 2020. The fresher salinity event (24.5 psu minimum) was observed on 11 
December 2020. Peak Waikanae Estuary discharges were close to 120 ms-3 for the two 
events. Rapid decreases in salinity were coincident with peak discharges from the 
Waikanae River estuary highlighting localised responses in Kāpiti coastal waters after 
rainfall. 

2. Regions of Freshwater Influence (ROFI) have both local or remote river sources. 
Detecting the river source/s of smaller decreases in salinity at WRIBO-K is more 
difficult than for large events. Rainfall patterns in Taranaki Bight are non-uniform and 
river water can be discharged in coastal zones elsewhere and advected southwards 
through Kāpiti coastal waters. 

3. Far-field wind forcing enhances connectivity between South and North Islands. 
Strong, cold currents (up to 1 ms-1 or 2 knots) move water northwards for brief periods 
around twice per month. With limited biophysical data, the influence on the ocean 
ecosystem could not be resolved further. At times, dissolved oxygen was observed to 
fluctuate and this variability would be dependent on dynamics within the Canterbury 
Current. 

Using the NIWA-SCENZ MODIS image tool, monthly trends spanning the 18-year period 2002 to 2021 
were examined. Broadly, SST (sea surface temperature) were increasing for most months with May 
and October showing the strongest increases. Variable monthly trends existed for detritus (ADET), 
chlorophyll-a (CHLA) and total suspended solids (TSS) data from MODIS-Aqua. Winter months for the 
18-year period showed strong  trends of increasing  ADET and CHLA and likely related to total 
increases and greatr intensity rainfall. 

Climate change and responses in coastal systems will be dominated by warming seas, event-based 
winds and increased rainfall intensity. Continued monitoring, with a reduced, simpler mooring, over 
a 2-year period could 1) characterise the extent and frequency of land-sea interactions and wind-
driven intrusions through Cook Strait, and 2) connect trends to casual  processes.
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1 Background 
The Kāpiti Marine Reserve was established in 1992 and became the fourth marine reserve in 
Aotearoa New Zealand. Two major ocean currents converge at Kāpiti —the cold, clear Southland 
Current meets the warm, turbid and saltier d’Urville Current (Chiswell and Stevens, 2010). The zone 
where these two meet varies north and south as one current dominates the other, resulting in a 
diverse ecosystem of marine plants and animals from seals and penguins to sub-tropical fish and 
sharks. Kāpiti Marine Reserve also connects Kāpiti Island Nature Reserve and Waikanae Estuary 
Scientific Reserve, forming a very rare continuum of protected land, sea and estuary habitats (Pande 
and Gardner, 2012). Importantly, the region looks to be experiencing wetter periods (Figure 1).  

 

Figure 1-1 Rainfall at the Waikanae River Water Treatment Plant gauge.   Each year has been wetter than 
the last for the past 4 years and 21/22 is wettest on record. 

The Department of Conservation (DOC) identified Kāpiti Marine Reserve as a sentinel site within their 
Marine Sentinel Sites Programme. In this context, sentinel sites are marine reserves which can 
provide early warnings of threats to our oceans. A joint project between DOC, the Greater 
Wellington Regional Council (GWRC), and NIWA was established to characterise the ocean between 
Kāpiti Island and the Kāpiti Coast, supporting DOC’s Marine Sentinel Sites Programme, GWRC’s 
Coastal Water Quality and Ecology Programme, and NIWA’s Ocean Flows and Productivity SSIF 
Programme on Regions of Freshwater Influence (ROFI). The need for environmental monitoring has 
been identified by both the Parliamentary Commissioner for the Environment (PCE, 2019) and the 
Prime Ministers Chief Science Advisor (PMCSA, 2021). 

The primary objective of the project was to monitor the impact of land-based activity on the marine 
environment using telemetered instruments attached to a coastal water quality buoy. WRIBO-K was 
deployed in November 2020 just outside the Kāpiti Marine Reserve to determine a baseline for water 
quality at the sentinel site. Research at these locations helps us learn how to keep our seas healthy 
and manage ocean threats. This enables iwi, communities and government to take action to protect 
our seas. 

While the deployment was limited in length it provides the first comprehensive biophysical air-water 
monitoring for the location.  This report is a summary of all available data observed from November 
2020 until March 2021 along with a consideration of how these data connect with wider climate 
datasets. 
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2 Methods 

2.1 Buoy instrumentation 
An Axys Technologies Watchman 500 buoy was deployed between Kāpiti Island and the Waikanae 
River (Figure 2-1) in November 2020. The Kāpiti coastal buoy was an equivalent design and 
manufacturer to the Wellington Regional Integrated Observing System (WRIBO) monitoring the Hutt 
River plume since July 2017. For consistency with WRIBO and based on its location, it was named 
WRIBO-K which will be used herein. 

 

Figure 2-1: Location of WRIBO-K (orange marker, 40 50.580 S, 174 58.712 E) between Waikanae Estuary 
and Kāpiti Island.   Kāpiti Marine Reserve boundaries are shown by the green lines.  

The telemetered coastal buoy WRIBO-K was equipped with an array of atmospheric, surface and 
subsurface instrumentation (Figure 2-2). Instrumentation and sampling frequency details are 
summarised in Table 2-1. Deployment of WRIBO-K was completed from the vessel Soundz Image 
from Marine Services NZ Ltd (https://marineservicesnz.com/). Several images from the deployment 
are provided in Figure 2-3. While the surface buoy with weather station and surface instruments was 
deployed on 20 November 2020, subsurface science sensors were not deployed until 3 February 
2021. Data were transmitted up until 28 March 2020.  
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Figure 2-2: Schematic of WRIBO-K and subsurface instrumentation deployed in 55m depth, inshore from 
Kāpiti Island.  
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Table 2-1: Summary of instruments on Wellington Harbour Integrated Buoy Observations - Kāpiti 
(WRIBO-K).  

Instrument 
Manufacturer 

Parameter 
Sampling 
interval 

(seconds) 

Sampling 
duration 
(seconds) 

Sensor 
depth/height (m) 

Other notes 

Instrument status 

Gill Windsonic 
anemometer 

Wind speed and 
direction 

600 600 1m above hull 
waterline 

Recovered but 
unrepairable 

Li COR Li-200R Solar Radiation 600 600 1m above hull 
waterline 

Recovered but 
unrepairable  

RM Young 61302 Barometric pressure  600 600 1m above hull 
waterline 

Recovered but 
unrepairable 

Triaxys G3 wave 
sensor 

Directional Waves 1800 1200 Internal to WRIBO-
K hull 

Serviceable and could be 
redeployed 

SBE 37 with 
ODO 

Conductivity, 
temperature, pressure, 
dissolved oxygen (DO) 

600 60 1, 5, 10m Serviceable and could be 
redeployed 

Nortek Acoustic 
Doppler Profiler 
(ADCP, 400kHZ) 

Current speed and 
direction 

600 300 1m WRIBO moon 
pool 

Serviceable and could be 
redeployed 

Wetlabs BBFl2B 
Ecotriplet 

Chlorophyll-
fluorescence, coloured 
dissolved organic 
matter (CDOM) and 
backscatter at 650 nm 

600 60 1, 10 m Serviceable and could be 
redeployed 

SeaFET pH 600 60 5m Internally recording. 
Serviceable and could be 
redeployed 

A summary of parameters measured by WRIBO-K:  

 Temperature (°C) is a conservative, physical property of water, and is an important 
factor to consider when assessing water quality as it influences the chemical, 
biological, and physical properties of the water. Conductivity is used to derive salinity 
and is the total concentration of all dissolved salts in water. Salinity is a conservative 
water property and can be used to track the fate of river water in the coastal ocean.  

 Dissolved oxygen (DO) measured in mg/L and refers to the level of free, non-
compound oxygen present in water or other liquids. It is an important parameter in 
assessing water quality because of its influence on the organisms living within a body 
of water.  

 Chlorophyll is a colour pigment found in plants, algae and phytoplankton. This 
molecule is used in photosynthesis, as a photoreceptor with six different chlorophyll 
identified. The primary molecule responsible for photosynthesis is chlorophyll-a, which 
is the property observed by WRIBO-K.  

 Dissolved organic matter, or DOM, is the largest reservoir of organic carbon in the 
aquatic environment which can be influenced by land use and increases in organic 
matter loads to waterways. CDOM is interchangeably known as 
chromophoric/coloured dissolved organic matter, a product of decaying material in 
aquatic environments, is a subset of DOM, and measure by WRIBO-K.  
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 Turbidity is an optical determination of water clarity. Turbid water will appear cloudy, 
murky, or otherwise coloured, affecting the physical look of the water. Turbidity 
measurements are often used as an indicator of water quality based on clarity and 
estimated total suspended solids in water. Discrete water samples are required to 
translate optical turbidity estimates to absolute values.Optical backscatter is a 
measurement of turbidity at specific optical wavelengths. For WRIBO-K, this is 650nm. 
The WRIBO-K backscatter sensor has a manufacturer turbidity calibration to translate 
data into turbidity units of Nephelometric Turbidity Unit (NTU).  

 pH is a number between 0 and 14 defining how acidic or basic a body of water is along 
a logarithmic scale. If the pH of water is too high or too low, marine organisms can be 
negatively impacted. Also, pH can affect the solubility and toxicity of chemicals and 
heavy metals. 

 Current speed and direction are resolved acoustically through a number of “cells” or 
depths in the water column. The coverage does not go right to the seafloor or sea 
surface but inferences as to what these speeds are is possible. 
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Figure 2-3: WRIBO-K deployment photos from November 2020.  
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2.2 QA/QC procedures of WRIBO-K data 
Atmospheric, ocean, and water quality data underwent a quality assurance and quality control 
(QA/QC) procedure following standards established by national and international agencies. The 
QA/QC procedure completed using Python in chronological order were: 

1. Visual inspections identified and removed off-scale data. 

4. Data filtering through the QAQC process is the process of removing obvious spikes and 
instrument from the dataset. This was completed for all data.  

5. Water quality data of turbidity, chlorophyll-a, and CDOM received further QA filtering 
whereby extreme values (data outside an accepted variability range), local spikes (one 
bad data point between two good data), and strong time-derivatives between two 
data points were removed. Threshold values for each water quality parameter for 
2020 and 2021 are provided in Table 2.2. 

6. Final clean-up of the data included the application of a QA/QC method to chlorophyll-a 
and CDOM data to remove final snippets of bad data. Spurious data were identified as 
those falling out of an envelope defined by the mean ± 2 standard deviations (Emery 
and Thompson 2004) of a running 3-h window (18 data points) centred at the time of 
interest. Raw, uncleaned data can be downloaded from the Greater Wellington 
Environmental Monitoring and Research page. QAQC data is available on request from 
GWRC. 

  



 

14 Kāpiti Coast Buoy Observations: Analysis of Physical and Water Quality Measurements 

Table 2-2: Accepted variability in water quality data for 2020 and 2021.   Data outside those ranges were 
removed.  

2020 Extreme range Local spike Time derivative 

Turbidity 0-4.90 NTU 3 NTU 4 NTU 

Chlorophyll-a 0-40 mg/m3 20 mg/m3 15 mg/m3 

CDOM 0-40 ppb 20 ppb 15 ppb 

2021 Extreme range Local spike Time derivative 

Turbidity 0-4.90 NTU 3 NTU 4 NTU 

Chlorophyll a 0-50 mg/m3 Not applied Not applied 

CDOM 0-40 ppb 20 ppb 15 ppb 

2.3 Buoy submergence and instrument recovery 
In March 2021, the coastal buoy stopped cellular communications and after site visits and 
reconnaissance trips, WRIBO-K was found on the seabed and was recovered in April 2021. WRIBO-K 
mooring was designed for the known strong currents in the region (up to 1ms-1), but video inspection 
prior to recovery showed the mooring chain had become tangled in the mooring weight. This caused 
the chain to become shorter over repeat tidal cycles in March 2021, pulling the buoy under the 
surface over time until it filled with water and sank. With this knowledge it is possible to redesign the 
mooring for a more robust future deployment.  Seawater damage to the buoy and components was 
extensive.  The oceanographic instrumentation, however, were salvaged and can be redeployed on 
any new subsurface mooring should an opportunity arise. 
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3 WRIBO-K Results 
All available data from November 2020 to March 2021 are provided below. Results are divided in 
atmospheric, water quality, and waves and currents sections. Key events are highlighted in the 
Summary. Temporal variability of waves along the Kāpiti Coast are examined as well as the 
magnitude and frequency of events. These events can be characterised as 1) land-sea interactions 
after moderate rainfall and 2) oceanic responses to southerly storms. 

3.1 Atmospheric conditions 
Atmospheric conditions from WRIBO-K are summarised in Figure 3-1. These data include air 
pressure, air temperature, relative humidity, wind speed and direction. Atmospheric pressure varied 
between 992 and 1034 mb and six events with pressure below 1000 mb were observed over the 4-
months (Figure 3-1). 

Air temperature had average of 16.6 °C and the largest diurnal variability was about 4°C. 
Temperatures varied between 9.9 °C (in Nov) and 22.2 °C (in Feb) but lower values can occur in 
winter. Higher dew point temperature was closer to the air temperature during troughs in the 
atmospheric pressure. This relationship caused higher relative humidity (>90%) values which are 
dependent on both temperature variables.  

Wind speeds oscillated between 0.2 and 17.3 ms-1 with an average (standard deviation) of 5.9 (2.9) 
ms-1. Translating wind speed units from ms-1 to the more commonly used knots is slightly less than 
doubling values (1 ms-1 = 1.95 knots). In general, average wind speed was ~11 knots. The orientation 
of winds along the Kāpiti Coast are typically from the N and NW direction. The wind rose in Figure 3-2 
confirms that WRIBO-K observed this predominant wind direction at the northern end of Kāpiti 
Island. 

 

Figure 3-1: WRIBO-K atmospheric data time series including (a) air pressure, (b) air temperature and dew 
point, (c) relative humidity, and (d) wind speed (black) and direction (light blue). 

Several strong wind events exceeding 12 ms-1 were observed at WRIBO-K over the four-month 
sampling period. Such conditions typically stir the upper water column and water properties are 
homogenised. However, the presence of near-surface salinity gradients in the vicinity of rivers and 
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regions of freshwater influence (ROFIs) increases water column stability and so resists this mixing. Of 
particular note were two strong wind events that were from the southerly (180o) direction. The first 
occurred in December 2020 and lasted for 4-5 days, the second was in mid-late January 2021 with a 
duration of seven days. These coincided with some of the low atmospheric pressure events seen in 
Figure 3-1a.  

 

Figure 3-2: Wind rose showing combined histograms of wind speed (ms-1) and direction (winds from) from 
buoy deployed on the Kāpiti Coast.   Each colour represents a speed interval (ms-1) and the numbers in the first 
quadrant (between N and NE) represent the percentage of occurrence. 

3.2 Water column properties 

3.2.1 Surface water quality observations 
In the hull of WRIBO-K, temperature, salinity and dissolved oxygen (DO) observations were made at 
around 0.35m below the surface (Figure 3-3a).  At this level water temperature varied between 
13.9°C and 21.4°C with an average temperature of 17.9°C and standard deviation of 1.3°C, 
respectively. Colder surface temperatures would naturally be expected in winter. However, two 
distinct surface cooling events lasted for 4 days or longer. These events occurred in early January and 
mid-February 2021. The latter surface cooling event was also seen at the 5m instrument (Figure 
3-10b).  

Surface salinity had a median value of 34.8 psu and varied from 24.5 to 35.2 psu (Figure 3-3c). The 
salinity minimum of 24.5 psu was observed in mid-December 2020. Prior to, and after the salinity 
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minima, there were around seven moderate-sized events where surface salinity deviated from 
oceanic values. These signals are indicative of river outflows advecting past the WRIBO-K buoy. 
Salinity below around 33 psu is expected to be associated with Waikanae river flows. However, 
salinity higher than 33 psu but below 36 psu could be  associated with either weaker discharges from 
the Waikanae estuary or southwards advection of other northern, diluted Taranaki Bight rivers 
(Figure 3-5, O’Callaghan 2020). 

Several large rainfall events occurred in late November and early December 2020, which translated 
to Waikanae Estuary discharges which were greater than 100 m3s-1 (Figure 3-4). Low salinity in 
coastal Kāpiti waters were observed at WRIBO-K shortly after these peak river discharges. Although 
WRIBO-K was located slightly to the north of the Waikanae Estuary, the fresh salinity outflows (down 
to 25 psu) would be modulated by tides past WRIBO-K for the first 2-3 days after reaching coastal 
waters. Beyond this time period, wind stirring and horizontal advection would dilute the signal. 

 

Figure 3-3: WRIBO-K timeseries of (a) depth, (b) temperature, (c) salinity, and (d) dissolved oxygen from 
the Seabird 37 in the buoy hull.  

The highest DO reading observed by WRIBO-K was 8.4 mg/L in early January 2021. The lowest DO 
concentration (5.5 mg/L) happened in mid-March (16th) 2021. Higher frequency fluctuations 
modulation of DO occurred several times during the WRIBO-K deployment with a notable period of 
short period oscillations with approximately 6-hour frequency during February and March 2021. DO 
differences were substantial with up to 1.5 mg/L gradients observed and coincident with WRIBO-K 
being shallower in the water column. High frequency DO changes could be due to air-sea exchange 
processes during relatively weaker wind conditions at WRIBO-K (Figure 3-1). 

Two key features were observed over the 4-month WRIBO-K deployment; land-sea signals and 
oceanic  responses. Coastal signals of river outflows were observed in mid-December 2021. 
Concomitant with the salinity minima (24.5 psu, December 12-13) was an increase in surface 
temperatures by 1°C and a peak in DO of 8.3 mg/L. Unfortunately, data was not recovered from the 
Wetlabs Ecotriplet to connect this event to chlorophyll-a fluorescence, turbidity and CDOM. Evidence 
from Wellington Harbour WRIBO indicates that the expected response after large river discharges 
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would be elevated CDOM and turbidity for several days to a week after low salinity was measured by 
the coastal buoy (O’Callaghan et al., 2020).  

 

Figure 3-4: Waikanae River Estuary discharge time series (at Water Treatment Plant) using data from 
Greater Wellington Regional Council data portal.  

Previous ocean glider observations in Taranaki Bight coastal management area (CMA) for Horizons 
Region Council found that river-influence on water quality was observable up to 11km offshore 
(O’Callaghan, 2020). The ROFI were detected via low salinity, high CDOM signals offshore from the 
Whanganui, Rangitīkei, Manawatū, and Waikanae rivers (O’Callaghan, 2020). An example of near-
surface salinity data from the Horizons Regional Council glider mission is shown in Figure 3-5. 
Translating the spatial data into timeseries highlights that low salinity and high CDOM match 
reasonably well (Figure 3-6). It is worth noting that the low salinity peaks on 18 and 20 October 2019 
were offshore from the Ōtaki and Waikanae rivers, respectively. Elevated CDOM and backscatter 
were co-located with these ROFIs.  
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Figure 3-5: Salinity from 1 m below the surface from a 32-day glider mission in Taranaki Bight completed 
for Horizons Regional Council (O’Callaghan, 2020).  
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Figure 3-6: Time series of salinity, CDOM and backscatter for the 32-day Taranaki Bight ocean glider 
mission with 30-minute and 7-day averaged data (from O’Callaghan, 2020).  

3.2.2 Ocean currents 
The region between Kāpiti Island and Waikanae Estuary experiences strong tidal currents and 
substantial seabed scour can be seen in bathymetry observations (Lamarche et al., 2020). Maximum 
currents from WRIBO-K varied between +/- 1.5 ms-1 over the upper 20m of the water column. The 
instrument frequency meant that no data was measurable from 20-50m as the focus of the DOC-
GWRC-NIWA  project was land-sea connectivity. Mean current speeds in the dominant north-south 
direction was 0.22 ms-1. The mean current speed was weak (0.001 ms-1) perpendicular to the strong-
north-south (v-direction) flows. Maximum, strong currents were dominated by flows in v-direction – 
or the north-south axis - with maximum speeds towards the south of 1.2 ms-1 for a several weeks 
over December and January 2021. These flows are ~20% faster than that observed at a location 
further to the south described in Chiswell and Stevens (2010). A depth-averaged current rose 
demonstrates that mean flow is southwards (Figure 3-8) and that the strong d’Urville Current that 
flows eastwards from Farewell Spit, hugging Taranaki Bight and through Cook Strait  will, at times, 
flow inshore of Kāpiti Island (Figure 3-9). 

Around eight strong flow events (>0.4ms-1) from south to north occurred over the 4-months. 
Although current flow in this direction is anecdotally expected to be southward-flowing, the strength 
and frequency of these ‘reverse’ currents from Cook Strait were greater than expected. The presence 
of these strong flows suggests oceanic dynamics originating from the east coast of the South Island 
could impact on the Kāpiti Coast ecosystem.  A similar suggestion has been made for sporadic 
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influence on the Malrborough Sounds (Stevens, 2014) and the WRIBO-K observations provide 
evidence that this type of process may extend to the Kāpiti region. Biophysical responses from 
oceanic flows through Cook Strait and inshore of Kāpiti Island were indicated by substantial cooler 
(14oC) and oxygenated water (8.4mg/L). 

 

Figure 3-7: Depth-averaged ocean currents (ms-1) and direction (e.g., 180° = to S).   Data is from downward-
facing ADCP mounted in the hull of WRIBO-K.  
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Figure 3-8: Current rose showing combined histograms of depth-averaged current (m/s) and direction 
(e.g., current to S).   Data are from WRIBO-K for the 4-month deployment. Depth-averaged currents represent 
ADCP currents averaged for all vertical depths and for the duration of the deployment. Each colour represents 
an interval (ms-1) in the histogram and the numbers in the first quadrant represent the percentage of 
occurrence. 
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Figure 3-9: Bathymetric map of Cook Strait with arrows (red) depicting three coastal current systems: the 
D’Urville Current (DC), the northern branch of the Southland Current (SC) and the Wairarapa Coastal Current 
(WCC).   This map highlights the connectivity of currents from the west coast of the South Island through to the 
Taranaki Bight. Map from: Hadfield and Stevens (2020). Depth contours (grey) are at 50, 100, 250 and 500 m, 
and thereafter at intervals of 500 m. 

3.2.3 Subsurface water quality observations 
Subsurface science sensors were installed in February 2022. Figure 3-10 shows the 5-metre 
observations of temperature, salinity, DO and pH at WRIBO-K. Data span a 1-month period and 
captured the cool, lower DO signal due to Southland Current intrusion that was observed in surface 
data. Temperature decreased to 14oC, DO was 7.0 mg/l and pH varied by 0.05. The 10m SBE37ODO 
was internally recording from February to March 2021. However, no sensible data could be retrieved 
from the instrument.  
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Figure 3-10: 5-metre sensors time series of (a) depth, (b) water temperature, (c) salinity, and (d) dissolved 
oxygen.  

3.2.4 Wave statistics 
Five events with maximum wave height above 3 m were observed (Figure 3-11). The longest event 
occurred between mid to late January 2021, lasting 4 days (17 to 21 January). The largest waves (4.15 
m) hit the coast on 30 November 2020. Significant wave height was below 2 m during the observed 
timeseries. Mean period was below 8 seconds, which indicates that the region is dominated by wind 
waves rather than swell. Four events with maximum wave period above 10 seconds were observed, 
and the longest wave period (12 s and Hs = 0.33 m) was observed on 1 December 2021. Wave 
direction mainly varied between 200° and 350°, which represents waves coming from directions 
between SSW and NNW. The observed characteristics of wave height and period might change in 
winter and more observations are needed to better understand wave dynamics for an annual cycle. 
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Figure 3-11: Time series of (top) significant (blue) and maximum (red) wave height in metres, (middle) mean 
(light blue) and maximum (black) wave period (s), (bottom) mean wave direction.  

The combined histograms of wave height/period with wave direction shows that most of the waves 
came from WNW (Figure 3-12). The significant wave height (Hs) mostly ranged between 0.3 and 0.6 
(8%) m and with maximum period from 3.9 to 5.8 s (12%). Maximum events of Hs (>1.4 m) and 
maximum period (> 7.8 s) also occurred from WNW which indicates that both wind waves and swell 
arrived from a similar direction. This study only spans a short time period and several years of data 
would be needed for a complete statistical analysis. 
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Figure 3-12: Wave roses showing combined histograms of (a) significant wave height (metre) and (b) 
maximum wave period (second) with mean direction from WRIBO-K.   Each colour represents an interval (in 
m or s) in the histogram and the numbers in the first quadrant represent the percentage of occurrence. 
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4 Satellite observations and historical trends 

4.1 Methods 
The NIWA- SCENZ (Seas, Coasts and Estuaries New Zealand) tool provides image services based on 
MODIS-Aqua products at moderate spatial resolution (500 m2), including optically complex coastal 
waters as well as the open ocean (Gall et al., 2022, Pinkerton et al., 2022). Using data and tools 
available in NIWA- SCENZ, trend analysis of water quality nearby to WRIBO-K were completed (Figure 
4-1). Long-term trends and annual cycle variability uses monthly averages which, at times, will have 
fewer data points due to cloud cover. 

An overview boxplot for all data available in NIWA-SCENZ is included in Figure 4-2. The NIWA-SCENZ 
tool has nine water quality properties and the definition of each is provided in the Glossary of 
abbreviations and terms. The typical ranges of water quality properties were quickly gleaned from 
the bulk averaging of monthly data. For example, in Figure 4-2, the SST for the 18-year period 
typically ranges from 13 to 17.8oC. For specific months and years, SST (or any other water quality 
property) can extend beyond the average values. Events and cloudy days impact available data for 
the generation of monthly averages. 

More detailed trend analysis focused on four properties – SST, ADET, CHLA and TSS – as these are 
closest to the in-situ data obtained by WRIBO-K. SST is sea surface temperature, ADET is Absorption 
of detrital material at 443 nm (/m) and akin to CDOM data, CHLA is Chlorophyll-a concentration 
(mg/m3) and TSS is Total Suspended Solids (g/m3). A full description of these properties is provided 
on the details page of the below website. Trend methodologies are outlined in Hirsch et al. (1982), 
(Gall et al (2022) and online:  

https://gis.niwa.co.nz/portal/apps/experiencebuilder/template/?id=9794f29cd417493894df99d422c
30ec2 
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Figure 4-1: Data extracted (red dots) nearby to WRIBO-K for trend analysis in NIWA-SCENZ tool.  
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Figure 4-2: Boxplots and distributions nearby to WRIBO-K based on monthly means for the years spanning 
July 2002 – June 2021.   The POB property is the proportion of satellite data for a given pixel and is an indicator 
of data density for the location.  

4.2 Trends from NIWA-SCENZ 
Seasonal and annual variability of ADET, CHLA, SST and TSS from the 18-year satellite timeseries is 
shown in Figure 4-3, Figure 4-4, Figure 4-5, Figure 4-6, respectively. Largest seasonal variability was 
evident in the winter data for all properties except SST. Conversely, small deviations from mean 
monthly values were present for December to April. This indicates that the summer and autumn 
months have typically been similar for each year. However, it’s worthwhile noting that these months 
are also likely to have more-cloud free satellite passes and higher data density for determining 
monthly means. Greater spread of mean and standard deviations occur during winter and spring for 
ADET, CHLA and TSS.  

SST data showed the expected annual cycle of warmer summer and cooler winter conditions. Of note 
was the increases in ADET, CHLA and TSS in the winter months. This is observed earlier in the annual 
cycle than elsewhere in Cook Strait which typically has peaks in chlorophyll-a associated with spring 
bloom dynamics (Khushboo et al., 2020). For CHLA, July had the highest maximum mean 
concentration at 1.2 mg/m3. It is possible this peak is associated with high TSS from river inputs. 
However, the winter months are also associated with strong southerly storms which can advect 
nutrient-rich water northwards through Cook Strait akin to the eight events observed by WRIBO-K. 
ADET had highest values during winter and is expected due to detritus at 443nm dominated by 
riverine organic material.  



 

30 Kāpiti Coast Buoy Observations: Analysis of Physical and Water Quality Measurements 

 

Figure 4-3: Monthly and annual variability of ADET surrounding WRIBO-K for the 18-year period spanning 2002-2021.  



 

Kāpiti Coast Buoy Observations: Analysis of Physical and Water Quality Measurements   31 

 

Figure 4-4: Monthly and annual variability of CHL surrounding WRIBO-K for the 18-year period spanning 2002-2021.  
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Figure 4-5: Monthly and annual variability of SST surrounding WRIBO-K for the 18-year period spanning 2002-2021.  
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Figure 4-6: Monthly and annual variability of TSS surrounding WRIBO-K for the 18-year period spanning 2002-2021.  
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Regression analysis of monthly satellite observations provides insight into trends for the period 2002-
2021. Trends are also represented graphically for ADET, CHLA and TSS in Figure 4-7. Details of the 
monthly trends are provided in Table A-1 to Table A-4.  SST monthly trends show that surface 
temperatures increased for all months except for September. However, the likelihood of the 
September trend being accurate was ‘very unlikely’. Two months – May and October – stood out as 
having ‘very likely’ increases over the 18-year period. These two months were distinctive in the 
monthly trend analysis due to having had the largest increase and slope over the satellite 
observation period.  

 

Figure 4-7: Monthly data and trends of ADET,CHLA, SST and TSS nearby WRIBO-K buoy for the 2002-2021 
period. Colours represent confidence in the trend analysis with black indicating unlikely, blue represents 
possible, green is likely, yellow is very likely and red is virtually certain. Numbers along the top axis represent 
months of the year from January (1) through to December (12).  

For eight months of the year, ADET appears to be increasing over the 18-year observation period. 
However, these trends are skewed by the presence of high ADET values (greater than 1) from 
November 2020 onwards. These are likely anomalous data as they are between 1 to 2 orders of 
magnitude larger than all other ADET observations in the Kāpiti region. Examination of a larger 
spatial range of pixels could be explored to determine the quality of ADET for the 18-month period 
elsewhere on the Kāpiti Coast. For the months of July, August, September that did not have large 
values in the remainder of the time series, the ADET was increasing, and increasing and decreasing, 
respectively based on the regression analysis. 

Increasing CHLA for July was observed in monthly satellite observations nearby WRIBO-K. This was 
the most distinctive trend noted in CHLA. While observing salinity from satellite is possible, it is not 
available at comparable pixel time and space scales to MODIS. Nonetheless, the trend of increasing 
CHLA for July will be related to increases in rainfall events and lower salinity from rivers likely 
discharging increased nutrients and organic matter into the coastal ocean Increases in CHLA for three 
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(Feb, Apr, May) other months were detected via this analysis. It is worth noting that for several 
months a decrease in CHLA were observed from the trend analysis, there was high variability in the 
data and the trends should be interpreted with caution. At times, monthly trends are skewed by 
large outlier values and applies to both increasing and decreasing changes in a water quality 
property. 

4.3 Events from satellite observations 
Cloud-cover and frequency of satellite passes make it difficult to resolve events with satellite 
observations. Example satellite images during the WRIBO-K deployment show the short-lived nature 
of plumes in the coastal ocean inshore of Kāpiti Island (Figure 4-8). These two images are three days 
apart and closest to the high discharges shown in Figure 3-4. Disentangling satellite observations 
during events and connecting to in situ buoy observations is a part of ongoing research in Aotearoa 
and internationally. 

 

Figure 4-8: Satellite images of (left) river plume inshore of Kāpiti Island on December 11, 2020 and b) 
December 14, 2020.   These high-resolution (10 m pixel size) true colour images are from Sentinel-2 
(https://www.sentinel-hub.com/). 
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5 Summary 

5.1 Key findings from WRIBO-K 
From November 2020 to March 2021, observations were made inshore of Kāpiti Island by WRIBO-K. 
There was not a full data recovery from all instruments over this period. Specifically, the ecotriplet 
instruments did not collect any meaningful data to compare with comparable satellite observations. 
Nonetheless, several important findings were identified from the relatively short period. These were:  

1. Kāpiti coastal ocean dynamics after large storm events. Warm, oxygenated, low 
salinity water was observed by WRIBO-K on two separate events in November and 
December 2020. The fresher salinity event (24.5 psu minimum) was observed on 11 
December 2020. Peak Waikanae Estuary discharges were close to 120 ms-3 for the two 
events. Rapid decreases in salinity were coincident with peak discharges from the 
Waikanae River estuary highlighting localised responses in Kāpiti coastal waters after 
events.  

2. ROFI signals at WRIBO-K could have local or remote sources. Detecting sources of 
smaller decreases in salinity at WRIBO-K is more difficult than for large events. Rainfall 
patterns in Taranaki Bight are non-uniform and river water can be advected in coastal 
zones and advected southwards. Observations and modelling work from Taranaki Bight 
demonstrate that ROFIs were at least 12 km offshore from the three major rivers 
(O’Callaghan, 2020) and from numerical tracer experiments riverine water is mainly 
transported southward inshore of the 50m and Kāpiti Island. Quantitative correlation 
and lag analysis between land-based discharges and coastal responses of intermittent 
events is non-trivial. To obtain confidence in this type of analysis, long-term time series 
(of  5 or more years) of the two data types would be required. 

3. Remote wind forcing enhances connectivity between South and North Islands. Strong 
(up to 1 ms-1 or close to 2 knots), cold currents were advected northwards around 
twice per month. With limited biophysical data, the influence on the ocean ecosystem 
could not be resolved further. Dissolved oxygen was observed to both increase and 
decrease with flows advected northwards. The cause of DO modulation could be 
related to variability in the Canterbury Current or localised DO dynamics which 
coincide with the remote wind stress signals. With limited additional DO observations 
and knowledge it cannot be disentangled further at this stage.  

5.2 Contextualising WRIBO-K observations: Climate and coastal water quality  
The Tasman Sea and shelf seas to the west of Taranaki Bight are warming at 0.2oC per decade (Sutton 
and Bowen, 2019). Overlaid on the decadal warming is the naturally occurring ‘El Niño-Southern 
Oscillation (ENSO) climate cycle. La Niña events have different impacts on New Zealand’s climate. 
More north–easterly winds are characteristic, which tend to bring moist, rainy conditions to the 
north–east of the North Island (NIWA Climate Summary). La Niña conditions were present around 
Aotearoa during November 2020 to March 2021 and provide insight into future coastal responses in 
the Kapiti region. The months of November and December 2020 were wet, warm months with 
rainfall over double normal monthly rainfall conditions (NIWA Climate summary, November 2020) in 
the Wellington region. Several large storms occurred in the Greater Wellington Region over this 
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period. Notably, the November 2020 rainfall was the highest on record since observations began at 
the Wellington Airport station in 1958 and caused substantial flooding in Plimmerton (Figure 5-1). 

 

Figure 5-1: Newspaper story from November 2020.   https://www.newshub.co.nz/home/new-
zealand/2020/11/weather-plimmerton-homes-flooded-lawns-submerged-as-heavy-rain-hammers-
down.html 

During November and December 2020, strong currents inshore of Kāpiti Island advected riverine 
inputs southwards within several days of arriving in coastal waters. Rapid spatial changes in the 
presence and absence of a plume over several days from Sentinel 2 (Figure 4-8) illustrate the short-
lived nature of a plume’s sediment signal at the ocean’s surface. However, rivers discharge more 
than sediment during these large events which require more understanding for impacts and/or shifts 
in coastal water quality dynamics and variability. Useful clues about seasonal shifts in the Kāpiti 
marine ecosystem come from the 18-year trend analysis from the NIWA-SCENZ tool. Increased 
chlorophyll-a indicate change is already occurring during winter. Considering that storm events with 
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large rainfall like those observed during November 2020 are anticipated to increase in intensity by 
2040 (https://niwa.co.nz/adaptationtoolbox/regionalprojections/zone2), the role of river inputs of 
nutrients, dissolved organic matter and particulates requires further investigation to resolve natural 
variability and ecosystem responses after events. 

Climate change in coastal systems will be dominated by warming seas and high-intensity rainfall from 
storms and ex-tropical cyclones. Some recommendations for future work are:  

 Continued monitoring, with a reduced, simpler mooring to provide a seasonal baseline 
of oceanographic data for the area to characterise the extent and frequency of land-
sea interactions and wind-driven intrusions through Cook Strait. A simpler mooring 
would be a subsurface mooring with internally recording instruments to observe 
temperature, salinity, chlorophyll-a, turbidity, cdom and currents at three depths. 

 The increased chlorophyll-a trend from satellite observations in July could qualitatively 
be connected to winter rainfall. However, southerly winds may also increase 
chlorophyll-a nearby Kāpiti Island through the delivery of nutrients. Comprehensive 
event-based campaign to observe coastal water after a storm or ex-tropical cyclone to 
infill the uncertainty between in situ physical observations and remote trend analsys 
that does not typically resolve coastal water quality during or after storms due to 
issues with satellite sampling frequency and cloud compromised data. 
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7 Glossary of abbreviations and terms 
ADCP Acoustic Doppler Current Profiler 

ADET Absorption of detrital material at 443 nm (/m) 

AWAC Acoustic waves and currents 

BBP Particulate backscatter at 555 nm (/m) 

CHL Chlorophyll a concentration (mg/m3) 

Chlorophyll Chlorophyll-a fluorescence.  

CDOM coloured dissolved organic matter 

EBED Light (Energy) at the seabed (mol photons m2/day) 

EcoTriplet Optical instrument that measures chlorophyll fluorescence, CDOM and 
backscatter at 660 nm  

HVIS Black disk horizontal visibility distance (m). Expected range (0.05-50 m). 

KPAR Downwelling light attenuation of photosynthetically active radiation (PAR) 400-
700 nm (/m). 

Nortek Manufacturer of oceanographic instrumentation  

NTU Nephelometric Turbidity Units 

ODO Optical dissolved oxygen 

psu Practical salinity units (measure of salinity) 

POB Proportion Observed. POB indicates what proportion of the satellite data for a 
given pixel over a given period contained a valid measurement of particulate 
backscatter 

SEC Vertical visibility of a black and white Secchi disk (m). 

SBE Seabird Electronics. Manufacturer of oceanographic instrumentation 

SST Sea Surface Temperature (degrees C). 

TSS Total Suspended Solids (g/m3) 

WRIBO Wellington Harbour Integrated Buoy Observations 
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Appendix A Supplementary figures and tables 

 

Figure A-1: WRIBO-K timeseries of (a) depth, (b) water temperature, (c) salinity, (d) dissolved oxygen, (e) 
turbidity, (f) Chlorophyll-a, and (g) CDOM.   The depth and temperature data are from a low-resolution sensor 
in the hull not scientific instruments. Ecotriplet data for all wavelengths was a single default value and no 
meaningful data recorded.  
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Table A-1: Decadal trends of SST for each month (/10 years) using Theil-Sen’s regression analysis.   Red 
(pval < 0.001). Orange (pval < 0.01). Green (pval < 0.05). 

Month Median Slope TrendP pval Direction Likelihood 

Jan 18.7 0.271 0.15 0.5756 Increasing About as likely as 
not 

Feb 19.2 0.467 0.24 0.1617 Increasing Possible 

Mar 18.2 0.449 0.25 0.2778 Increasing Possible 

Apr 16.8 0.279 0.17 0.2939 Increasing Possible 

May 15.9 0.573 0.36 0.0274 Increasing Very likely 

Jun 13.8 0.134 0.10 0.6746 Increasing Unlikely 

Jul 12.6 0.0544 0.04 0.7002 Increasing Unlikely 

Aug 12.5 0.305 0.24 0.1417 Increasing Possible 

Sep 13.2 -0.0333 -0.03 0.9442 Decreasing Very unlikely 

Oct 14.4 0.499 0.35 0.0174 Increasing Very likely 

Nov 15.3 0.231 0.15 0.3273 Increasing Possible 

Dec 16.8 0.610 0.36 0.2073 Increasing Possible 

Table A-2: Decadal trends of ADET for each month (/10 years) using Theil-Sen’s regression analysis. Red 
(pval < 0.001), orange (pval < 0.01), green (pval < 0.05), blue (pval < 0.1).  

Month Median Slope TrendP pval Direction Likelihood 

Jan 0.0693 0.00427 0.62 0.9442 Increasing Very unlikely 

Feb 0.0519 0.0110 2.12 0.1237 Increasing Possible 

Mar 0.0602 0.0141 2.34 0.1837 Increasing Possible 

Apr 0.0684 0.0115 1.68 0.3630 Increasing About as likely as 
not 

May 0.0837 0.0228 2.72 0.1417 Increasing Possible 

Jun 0.125 -0.00125 -0.10 1.0000 Decreasing Exceptionally 
unlikely 

Jul 0.147 0.0371 2.53 0.2939 Increasing Possible 

Aug 0.0939 0.0140 1.49 0.7796 Increasing Unlikely 

Sep 0.0956 -0.00253 -0.26 0.8887 Decreasing Unlikely 

Oct 0.113 0.0382 3.39 0.2629 Increasing Possible 

Nov 0.0796 -0.00737 -0.93 0.7796 Decreasing Unlikely 

Dec 0.0509 -0.00698 -1.37 0.7264 Decreasing Unlikely 
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Table A-3: Decadal trends of CHLA for each month (/10 years) using Theil-Sen’s regression analysis.   Red 
(pval < 0.001), orange (pval < 0.01), green (pval < 0.05), blue (pval < 0.1).  

Month Median Slope TrendP pval Direction Likelihood 

Jan 1.19 -0.157 -1.31 0.2342 Decreasing Possible 

Feb 0.884 0.0555 0.63 0.6746 Increasing Unlikely 

Mar 0.998 -0.00528 -0.05 1.0000 Decreasing Exceptionally 
unlikely 

Apr 1.03 0.0911 0.89 0.6243 Increasing About as likely  
as not 

May 1.31 0.189 1.45 0.4841 Increasing About as likely  
as not 

Jun 1.88 -0.457 -2.43 0.2939 Decreasing Possible 

Jul 2.39 0.571 2.39 0.0689 Increasing Likely 

Aug 1.85 -0.0376 -0.20 0.9442 Decreasing Very unlikely 

Sep 1.79 -0.146 -0.81 0.8337 Decreasing Unlikely 

Oct 2.23 -0.199 -0.89 0.6243 Decreasing About as likely  
as not 

Nov 1.58 -0.468 -2.96 0.2079 Decreasing Possible 

Dec 1.11 -0.256 -2.30 0.2079 Decreasing Possible 

Table A-4: Decadal trends of TSS for each month (/10 years) using Theil-Sen’s regression analysis.   Red 
(pval < 0.001), orange (pval < 0.01), green (pval < 0.05), blue (pval < 0.1).  

Month Median Slope TrendP pval Direction Likelihood 

Jan 0.994 0.0422 0.42 0.7796 Increasing Unlikely 

Feb 0.665 -0.00590 -0.09 1.0000 Decreasing Exceptionally 
unlikely 

Mar 0.821 -0.0303 -0.37 1.0000 Decreasing Exceptionally 
unlikely 

Apr 0.846 0.245 2.90 0.1837 Increasing Possible 

May 1.34 0.138 1.03 0.5289 Increasing About as likely  
as not 

Jun 1.73 -0.670 -3.88 0.1417 Decreasing Possible 

Jul 1.95 0.677 3.47 0.1417 Increasing Possible 

Aug 1.76 -0.194 -1.11 0.6746 Decreasing Unlikely 

Sep 1.91 -0.0850 -0.45 0.9442 Decreasing Very unlikely 

Oct 2.29 -0.101 -0.44 0.8887 Decreasing Unlikely 

Nov 1.41 -0.460 -3.27 0.1837 Decreasing Possible 

Dec 0.801 -0.352 -4.40 0.1417 Decreasing Possible 

 


