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Abstract
The gravel-bed Waiho River, Westland,
New Zealand, has been aggrading for several
decades in response to the construction of
flood control works. It poses a severe and
increasing flood risk to local developments,
infrastructure and trade, that has to date
been managed by periodically increasing
the extent and height of the control works.
A 1998 report pointed out the likelihood
that ongoing aggradation would cause the
Waiho River to avulse northwards into the
neighbouring Tatare River, and because the
Tatare river bed is about 15 m lower than the
Waiho bed, nick-point retreat (headcutting)
could then result in degradation of the Waiho
bed and bank undercutting, threatening river
control works and bridge abutments. Waiho
river bed levels have now increased so that
this avulsion and headcutting have begun to
develop during high flows. We have carried
out a microscale model study of the processes
and consequences of this avulsion. The
model indicates that avulsion will result in
limited headward degradation of the Waiho
river bed for a short time only, following
which the bed of the Tatare will infill with
sediment until both it and the Waiho are at
the present Waiho level. Aggradation of the
Waiho bed will then resume. The increased
Tatare bed levels may allow the Waiho/Tatare

to flow northwards into Lake Mapourika
during floods, with significant degradation
of the lake. The interruption of the current
aggradation episode in the Waiho due to
its avulsion into the Tatare is likely to be
of decadal timescale, with the potential for
significant environmental impacts. Longterm sustainable flood risk management
appears to be achievable only by allowing the
river to reoccupy its whole natural fanhead
and, as a result, degrade to its natural preconstraint levels.
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Introduction
The Waiho River, South Westland, New
Zealand has been aggrading since the 1930s
in the reach between the rangefront of the
Southern Alps and the Waiho Loop moraine
(Fig. 1). Aggradation has become more
rapid from the 1980s to the present day;
this appears not to result from any sustained
increases in sediment input, or from baselevel change, but to be the consequence
of river control works altering the natural
behaviour of the river in this reach and
reducing its sediment transport capacity
(McSaveney and Davies, 1998; Davies and
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McSaveney, 2001, 2006, 2011; Davies et al.,
2003a). In order to maintain flood discharge
capacity, the longitudinal riverside stopbanks
in the affected reach have been raised and
extended a number of times in the past three
decades. As a result the river bed is now some
metres above the level of the land (originally
river bed) now outside the stopbanks (Hall,
2012). Early in the present century it was
recommended that this situation be reviewed
with a view to establishing a long-term and
sustainable river management strategy (Hall
et al., 2000), but the raising and extending
of stopbanks has continued. The flood risk
to local infrastructure, life and commerce
has to date been contained and no disastrous
flooding has occurred, but it appears that the
limit of this strategy may soon be (or may

already have been) reached. Hall (2012),
in a report to the West Coast Regional
Council, demonstrated that the aggradation
(though episodic) has been maintained at
a fairly constant rate since the early 1980s,
but appears to have become very rapid since
2008. He also suggested that serious failure
of the control works could occur at any time
within the next decade.
McSaveney and Davies (1998) pointed
out that continuing aggradation of the Waiho
in this reach would soon cause increasing
overbank flow to the north into the Tatare
River during floods (Fig. 1), and that because
the bed of the Tatare is about 15 m lower
than that of the Waiho, these overbank flows
would cause nick-point retreat and eventually
river capture so that all or part of the Waiho

Figure 1 – Waiho River (centre left) flowing from the Southern Alps; view looking south. C = Callery
catchment; W = Waiho catchment; T = Tatare river; TC = Tatare catchment; WL = Waiho Loop;
FJ = Franz Josef township; O = oxidation ponds; LM = Lake Mapourika. Dashed line = Alpine
fault. Franz Josef glacier at top right. White lines = stopbanks. Arrow = course of avulsion. Photo by
George Denton. Inset – location map.
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would flow into the Tatare. While this might
appear advantageous in the short term because
the ongoing aggradation of the Waiho would
be reversed by nick-point recession (Hall,
2012), this headcutting could also endanger
stopbanks and bridge piers, and perhaps
threaten riverside infrastructure such as the
oxidation ponds on which the township
depends. Further, this degradation might be
only temporary, with the incised bed of the
Tatare infilling until it and the Waiho flowed
at the same level, whereupon the Waiho
aggradation episode would resume. This
predicted avulsion process has now begun
in earnest (West Coast Regional Council,
2011), as the Waiho river bed has continued
aggrading. Hall (2012) also contemplated the
benefits, in terms of reduced aggradation or
even degradation of the Waiho, that might
occur as a result of its avulsion into the Tatare,
and stated that further study was required to
assess this possibility.
Herein we report the outcomes of a
preliminary set of microscale laboratory
model tests to this end. Microscale modelling
has previously been used to investigate
braiding in the Rakaia River (Hong and
Davies, 1979); and to study the cause
of the Waiho aggradation (Davies et al.,
2003a), demonstrating that river control
works provide a sufficient explanation.
This technique has also been used to model
the progradation of the Rees-Dart delta
into Lake Wakatipu, Otago, New Zealand
(Wild, 2012); the response of the Shotover
River, Otago, New Zealand to proposed
modification of its confluence with the
Kawarau River in order to reduce flood risk
in Queenstown (Strong and Davies, 2010);
and the response of the Poerua River to the
1999 Mt Adams landslide dam (Davies and
Korup, 2007). Our present tests simulated
the initiation and progress of the avulsion
and the subsequent evolution of the WaihoTatare system, largely confirming the 1998
predictions and providing information on

the longer-term response of the system to an
avulsion. The present investigation considered
only the normal, rainfall- and erosion-related
behaviour of the river system. Additional
factors include the annual probability (~
1-2% at present) of a large earthquake (M
≥ 8; Robinson and Davies, 2013) on the
Alpine fault which runs along the mountainfront, and of large landslides (possibly, but
not necessarily, earthquake-related) into the
Callery River (Fig. 1), significantly increasing
the sediment supply to the Waiho and
exacerbating aggradation (annual probability
~ 2% at present: Davies, 2002). The latter
event is also likely to cause a dambreak flood
entering the Waiho at the Callery confluence
(Davies, 2002). Sustainable management
of flood risks from the Waiho requires that
these high-probability but inevitable events
are planned for and that the river can contain
their effects without unacceptable impacts
on local assets. The only realistic and reliable
strategy for achieving this appears to be
removal of the stopbanks on the western side
of the river, allowing the Waiho to reoccupy
its entire natural fanhead; this would result
in river bed degradation to mid-20th century
levels, removing the present flood threat,
dramatically improving the ability of the river
to absorb landslide debris, and reducing the
reliance on stopbank integrity. This suggestion
was rejected as being impracticable ten years
ago, but now appears unavoidable from a
geomorphic point of view.

The Waiho catchment-fan
system: natural behaviour
In its natural state the Waiho-Callery
catchment (about 170 km2 in area; Davies
and McSaveney, 2001) delivers sediment to
the river as a result of slope erosion. In the
long-term this results from tectonic uplift
and river valley incision (10 mm a-1; Little
et al., 2005). Every few hundred years major
seismic activity causes substantial short-term
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Figure 2 – Waiho system from above the Tasman Sea coast, looking south-east. FJ = Franz Josef
township.

sediment inputs (equivalent to several decades’
supply in quieter years; Davies and Korup,
2007; Howarth et al., 2012; Robinson and
Davies, 2013), while in seismically quiescent
periods large landslides can occur from time to
time. Any large landslide can cause landslide
damming in the long, narrow Callery gorge,

with subsequent dambreak flooding and
aggradation (Davies, 2002; Davies and
Korup, 2007). Since sea level reached its
modern elevation about 6000 years ago, the
Waiho River has formed an elongated alluvial
fan between high glacial moraine ridges, with
a constant base-level and location where it

Figure 3 – Left: Normal bed level at Callery gorge footbridge close to the confluence with the Waiho
River. Right: Bed aggraded several metres by upstream sediment input in March 2011.
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flows into the Tasman Sea (Fig. 2). In this time
the fan has achieved long-term equilibrium
with the water and sediment supplied from
the catchment (Davies and McSaveney,
2001). Episodic large sediment inputs,
e.g., from earthquake-triggered landsliding,
cause pulses of aggradation to move down
through the system, after which the river
returns to its long-term profile. Smaller
sediment input episodes, e.g., from individual
landslides (Fig. 3; West Coast Regional
Council, 2011), will cause similar but
smaller pulses.
That the present aggradation sequence
is anomalous is shown by the fact that
there is no sign of a previous large-scale
avulsion of the Waiho to the Tatare. Had
this ever occurred, there would be evidence
of large abandoned channels running from
the Waiho to the Tatare, but there is none.
Thus the Waiho has not previously reached
its current elevation since the Tatare cut its
present incised bed into its own outwash
deposits. That occurred when the outwash
(which was deposited while the Tatare was
a tributary entering the Waiho upstream of
the Loop) first reached the elevation of the
lowest point of the Waiho Loop, spilled over
it and cut down its bed to match the level
of the Waiho downstream of the Loop. The
Tatare outwash surface is about 1000 years
old (McSaveney et al., 1998); thus the Waiho
bed is now at its highest level for at least
1000 years and probably for much longer.
In its recent pre-controlled state, the Waiho
would periodically avulse across its fanhead
between the western end of the Waiho Loop
and the western side of its valley (Fig. 2),
with a longitudinal profile and planform that
allowed the water from precipitation in the
catchment to transport the sediment derived
from erosion in the catchment to the sea at
a rate that matched the long-term rate of
sediment supply.
It is also significant that all other major
West Coast rivers presently flow across their

fanheads in relatively narrow beds incised
several metres below general ground level,
indicating low sediment supply relative to
that of the aggradation episode that created
the present ground surface following the
1620 earthquake (Berryman et al., 2001;
Davies and Korup, 2007). The Waiho
presently is not incised below ground level,
but was until the mid-late 20th century.
Only the Waitangitaona shows present-day
aggradation, due to its 1979 avulsion and
post-1979 progradation into Lake Wahapo
(Griffiths and McSaveney, 1986).

River modification and its effects
It is common experience in New Zealand
that reduction in bed width of a braided river
by stopbanks causes the river to aggrade (e.g.,
Davies and Lee, 1989). The first formal river
control structures were erected on the Waiho
in the 1930s, but extensive stopbanking dates
from the 1970s, and the rapid aggradation
since about 1980 corresponds in location
and time with the presence of stopbanks
(Davies and McSaveney, 2001). Davies
and McSaveney (2006) postulated that in
its natural (unmodified) state a bedloaddominated river such as the Waiho evolves
to the geometry that maximises its bed shear
stress and, importantly, its bedload transport
capacity. Thus any alteration of the boundary
geometry by river management will result in
a reduction of the bedload transport capacity;
since the rate of supply of sediment from the
catchment remains the same, the result is that
the river will aggrade in its altered reach.1
This aggradation steepens the river, which
will thus eventually regain its former bedload
transport capacity and again equilibrate with
sediment supply.
1

Note that if the river can be narrowed to the extent
that it ceases to be braided, its bedload transport
capacity can increase again (Davies and Lee, 1989;
Davies and McSaveney, 2006), but this requires
very high banks to contain the flood flow in a single
narrow channel.
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This was demonstrated to be valid for
the specific case of the Waiho by Davies et
al. (2003a), who used a microscale model to
show that the construction of the western
stopbanks (Fig. 1) to restrict the lateral
extent and migration of the Waiho resulted
in aggradation in locations, and at relative
rates, that corresponded very closely to those
observed in the Waiho. There is thus little
if any doubt that the present multi-decade
aggradation episode in the Waiho is the result
of river control. The only other possible
explanations would be a long-term increase
in sediment supply from the catchment,
or an increase in base level, and there is no
evidence for either. Certainly the Franz Josef
glacier advanced from 1980 to 1999, and this
caused the upper Waiho valley to aggrade by
up to 15 m (Davies et al., 2003b), but this
aggradation had not extended beyond the
upper Waiho valley by the time the glacier
retreated again, and has been followed by
degradation since. A similar advance by
the nearby Fox glacier, that is similar in
many respects to the Franz Josef, caused no
corresponding aggradation of the unmanaged
Fox River at the rangefront. There is no
evidence for increased landsliding in the
western Southern Alps since reliable records
began in the mid-1900s. Indeed, because the

landscape is now late in the earthquake cycle
(about 400 years has elapsed since the last
major earthquake which is thought to have
caused substantial landsliding and sediment
inputs; Berryman et al., 2001), it is expected
to be in a state of relatively low sediment
supply (Davies and Korup, 2007).

Management goals and
sustainability
A primary objective of river management is
to reduce flood risks to a level acceptable to
society. The assets at risk at Franz Josef are the
rapidly-growing township, the State Highway
that is vital to tourism (the major commerce
in the region) because there is no alternative
route along the west coast, and a number of
dairy farms and other rural businesses. To date
the river control works on the western side of
the Waiho River, which have had the major
effect on its behaviour, have been maintained
mainly by the national transport authority in
order to protect the state highway, and the
accompanying management of flood risk to
rural dwellers has been an additional benefit.
To date this management goal has been
achieved, but the resulting aggradation has
affected a large area of farmland between the
Waiho and the Tatare by bank erosion and
overbank silt deposits, and the avulsion to the

Figure 4 – Left: 2012 view of the headcut formed by Waiho flows away from the camera into the Tatare
(top right; photo R.J. Hall); Right, headcut in action in 2010 (West Coast Regional Council, 2011)
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Tatare is now starting across this land. This
aggradation has also increased the vulnerability
of the protected assets in the event of failure
of the control structures, because many of
the assets, including the heliport, a motel
and part of the township, are now well below
river bed level (Hall, 2012).
Continuation of the present management
strategy can be expected to result in further
aggradation, unless the river has achieved
the gradient that allows bedload transport
capacity to match supply; however the
accelerated aggradation since 2008 (Hall,
2012) indicates that this is probably not
the case. Further aggradation will require
increased stopbank heights, again resulting
in increased bed levels and further increased
vulnerability to bank failure. Bank failure
could occur as the result of an unusually
severe rainstorm, or a landslide into the river,
or a glacier burst such as that in 1995 which
destroyed the road bridge approach (Davies
et al., 2003b). It could also result from
earthquake or other damage to stopbanks.
Continuing the present strategy will also
result in partial or complete avulsion of the
Waiho into the Tatare. As noted above, the
~15 m difference in elevation between the
Waiho and the Tatare river beds will cause a
headcut to develop (Fig. 4); this will retreat
back up the Waiho, a process known as nickpoint recession, at a rate, geometry and depth
that cannot be predicted. This headcut will
capture an increasing proportion of the flood
flow of the Waiho over time and is likely
to cause some degree of degradation of the
Waiho bed, reversing the current aggradation,
and this would be potentially beneficial.
However, it will also potentially undermine
stopbanks and bridge piers, depending on its
location. This head-cutting and degradation
will take place mainly during high flows
when artificial manipulation of the flow is
impracticable, and so will be uncontrollable.
Furthermore, geomorphic considerations
suggest that the degradation will be temporary.

This is because when the Waiho joins the
Tatare and flows through Waiho Loop it
will rejoin its original course downstream
of the Loop, and will develop a smooth
profile through the Loop joining its present
upstream and downstream levels. The end
result is likely to be the rapid aggradation of
the Tatare bed to the level of its high outwash
surface, at the same level as the present Waiho
bed. This sequence is however speculative; if
it is valid then there is clearly only short-term
benefit from allowing the Waiho to avulse
to the Tatare, and this is crucial to future
management strategies. Figure 4 shows the
incision formed by Waiho flows into the
Tatare, and the headcut in action.
We describe below a microscale model
investigation to test the hypothesis that the
avulsion of the Waiho to the Tatare will not
result in long-term reduction of the present
Waiho river bed levels.

Microscale model
Microscale models are a useful tool for
investigating the effect on river behaviour of
proposed river control works (e.g., Hong and
Davies, 1979; Gaines and Maynord, 2001;
Gaines and Smith 2002; Davies et al., 2003a;
Davies and Korup, 2007; Strong and Davies,
2010; Wild, 2012). They are very small-scale
(1:1000 or smaller) physical analogue models
whose only similarities with the prototype
are those of boundary geometry, relative
sediment density and Froude number. The
other similarities usually required in formal
hydraulic modelling (Reynolds’, Weber and
Strouhal numbers) are not met in microscale
modelling. As a result, the reliable information
from microscale models is restricted to spatial
distributions and relative rates of sediment
erosion and deposition (Campbell, 2012).
Nevertheless, these are useful factors, and the
small size and rapid evolution of microscale
models makes them valuable in providing
large-scale indications of long-term river
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Figure 5 – Diagram
of microscale
model apparatus.

evolution. Lajeunesse et al. (2010) suggested a
theoretical basis for the behavioural similarities
of channel boundaries under laminar and
turbulent flows, which explains the empirical
successes of microscale models. The 5 m by
2 m Waiho-Tatare microscale model (Fig. 5)
had a length scale of 1:5000, and is described
in detail in Campbell (2012); the design
and operating procedures followed those of
Davies et al. (2003a). Water and sediment
were fed at constant rates to the head of the
outwash sections of both rivers, the input
rates being proportional to the respective
catchment areas. Feed rates were chosen by
trial and error to give a surface slope of about
7%, a slope exaggeration of about 6. The
sediment used was a fine silica sand of about
0.2 mm diameter, giving a diameter:depth
ratio of about 5, similar to that of the Waiho
(Table 1). Many aspects of the prototype
situation were thus not represented, including
flow and sediment input variabilities,
sediment grain-size distribution and flow
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turbulence. A constant base level was present
in the form of a 1 cm high free overfall some
distance downstream of the Waiho Loop
(Fig. 5).
The model was first run to establish the
‘natural’ outwash profiles of both rivers
with respect to an unbreached Waiho Loop.
When the model Tatare had aggraded its
outwash surface enough that it flowed over
the lowest point of the Loop, a gap was cut
by hand in the Loop to the level of the Waiho
bed downstream, and the incised bed of
the Tatare upstream of the Loop excavated
by hand. This was the starting state of the
experiment. Stopbanks were then inserted at
the correct locations, and the run continued
with unaltered inputs. The Waiho aggraded as
found by Davies et al. (2003a), and eventually
started to flow partly into the Tatare (Fig. 6),
representing the prototype situation in 2012
(Fig. 4, left).
With continued aggradation, flows into the
Tatare became more frequent and prolonged

Table 1 – Key prototype and model similitude parameters
Parameter
Reach length
Flow depth †
Surface slope (Waiho River)†**
Sediment D50 †
Relative density
Relative depth
Mean flow rate Waiho River
§¶
Mean flow rate Tatare River ‡
Froude number ǂ
Reynolds number ǂ‖
Particle Reynolds number ǂ‖
†
**
§
¶
‡
ǂ

Prototype value

Model value

Scale

5 km
~1 m
1.2%
200 mm
2.65
5
~50 m3 s-1

1m
1 mm
7.7%
0.2 mm
2.65
5
0.006 l m3 s-1

1:5000
1:1000
1:0.16
1:1000
1:1
1:1
1:8.3 × 106

Unknown

0.002 l s-1

n/a

0.7

0.7

1:1

~750000
~34500

~70
~5

1:10700
1:6900

Davies et al., (2003a) data for prototype.
Model slope 10%.
Hawke (2001) for prototype moderate flow.
Calibrated model value for Froude similitude.
Lowest practical limit achieved to scale by catchment size relative to Waiho.
Based on data from Nikora and Smart (1997). Model values for Waiho River only.
Includes data from Davies et al., (2003a); Kestin et al., (1978); and Milner et al., (2001).

(Fig. 7), resulting in both headcut retreat up
the Waiho and aggradation in the Tatare.
Eventually the Waiho alternated between its
2012 course and that through the Tatare, by
which time the Tatare bed had aggraded to be
at the same level as the Waiho bed (Fig. 8).
The results of this study, although
qualitative, support the geomorphic process
proposed earlier. Because the river profile is
determined by the water and sediment input
rates, and because the Waiho River has the
same course both upstream and downstream
of the avulsion through the Tatare, then the
equilibrium profile after the avulsion will
differ little from that before. The degradation
of the Waiho resulting from its avulsion to
the Tatare will be short-lived, and will cause
substantial aggradation of the Tatare bed.
Because the time-scale of sediment motion
in a microscale model is very difficult to
determine, the duration of the prototype
avulsion-degradation-aggradation sequence

cannot easily be inferred from the model.
However, the volume of sediment required to
infill the Tatare incised bed to the level of the
Waiho is about 107 m3; assuming that 50%
of the bedload of the Waiho (~ 106 m3 a-1,
Davies et al., 2003a) and a catchment-areaproportioned 2 × 105 m3 a-1 from the Tatare
contribute to infilling this volume, then it
will take about 14 years to fill. Thus a decadal
(rather than annual or century) time-scale
for the complete cycle seems likely. This is
then the expected approximate time within
which the Waiho will regain its present bed
level upstream of the avulsion to the Tatare.
The implications for future management of
the Waiho are that the avulsion to the Tatare
will be short-lived (about a decade); will have
major environmental effects (aggradation
of the Tatare); will result in some localised
short-term degradation of the Waiho; and
will be followed by a reversion to the present
status, with perhaps slower aggradation as the
49

width of the Waiho fan will be increased by
incorporating part of the Tatare fan surface.

Impacts
The aggraded Waiho/Tatare River flowing
through the Waiho Loop will have an initial
elevation of slightly greater than 100 m asl,
compared with the present level of the Tatare
at the same location of about 85 m asl. The
Waiho/Tatare will, as a result, substantially
aggrade its bed (Figs. 7 and 8) and the
surrounding land immediately downstream
of the Loop, giving rise to the possibility
that a large fan will develop there with water
and sediment flowing sometimes west into
the Waiho and sometimes east towards Lake
Mapourika. Nowhere between the present
Tatare River below the Loop (85 m asl) and
Lake Mapourika (82 m asl) is ground level
higher than about 95 m asl, so the aggraded
Waiho/Tatare could potentially flow into

Lake Mapourika (Fig. 9). This would severely
degrade the quality of the lake; as this is in a
National Park and World Heritage Area, the
environmental impact would be very severe
and highly undesirable.
Another result of the Waiho avulsing into
the Tatare will be the infilling of the incised
Tatare river-bed. This will cause aggradation
to progress upstream, likely threatening
present uses of the Tatare outwash surface,
the SH 6 bridge over the Tatare, and perhaps
ongoing developments on the Tatare northside terrace upstream of this bridge.

Sustainable management
of the Waiho
As noted above, flood risks from the Waiho are
presently managed by stopbanks. To maintain
this management the stopbanks must not fail;
if they do, the consequences for Franz Josef
and the region will be severe, because of the

Figure 6 – Microscale model in approximately 2012 configuration showing incised Tatare river
bed, Waiho River flowing in present course and minor headcuts indicating recent Waiho flow
into Tatare.
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Figure 7 – Microscale model: significant Waiho flows have occurred into the Tatare, causing degradation
by Waiho north bank and aggradation in the Tatare.

Figure 8 – Microscale model: the Waiho has flowed frequently into the Tatare, causing the latter to
aggrade its whole incised bed to the level of the Waiho.
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Figure 9 – Topographic map of Franz Josef showing avulsion course of Waiho River and potential flow
into Lake Mapourika (top right).

Figure 10 – Waiho river bed behaviour 2002-2011 (Hall, 2012)
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increasingly elevated level of the river relative
to the ground outside it. Guaranteeing the
integrity of the stopbanks is difficult, if not
impractical, however. Their construction
from river-bed gravel, albeit armoured with
rock on the channel side, makes them unable
to resist scour due to overtopping, and
overtopping is likely to occur during a major
flood when machinery access is problematic.
As well as storm rainfall, overtopping can
result from a large upstream sediment input
(landslide) causing a significant rise in bed
elevation during a flood, or from a very sharp
flood peak due to a landslide dam failure or
glacier burst. The 60-m reduction in riverbed width downstream of the township in
2011, caused by constructing a new stopbank
inside the existing one, is likely to increase the
aggradation rate further, and may be partly
responsible for the rapid aggradation since
2008 reported by Hall (2012; Fig. 10). Thus,

while to date no major disasters have taken
place on the Waiho, this may be fortuitous.
There is an anecdotal report that after an
intense rainstorm in the early 2000s, blocks
of ice were found on top of the stopbank that
at that time protected the Holiday Park (since
relocated due to dambreak flood hazard); this
indicates a very near-miss from a disaster,
since no emergency measures were put in
place during that event.
The ability of stopbanks to maintain
their function during a strong earthquake
is most unlikely. During the 2010 Darfield
earthquake near Christchurch, New Zealand,
the stopbanks of the Waimakariri river
were very badly damaged by a M = 7.1
earthquake 25-50 km distant (Hall, 2012),
so the similarly-constructed Waiho stopbanks
cannot be relied on to provide flood risk
management after a M = 8 earthquake within
1 km.

Figure 11 – Microscale model of Davies et al. (2003a) showing course of Waiho following removal of
western stopbanks. The river has switched to the far west of its fan and is clearly degrading.
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For a number of reasons then, stopbanks
cannot provide reliable Waiho River flood
risk management; the risks from superdesign
events are extreme (and raising the stopbanks
is causing them to increase over time as the
river continues aggrading), and the stopbanks
are vulnerable to overtopping and earthquake
damage. The only geomorphically-realistic
strategy for reliable reduction in flood risk
appears to be to remove the stopbanks on
the west side of the Waiho River. This would
restore the pre-control conditions, and the
river would revert to its pre-constraint bed
elevation, significantly reducing both flood
risk and the risk from superdesign events;
further, earthquakes would not then increase
flood risk except from landslide sediment
inputs. There are of course significant
difficulties in implementing this strategy,
for example:
1. The state highway west of the river would
need to be rerouted along the southern
edge of the fan (where, however, it could
easily be protected by a stopbank that
would have only a very minor effect on
river behaviour).
2. Properties in the lower Waiho valley would
no longer be protected from river avulsion
and sedimentation (although the valley
itself could still be used for agriculture,
fixed structures would need individual
protection and roads would sometimes
need to be relocated).
3. The one-off cost would be high, including
compensation for landowners and road
construction. However a cost-benefit
analysis in 2000 demonstrated that over 40
years the ‘back-to-nature’ option realised
greater net benefit than continuing to raise
stopbanks, even without consideration of
superdesign events (Hall et al., 2000).
The result of not adopting the alternative
strategy will inevitably be a major flood
disaster when the stopbanks fail due to a
major rainstorm, and/or a major sediment
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input, or an earthquake. This will cause
the river to avulse out of its present bed,
degrading the present bed and forming a
new course. If the breakout is to the west
the river will flow down the lower Waiho
valley. Due to considerable investment in the
valley in the last ten years the flood damage
there will be significant. If the river breaks
through to the east to flood the Franz Josef
township, as will be possible with another
metre or so of fanhead aggradation either
gradually or suddenly in a flood (Hall, 2012),
loss of life is possible and property damage
will be severe. At recent rates of aggradation
this is likely to occur within 5 years under
normal circumstances, but it could occur
very soon given an extreme event. When
the Tatare avulsion occurs, another 10 years’
grace may be gained in terms of aggradation,
following which it will resume the present
aggradation rate.
It is interesting to put the problem of
managing flood risks due to the Waiho River
alongside the earthquake risk at Franz Josef.
A major earthquake on the Alpine fault has
an annual probability ~ 1-2% and, since the
fault has several strands running through the
village (Barth, 2012), will destroy much of it.
The earthquake probability is such that it may
be tempting to justify the ‘business as usual’
river management strategy on the grounds
that river management will soon be overtaken
by the occurrence of the earthquake, after
which river management will be a relatively
minor problem because the village may well
be uninhabitable for some time. However, it
is also possible that the earthquake may not
occur within the next century, in which case
the river will remain the most urgent source
of risk.

Conclusion
Detailed scientific evidence (from both
theory and location-specific models) predicts
that continuation of the present management

strategy for the Waiho River, that of
periodically increasing stopbank height to
maintain flood risk at acceptable levels, will
result in ongoing aggradation and partial
or complete avulsion of the Waiho into
the Tatare. However, the benefit from this
will be short-lived; some local degradation
of the Waiho is expected, possibly lasting
for a decade or so. The consequences of
the current management strategy, foreseen
late last century, have been realised in
reality, in the onset of the avulsion of the
Waiho into the Tatare. The current manage
ment strategy is unsustainable beyond the
short term. A major flood disaster at Franz
Josef is probably avoidable by removing the
cause of the increasing flood risk – the flood
control banks.
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