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Lake Hawea lies within a glacial valley on the South Island of New Zealand. The southern shore of the lake consists
of easily eroded glacial moraine that represents a problem area due to homes constructed there. In 1961 the lake was
converted into a reservoir and its level was raised by 20 m with an operating range of about 8 m. The raised water
levels produced erosion of the moraine to form a nearly vertical cliff. The released gravel forms a fronting beach that
is now sufficiently wide to reduce further cliff erosion except during times when high lake levels coincide with the
generation of waves by strong winds blowing along the length of the lake. Such an event occurred during December
1995 through January 1996, resulting in significant cliff erosion and the destruction of a revetment that had been
built following a similar occurrence in 1984. The 1995/96 erosion is analyzed using a model that evaluates total water
levels achieved by the runup of waves superimposed on measured lake levels. The total water levels are compared
with geomorphic features associated with this extreme event, including wave-cut notches in the eroded cliff and
elevations of accretional beach ridges that were overtopped by the high water levels. A plan has been developed to
reduce future erosional impacts, one that includes building a wider beach in critical areas by beach nourishment. The
construction of groynes would restrict movement of the nourished gravel and trap additional sediment from longshore
transport, material that otherwise has been a problem because of its accumulation adjacent to the dam on the reservoir.
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INTRODUCTION
The erosion of coastal properties occurs when elevated water levels combine with storm waves to attack foredunes or
cliffs backing the beach. On ocean coastlines, the mean water
level is determined by tides and processes such as the occurrence or a storm surge or EI Niiio events (KOMAR, 1998).
Analogous process are important to shoreline erosion on lakes
and reservoirs, but where humans exert a significant control
on mean water levels.
This paper reports on shoreline erosion problems experienced in Lake Hawea, a glacial lake in New Zealand that in
1961 became a reservoir as part of a hydroelectric scheme
(Figure 1). The newly established elevated water levels induced significant shoreline change, with cliffs eroding and
releasing gravel that accumulated to form beaches. The erosion was particularly severe between December 1995 and
January 1996, when river runoff raised the level of the lake
and storm winds generated large waves. Analyses have been
undertaken of the total water levels due to the mean elevated
lake level plus the runup of the storm waves, with the results
compared with geomorphic features. In a sense, this event
provides an experimental test of models developed to evaluate property erosion on ocean shores (SHIH et al., 1994; RUGGIERO et al., 1996). There are other factors important to the
98190 received 29 June 1998; accepted in revision 17 December 1998.

erosion, including beach gravel removal that affects the budget of beach sediments. The objective of this paper is to present analyses of the lake processes and other factors causing
shoreline erosion in Lake Hawea as well as potential erosion
mitigation methods.

lAKE HAWEA-GIACIAL ORIGIN AND
MODIFICATIONS
Lake Hawea is a typical Alpine lake of glacial origin (Figure 1); it is long (41.9 km total length), narrow and deep. It
has a total area of 138 km 2 and a contributing catchment area
of 1395 km-, The lake is flanked by high mountain ridges, so
that strong winds are topographically channelled along its
length, the direction of maximum fetch. The winds generate
high waves that are concentrated mainly along the south
shore of the lake.
At its southern end the lake is impounded by a moraine
ridge spanning the glacial valley. This ridge is variously composed of unsorted boulders, gravel and sand, but also contains glacial tills formed predominantly of silts and clays.
These materials are weakly resistant to wave attack, and
their erosion during periods of high lake levels constitutes
the main threat to the Township community of Lake Hawea,
homes and associated infrastructure constructed along the
moraine ridge.
This natural glacial lake was modified to become a reser-

Shoreline Erosion in New Zealand

Figure 1. Lak e Hawea and its catchment on the South Island of New
Zealand.

voir as part of a large hydroelectric scheme connecting severallakes on the South Island. A dam was constructed on the
outlet river at the western end of the south shore. The lake
level was raised on average by 20 m, culminating at the end
of 1961. As part of the hydroelectric generation scheme, an
annual operating range of 8 m has been operated since 1984
with a maximum control level (MCL) having an elevation of
346 m [all elevations are above mean sea level datumAMSLD]. Between 1980 and 1984 the range was 16 metres
(346 m-330 m). Prior to 1980 a 19.35 m range existed with
the normal minimum operating level at 327.4 m and the normal maximum operating level at 346 .75 m. In the present
water level regime there is provision to exceed the annual
operating range (both above 346 m and below 338 rn) . The
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range is controlled in large part by the seasonality of rainfall
and snow melt on the high mountains within the catchment,
but also by the release of water during the winter for power
generation. As a result, the highest water levels tend to occur
during early to mid-summer, specifically during November
through January in this Southern Hemisphere location. As
will be seen, significant rainfall events can quickly raise water levels on Lake Hawea, and this has been an important
factor in governing episodes of severe shoreline erosion.
Raising the water level on Lake Hawea in 1961 resulted in
major shoreline readjustments toward a new equilibrium.
The shoreline is thus only 35 years old, a short time in which
to develop a stable coastline. Much of the readjustment involved the erosion of cliffs, and this has been particularly the
case along the south shore where erosion of the glacial moraine has advanced at a fast rate. In this area, establishment
of a smooth equilibrium shoreline necessitated the erosion of
"headlands" into parts of the moraine directly impacted by
high water levels, and the development of accretional gravel
ridges across gullies previously cut into the moraine. In the
developed Township area with homes, erosional "headlands"
occur at Flora Dora and Parry Crescent in the west, and another at Skinner Crescent (Figure 2). These represent the
most critical areas of erosion. Further to the east is an extended length of eroding cliff, but the land loss there is less
critical as it only affects pasture lands.
Little information was available on the rates of erosion and
shoreline change since modification of the lake in 1961, so
part of our investigation included analyses of aerial photographs made in 1966, 1974, 1977 and 1996 (KIRK et al.,
1996b) . Due to these having been combined to form mosaics,
we were unable to control fully for radial distortion or other
forms of error. As a result, we instead selected a series of
identifiable points close to the shore that are common to all
photographs. Both erosion and accretion are indicated by the
analysis. The rates of change were generally greater in the
early post-control period, decreasing in more recent years as
the shore has approached a new equilibrium with the elevated water levels. For the entire 30 year period from 1966 to
1996, average erosion rates ranged from -0.1 to -0.6 m/year,
while beach accretion rates were in the range +0.05 to +2.1
m/year. The changes would have been most dramatic during
stormy seasons with high lake levels (such as the summer of
1995/96), and comparatively dormant for long periods at other times.
Fine sediments released by erosion of the moraine along
the southern Hawea shore have been dispersed into the deeper parts of the lake, while the less abundant coarse constituents have been retained to form a fronting beach composed
of coarse sand through cobbles, together with the occasional
boulders. Another significant sediment source to the growing
beach has been Johns Creek toward the eastern end of the
south shore (Figure 2). Episodic floods in this creek transport
large quantities of sand and cobbles onto the beach, with the
waves subsequently winnowing out the smaller grain-size
fractions while clasts too large to move have accumulated to
form a delta. Due to the embayment shape of this easternmost part of the south shore, sediment contributed by Johns
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Figure 2. The south shore of Lake Hawea, showing the Township and the sites studied.

Creek is largely retained in this area, and does not substantially contribute to the beach to the west.
Further to the west along the south shore there is a net
drift of beach sediment from east to west. Thus, sediment
derived from cliff erosion of the moraine at Grandview Cliffs
slowly moves westward under wave action, passing along the
beach fronting the Township community and ultimately accumulating in the vicinity of the dam at the western end of
the south shore (Figure 2). This accumulation has been a
problem in that it accumulated on the culvert structures of
the outlet and adversely affected its design seismic loadings.
In October 1993, some 16,000 m" of sediment were removed
from the tops of the culverts and trucked down river, thus
removing it from the beach system of the south shore. Based
on the rate of sediment accumulation near the dam, it is estimated that the minimum average net westward longshore
transport is roughly 500 m''/year.
The south shore has a relatively simple budget of sediments , with erosion of the moraine being the primary source,
with some contribution from Johns Creek to the east end of
the beach. The length of the eroding till backshore is approximately 4 km and its average height is 8 m. With an average
erosion rate of 0.52 m/year determined from the aerial photo
analysis, the average total yield of sediment over the past 30
years is calculated to have been 16,640 mvyear. But a maximum of 20% of this material is coarse enough to remain on
the beach, so the effective yield is about 3,300 mvyear. The
annual gain of coarse sediment is therefore substantially
larger than the 500 mvyear lost to littoral drift to the west
and its accumulation at the dam intake; this net gain accounts for the long-term growth of the gravel beach along the
length of the south shore. In terms of the entire 30-year analysis and approximate timespan of the littoral system since
the lake level was raised in 1961, the total quantities of sediment involved in the budget of sediment are:
Coarse sediment contributed from moraine
erosion:
Coarse sediment contributed from Johns
Creek:
Sediment removed from dam intake (1993) :

+99,000 m"
unknown
-16,000 m"

The balance is a net gain of at least 83,000 m" of coarse sediment that was available to form the beach along the south
shore. If spread over the full 6 km length of the beach, this
represents 13.8 m vrn of shoreline; excluding the eastern end
where Johns Creek is the primary source, the contribution to
the beach is probably closer to 20 mvrn.
In summary, the critical area of erosion on Lake Hawea is
the 6 km length of the south shore, the area that receives the
greatest wave energy due to the long fetch length to the
north. The south shore can be divided into three broad reaches based on their behaviour. The extreme eastern section
(about 1 km long) is nourished by sediments from Johns
Creek and by some erosion of till bluffs . Because of the plan
form of the shore relative to storm wave action, sediment is
trapped within the embayment. The next 2 km section of
shore contains the prominent Grandview Cliffs, Figure 2,
that are being eroded to supply coarse sediments (approximately 20% of the cliff material) to the fronting beach. The
oblique storm wave action causes the gravel to drift toward
the west, so this represents the updrift source for the Township Beach. The Township Beach is the 3 km of shore that
consists of three eroding glacial-till headlands with accretional beach ridges between, the critical area of erosion due to
the heavy development of homes. The ultimate destination of
the longshore drifted sediment is the area around the dam
and water intake.

THE 1995-96 EROSION EVENT
A sizeable beach has accumulated along the south shore of
Lake Hawea, composed of sand through cobbles and having
a steep slope . With low water levels in the lake, this beach
is fully exposed, but during the summer months with high
lake levels the beach narrows considerably . However, the
beach is now sufficiently wide to offer a fair degree of buffer
protection of the moraine cliffs along the south shore, such
that erosion occurs only during times when exceptionally
high lake levels combine with the runup of large waves.
Such a combination occurred between December 1995 and
January 1996, resulting in significant erosion along the south
shore (Figure 3). In early December 1995 the water level was
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Figure 3. Average daily lake levels and hindcast eva luations of deep-water significant wave heights at t he southern end of Lake Hawea during December
1995.

j ust below t he 346 m maximum control level and discha rge
from the outlet was at t he normal maximum of 200 cumecs.
Intense rainfall in the Clutha River catchment during 13- 14
December 1995 rapidly raised t he water level by another mete r (347.23 m) which it maintained throughout the remainder
of the month a nd during muc h of J an uary 1996. In a n attempt to reduce downstream flooding at the town of Alexandra, on 13/14 December outflow from Lake Hawea was re duced to the normal minimum of 6 cumecs. The discharge
was then increased as the flood receded until normal maximum discharge from Lake Hawea was re-establis hed on 16
December. This flow was maintained apart from a brief period on 1 January 1996 until after lake levels fell below the
normal maxi mum cont rol level in mid-January. Lake water
levels remained close to 347 m through ea rly January 1996
and did not fall below t he MCL of 346 m until January 17.
Therefore, water levels exceeded t he MCL for a total of 36
days during the events described above.
Erosion of the cliffs along t he south sho re occurred
throughout t his period, whenever strong winds generated
waves ha ving sufficient energy and runup to impact t he cliffs.
Waves for December 1995 t hrough January 1996 were hi ndcast using the computer model NARFET deve loped by the
Coastal Engineering Research Center of t he U.S. Army Corps
of Engineers (SMITH, 1991). This mode l was form ulated spe cifically for wave generation on small bodies of water like
Lake Hawea, where fetches are limited and vary wit h directio n due to the convoluted shoreline. Wave measurements on
Lake Dunstan (also on the South Island) have shown that

NARFE T provi des satisfacto ry predictions of wave conditions
(ALLAN, 1998). Wind dat a for hindcastin g wave generation
on La ke Hawea ha ve bee n obtained from NIWA (Meteorological Service) for the nearest reco rding station at Wanaka, a
measu rement site 12 km to the south that is like ly to re present conditions at t he southern shore of La ke Hawea. Daily
hindcast deep-water wave heights for Lake Hawea a re
graphed in Figure 3, a nd show the occurrence of numerous
sto rms during t he month-long period of high lake levels . Accordi ng to the hindcast results, deep-water significant wave
heights were as large as 1.24 m, wit h t he corresponding
breaker heights on the south shore beach reaching up to 1.29 m.
Of importance to t he occurrence of cliff erosion is t he total
elevation achieved by the water compared with the elevation
of the toe of the cliff where it meets t he sloping beach. Models
have been devised for analyzing such occurrences on ocean
beaches (SHIH et al., 1994; RUGGIERO et al., 1996), and with
minor rev ision can be applied to cliff erosion along the southern shore of La ke Hawea. Rather than being controlled by
tides a nd processes such as storm surge (impo rtant on
oceans), t he mean water level on Lake Hawea is controlled
by water retention behind the dam a nd by episodic rainfa ll
such as t hat during December 1995 . Water leve ls along the
south shore are also affected by southward-directed winds
that pile water up against the shore, in effect creating a
storm surge. In that lake leve ls a re mea sured at t he dam on
the south shore, the measurem ent s include all of these factors. It re mains only to calculate the swash runup of the
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waves, to be added to the measured lake level to determine
the total water elevation.
The hindcast deep-water wave parameters have been used
to calculate vertical runup heights on the beach along the
south shore. There is a considerable literature derived from
studies of wave runup on structures such as jetties and on
natural beaches; DOUGLASS (1990) provides a review, and
VAN DER MEER and STAM (1992) have undertaken a synthesis of the extensive laboratory results. The analysis approach
used in the present application is based mainly on the field
measurements of HOLMAN and SALLENGER (1985) at the
Field Research Facility, Duck, North Carolina, and in particular on the results of HOLMAN (1986) derived from his reanalysis of the data to evaluate extreme runup elevations.
HOLMAN analyzed runup in terms of the mean runup level,
the significant level (elevation of the highest one-third), the
20/0 exceedence elevation, and the absolute maximum runup
elevation achieved during a 20-minute measurement record.
In the present application, we have used the 2% exceedence,
denoted by R 2 r;" since we are concerned most with the extreme runup elevations. It is apparent that erosion of the cliff
base at Hawea occurs mainly in response to these rarer, more
extreme events. Similar to earlier studies, HOLMAN (1986)
found that this runup elevation can be predicted by the relationship:

(1)
where H; is the deep-water significant wave height, C is an
empirical constant established by the measurements, and ~
is the dimensionless Iribarren number defined as:

(2)
where S is the slope of the beach face and La is the deepwater wave length given by La = (g/2Tr )T2 where g is the
acceleration of gravity and T is the wave period. Combining
the above equations yields:
1/2
R 2(/r. = CS(H L )1/2 = C ~
SH1/2T
(3)
( 2Tr )
S

0

S

for the runup elevation as a function of the deep-water significant wave height and period, and of the beach slope.
Equation (3) accounts for the total runup elevation due to the
presence of waves, that is, it combines the wave induced setup which raises the elevation of the mean shoreline, and the
swash elevation of individual waves beyond that mean shoreline. The value of C depends in part on the grain size of the
beach sediment which affects the frictional drag and porosity
(VAN DER MEER and STAM, 1992); based on the beach conditions on Lake Hawea, a value C = 0.90 was chosen for use
in all calculations.
Detailed analyses of wave runup and total water elevations
have been computed for 6 sites along the Township community of the south shore. The entire set of analyses can be
found in our unpublished reports (KIRK et al., 1996a, 1996b);
here, only representative examples will be presented. Analyses of the sites are based on detailed surveys of beach profiles

obtained during early 1996, obtained soon after the erosion
occurrence and while lake levels were still high. Later in
1996, additional profiles were obtained in the less critical areas, the eastern portion of the south shore. All profiles are
relative to Mean Sea Level, and therefore can be directly compared with evaluated water levels.
Figure 4 is a photograph of the cliff erosion that occurred
on Skinner Crescent during the 1995/96 event, while Figure
5A contains the beach profile from the site (HA4). The fronting beach contains the remains of a collapsed stone revetment that had been constructed in 1984, which was destroyed
during the 1995/96 event. A prominent wave-cut "nip" is apparent in the photograph, while the surveyed profile shows
an abrupt change in slope at the junction of the beach and
the base of the exposed cliff. These features clearly indicate
that the maximum level of effective erosion at this site during
the 1995/96 event took place at about the 347.8 m elevation.
Figure 5B graphs the measured mean lake levels and total
water levels for this site (Skinner Crescent), where the computed wave runup has been added. It is seen that the total
water level was consistently at about the 347.8 m level, with
the most extreme level reaching up to 348.5 m. Therefore,
there is a close correspondence between water levels experienced during the 1995/1996 flood event, and the geomorphic
evidence for the resulting erosion. At this site, the wave runup exceeded the elevation of the cliff base for 63 hours during
December 1995, that is for 8. 75(j(1of the time. The beaches at
other sites are narrower and steeper, factors that combine to
increase levels of wave runup and the frequency with which
the waves impact cliffs backing the beaches. Computed total
water levels were as high as 350 m at Flora Dora, and the
runup impacted the cliff for 222 hours during December 1995
(30.8o/a of the time). The break in slope between the beach
and cliff is less distinct at Flora Dora and the erosion did not
form a distinct notch, but it was evident that wave attack
extended up to elevations of 348 to 350 m, and the rock revetment was completely destroyed.
Geomorphic evidence for the elevation of the water levels
during the 1995/96 flood event is also present in the areas of
the accretional beach ridges crossing gullies cut into the moraine ridge. Figure 6 is a photograph of the ridge at Scotts
Beach to the immediate east of Skinner Crescent, taken during March 1996 soon after the event. Evidence from the site
demonstrated that the ridge had been built upward and landward during the 1995/96 event, with abundant drift wood
having been washed over the top of the ridge. Figure 7A is
the surveyed profile, showing that the top of the ridge is at
an elevation of 347.9 m. Also apparent in the profile is a distinct plateau or "bar" at an elevation of 346.5 m, interpreted
as having been the position of the breaker zone. With lake
levels at about 347m during the flood event, the water depth
at this inferred breaker position would have been about 50
to 75 em, which is reasonable for the typically 1 m high hindcast breaker heights for this event. The results of the runup
calculations are given in Figure 7B, demonstrating the frequent occurrence of total water levels (lake level plus runup)
at about 348 m, corresponding to the elevation of the beach
ridge (Figure 7A). The maximum runup elevation was 348.4
m, reached during the early morning of 31 December 1995.
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Figure 4. Ph otograph (31-03-96) of th e erosion th at occurred in the cliff at Skinner Crescent during the 1995/96 flood event, showing a "nip" in the cliff
th at documents th e level of wave attac k. The large rock slabs a re remn ants of a rev etment th at was constructed in 1984, but failed und er this first
significant impact by waves. View to west .

The 347.9 m elevation of the ridge crest was exceeded by the
runup for 37 hours during December, representing 5.1% of
the time.
The computed water levels during the 1995/96 flood event,
consisting of the measured lake levels plu s the calculated
runup of hindcast waves, therefore show a close correspondence with geomorphic evidence along the south shore, including both notches eroded into cliffs and elevations of accretional beach ridges. Computations of the hours of wave
action show that the cliffs came under direct wave attack for
a substantial period throughout December 1995 and January
1996 while high lake levels were maintained. This accounts
for the failure of the rock revetment built in 1984 to protect
the eroding cliffs, and also for the subsequent eros ion of the
cliffs and formation of the accretional beach ridges.

PREVIOUS HIGH LAKE LEVELS AND EROSION
EVENTS
A record of daily lak e levels is available sin ce 1961 when
the reservoir began operation as part of the hydroelectric system. Analysis of this record show s that water levels above
the MCL of 346 m have occurred 19 times during those 34
years (1962 through 1995). Most of these were for only a short
duration (e.g. 8 days in October 1988, 5 days in June 1993,
and 4 days in January 1994), short enou gh duration that
there was no concurrent storm event that generated high

waves leading to shoreline erosion. The one other major
shoreline erosion event occurred during the period December
1984 to February 1985, when water levels on the lake exceeded the MCL for a total of 50 days, with a maximum recorded lake level of 347.35 m. Such a long duration provided
a high probability that strong wave-generating winds occurred on the lake, resulting in total water levels that caused
cliff erosion along the south shore. This 1984/85 event caused
considerable damage to rock revetments that had been constructed along the south shore, which required their reconstruction and extension into unprotected areas.
The highest recorded water levels on Lake Hawea have
been 348 m in March 1967 and again in February 1968. A
level of 347.50 m was recorded in March 1969. Thus, in order
of highe st water levels , the extreme peak level during 1984
is rank 4 while that of December 1995 is rank 5. The calcu lated return period for the peak level of December 1995 is 6.8
years (probability = 0.147 ), whil e th e duration of the event
(36 days ) has an app roximat e return period of 17 years (probability = 0.059).
Th e analysis shows that the 1995/96 event was not exception al or aty pical of oth er earlier high water/large wave
events during the 35 year hi story of th e shore since operat ions began in 1961. Since the inte rval between extreme water level event s of appreciable duration is only about 11
years, it is clea r that erosion of cliffs along the south sh ore
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Figure 5. A) Beach profile at Skinner Crescent (HA4), measured during March 1996 after the 1995/96 flood and erosion event. B) Evaluated water levels
based on computed wave runup elevations on the beach at Skinner Crescent (HA4) during the 1995/96 flood event.

of Lake Hawea can be expected with a fairly frequent occurrence.

MITIGATION OF THE EROSION IMPACTS
Since the water level on Lake Hawea was raised in 1961,
there have been many efforts to reduce the resulting shoreline and cliff erosion. We are unaware of the precise construction dates of the earliest revetments that existed along the
south shore, those at Flora Dora, Parry Crescent and Skinner
Crescent. In an inspection made 14-16 December 1976, NATUSCH (1977) noted some "scattering" of heavy riprap placed
to protect "critical areas", so many of the structures date back
at least to 1977. The major erosion event in 1984 led to renewed activity toward reconstruction and expansion of revetment protection.
The status of revetment construction as of October 1986

was documented by the senior author (Figure 8, Upper) during a site visit. The material of the revetment evidently had
been tipped onto a geotextile filter cloth, and consisted of a
mixture having a large range of particle sizes, including sand
and small gravel unsuitable for shore-protection structures.
The largest cobbles and boulders within the revetment consist of the local metamorphic schist rocks, which have a pronounced platy shape. In the construction of revetments, more
equant-shaped particles are preferable to platy stones that
are particularly susceptible to sliding (CERC, 1984). The
slope of the revetment along the south shore was also very
steep (at least 15° slope), and this would have assisted the
sliding movement of the large blocks of schist.
The 1995/96 flood event provided the first significant test
of the effectiveness of the 1986 revetment, and it appears to
have rapidly failed under the attack of the combined high
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Figure 6. Photograph (31·03·96) of the beach ridge that accreted at Scotts Beach during the 1995/96 flood event, with some wave overtopping of the
ridge having carried drift wood to the landward side . View to east.

water level and storm-wave runup. Many portions of the revetment were overtopped during the 1995/96 flood event,
with the return flow acting to drag and slide the schist rocks
down from the structure. Scour at the toe of the structure
also evidently resulted in displacement of the revetment materials. Following the 1995/96 erosion event, rocks of the revetment were found scattered well down the slope of the
fronting beach (Figure 8, Lower).
As a short term measure to protect the Hawea Township
sewer line along the cliff top and high value residential land,
and to ensure public safety, some sections of the revetment
have been reconstructed, particularly along Skinner Crescent. This limited restoration work was designed for Contact
Energy Ltd . so as not to preclude adoption of other, longer
term control strategies (such as those recommended by the
authors and enumerated below). As part of the short term
restoration the largest schist rocks have been stacked in an
orderly fashion, but again at a steep slope and with insufficient foundation. The reconstructed revetment remains susceptible to failure under wave runup in future flood events.
Erosion of the moraines has also been the primary source of
sediment to the fronting beach, and cutting off this source by
construction of revetments acts to the detriment of the beach
and its recreational use. There is agreement among those
who manage the lakeshore that other mitigation efforts are
needed. We have proposed several measures that range from
local nourishment of the beach to the construction of groynes

to retain and widen the beach. An action plan for implementation of these longer term measures is under consideration
by the Crown and Contact Energy Ltd . at the time of writing.
One obvious measure is to prevent the loss of beach sediment to the westward littoral drift and its accumulation at
the dam intake. Construction of a long groyne across the
beach face at the western end of the Township beach would
serve this purpose, helping to solve problems with dam operations as well as reducing the loss of beach sediment. Since
its removal in 1993, gravel again has accumulated around
the dam intake. The 16,000 m" of gravel removed in 1993 is
equivalent to a section of beach 10 m wide, 2 m high and 1.6
km long; it is apparent that this represented a major deficit
in the budget of sediment, and would have helped considerably in reducing erosion problems had this sediment been
returned to the beach rather than being trucked down river.
Therefore, together with construction of the large groyne to
prevent future movement of gravel to the dam intake, the
accumulated gravel should be removed and placed as beach
nourishment in the areas of most critical erosion, that is,
fronting the eroding "headlands" like that at Flora Dora .
Thus, the recommended mitigation involves placement of
gravel at several critical sites, together with the construction
of short groynes across the upper beach to help retain this
nourishment material and to trap additional littoral drift.
The resulting wider and elevated beach would limit the pen-
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Figure 7. A) The complete beach profile a nd det ails of its landward portion a t Scotts Beach, showing th e pron ounced accretional ridge, measured during
March 1996 after th e 1995/96 flood event. B) Eva lua te d water levels based on computed wave runup elevations on th e beach at Scott s Bea ch du ring th e
1995/96 flood event.

etration of wave runup to the backshore deposits, thereby
reducing erosion.
It is a pparent th at there is no single solution to the erosion
problems experienced along the south ern shore of Lake Hawea. We consider it just as important to maintain high quality
beaches as it is to control erosion, and the strategy we have
proposed should achieve both objectives.

SUMMARY OF CONCLUSIONS
Erosion along the shores of Lake Hawea after lake levels
were raised in 1961 is illustrative both of pr oblems that can
develop on lakes and also on ocean shores where erosion is
often the result of elevated water levels combining with
storm-generated waves. Even in this seemingly simple case,

th e erosion is a result of poor se di ment management practices, sp ecifically th e removal oflarge quantities of sediment
that had accumulated near the dam inl et, with th e actual
erosion episodes determined by periods of prolonged elev ated water levels combining with storm waves . In one sens e,
the case study of erosion on Lake Hawea has provided a
partially controlled experiment to test models developed to
an alyz e coastal erosion (sea cliffs or foredunes ) on ocean
shores ( S H I H et al ., 1994 ; R UGGIERO et al., 1996) . Th e models have demonstrated their us efulness on Lake Hawea in
providing evaluations of total water levels, those due to
mean lake levels plus the calculated runup of storm waves.
It was shown th at during the 1995/96 flood event, for prolonged periods water levels exceeded the elevations of re-
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Figure 8. (Upper) A 1986 photograph of the revetment constructed at Skinner Crescent to protect the eroding cliff. (Lower) Failure of the revetment
during the 1995/96 flood event, the first time the wall came under significant wave attack.

vetments, contributing to their failure. The calculated water
levels were found to correspond closely to geomorphic evidence along the south shore, including "nips" eroded into
the exposed cliffs and elevations of gravel beach ridges that
accreted upward and landward during the flood event.
Mitigation of the erosion problem in Lake Hawea also has
parallels to responses undertaken on ocean shores. Important
is the maintenance of the beach, both because it serves as a

recreational playground and as buffer protection to the eroding cliffs. This maintenance mainly involves the implementation of improved sediment management practices.

ACKNOWLEDGMENTS
The work presented in this paper was carried out as consultancy to Contact Energy Ltd ., and to Land Information New

Journal of Coastal Research, Vol. 16, No.2, 2000

Kirk et al.

356

Zealand Ltd. We are grateful to them for permission to publish
this paper. We extend grateful thanks to Tim Nolan, Cartographer, Geography Department, University of Canterbury who
drew the diagrams and to Gary Smith, Technician who was
the boatmaster. Gary assisted in all the field survey work.

LITERATURE CITED
ALLAN, J.C., 1998. Shoreline Development at Lake Dunstan, South
Island, New Zealand. Unpublished Ph.D. Thesis in Geography,
University of Canterbury, New Zealand. 461p.
CERC, 1984. The Shore Protection Manual. 4th Ed., Coastal Engineering Research Center, U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg, Mississippi.
DOUGLASS, S.L., 1992. Estimating extreme values of run-up on
beaches. Journal of Waterway, Port, Coastal and Ocean Engineering, 118, 220-224.
HOLMAN, R.A., 1986. Extreme value statistics for wave run-up on a
natural beach. Coastal Engineering, 9, 527-544.
KIRK, R.M.; KOMAR, P.D.; ALLAN, J.C., and STEPHENSON, W.J.,
1996a. Shoreline Erosion, Hawea Township, Lake Hawea, Central
Otago. Unpublished report to Contract Energy Ltd., Land and Water Studies International Ltd. 44p.

KIRK, R.M.; ALLAN, J.C., and STEPHENSON, W.J., 1996b. Shoreline
Erosion at Lake Hawea, Central Otago. Unpublished report to
Land information New Zealand (Dunedin), Land and Water Studies International Ltd. 52p.
KOMAR, P.D., 1998. Beach Processes and Sedimentation. 2nd Ed.,
Prentice-Hall, Saddle River, NJ. 544p.
NATUSCH, G.G., 1977. Hawea Lake Control Work: Site Visit. Unpublished letter to R.W.J. Fookes, Chief Design Engineer, Ministry of
Works and Development, 12 January 1977. 3p.
RUGGIERO, P.; KOMAR, P.D.; McDOUGAL, W.G., and BEACH, R.A.,
1996. Extreme water levels, wave runup and coastal erosion. Proceedings 25th International Conference on Coastal Engineering,
Amer. Soc. Civil Engrs.
SHIH, S.M.; KOMAR, P.D.; TILLOTSON, K.J.; McDOUGAL, W.G., and
RUGGIERO, P., 1994. Wave run-up and sea-cliff erosion. Proceedings 24th International Coastal Engineering Conference, Amer.
Soc. Civil Engrs. Pp. 2170-2184.
SMITH, J.M., 1991. Wind-Wave Generation on Restricted Fetches.
Misc. Paper CERC-91-2, U.S. Army Corps of Engineers, 25p.
VAN DERMEER, J.W. and STAM, C.-J., 1992. Wave runup on smooth
and rock slopes of coastal structures. Journal of Waterway, Port,
Coastal and Ocean Engineering, Amer. Soc. Civil Engrs. 118,534550.

Journal of Coastal Research, Vol. 16, No.2, 2000

