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Executive summary

GPS tracked drifters were used to investigate surface currents in Roys Bay, Lake Wanaka.
Deployments were made on three occasions and captured information on surface currents under
north-westerly and easterly wind conditions, which are the most common wind directions for Roys
Bay. Data were captured over a total of nearly five days, using up to 10 drifters with drogues set to
1 m depth below the surface. Wind data from the compact weather station located at the Wanaka
Golf Course were used to describe wind conditions during each deployment.

Drifter motions during each deployment are most readily visualised in the animations provided in
electronic format along with this report. This report shows plots of drifter tracks from each
deployment, along with composite surface velocity fields for moderate (3—6 m/s) north-westerly
wind, mild (0-3 m/s) north-westerly wind, and easterly wind (0-2 m/s). Under moderate north-
westerly winds, surface currents generally followed the direction of the wind, into Roys Bay. Under
weaker north-westerly and easterly winds, surface currents were less well defined, but these
deployments generally showed surface currents moving towards the foreshore in inner Roys Bay and
outflow near Beacon Point. Surface currents within Roys Bay were usually slow moving (<0.05 m/s or
0.2 km/h).

Lake Wanaka Roys Bay drifter study 5



1 Background

WAI Wanaka seeks information on water movement in Roys Bay, the southernmost embayment in
Lake Wanaka, to gain insight on where contaminants entering the bay may be transported. This
contributes to WAI Wanaka's larger goals to improve and protect water quality in Lake Wanaka via
three overarching steps: 1) improving knowledge of lake dynamics and the effects of land use and
other human activities on the lake through observational studies; 2) integration of that knowledge
into quantitative models that can predict lake conditions in space and time (e.g., predict conditions
at unmonitored sites, predict ecological responses to future management actions); and 3) use the
guantitative models to contribute to decision-making (e.g., consent decisions) and policy
development.

In this study, NIWA used near-surface drifters to capture water movement under different
conditions, to build a qualitative and semi-quantitative understanding of circulation patterns in Roys
Bay, Lake Wanaka (Figure 1-1).

Dublin Bay

Ruby Island

Figure 1-1: Roys Bay, Lake Wanaka. Drifters were released in Roys Bay south of a line between Beacon
Point and Damper Bay. Wind data used in this report were obtained from the Wanaka Compact Weather
Station (Wanaka CWS) located on the Wanaka Golf Course.
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2 Methods

2.1 Drifters

Data were collected using Microstar GPS drifters (Pacific Gyre). These drifters have a submerged
drogue, shaped like a radar reflector, 1.2 m x 1.2 m in size, attached to a 20 cm diameter surface
float (Figure 2-1). The drogues were set with centres at 1 m depth to measure surface currents.

The float contains the GPS unit and satellite telemetry system, and a LED flasher that activates at
night. Position data were transmitted via the Iridium network every 10 mins.

Figure 2-1:  Pacific Gyre Microstar Drifters. The drogue beneath the water is 1.2 m x 1.2 m, and the surface
float is 20 cm in diameter. GPS locations are transmitted every 10 minutes.

2.2 Wind data

Wind speed and direction data were obtained at 10-minute intervals from the Wanaka Compact
Weather Station (Wanaka CWS) located on the Wanaka Golf Course (Figure 1-1). This station has
been active since 28 October 2015. Hourly data are available since records began. Unless otherwise
specified, we follow the meteorological convention of describing wind direction as the direction from
which the wind blows. This contrasts with the convention used in oceanography where the direction
of water movement is defined as the direction in which the water is moving.

2.3 Deployments
Drifter deployments were done over three periods.

1. A pilot study was conducted on 26 April 2022, using five drifters from 1 pmto 5 pm
under calm, still conditions.

2. Athree-day deployment was conducted from 7-9 June 2022 using ten drifters under
moderate north-west winds.

3. Afour-day deployment was conducted from 8-11 August 2022 using ten drifters under
mild winds mostly from the south-east or north-west.

Lake Wanaka Roys Bay drifter study 7



3 Results

3.1 Deployment1

The first deployment occurred during light winds of 1.5-1.8 m/s (5.5—6.5 km/h) from the west, with a
slight shift to more north-westerly wind over the final hour (Figure 3-1). Wind speeds were similar
over the preceding week, with directions fluctuating between easterly and westerly winds.
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Figure 3-1: Wind speed and direction from 25 to 28 April 2022. Winds were recorded at the Wanaka
township. The grey bar indicates the period that drifters were in the water.

An alternative way to visualise wind speed and direction is to plot wind run. Wind run is the
cumulative distance that a parcel of air would travel when released from the wind station. When
calculating wind run, we assume that wind speed and direction do not vary in space. As this is not
true (for example, terrain such as the mountains around Lake Wanaka results in different wind speed
and directions in their vicinity), wind run does not show the true path that air travels but is indicative
of motion of air past the wind station. Wind run for the first deployment period (13:20 to 17:30 26
April 2022) is plotted in Figure 3-2. This shows reasonably steady wind speed and direction (blowing
towards the east) for the first 3 hours, with wind then veering towards the south-east.

8 Lake Wanaka Roys Bay drifter study
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Figure 3-2:  Wind run during the 26 April 2022 drifter deployment. Wind run was calculated by
accumulating wind speed and direction measured at the Wanaka CWS at 10 min intervals. Red dots are plotted
at hourly intervals.

Five drifters were deployed in a line across the bay north of Ruby Island (Figure 3-3). During the ~4-
hour deployment, drifters on the western side of the bay and mid-bay moved towards the township,
while the two drifters near the eastern shore moved north-west or northward (Figure 3-3). The
westmost drifter travelled at ~0.22 km/h, covering 890 m in four hours. The slowest moving drifter,
near the eastern shoreline, averaged 0.10 km/h, travelling 360 m in total, although only 50 m in the
final hour as it moved into shallow water near shore. The drifter tracks suggest anticlockwise
movement of water in the outer Roys Bay under mild westerly winds.

Lake Wanaka Roys Bay drifter study 9
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Figure 3-3:  Drifter tracks from April 2022. Points are shown at 10 min intervals. Drifters were placed in the
positions marked by squares, and their end point marked by the large circle. Wind run, shown at 10% of full
scale over the same period, is plotted in the lower right, starting from Wanaka CWS.

3.2 Deployment 2

The second deployment started at 14:20 on 7 June 2022 and extended through until 13:00 on 9 June
2022. Winds were mostly from the north-west other than overnight from 17:00 on 8 June until 7:00
on 9 June. Average wind speeds started at ~5 m/s (18 km/h) and decreased to ~1 m/s (3.6 km/h) by
the evening of 8 June.

10 Lake Wanaka Roys Bay drifter study
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Figure 3-4: Wind speed and direction from 6 to 11 June 2022. The grey bar shows the period drifters were
deployed. Based on 10 min wind data from Wanaka CWS.

Wind run over the time of these drifter deployments is plotted in Figure 3-5. This shows even more
clearly the prevailing winds from the north-west until ~21:00 on 8 June. The wind changed to south-
east until 7:00 on 9 June when the north-westerly recommenced.

Lake Wanaka Roys Bay drifter study 11
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Figure 3-5:  Wind run during the June drifter deployments from 14:00 7 June to 13:00 9 June 2022. Wind
run is calculated from 10 min data recorded at the Wanaka CWS. Red dots are plotted at 1-hour intervals.

Ten drifters were deployed throughout Roys Bay. Drifter tracks over the whole deployment are
plotted in Figure 3-6. Several drifters grounded either on the shoreline in front of the township
(drifters 11, 21 and 23), along the eastern side of Roys Bay from Eely Point to Beacon Point (11, 12,
13, 14, 17, 18, and 22) or on Ruby Island (13 and 21). The drifters were redeployed in Roys Bay;
hence, multiple tracks are shown. Animations of drifter tracks during this deployment are provided
alongside this report.
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Figure 3-6:  Drifter tracks from deployment 2, 14:20 7 June 2022 to 13:00 9 June 2022. Drifters were
released at the points marked by open squares, and the end of each path indicated by filled circles. Points are
plotted every 10 minutes. Drifters that washed ashore were repositioned in the bay, resulting in multiple tracks
for most drifters. The yellow arrows in the lower right show the relative spend and direction the wind was
blowing towards at hourly intervals.

Drifter tracks are shown over shorter time windows in Figure 3-7a—f. Wind run over each time
window is also shown in each plot, starting from Wanaka CWS where winds were measured. Wind
run is shown at 5% of full scale to fit on the plots.

During the first 18 hours (Figure 3-7a-c), all drifters travelled with the wind, moving towards the
south-east, except drifter 21 which for a few hours travelled south-westward across inner Roys Bay
before turning to head back towards the township. This suggests a possible clockwise gyre in the
south-east corner of Roys Bay under north-west wind conditions. Wind speeds averaged ~2.4 m/s
(8.6 km/h) over this time.

Most of the drifters had grounded or washed ashore overnight either north of Eely Point, on the

foreshore in front of the township, or on Ruby Island. By 6:00 8 June 2022, only drifters 11, 23 and 24
were still afloat, and these also grounded during the morning of 8 June. All drifters were repositioned
around 13:00 on 8 June (Figure 3-7d), and most continued to travel south-east, except drifters placed

Lake Wanaka Roys Bay drifter study 13



in outer Roys Bay which travelled easterly, or in the case of drifter 22, north-easterly as the wind
speeds decreased before changing direction between 19:00 and 21:00 on 9 June 2022. This may be
caused either by different wind directions in different parts of the bay, or a relaxation of wind-
induced setup of the lake surface when wind speed dropped, with water that had been pushed
towards the township now beginning to flow outwards. Wind speeds between 12:00 to 21:00
averaged 1-1.4 m/s (3-5 km/h).

From ~21:00 8 June to 7:00 9 June, winds were gentle (<1 m/s) from the south-east. Drifters travelled
slowly and in highly variable directions during this period (Figure 3-7e). Some drifters travelled in
circles, especially drifter 22 (dark blue) which appears to have become trapped in a gyre near Beacon
Point, making four complete clockwise circulations within 200 m over the 10 hours.

After sunrise (Figure 3-7f), variable but light (0.5-2 m/s) north-west winds prevailed, with the six
drifters still afloat traveling in patterns generally like those seen the previous day under similar
conditions (Figure 3-7d).

14 Lake Wanaka Roys Bay drifter study
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Figure 3-7:  Drifter tracks shown over different time intervals during the June 2022 deployment details.

The initial location of drifters in each time interval is marked by squares, and the position at the end of the time
interval by the labelled large solid circle. If drifters were repositioned during the interval shown, two tracks are
plotted for that drifter. Wind run from the Wanaka CWS is plotted in the lower left of each figure at 5% of full
scale.
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3.3 Deployment 3

The third deployment attempted to capture water motion in Roys Bay under southerly conditions.
However, actual wind conditions were variable, with mostly mild winds (0.5-2 m/s) from the east,
with intervening periods of northerly or westerly winds (Figure 3-8).
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Figure 3-8: Wind speed and direction from 7 to 12 August 2022. The grey bar shows the period drifters
were deployed. Based on 10 min wind data from Wanaka CWS.

The wind run over the period of this drifter deployment is shown in Figure 3-9. This shows that winds
were generally blowing towards the west, but with periods towards the south and the east.
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Figure 3-9:  Wind run at the Wanaka CWS over the duration of deployment 3 from 16:00 8 August to 10:00

11 August 2022. Wind run is calculated from 10 min wind speed records and shows the virtual track of a
tracer released from the wind station. Red dots are shown at hourly intervals.

Drifter tracks over the three-day deployment are at first glance chaotic (Figure 3-10), with several
drifters showing frequent changes in direction, including direction reversals and spiralling.

Lake Wanaka Roys Bay drifter study
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Figure 3-10: Drifter tracks from 8-11 August 2022. Drifters were released from locations marked with
squares, and the end point of each tracked marked with a solid circle and number. Locations are shown at 10
min intervals. Note that most drifters were relocated during the deployment, hence multiple tracks are shown
for these drifters. The yellow arrows show hourly relative wind speed and direction at Wanaka CWS.

The motion of the drifters in response to wind speed and direction is most easily seen in the
animations provided alongside this report. But to illustrate the drifter motion over the three-day
deployment, drifter tracks are shown over 11 hour periods in Figure 3-11a-f. Wind run (the distance
and direction a parcel of air would have travelled) from the Wanaka CWS over the same period is
shown in each plot, but note that wind run is shown at 10% of full scale in order to fit on the plot,
and is intended as a guide to compare relative wind speed and direction between each plot.

Winds were from the south-east for the first 7 hours of the drifter deployments, then trended
easterly for two hours (at 11:00 8 August 2022) before swinging to northerly at 01:00 on the 9 August
2022. Drifters generally travelled with the wind in a north-westerly direction for the first 7 hours,
with most drifters then moving westerly or southerly as the wind direction changed (Figure 3-11a).

From 03:00 to ~10:20 9 August (Figure 3-11b), winds continued blowing from a northerly direction,
before switching to the west, then east, and continuing from a northerly direction around 13:00 9
August. Drifters again moved with the wind, with most drifters moving in a southerly direction, and
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some showing changes in direction around the same time as the observed wind shifts (e.g., drifters
14, 17 and 24). Two drifters in the outer bay (12a and 22) travelled west/south-west, perhaps due to
surface water from Dublin Bay being pushed across the entrance to Roys Bay.

From 14:00 to 17:00 9 August 2022, winds changed between coming from the north, then the south-
west; then from 17:00 onwards, were consistently from the east. Drifters travelled in variable
directions throughout the bay during this period (Figure 3-11c). In the outer bay, drifters generally
travelled westward, while those in the inner bay travelled south or eastward. Note that some drifters
were retrieved from where they had grounded near the shoreline (15, 18, 21), or if they looked likely
to run aground (13, 17, 24) and where redeployed in the lake at approximately 17:00 9 August.

Figure 3-11d shows drifter motion and wind between 01:00 and 12:00 10 August 2022. From 01:00
to 10:00, winds were consistent in speed (~1 m/s) and direction (from the east), before rotating
through 180° over the next two hours. Several drifters were repositioned between 9:00 and 10:00 10
August, just before this wind shift occurred. The repositioned drifters are those with the ID number
followed by the letter “b”. Most drifters travelled only a short distance (<500 m) during this 11-hour
period, except for those drifters near Beacon Point (22a and 24a) which travelled northwest parallel
to the shore for 1100-1200 m. Meanwhile, drifter 14a which started near Beacon Point, travelled in
an anticlockwise loop, ending up almost in the position it started at before being retrieved and
relocated. Drifter 21a, which started ~640 m southwest of 14a, travelled north, then north-west,
before appearing to be captured in the same gyre as 14a, ending up only 50 m apart when they were
both retrieved at 9:20 10 August.

The period from 12:00 to 23:00 10 August 2022 again experienced variable wind speed and direction
(Figure 3-11e). After an hour of wind from the south-west, there was near calm for the next 3 hours.
Over the following three hours, winds were from the west, before reversing direction. Drifters
released south of Eely Point generally travelled south, into the bay, while those released north from
there travelled eastward and/or northward. Drifter 13 grounded at the shore near Sunrise Bay Rd
(west shoreline) around 16:00.

Over the final 11 hours of this study (23:00 10 August to 10:00 11 August 2022, Figure 3-11f), winds
were mostly from the east, averaging 0.6 m/s (2.2 km/h). Drifters continued from their final position
in the previous figure until being retrieved between 9:00 and 10:00. Most drifters travelled
southward (12, 14, 15, 21, 24) or westward (17, 18, 22), except drifter 11, which travelled north-west
then north-east, undergoing a 360° change in direction along the way. This drifter may have
encountered the previously described gyre near Beacon Point. Drifter 13 had washed ashore the
previous afternoon, drifter 14 grounded at Eely Point around 6:40 11 August, and drifter 18 ran into
Ruby Island around 8:00 11 August 2022.

Lake Wanaka Roys Bay drifter study 19
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Figure 3-11: Drifter tracks over 11-hour intervals during the 8-11 August 2022 deployments. In each plot,
drifter start position is marked with an open square, and final position by the solid circles with ID numbers for
each drifter. Intermediate points are plotted at 10 min intervals. Wind run, shown at 10% of full scale, is
plotted in yellow, starting from Wanaka CWS in each plot.
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3.4 Interpolated velocity fields

To build a picture of surface water circulation patterns under different conditions, we combine data
across all three deployments.

First, we compare wind speeds and directions during the deployments with all data from the Wanaka
CWS since it opened on 28 October 2015 in Figure 3-12, to gauge how representative wind
conditions during the deployments were. Wind directions during the deployments (Figure 3-12a)
resemble those seen since records from the station began (Figure 3-12b), with easterly and north-
westerly winds dominating. During the deployments, hourly average wind speeds of up to 4.4 m/s
(15.8 km/h) and gusts of 9.7 m/s (35 km/h) were measured. Station records for highest hourly
average and gust wind speeds are 8.4 m/s (30 km/h) and 17.5 m/s (63 km/h) respectively. Despite
peak hourly and gust wind speeds being around half of station maximums, they rank within the 96"
percentile of all records from this station, suggesting the drifter deployments did capture typical
wind conditions.
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Figure 3-12: Wind roses (a) for all wind data combined over the three drifter studies, and (b) for all
observations since 28 October 2015. The wind rose shows the directions winds were from, with distance from
the centre being the % of time wind was from that direction, and the colours show the distribution of wind
speeds from that direction. Data from Wanaka CWS.

During the drifter deployments, stronger wind speeds (hourly average up to 4.4 m/s, 10 min averages
up to 6 m/s) were observed from the north-west, while easterly winds were mostly below 1 m/s (3.6
km/hr).

We therefore grouped drifter data based on 10 min averaged wind speed and direction as follows:
Moderate NW: >3 m/s from the north-west (wind direction between 270° and 360°)
Mild NW: <3 m/s from the north-west
Easterly: winds from the east (wind direction 60 to 120°)

Drifter speed and directions were calculated for all observations during each of these conditions and
interpolated onto a regular grid at 250 m spacing. These interpolated data are shown as vectors in
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Figure 3-13 to Figure 3-15. These figures also show stream traces, which are lines that follow the
direction of flow, giving a further visual indication of the patterns of currents in Roys Bay.

Under moderate (3—6 m/s) north-west winds, interpolated surface velocities show currents in Roys
Bay of 0.1-0.2 m/s directed south-east towards the township (Figure 3-13). Currents were strongest
in the north-eastern part of Roys Bay, and weakest in the south-eastern part of the bay. No drifters
were present near the western shoreline under these wind conditions; hence, no velocity vectors are
shown in this area.
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Figure 3-13: Interpolated surface currents under moderate north-westerly winds >3.0 m/s. Surface
velocities were interpolated onto a 250 m grid from all drifter data recorded when winds at Wanaka CWS were
>3.0 m/s and from 270° to 360°.

Under mild north-westerly winds, patterns in surface currents were generally similar to those seen
for moderate north-west winds (Figure 3-14). The most noticeable differences were lower surface
velocities (mostly around 0.05 m/s), and at the entrance to Roys Bay there is inward flow along the
western side and outwards flow on the eastern side near Beacon Point. There was greater coverage
of the bay by drifters under these wind conditions, allowing surface velocity vectors to be
interpolated over most of Roys Bay.
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Figure 3-14: Interpolated surface currents under North-westerly winds <3.0 m/s. Surface velocities were
interpolated onto a 250 m grid from all drifter data recorded when winds at Wanaka CWS were <3.0 m/s and
from 270° to 360°.

Surface currents were highly variable under easterly winds (Figure 3-15). In the inner bay, surface
currents were to the south-east towards the shore. Over the rest of the bay, it is difficult to define a
coherent pattern. Figure 3-15 appears to show several large gyres at various places within the bay. It
is not clear whether these are consistent and stable flow structures or result from interpolating from
drifter locations at different times under unstable wind conditions.
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Figure 3-15: Interpolated surface currents under easterly winds. Surface velocities were interpolated onto a
250 m grid from all drifter data recorded when winds at Wanaka CWS were from 60° to 120°.

Frequency distributions of all drifter speeds as well as under each wind condition are shown in Figure
3-16. While data have been cleaned to remove times when drifters were washed ashore or
permanently grounded, some periods when drifters were temporarily stationary or stranded may be
included in these distributions. Speeds were calculated from the displacement between each
reporting interval. GPS precision was around + 5 m (estimated from the drifter GPS coordinates
recorded when drifters were on shore), indicating that estimated speeds <0.01 m/s could be
considered stationary.

The widest range in drifter speeds was seen under moderate (3—6 m/s) north-west winds (Figure
3-16b). While drifter speeds of up to 0.23 m/s (0.83 km/h) were recorded, most (two thirds of) drifter
speeds were between 0.04 and 0.07 m/s. Under mild north-west winds, most drifter speeds were
between 0.025 and 0.047 m/s (Figure 3-16c). Under easterly winds, most drifter speeds were
between 0.017 and 0.032 m/s (Figure 3-16d).
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Figure 3-16: Frequency distribution of drifter speeds under a) all conditions, b) moderate north-westerly

winds, c) mild north-westerly winds, and d) mild easterly winds. Moderate north-westerly winds are >3 m/s,

mild north-westerly winds are <3 m/s. Wind speeds were measured at Wanaka CWS. Drifter speeds were

calculated from the distance travelled between each 10-minute reporting interval.
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4 Summary

Drifters were deployed on three occasions, capturing information on surface currents in Roys Bay
over a total of 4 days and 21 hours. While we attempted to capture data under a range of wind
conditions, prevailing winds were north-westerly or easterly winds, which are typical of winds
recorded at the Wanaka Compact Weather Station located on the Wanaka Golf Course. The
strongest winds during the deployment were from the northwest, reaching 6.0 m/s (22 km/h) based
on 10-minute average speeds. Wind speeds and directions may have been different over the lake,
and it is likely that higher windspeeds occurred over water away from the sheltering effects of
buildings, trees, and other vegetation.

Drifters were set with their drogues centred at 1 m depth so captured only the motion of water near
the surface. The surface currents are strongly influenced by wind speed and direction, and not
surprising, drifters generally travelled with the wind, especially under north-westerly winds. The
other prevailing wind direction as recorded at the Wanaka Golf Course is easterly, and drifters
described a much more chaotic pattern of surface currents. In inner Roys Bay, surface currents were
generally onshore. Under mild north-westerly and easterly winds, we observed outflow from Roys
Bay near Beacon Point. Often, drifters were caught in a gyre near Beacon Point. Drifter speed
generally increased with wind speed, and generally increased with distance from shore.

This study only considered surface currents under a limited range of conditions. With water depths
reaching ~120 m in outer Roys Bay, it is highly likely that water moves in different directions through
the water column. For example, the onshore currents in inner Roys Bay are likely balanced by
offshore motion deeper below the surface. Measuring currents below the surface requires a
different approach, such as mooring current meters in the lake. The drifter study provides
information that will be useful for validating hydrodynamic models of Roys Bay. Such modelling may
also provide further insight of currents and circulation under different wind conditions and in areas
of the bay where drifters did not travel.
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