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Executive summary

I Fg1SQa .Fe wS3IA2YyI t /tterdoy@stahding on.the influende f natre® ingutg 3 |
from different rivers and ocean outfalls on the water quality in Hawke Bay. This information will assist HBRC
in managing coastal water quality.

An ocean and coastal hydrodynamic models set up to sinulate freshwater transport in Hawke Bay. A
three-dimensional Regional Ocean Modelling System (ROMS) model of the east coast of the North Island at
2 km resolution was run for a period of one year (January ZDddember 2017). The model was forced with
winds, ocean currents, tides and freshwater inputs from 13 rivers in Hawke Bay along with two wastewater
outfalls. Ten of the rivers in Hawke Bay as well as the wastewater outfalls were each labelled with a separate
tracer, allowing the concentration of riveland wastewaterderived freshwater to be evaluated and
attributed to a specific source.

The model produces freshwater plumes wiikhaviourthat is physically plausible and in agreement with
historical studies of the circulation in Hawke Bay. High suffaskwater concentrations are confined close

to the coast with distinct plumes of elevated concentrations associated with the three main freshwater
sources, the Wairoa RivdvlohakaRiver andhe Ngaruroro, Tutaekuri an@liveconfluence(referred to as

the combined NT@vers). Freshwater advection from point sources in Hawke Bay occur mainly along the
coast inshore of the 50 m isobath. This advection is facilitatedldaygshore currents flowing northand
southward with outflow aroundMahiaPeninsula and Cape Kidnappers.

Freshwater plumes from the two largest rivers discharging into Hawke Bay show markedly different
advection patterns. Freshwater from tiMdohakaRiver is advected throughout Hawke Bay with the highest
concentration beig transported north and southward by the alonghore currents. Freshwater from the
Wairoa River is confined to the northern half of Hawke Bay and is advected mainly northwaBgmitama

Bay and pastlahiaPeninsula.

The biggest contributors of freshwater to Hawke Bay areleiscendingorder, the MohakaRiver, Wairoa
River the combined NTCand the Tukituki River. The Napier and Hastings wastewater outfalls contribute
minimally to the freshwater in Hawke Bay.

The infuence of river and wastewater inputs on nutrient concentrations in Hawke Bay were approximated

08 OGNBlFGAY3a ydziNASyida Fa LI aairgdsS (i NIAQH N3y scale thd INS R A
offshore ocean is the largest contributor of migen 49%) and phosphoru$4%). The Tukituki River is the

next largest source of nitrogen, while the Mohaka, Waaodcombined NTRivers, andhe two wastewater

outfalls from Napier and Hastings, contribute most of the remaining nitrogen. -darided inputs of
phosphorus are roughly evenly split between the same sources.

The largest increases in nitrogen are seen in the seatit of Hawke Bapetween Napier and Cape
Kidnappers, where the Tukituki Rivegmbined NTGQCivers, Napier and Hastings wastewater treatment
plants (WWTP) all discharge. Annually averaged dissolved inorganic nitrogen concentiasen®three
timesthose of backgrounglalues are predicted in this area. Increases in phosphorus are small in comparison
(<50% compared to background). Elsewhere, increases in nitrogen and phosphorus concentrations align with
the distribution of freshwater plumes.

Modelling the effect of river inputs on coastal water quality 5
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1.1 Motivation

I F¢1SQa . & wS3aAz2ylf [/ 2dzyOAf ol .w/ 0 NBldZANBa | R
nutrients from different rivers and oceaoutfalls have on water quality in Hawke Bay. This information will
assist HBRC in managing coastal water quality.

The objective of this project was to use hydrodynamic modelling to simulate coastal hydrodynamic processes
including the advection, mixirand dilution of freshwater plumes from rivers and outfalls that discharge into
Hawke Bay. An existing thremensional Regional Ocean Modelling System (ROMS) model spanning the
east coast of the North Island at ~2 km horizontal resolution was used tdagarthe freshwater plumes.

HBRC are particularly interested in the fate of freshwater plumes fronMibleakaand Wairoa Rivers. Also
of interest are the contribution and influence of nutrient inputs from the different sourcé3pgoutamaBay,
and the coats off Awatotoand Cape Kidnappers.

1.2 Oceanographic conditions

Hawke Bay is a large semiicular bay on the east coast of the North Island. Its ~80 km wide entrance,
extending fromMahiaPeninsula in the north to Cape Kidnappers in the south, is entirely tpthe south

east. The bottom topography is smooth, and isobaths tend to run parallel to the shoreline conforming to the
shape of the bay.

The largescale circulation on the east coast of the North Island is dominated by the East Cape Current (ECC)
andthe Wairarapa Coastal Current (WCC) as well as numerous mesoscale Edyliesl{1: Schematic of

the circulation along the east coast of the North Islar@@hiswell et al. 2015; Stevens et al. 2019). The ECC,

an extension of the East Auckland Current, carries warm, saline subtropical water southward offshore of the
east coast of the North Island (Chiswell and Roemmich 1998). AS+4@rfns away from e coast to flow
eastward along the ridge line of Chatham Rise (Chiswell 1996). The retroflection of the ECC has been
proposed as a likely formation mechanism for the Wairarapa Eddy (WE; Chiswell 2005) which is located over
the Hikurangi Trough at ~41°158.5° E.

Modelling the effect of river inputs on coastal water quality 6
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Figurel-1: Schematic of the circulation along the east coast of the North Islarithe following circulation features
are indicated by the black arrows: the East Cape Current (ECC), the Wairarapa Coastal Current (WCC), the Wairarapa
Eddy (WE), and the D'Urville Current (DC) in Cook Strait.

The WCC, transporting cool, fresh waterthward along the east coast of the North Island, flows inshore of
the warmer more saline southward flowing EEG@rel-1: Schematic of the circulation along the east coast

of the North Islang. Historically, the WCC was regarded as an extension of the Southland Current, however
Chiswell (2000) showed that the water within the WCC is too warm and saline to have originated purely from
the Southland Quent. Instead it consists of a mix of water from the Southland and D'Urville Currents. The
WCC occurs within 480 km from the coast and extends as far north\ahiaPeninsulaSubtropical water

from the offshore ECC is entrained into the W&@hg its atire length This results in an increase in
temperature and salinity and a decrease in transport as the current moves northward (Chiswell 2000).

The WCC has a pronounced effect on sea surface temperature (SST) along the east coast of the North Island.
A old-water tongue adjacent to the east coast is often observed in satsligesurface temperatureSSYT
(Figurel-2: A snapshot of satellite derived sea surface temperat@®®T) for 25 October 20).7There is also
evidence that the WCC ban influence on water within Hawke Bay. A emeek survey of Hawke Bay in

Modelling the effect of river inputs on coastal water quality 7
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1976 revealed water within the bay had temperature and salinity properties comparatiiede of offshore
water (Bradford et al. 1980). From this, Bradford et al. (1980) deduced that the waters in the bay came from
the WCC.
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Figurel-2: A snapshot of satellite derived sea surface temperatu&ST) for 25 October 2017The colder
temperature along the east coast of the North Island is indicative of the WCC. Data sourcdPMU4RSLOBr4.1
sourced fromhttps://podacc.jpl.nasa.gav

Detailed studiesf the physical oceanography of Hawke Bay are limited. Water circulation in the bay is driven
by a range of environmental conditions including winds, tides, river inflow from the main rivers, the WCC and
the ECC. Historical studies based on drift cardements as well as temperature and salinity observations
describe the surface circulation in Hawke Bay as consisting of a strong inflow along the midline of the bay
which bifurcates into northward and southward alesigore currents (Ridgeway 1960; Ridgewag Stanton

1969). The two alonghore currents together with the inflow results in two circulation cells in the bay with
outflow aroundMahiaPeninsula in the north and Cape Kidnappers in the south.

8 Modelling the effect of river inputs on coastal water quality
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Ridgeway and Stanton (1969) used temperature salthity measurements throughout Hawke Bay, on the
continental shelf outside, and to the south of the bay, to show that temperature and salinity in the bay are
lower compared to the shelf water along the open coast. Based on these measurements, thegedicht

water in Hawke Bay is a mixture of oceanic water entering the bay from south of Cape Kidnappers and fresh
water from river runoff. More recently, Chiswell (2002), using eight years of coastal SST observations from
Napier, found that the temperate at Napier wharf is controlled by alongshore advection of the WCC which

is wind stress driven.

1.3 Nutrients in the coastal zone

Primary production in Hawke Bay, forming the base of the food web, is controlled by nutrient supply. The
bioavailability of twdkey nutrients, nitrogen (N) and phosphorous (P), often limit primary production which,
in the coastal zone, is dominated by photosynthetic bacteria, phytoplankton and macroalgae. In temperate
coastal waters, including New Zealand, N is the most imporiamtirig factor for primary production
(National Research Council 1993).

A moderate supply of nutrients can be beneficial, resulting in increased primary production which, in turn,
will propagate up the foodveb. However, elevated nutrient levels lead tocegsive primary production
which causes oxygen depletion and a resultant negative impact on higher trophic levels. Excess nutrient
enrichment can also result in dense, fauhelling phytoplankton blooms that reduce water clarity,
deteriorate water qualityand may be toxic to consumers including humans (GESAMP 2001). Thus,
eutrophication can degrade coastal habitats turning them into wastelands, while large reductions in nutrients
can also adversely affect coastal productivity.

In this study, we focus ongtiolved inorganic nitrogen (DIN) and dissolved reactive phosphorus (DRP) as these
are the forms of nitrogen and phosphorus that are most bioavailable and drive primary productivity.
Dissolved inorganic nitrogen consists mostly of nitrate and ammoniacabait. Other forms of nitrogen
include particulate and dissolved organic nitrogen; however, these are largely refractory forms of nitrogen
with slow remineralisation times (and only slowly remineralise teaiailable form for primary producers).
Similary, other forms of phosphorus are mostly associated with organic matter or in particulate form, and
not directly available to primary producers.

Modelling the effect of river inputs on coastal water quality 9
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The hydrodynamic model used in this project is the Regional Ocean Modelling S{R@MSHaidvogel et

al. 2008), an opesource ocean model that has been applied to a variety of problems on dxzsin to
coastal scales (e.g., Moriarty et al. 2015, Malauene et al. 2018). ROMS isarfeme ocean model capable

of simulating the threadimensional ocean currents forced by winds and tides. It is also able to simulate the
effects of density differences caused by variations in water temperature and salinity.

In the vertical, ROMS uses a terrftiowing coordinate system, i.e., a fixed nber of vertical levelare
distributed throughout the water column between the surface and the bottom; this system issuiétd to
coastal situations and copes well with large tidal variations in sea level. In the horiZR@islS uses a
structured rectagular grid.

2.1 Model grid

The model domain used in this project covers the continental shelf of the eastern North Island extending
from Cook Strait in the south to East Cape in the ndfilgure2-1: Model domain showing bathymetry in
meters (m)). It has a horizontal resolution of kn with 30 terrainfollowing vertical levelsesulting in a
vertical resolution of 0.8 m in Hawke Bay and@®0 m offshore

The model bathymetry was constructed from various sources including the NIWA bathymetry database, land
elevation data, regional coastline data, and the General Bathymetric Chart of the ®@@&RCO) gridded
ocean bathymetry.

L http://www.myroms.org
2 https://www.gebco.net
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Figure2-1: Model domain showing bathymetry in meters (m)The black dots indicate the rivers terminating along

the Hawke Bay coast that were included in the model as freshwater point sources. These rivers are listed in order from
North to south in Table 4. The blue dots indicate the two wastewater treatment plant outfalls that were also

included as freshwater point sources.

2.2 Initial and boundary conditions

The ROMS simulation used in this project was carried out in forward medehe model variables (water
temperature, salinity, velocity and sea surface height) were set to a plausible initial state and then stepped
forward in time subject to varioudrcingsfrom the surface (wind stress, heat flux, freshwater flux), the
bottom (bottom drag), the open ocean lateral boundaries (spectieaperature, salinity, velocity etc.) and
inflows from point sources like rivers.

The initial and lateral boundary conditions for the hydrodynamic variables (velocity, temperagilirgty

andsea surface height) were derived from a global ocean analysis and prediction system based on the Hybrid
Coordinate Ocean Mod&{HYCOMChassigneeét al. 2009). The HYCOM product used here provides daily
shapshots of the -Blimensional state of the globatean on a 1/12° grid.

Tides were imposed at the boundaries of the model domain in terms of the amplitude and phasgdafl 13
constituents derived from the NIWA EEZ (Exclusive Economic Zone) tidal model (Walte?2§@t)alThe

3 https://www.hycom.org

Modelling the effect of river inputs on coastal water quality 11
21 July 2020 2.24 PM



Version

ROMS tidal forcing schanuses the amplitude and phase of the tidal constituents to calculate the tidal sea
surface height and depthveraged velocity at each time step and adds them to the lateral boundary data.

2.3 Forcing

Surface stresses generated by the wind are an importastofeforcing ocean currents. For this simulation,
surface wind stress was calculated frorh@urly winds obtained from the 12 km New Zealand Limited Area
Model (NZLAM; Lane et al. 2009).

The heat, momentum and freshwater fluxes through the sea surface waleulated from skhourly
NCEP/NCAR reanalysis data (Kalnay et al. 1996). The NCEP/NCAR reanalysis product provides globa
atmospheric fields at a 2.5° resolution. A heat flux correction term was applied to the SST, nudging the model
SST towards observdd{ ¢ FNBY (GKS mVnc RIFIAf& DblaA2ylFf hOSI YA
optimum interpolation SST analysis (Reynolds et al2R0lhe heat flux correction prevents the modelled

SST from drifting too far from reality due to any biases in the seiflages but has a negligible effect on the
day-to-day variability. Freshwater sources representing the main rivers are also included, as described in
more detail in section 2.4.

2.4 Freshwater input

The major rivers draining into Hawke Bay were representdéddanmodel as point sources of freshwater and
froSttSR gAGK LI aaAagdsS (NI OSNES 2N) aReSaé drinbuldh SE LI
locatiors are listed inTable2-1: Model freshwater point sourcesThe input locations for each of the rivers

were obtained from the New Zealand River Environment Classific®ie€;(Bigge al. 1990;Snelderet al.

2004) and then converted intmodel grid locations, with adjustments to ensure each freshwater input is

f 20 SR 2y G(dSboidaRy.Fiov@td tinfe Iseyidd for the year 201Figure2-2: Freshwater

flow rate timeseries for 10 of the rivers terminating in Hawke Bayonsidered to be an average flow year,
were provided by HBRC for nine of the rivers liste@iahle2-1: Model freshwater point sourcesHBRC also
provided data for the Karamu Stream (which becomes the Clive River downstream), and the Tutaekuri River.
These two freshwater sources, along with the Ngarurax@eRmerge before flowing into Hawke Bay (here
combined NT@ used to refer to this combined inflow). The flow data for the Karamu Stream and Tutaekuri
River were combined, along with an adjustment determined from the REC to account for the Ngaruroro River
to estimate the total flow of these three freshwater sourdet® Hawke Bay. An annual average flow obtained
from the REC was used for the rivers for which timeying flow data was not available.

Outflow into Hawke Bay from two wastewater treatment plants (WWTP), the Napier and Hastings WWTPs,
were included as additional freshwater sources. Firagying flow for thes&/WTP dischargesgere provided

by HBRCHigure2-3: Freshwater flowrate time series for the two wastewater outfalls in Hawke Baynly

six months (Julg5 SOSYOSNL 2F RIGF 6SNB LINRPOJARSR TFywwdidthda KS | |
same discharge data were used for the first half of the yieaen though data from the Napier WWTP suggest

that this is a reasonable estimate, it is probably a slight overestimate as there are two high flow events in the
later part of the yea(Figure 23b).

12 Modelling the effect of river inputs on coastal water quality
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Table2-1: Model freshwater point sourcesThese are listed in order from north to south. See Figutef@ location
of the point sources Combined NTC incorporates the Ngarurdrotaekuri and Clive Rivers, which combine before
discharging to the coast

Source Input location Tracer
Rivers
Nuhaka 177.7596°E, 39.0825°S dye 01
Maraetotara 177.0047E, 39.6458 dye 02
Tahaenui* 177.6770E, 39.0731S
Whakaki* 177.6116°E39.0758°S
Tukituki 176.9530E, 39.6094S dye_03
Combined NTC 176.9516E, 39.583% dye_04
Ahuriri* 176.9128E, 39.48345
Esk 176.8928°E, 39.4204°S dye 05
Mohaka 177.2063E, 39.154% dye_ 06
Wairoa 177.4152E, 39.08345 dye_07
Waihua 177.2859E, 39.1138 dye_08
Aropaoanui 177.0013E, 39.3022S dye_09
Waikari 177.0939E, 39.1971S dye 10
Wastewater Treatment Plants
Napier WWTP 176.9673E, 39.57075 dye 11
Hastings WWTP 176.9329E, 39.5462S dye_12

* Rivers foiwhich timevarying flow was not available

Ten of the rivers as well as the two WWTP outfalls were labelled separately with a dye tracer, giving a total
of 12 tracers. Carrying this many tracers in the model simulation increases the computing resourgesl requ
but allows the individual freshwater sources to be distinguished. The value of each dye tracer was setto 1 in
the water entering (continuously) from its respective source and was initialized as zero everywhere else in
the model domain. Thus, the dy®ncentration in the model represents the volume fraction of river and
outfall-derived freshwater.

Modelling the effect of river inputs on coastal water quality 13
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Figure2-2: Freshwater flow rate timeseries for 10 of the rivers terminating in Hawke Bakhe flow rae is
presented on a logarithmic scale. The dashed horizontal line represents the annual meafho@live River also
includes the Ngaruroro and Tutaeki&ivers
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Figure2-3: Freshwater flowrate time series for the two wastewater outfalls in Hawke Baphe dashed horizontal
line represents the annual mean flow.
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