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Addington, L. D.; Kuehl S. A.; Mc Ninch, J. E. (2007). Contrasting modes of shelf sediment
dispersal off a high-yield river: Waiapu River, New Zealand. Marine Geology 243 (1-
4): 18-30.

Abstract: Recent studies of continental margins suggest that small, high-yield rivers can
generate shelf sediment-gravity flows, an idea that fundamentally alters our
understanding of material flux from the continents to the ocean. Discharge measurements
indicate that the Waiapu River, North Island, New Zealand reaches hyperpycnal
concentrations (> 36 kg m~2) on a yearly basis. This study contrasts shelf-edge basins
with a broad trough along the shelf-edge off the Waiapu River, testing whether there is
evidence that shelf sediment-gravity flows propagate to topographic lows. Observations
and measurements through geochemical and sedimentological analyses of sediment cores,
EM1002 swath bathymetry, and Chirp sub-bottom profiles suggest differing transport
modalities on the outer shelf. In general, a southern trough-shaped region exhibits high
terrigenous inputs and non-steady-state 2'°Pb profiles, whereas the northern basins
contain steady-state 2'°Pb profiles and increased marine influence. Sediment-gravity
flows dominate accumulation in the southern region, whereas within the northern portion,
surface plume sedimentation is indicated. Overall, this study suggests that sediment-
gravity flows could be bypassing the northern basins, perhaps a result of oceanographic
influences and bathymetric steering as they seek a more direct route across the shelf.
Keywords: sedimentation; sediment-gravity flow; hyperpycnal flow; Waiapu River; New
Zealand
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Betts, H. D.; Trustrum, N. A.; DeRose, R. C. (2003). Geomorphic changes in a complex gully
system measured from sequential digital elevation models, and implications for
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Abstract: High-resolution digital elevation models (DEMSs) were derived from sequential
aerial photography of an active fluvio-mass movement (gully) complex in New
Zealand's North Island East Coast region, to measure geomorphic changes over
approximately one year. The gully showed a complex behaviour, combining fluvial and
mass movement erosion, deposition, and reworking of materials stored in an active debris
fan. During the measurement period 5200 + 1700 m® of material were eroded from the
8-7 ha gully complex and 670 + 180 m? from the 0-8 ha depositional fan, giving a total of
5870 + 1710 m? for the entire gully complex-fan system.

The results provide a high-resolution description of gully behaviour over a short time
period, and also demonstrate that mass movement (slumping and debris flows) accounted
for almost 90 per cent (4660 + 200 m®) of the sediment generated. This erosional response
is described in terms of gully evolution by comparing the gully complex to other systems
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in the region in various stages of development. The effect of gully evolution on
geomorphic coupling between the gully complex and channel system is described, and
coupling is also shown to vary with the magnitude and frequency of rainfall events.

From a land management perspective the success of strategies, such as tree planting, to
mitigate against gully erosion depends on the stage of gully development - particularly on
whether or not mass movement erosion has begun. In contrast to gully rehabilitation
efforts elsewhere, basin-wide afforestation in the early stages of gully incision is favoured
over riparian planting, given that mass movement assisted by excessive groundwater
pressure is the main process leading to uncontrollable gully expansion.

To protect land effectively against continuing gully erosion of headwater catchments and
resulting downstream aggradation, it is necessary for land managers to understand the
spatial and temporal variability of gully development fully so that mitigation efforts can
be targeted appropriately.
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Abstract: An analytical model is developed for equilibrium bathymetric profiles off river
mouths associated with the shoreward, convex upward portion of subaqueous deltas and
clinoforms. The model builds on recent field results demonstrating that gravity-driven
flux of suspended mud is important on shelves provided that wave-induced suspension of
sediment supports the requisite turbid hyperpycnal layer. Because the maximum sediment
load is determined by the critical Richardson number, the results are independent of the
properties of the suspended mud or the bed. The model assumes the equilibrium state to
represent a balance between the supply of sediment by a river at the coast and the
downslope bypassing of sediment to deep water within wave-supported turbid near-bed
layers. Progressive seaward increases in bed slope across the convex shelf profile allow
the attenuation of wave agitation with depth to be compensated for by a downslope
increase in the contribution of gravity. The model is consistent with shelf profiles off the
mouths of the Eel (California), Ganges-Brahmaputra (Bangladesh), Waiapu (New
Zealand), Po (Italy), and Rhone (France) Rivers. The equilibrium profile is predicted to
be a function of wave climate and riverine sediment supply only, with deeper and broader
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profiles associated with decreasing sediment supply, increasing wave height and/or
increasing wave period.

Keywords: Gravity-driven; Sediment transport; Continental shelf; Equilibrium profiles;
Analytical model; River mouths
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and the generation of hyperpycnal plumes at river mouths: East Coast Continental
Margin, North Island, New Zealand. The Journal of Geology 112: 471-485.

Abstract: Steepland rivers draining small, coastal watersheds often have very high
suspended sediment loads, but the event characteristics of suspended sediment
concentration and yield in this class of river is not well documented. Continuous
monitoring at four sites in the Waipaoa River basin, New Zealand, demonstrates that
during individual and composite events, suspended sediment concentration versus water
discharge relations typically shows clockwise hysteresis and that event maximum
concentration is poorly related to event peak discharge. The signature of different erosion
processes is also imprinted on the event yield magnitude frequency distributions. Gully-
dominated tributary basins produce relatively high yields at all frequencies, reflecting
greater sediment availability, whereas in tributary basins, where shallow landsliding is the
dominant erosion process, there is a steep increase in yields in relation to return period.
We estimate that flood discharges from the Waipaoa River approach or exceed the critical
suspended sediment concentration (~+40,000 mg L-1) for hyperpycnal plume generation
(because of negative buoyancy) at the river mouth once every ~ 40 yr, but in the
neighbouring Waiapu and Uawa Rivers, the threshold concentration may be exceeded
once a year and two to three times a year, respectively.

Hughes, S.; Hughes, 1. (1990). The Waiapu Mountains of the Raukumara Range. Gisborne,
Eastland Promotion Council/Te Rau Press.

Kasai, M.; Marutani, T.; Reid L. M.; Trustrum, N. A. (2001). Estimation of temporally
averaged sediment delivery ratio using aggradational terraces in headwater
catchments of the Waipaoa River, North Island, New Zealand. Earth Surface
Processes and Landforms 26, 1-16.

Abstract: The sediment delivery ratio was estimated for two periods (28 years and eight
years) following reforestation of seven tributary catchments (0-33 to 0-49 km?) in the
headwaters of the Waipaoa River basin, North Island, New Zealand. In these catchments,
gully erosion, which largely resulted from clearance of the natural forest between 1880
and 1920, is the main source of sediment to streams. Reforestation commenced in the
early 1960s to stabilize hillslopes and reduce sediment supply. Efforts have been partially
successful, and channels are now degrading, though gully erosion continues to supply
sediment at accelerated rates in parts of the catchment.

Data from the area indicate that the sediment delivery ratio (SDR) can be estimated as a
function of two variables, ¥ (the product of catchment area and channel slope) and Ag (the
temporally averaged gully area for the period). Sediment input from gullies was
determined from a well-defined relationship between sediment yield and gully area.
Sediment scoured from channels was estimated from dated terrace remnants and the
current channel bed. Terrace remnants represent aggradation during major floods. This
technique provides estimates of SDR averaged over periods between large magnitude
terrace-forming events and with the present channel bed. The technique averages out
short-term variability in sediment flux.

Comparison of gully area and sediment transport between two periods (1960-1988 and
1988-1996) indicates that the annual rate of sediment yield from gullies for the later
period has decreased by 77 per cent, sediment scouring in channels has increased by 124
per cent, and sediment delivered from catchments has decreased by 78 per cent. However,
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average SDR for the tributaries was found to be not significantly different between these
periods. This may reflect the small number of catchments examined. It is also because the
volume of sediment scoured from channels was very small relative to that produced by
gullies.

According to the equation for SDR determined for the Waipaoa headwaters, SDR
increases with increasing catchment area in the case where Ag and channel slope are
fixed. This is because the amount of sediment produced from a channel by scouring
increases with increasing catchment area. However, this relationship does not hold for the
main stem of the study catchments, because sediment delivered from its tributaries
continues to accumulate in the channel. Higher order channels are, in effect, at a different
stage in the aggradation/degradation cycle and it will take some time until a main channel
reflects the effects of reforestation, and its bed adjusts to net degradation.

Results demonstrate significant differences among even low order catchments, and such
differences will need to be taken into consideration when using SDR to estimate sediment
yields.

Kasai, M.; Brierley, G. J.; Page, M. J.; Marutani, T.; Trustrum, N. A. (2005). Impacts of land
use change on patterns of sediment flux in Weraamaia catchment, New Zealand.
Catena 64 (1): 27-60.

Abstract: Forest clearance between the 1890s and the early 1920s, subsequent scrub
growth, and commencement of an afforestation program in 1979, modified the pattern
and rate of sediment delivery to valley floors via shallow landslides and gully complexes
in a steep headwater catchment (4.8 km?) in New Zealand. Analysis of the historical
record, air photograph interpretation, and field survey indicates that both erosion types
occurred across the catchment in the 1938 storm, aggrading channel beds and widening
the active channel zone. In contrast, a 1 in 100 year event in 1988 (Cyclone Bola) induced
numerous shallow landslides, but erosion of gully complexes was largely restricted to
subcatchments that retained pasture, and the geomorphic impact of this event on channels
was small. The changing volume and calibre of materials delivered to the valley floor,
and the distribution of gully complexes, altered patterns and rates of channel adjustment
after the events, and the resulting sediment flux. Development of gully complexes
maintained coupling processes with channels for periods up to 102 years, forming wide
channels in downstream reaches. Upstream—downstream connectivity along the trunk
stream was altered by the formation of a large debris fan at the confluence with a tributary
subjected to gully complex erosion. In contrast, slopes subjected to shallow landslides
became decoupled from channels within 10 years, accelerating channel degradation and
narrowing. Effective conveyance of a large volume of fine-grained materials promoted
immediate aggradation of gentle-gradient channels downstream. As gully complex areas
stabilized following an increase in forest and scrub cover, channel courses became
significant sediment sources. Although shallow landslide activity will continue to induce
intermittent aggradation in the future, it is inferred that average sediment yield will
continue to diminish to levels approaching those experienced prior to clearcutting, and the
pattern of sediment flux will recover by 2030.

Keywords: Steep headwater catchment; Hillslope erosion; Storm events; Sediment
budget; Coupling; Channel morphology; Land-use change

Kasai, M. (2006). Channel processes following land use changes in a degrading steep
headwater stream in North Island, New Zealand. Geomorphology 81 (3-4): 421-439.
Abstract: In headwater streams in steep land settings, narrow and steep valley floors
provide closely coupled relationships between geomorphic components including
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hillslopes, tributary fans, and channel reaches. These relationships together with small
catchment sizes result in episodic changes to the amount of stored sediment in channels.
Major sediment inputs follow high magnitude events. Subsequent exponential losses via
removal of material can be represented by a relaxation curve. The influence of hillslope
and tributary processes on relaxation curves, and that of altered coupling relations
between components, were investigated along a 1.3 km reach of a degrading channel in
the 4.8 km? Weraamaia Catchment, New Zealand. Extensive deforestation in the late
19th and early 20th centuries, followed by invasion of scrubs and reforestation, induced
changes to major erosion types from gully complexes to shallow landslides. Changes in
the size and pattern of sediment slugs from 1938 to 2002 were analysed from air
photographs tied to detailed field measurement. The rate and calibre of sediment flux
changed progressively following substantive hillslope input in a storm in 1938.
Subsequently, the channel narrowed and incised, decoupling tributary fans from the main
stem, thereby scaling down the size of sediment slugs. As a consequence, the dominant
influence on the behaviour of sediment slugs and associated relaxation processes,
changed from tributary fans to the type and distribution of bedrock outcrops along the
reach.

Keywords: Channel morphology; Sediment slug; Relaxation process; Coupling
processes; Land use change; Steep headwater catchments
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Abstract: The East Coast of the North Island of New Zealand is world renowned for its
severe erosion, flooding, and sedimentation. Extensive deforestation between 1880-1920
initiated this period of dramatic landscape transformation, and today reforestation is seen
as the panacea. However, a century of pastoral farming has left a legacy of a highly
degraded landscape, which is currently redistributing the products of this erosion. The
rate and level of landscape recovery will influence the ability of communities to carry out
future land use. This paper uses the results of a decade of geomorphic research into the
controls and processes of landscape change to illustrate some of the likely future impacts
on the landscape and its land use, and to identify some still unanswered questions. This
increasing understanding, together with changing community attitudes, provides the
opportunity to maximise the benefits of reforestation and other management
interventions.
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Abstract: Sequential aerial photographs of a small headwater catchment in the Waiapu
basin, East Coast Region, North Island, New Zealand, were interpreted to measure and
analyse temporal changes in active area of gullies and gully complexes for a longer time
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span (1939-2003) and with higher temporal resolution compared to previous studies. We
focus on the conditions leading to the development of gullies and gully complexes under
pasture and forest by using topographic thresholds (slope-area relationships) of
catchments for the initiation of gullies and gully complexes. In addition, the influence of
two different lithologies as well as the occurrence of major rainfall events was related to
gully activity.

Twenty gullies and four gully complexes (occupying 62-5 ha or 12-5 per cent of the
catchment area) occurred in the study catchment between 1939 and 2003. However, the
majority of these were not active at all the dates studied. Gullies developed in the
sandstone-dominated Tapuwaeroa Formation tended to attain their maximum size by
1957 with a mean catchment area of 2-1 ha. Gullies developed in mudstone of the
Whangai Formation attained their maximum size in 1939 with a mean catchment area of
4-31 ha. Exceptions are gullies which developed into mass movement deposits or into an
earth flow deposit as well as gullies developed under indigenous forest. Topographic
threshold values for gullies under pasture and indigenous forest show that values for
gullies under forest plot far above the threshold line of gullies under pasture, indicating
that the topographical threshold for gully development under forest is higher compared to
under pasture. A threshold value of 9-4 ha in catchment area is needed for the
development of gully complexes under pasture, all located in the Whangai Formation and
with the same orientation as the strike of the mudstones. Gully-complex area and
dominance of mass-movement erosion increased with larger catchment area. A
decreasing distance to the threshold line for gullies under pasture indicates a later
development for gully complexes. No gully complexes developed under indigenous
forest, indicating that the threshold value for gully-complex development is higher than
for gully complexes under pasture and was not reached in the study area. A model of
shifting topographical threshold for gully development for a given catchment is
developed which depends on land use. When a catchment has an indigenous forest cover
the topographical threshold is very high. After conversion to pasture, threshold values
decrease drastically. With the invasion of scrub, the threshold slowly increases and
returns to a similar level to that under indigenous forest after reforestation. Development
of gullies and gully complexes is a highly dynamic phenomenon, and phases of expansion
and inactivity indicate that models describing only unidirectional advancing stages
without periods of inactivity are not suitable. Therefore, this study adds more phases to
models of gully and gully-complex development in the East Coast Region. The threshold
line for gully initiation under pasture and a value of 9-4 ha in catchment area for gully-
complex initiation permits one to predict which catchments, under similar environmental
settings, develop gullies and gully complexes on a physical basis. This enables land
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