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Tidal harmonic analysis of the east-west component of the depth-averaged (1-metre
depth bins 1-19) current at the offshore site.
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Table 3:

	

Tidal harmonic analysis of the north-south component of the depth-averaged (1-metre
depth bins 1-19) current at the offshore site.
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3.3

	

Non-tidal currents

Using data from the tidal harmonic analysis, the tidal current accounted for 36% and

16% of the total current variance at the offshore and inshore sites respectively.
Currents driven by local winds (e.g., Gisborne airport) account for some of the non-
tidal variance. This is demonstrated by a wavelet analysis of the wind and current

time-series (e.g., Figure 10).

Wavelet analysis is a comparatively recent tool designed to resolve the dominant

modes of variability (periodic oscillations) of a time-series and how those modes vary
with time (Torrence & Compo 1998). It is specifically designed to deal with non-
stationary signals that vary with time and is therefore ideally suited to identifying

correlations between wind and wind-driven currents. Continuous wavelets transforms
were calculated following Torrence & Compo (1998) using a 32-parameter derivative-
of-a-gaussian real-valued wavelet function, chosen to resolve seiche motion to a fine-

scale in both time and frequency. Wavelet software was provided by C. Torrence and
G. Compo, and is available at URL:

Figure 10 is shown as an example to demonstrate that there were identifiable links
between the wind and current time-series. The plot shows a wind-current cross-power
contour map, which is a plot of the covariance between wind and current. The bright

patches represent high power (greater than the 95% significance level) and the dark
patches represent low (insignificant) power.

There are coherent fluctuations in the east-west component of both the wind and
current time-series throughout the deployment, at periods of 24-hr (y-axis). The

coherence demonstrates that the wind is transferring energy to the water column. The
24-hr oscillation period is most likely related to diurnal wind fluctuations, as winds
blow offshore in the morning and onshore as the afternoon sea-breeze develops. There

are other coherent "events" that occur at various modal periods at different times
during the deployment (e.g., weather cycles 80-100 hrs between 16-26 Sep),
demonstrating that wind transfers energy to the water column in a complex manner at

varying time scales.
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Figure 10:

	

Cross-power (covariance) contour map of the square of the wavelet coefficients,
calculated between the east-west components of the wind and current 20.5 m above
the seabed at the offshore site. The bright patches represent high power (greater than
the 95% significance level) and the dark patches represent low (insignificant) power.
The x-axis is time as dates during Sep-Oct 2003, while the logarithmic y-axis is
equivalent Fourier period or the modal period, in hours.

Cumulative vector plots show a theoretical particle travel path based on the current

velocities measured at a single point. At the inshore site, the trend was for near-surface
currents to flow offshore, while near-bed currents were significantly smaller with no
clear trend, apart from early in the deployment when it followed the same offshore

direction as the upper water column. Since tides tend to oscillate back and forth
resulting in near-zero net drift, the near-surface drift at the inshore site appears to be
forced by the generally offshore wind observed during the deployment (Figure 2).

At the offshore site, currents tended to consistently flow alongshore to the northeast, at

all depths. This too, is in keeping with a wind-driven current, deflected to the left by
the Coriolis force to produce an Ekman current (e.g., Pond & Pickard 1983). Being
bounded by the coast the Ekman current would quickly become geostrophically
balanced, and the results suggest that this part of the coast may be dominated by an

inshore northward flowing wind-induced geostrophic current. Support is provided by
the results of Stephens et al. (2001), who identified a similar northward flow 6 km

offshore from the entrance to Poverty Bay during a deployment in September-October
1998, and Bell (1985) who recorded a net north-easterly flow at the entrance to
Poverty Bay. The measurements of Chiswell and Roemmich (1998) and Chiswell

(2000) showed an inshore coastal current flowing northward in the vicinity and to the
north of the marine reserve area. Chiswell and Roemmich (1998) hinted this could be
an inshore counter-current to the southward flowing East Cape current. From

subsequent measurements Chiswell (2000) documented the Wairarapa Coastal Current
that flows northward up the coast as far as Mahia Peninsula, but could possibly extend
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further north at times. The northward flow appears to be a persistent feature on this

part of the coast, regardless whether it forms part of the Wairarapa Coastal Current, as
a counter-current to the East Cape Current further offshore, or is formed or modified
by the prevailing regional wind.

Figure 11:

	

Cumulative vector plots at the offshore (upper) and inshore (lower) sites, in the upper
(right) and lower (left) water column.

3.4 Stratification

Figure 12 shows that the water column was not strongly temperature stratified during
the deployment (early spring season). Therefore three-dimensional effects such as up-

and down-welling will be less likely, resulting in relatively uniform currents
throughout the water column during the deployment. Stronger stratification could be
expected during summer. The stratification over the deployment was dominated by

diurnal surface temperature fluctuations (arising from daily solar heating and cooling),
with a standard deviation of 0.40 °C at 0.5 m decreasing to 0.15°C at 23.5 m. The
maximum difference in the deployment-mean temperatures was between depths
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0.08 °C, and the mean temperature difference between 0.5 and 23 m depth was 0.04°C.

These are consistent for coastal waters during spring when the water column is well
mixed.

Figure 12:

	

Temperature time-series measured at the offshore site (24 m water depth) by Tidbit
loggers at approximately 0.5 (uppermost plot), 2.5, 6, 12, 16 and 23 m (lowermost
plot) below the water surface.
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3.5 Waves

Waves were measured in 20 minutes bursts every 3 hours. Wave statistics at the
inshore site are shown in Figure 13. The mean significant wave
0.94 m and the maximum recorded wave height

during a southerly wind. Waves generally approached from the east through southeast
quadrant (90-135°T) with periods of 5-12 seconds.

Figure 13:

	

Three-hourly wave statistics from spectra measured at the inner site.
significant and maximum wave height respectively,
wave period respectively, and the direction shown is peak direction of approach at the
peak period.

Significant wave height H, is the mean of the top 33% of wave heights during the 20 minute
sampling period.
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4. Summary

Currents, waves and water temperatures were measured in the Te Tapuwae O
Rongokako Marine Reserve from 3 September to 7 October 2003, from deployments

made at an offshore site in 24 m depth and an inshore site in 10 m depth.

At the offshore site mean current speeds ranged from 8 to 11 em

site mean current speeds ranged from 4 to 10 cm
offshore site averaged 5.6 cm
comparatively weak at the inshore site with mean speed of 2.8 cm
currents with largest amplitudes were the
principal-lunar diurnal

tide.

A wavelet analysis showed that local winds were driving some of the non-tidal

currents. The mean current direction through the marine reserve is alongshore to the
northeast. This was measured at the offshore site and is supported by measurements
made at other locations on this coast during four separate studies.

The water column was not strongly temperature stratified during the spring
deployment, but stronger stratification could be expected during summer. The
stratification over the deployment was dominated by diurnal surface temperature

fluctuations (arising from daily solar heating and cooling), and the mean temperature
difference between 0.5 and 23 m depth was 0.04°C.

The mean significant wave height during the deployment was 0.94 m and the
maximum recorded wave height was 3.1 m on
Waves generally approached from the east through southeast quadrant (90-135 °T)
with periods of 5-12 seconds.
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and at the inshore
Tidal current speeds at the

The tidal
lunar-solar diurnal (once a day), the

and mainly flowed alongshore. Tidal currents were

and the more well-known lunar semi-diurnal (twice-daily)

October during a southerly wind.
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