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Te Aka Aka (Ashley River/Rakahuri -Saltwater Creek Estuary) in the face of climate change

Executive summary

Background:

Te Aka Aka is a shallow intertidal dominated estuary at the mouth of the Ashley River/Rakahuri,
Saltwater Creek, Taranaki Creek and a number of small lowland creeks and mad-made drains. This
estuary supports a diversity of habitats including saltwater wetland and intertidal mudflat habitats. These
habitats support a diversity of plant and animal species including rushes, sedges, herbs, macroalgae,
invertebrates, fish and birds. The estuary is a significant culturalasset. Te Aka Aka and
are under threat from sea level rise and climate change.

What we did:

We used a simple bathtub model to identify areas below MHWS (Pragmatic) tide elevation for the current
sea level and two sea level rise scenarios. Apart from land inundation we describe other potential effects
of sea level rise on the estuary. We discuss the potential effects of the extreme events of storm tide
water levels, wave effects and high rainfall events that are projected to change as a consequence of
climate change. Increasing water temperature and ocean acidification are briefly mentioned as is
reduced flows in the rivers and creeks.

We assessed the current landward margins of Te Aka Aka including the existing structures to protect
the land from inundation. We have outlined the importance of maintaining the saltmarsh and tidal flats
and the potential effects of seal level rise on these habitats.

We have investigated natural processes that could maintain Te Aka Aka as an estuary.

What we found:

An extensive area of land adjacent to the estuary could become inundated with sea level rise. Other
possible impacts of sea level rise are changes in the depth regime, water circulation patterns within the
estuary and erosion of the dunes along the coastal margin. Extreme events will likely exacerbate the
effects of sea level rise.

The existing landward margins of the estuary includes stop banks, reclaimed land including reclaimed
land with drains and raised banks at the estuary margin, eroding land and gently sloping margins. The
existing saltmarsh and tidal flats and the ecosystem services they provide will be impacted by sea level
rise.

We describe two natural processes that will allow for the long term continued functioning of Te Aka Aka
as an estuarine ecosystem. These are landward migration of estuarine habitats and the raising of the
current estuary bed through the accumulation of sediment.

What it means:
Further investigations are required to:
9 determine the likely extent and magnitude of possible impacts of sea level rise.
1 progress the evaluation of the two natural processes that will allow for the long term continued
functioning of Te Aka Aka

The recommended investigations are:

1. measure the current height of the dunes and the potential effect of different sea level scenarios
on dune and shoreline stability.

2. map the current height of the estuary bed to determine the likely changes in the extent of
saltmarsh vegetation and intertidal flat with different heights of sea level rise within the estuary
(as we know it at present).

3. use a dynamic model to map the potential extent of land inundation through sea level rise in
the Te Aka Aka area.

4. quantify the slope of the estuary margins and the elevation of the land adjoining the estuary to
identify where landward migration of estuary habitat could occur naturally.

5. identify coastal margin land where human intervention, such as creating wetlands via excavation
and landscaping, could occur.

6. investigate the effect of climate change on Ashley River/Rakahuri hydrology and associated
sediment transport, including determining if the sediment supply to the estuary will be sufficient
to keep up with sea level rise.
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1 I ntroducti on

This report assesses how future climate change, particularly sea level rise, may affect Te Aka Aka. Te
Aka Aka is a shallow intertidal dominated estuary at the mouth of the Ashley River/ Rakahuri, Saltwater
Creek, Taranaki Creek and a number of small lowland creeks and mad-made drains. It is a semi-
enclosed embayment, with a free connection to the sea such that fresh and salty waters mix within the
estuary. This report provides information to the Waimakariri Water Zone Committee for the Waimakariri
Land and Water Solutions Programme and in limit setting for the Waimakariri zone.

Climate change has been happening for some time. This is seen by the gradual increases in the causal
mechanism of CO2 concentrations in the atmosphere and changes in sea level (PCE, 2014, 2015). The
effects of climate change are set to continue into the future with the rates of changes in effects such as
sea level rise predicted to increase (PCE, 2014). There is a high degree of uncertainty surrounding
predictions of the rate of change and likely effects (PCE, 2015).

Climate change is a significant environmental issue that will have major implications for the future
functioning of the Ashley River/Rakahuri-Saltwater Creek estuary (Te Aka Aka). To ensure the long-
term functionality of Te Aka Aka and its ecosystem, it is time to understand what could happen in the
estuary and wider land area. We present a preliminary assessment of what could happen to this area
as a result of climate change.

The aims of this assessment are:

1. Describe the changes that could occur within the estuary;

2. ldentify information/data gaps with respect to understanding potential impacts on Te Aka Aka
and its ecosystem.

3. Describe natural processes that could maintain Te Aka Aka as an estuary.

We hope this document prompts more research in and around Te Aka Aka, and that it also prompts
discussions and actions by the zone committee, local community, iwi and local and regional councils.

2 How cli mate change coul d af

Climate change is likely to affect Te Aka Aka through sea level rise, extreme weather events, increased
sea water temperatures, ocean acidification and reduced river flows.

2.1 Sealevel rise

The potential physical effects of sea level rise on Te Aka Aka are:

1 Prolonged inundation of low-lying coastal areas and reduced land drainage;

1 loss of the coastal barriers such that the area is no longer an estuary;

1 change in the depth regime within the current estuary;

I changes to the water circulation patterns within the estuary;

1 changes in the sediment composition and distribution within the estuary;

1 changes to the mixing of freshwater and seawater and hence the salinity regime within
the estuary;

1 saltwater/freshwater interface in the rivers moves further inland,;

1 potential erosion and breach of dunes, stopbanks, landward edge and sand bars at the
mouth:

1 landward displacement of shorelines;

1 threats to infrastructure such as the SH1 bridge at Saltwater Creek, water supplies and

wastewater disposal in the low-lying coastal land.
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2.1.1 Projection of inundation of land

We have used projections of a rise in sea level of 0.4 m by 2050 and 1 m by 2100. These numbers
broadly align with the latest guidance (Ministry for the Environment, 2017) on potential sea level rise
under the RCP8.5 greenhouse gas emissions scenario!, using the upper 85" percentile. However,
these values do not take into account any potential sea level rise caused by the collapse of the Antarctic
or Greenland ice shelf or the melting of northern hemisphere permafrost. Thus future sea level rise could
be greater than 1 m by 2100.

2.1.2 Method and results

Method

We have used a si mpl e batdrdautihabaretbglqgwehe Meah HighdVatero i den't
Springs (Pragmatic) tide elevation? (taken from Mulgor, 2006) at the current sea level, and then added

on 0.4 m and 1.0 m for the sea level rise scenarios. This approach has some limitations because it does

not account for any land infilling/reclamation that has occurred or for tide gates and stop banks which

would prevent some low-lying land from being inundated during storms and extreme tides.

Results

We have highlighted those areas of land around Te Aka Aka which are below the Mean High Water
Springs (MHWS) elevation at current sea level, as well as areas which are 0.4 m and 1.0 m above this
level to account for the two sea level rise scenarios (Figure 2-1). Although not all of the land which is
below the current MHWS elevation is inundated during high spring tides due to stop banks, tide gates
and land reclamation, the map still provides a useful indication of where the estuary would naturally
retreat to with rising sea levels, without further engineering intervention.

NOTE: The ébathtubé mapping method assumes that if a
coast then this area will be inundated to the equivalent level as the adjacent open coast. In an estuary
such as Te Aka Aka where there are wide low-lying mudflats, friction reduces the volume of water that
can inundate an area over the peak of, whichassumesde <cycl
instantaneous inundation of the entire area, is not well suited to identify the actual extent of the area
that could be inundated (Tonkin and Taylor, 2017). Another method, as used by Tonkin and Taylor
(2017) in Brooklands Lagoon and the Avon-Heathcote Estuary, is a dynamic model (e.g. TUFLOW).

This model 6simulates the physics of the tide and i n
|l evels based on Li DAR derived topography and detail ed
2017) . Ther ef or e, that \weaised damanii he comsiderede prélimidary indication of

the potential extent of land inundation in the area. We recommend that a dynamic model is applied to
the Te Aka Aka area in the future to refine the potential extent of land inundation through sea level rise.

2.1.3 The coastal barriers

To the north and south of the estuary mouth there are sand dunes that are landward of the sandy beach
of Pegasus Bay (Figure 2-2). The length of beach and the size of the dunes is influenced by the supply
of sediment from the Waimakariri, Ashley/Rakahuri and Waipara rivers. These rivers contribute 95% of
the sediment to Pegasus Bay, including 77% from the Waimakariri River and 15% from the
Ashley/Rakahuri and Waipara rivers (Bryan et al., 2005 cited in Whitelaw 2011). Therefore, changes to
river flows with climate change and anthropogenic influences has the potential to change the supply of
sediment to the coast. A decrease in the supply of sediment could result in beach and dune erosion. In
1995, it was determined that the composite mixed sand and gravel beaches north of Leithfield Beach
were showing a long-term tendency to erode (Duns 1995 cited in Whitelaw 2011). This erosional trend
for these beaches is continuing (Gabites 2006, J.Cope (ECan Principal Science Advisor i Natural
Hazards).

1 This relatively high emissions scenario combines assumptions about high population and relatively slow income
growth with modest rates of technological change and energy intensity improvements, leading in the long term
to high energy demand and GHG emissions in absence of climate change policies. Riahi, K., Rao, S., Krey, V.
et al, 2011.

2 We have used the Mean High Water Springs (Pragmatic) tide elevation (1.163m above Lyttelton datum (1937))
for illustrative purposes: other tidal parameters would need to be considered for a more detailed assessment of
the effects of sea level rise
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Legend
Land below Mean High Water Springs elevation
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Figure 2-1: Land that could be inundated by sea water under different sea level rise scenarios
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Figure 2-2: The coastal barriers between Te Aka Aka and Pegasus Bay
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With sea level rise there is the potential for lower dunes in some locations around the Ashley
River/Rakahuri mouth to be over-topped on spring tides, king tides and with storm surges. The flow of
water across the dunes during such events will cause coastal flooding and erosion, with the eroded
sediment either being carried into the estuary or offshore.

An increase in sea level causes wave processes to act at a higher level on a shoreline. This could result
in a switch to erosion on what may have been a stable beach or increased erosion on what may have
been an already eroding shoreline.

We recommend that there be an investigation on the current height of the dunes and the potential effect
of different sea level scenarios on dunes and shoreline stability. We understand that this work is currently
being undertaken by the Waimakariri District Council as part of their natural hazards chapter review for
the District Plan review.

2.1.4 Change in the depth regime within the estuary

Within Te Aka Aka there are extensive areas of saltmarsh vegetation and intertidal flats that are exposed
to air at low tide. The actual length of time that the vegetation and flats are exposed to air during a tidal
cycle depends on their elevation.

With sea level rise, the depth of water within the estuary at high and low tide will be higher than it
currently is. A consequence of this is that in the future the low elevation areas that are currently exposed
to air at low tide, will no longer be exposed to air at low tide. Therefore, the higher the sea level rise, the
more extensive the area that will remain underwater at low tide. The ecological implications of this are
significant.

The current height of the estuary bed could be mapped to determine the likely changes in the extent of
saltmarsh vegetation and intertidal flat with different heights of sea level rise within the estuary (as we
know it at present). Note: Data on bathymetry is a requirement for hydrodynamic modelling undertaken
to understand water circulation within the estuary.

2.1.5 Change in the water circulation patterns and salinity regime within the estuary

There could be changes in the water circulation patterns within the estuary because of:
1 changes to the quantity of freshwater and seawater flowing into the estuary;
1 changes to the size of the estuarine area;
1 changes in estuary shape through erosion/scouring;
1 changes in the depth and width of the estuary mouth with more seawater flowing into the
estuary.

The salinity regime within the estuary is likely to change because of changes in the relative quantity of
freshwater compared to seawater flowing into the estuary. For example, with sea level rise there is likely
to be more sea water flowing into the estuary, while with climate change and the likely change in rainfall
(MfE, 2018), the mean flows within the Ashley River/Rakahuri, Saltwater Creek and Taranaki Creek
could decrease. Water circulation patterns within the estuary will also influence the salinity regime.

One consequence that may occur if the water flows into and out of the estuary change as a result of sea
level rise, is a change in the sediment composition and distribution to the bed sediments within the
estuary. In areas where flows become higher the bed sediments will become coarser, i.e. sandy or
gravel, and in areas where flows reduce fine sediments, i.e. mud, could accumulate. Such changes in
sediment composition and distribution may then have implications for the location, abundance and
variety of the macroinvertebrates that live on and in the bed sediments.

2.1.6 Inland extent of the freshwater/saltwater interface

Seawater will extend further up the rivers/creeks/streams and drains with sea level rise. Information on
the elevation of the rivers/creeks/stream and drain beds along with the change in sea level will be
required to determine how far inland the seawater will extend.

Flocculation of sediment particles occurs at the freshwater/saltwater interface (Burban, et al., 1989).
Therefore, there could be a change in sedimentation processes in the lower reaches of the
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rivers/creeks/streams and drains. This could change the supply of sediment to the coast as well as the
bed sediments in these areas.

If the rivers/creeks/streams and drains have stopbanks, it is likely that channelization will force the
freshwater/saltwater interface further inland and increase tidal flows more than if they were not there.
Increased tidal flows will increase the susceptibility of river banks and stopbanks to erosion, thereby
influencing water quality, habitat availability and geomorphology. Without stopbanks, saline water will
likely flood some agricultural land. Over time the salinity could impact the soils as well as the freshwater
and groundwater resources.

2.2 Extreme events

Sea level rise increases the base level of the sea upon which extreme events occur. The result will be
an exacerbation of these extreme events.

2.2.1 Storm tide water levels

Storm tide water levels are the combined elevation of the predicted astronomical tide, storm surge and
medium-term fluctuations.

Storm surge 6results fr om tupfeomdbow atrbosphaid pressare and wikdar o me t r

stress from winds blowing along or onshore which elevate the water level above the predicted
astronomicalt i ded (Tonkin and Tayl or, 2017) . Storm
above the predicted tide but does not include nearshore effects of storm waves such as wave run-up on
the shore.

Medium-term fluctuations include atmospheric factors such as season, the El Nifioi Southern Oscillation
(ENSO) and the Interdecadal Pacific Oscillation (IPO). These all affect the mean sea level, with the
combined effect of these fluctuations being up to 0.25 m (Tonkin and Taylor, 2017).

There is currently a 1% Annual Exceedance Probability? of a storm tide level of 0.76 m above the mean
high water spring level in Lyttelton Harbour/Whakaraupd and a storm tide level of 0.69 m above the
mean high water spring level on the open coast of south Pegasus Bay (Tonkin and Taylor, 2017).

2.2.2 Wave effects

Wave effects, which include wave set-up and wave run-up, are influenced by wind strength and swell.
Wave setup is the increase in mean water level due to the presence of breaking waves. Wave run-up is
the sum of the wave set-up and the wave swash (the propagation of the waves onto the beach slope)
and is the maximum vertical extent of waves above the still water level. Any increase in wind strengths,
or in the frequency of storm winds and the size and frequency of large swells will increase wave effects.

2.2.3 High rainfall events

Research indicates that rainfall over the Canterbury Plains is affected by large atmospheric circulation
patterns, which are expected to respond to projected climate change. This is expected to result in a
change in the frequency, magnitude, and seasonal distribution of rainfall (Tonkin and Taylor, 2017).
Forecasts predict that the plains will likely experience less rainfall than at present, in the short to medium
term (Tonkin and Taylor, 2017). Despite the decreases in average rainfall, the frequency and intensity
of extreme daily rainfall is projected to increase in many regions. High rainfall events will potentially:

1. increase the flow of freshwater into the estuary for short periods of time;

2. increase erosion of river/stream/creek banks and estuary margins including the estuary mouth;

3. result in higher water levels in the estuary and river/stream/creek/drains resulting in flooding of
adjacent land;

4. reduce the salinity within the estuary to the extent that sensitive estuarine species are impacted,;

5. cause abrupt decreases in salinity and affect the stability of the salt-wedge;

3 The probability of a storm tide equalling or exceeding the level shown in any one year.
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6. alter the water circulation pattern in the estuary;
7. alter nutrient and sediment loads leading to changes in water quality.
8. Increase the input of sediment to the estuary and hence affect sedimentation in the estuary;

2.3 Sea water temperatures and ocean acidification

It is expected that climate change will result in an increase in the temperature and acidity (more carbon
dioxide dissolving in the water making it more acidic than it is at present) of sea water. Both of these
changes are global issues but the extent of the change can be influenced by local conditions. Increasing
water temperatures and acidification will impact all sea life including the plant and animal life within this
estuary.

2.4 Reduced river/creek flows

The Ashley River/Rakahuri is a medium-size, foothill-fed river. Statistical analysis of flow records from
the gorge recorder site show that since 1999, median flow declined by an average of 0.08 m?3/s per year,
or a total flow decline of 1.4 m3/s from 1999 to January 2017 (Etheridge and Wong, 2018). Given that
water flows in this river are controlled by rainfall (snow melt is not a factor here, unlike the alpine rivers),
less rainfall in the future (as per Tonkin and Taylor, 2017) could see a continuation of this trend. There
is significant uncertainty over future climate change-driven rainfall trends, however.

Both Saltwater Creek and Taranaki Creek are lowland spring fed creeks. Water flows in these creeks
are influenced by groundwater depths, therefore any lowering of the water table will affect water flows.
The Ashley River/Rakahuri is the most significant source of sediment to the estuary. Reductions in mean
flow could result in a reduction in sediment supply to the estuary. The implication of this is described
further on in this report. We recommend an investigation on the effect of climate change on Ashley
River/Rakahuri hydrology and associated sediment transport.

3 Te Aka ®M&kmagins samdict uropsot ect
the | ands@gai hevel ri se

Along the southern edge of the estuary, a stopbank separates estuary habitat from the township of
Waikuku (Figure 3-1). There is also a stopbank along the lower northern bank of the Ashley
River/Rakahuri (Figure 3-2). The margins of Saltwater Creek downstream of SH1 do not have a
stopbank but they are above the high tide level (Figure 3-3).

In many areas, estuarine habitat has been reclaimed and turned into agricultural land and therefore the
current estuary edge is highly modified. Evidence of reclaimed land is shown by the straight edged
margins of the saltmarsh (Figure 3-4). The margins between reclaimed land includes drains with raised
banks on the seaward side (Figure 3-5) and fence lines (Figure 3-6). The raised banks have the potential
to provide some protection of the land from sea level rise. However, these banks do need to be
continuous with no gaps for seawater to get through, in order to be effective. The process of reclamation
has also elevated some of the land, such that it is currently above the mean high water springs water
level.
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Figure 3-1:  Stopbank with walking track on top along the southern edge of the estuary

Figure 3-2:  Northern stopbank along the Ashley River/Rakahuri
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Figure 3-3: The margins of Saltwater Creek, east of SH1
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Figure 3-4: The land-estuary margins north of the Ashley River/Rakahuri
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Figure 3-5: A drain and raised bank separating

Figure 3-6: Fencing off, of estuarine habitat with evidence of the use of rubble to reclaim the
land
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