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Abstract  

Heavy and prolonged rainfall during the  19-21 June 2015 storm event, triggered the 
largest recorded flood in the Whanganui River and resulted in widespread f looding 
in adjacent  Whangaehu and Turakina drainage basins . In addition, this high inte nsity 
rainstorm  triggered many thousand landslides  in the soft -rock hill country of these 
catchments , impacting productivity of  vast areas  of the landscape  within the 
region .  

The principal objective of this research was to analyse  and better understand th e 
internal dynamics of the catchment sediment cascade and explain the 
manifestation of geomorphic change within the Whanganui , Whangaehu and 
Turakina catchments during the intense disturbance event of June 2015. To 
accomplish this, a  geomorphic and sedimen tological assessment of channel, 
floodplain and slope response to the 19 -21 June rainstorm and flood events was 
undertaken  to examine  erosion , transportation  and deposition zones that developed 
during this event.  To facilitate a  better understand ing of  the  processes and 
mechanisms operating during this major storm  event, this research provides an 
assessment of sediment sources  and sinks that dev eloped during the  storm in the 
lower Whanganui, Whangaehu and Turakina catchments . It is surmised that the 
extreme  nature of this rainstorm activated the landscape to a degree whereby 
slope -channel environments were highly conn ected . 

Using GeoEye satellite imagery , the distribution and extent o f landsliding  was 
mapped, and slope -channel connectivity quantified. Additi onally, regions o f 
overbank flood deposition within the flood corridors of these catchments were 
mapped and the areal extent quantified. Physical terr ain attributes, such as slope 
aspect and angle, vegetation cover and rock type were analysed in relation t o 
landsliding to assess the influence these factors had in determining slope instability.  
To evaluate the flow and sediment regime of these fluvial n etworks during the 19 -21 
June rainstorm event, f ield mapping and sampling of  flood deposits was conducted,  
and an  assessmen t of  the thickness and chara cter of these flood drapes  was 
undertaken . Subsequent analysis of flood deposit samples incorporated grain size 
analysi s so that a better understanding of the hydraulic processes that transported 
these eroded se diments could be formed . Additionally, sedimentary analysis 
facilitated the development of new and local knowledge  of the processes that 
produced dist inct vertical layering  within the flood drape deposited during the 2015 
flood event.  A linkage is made bet ween the  developing flood hydrograph, event 
sediment flux hydrograph and the stratigraphic layering which was found at various 
sites within the June 2 015 flood drape of the Whanganui River.   
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Chapter 1 �² Introduction  
 

1.1 Background  
Heavy and prolonged rainfall during the 19-21 June 2015 rainstorm event caused 
widespread landsliding and flooding within the Lower North Is land, New Zealand.  A 
slow moving warm, moist north -west flowing weather system over the region resulted 
in �R�Y�H�U���R�Q�H���P�R�Q�W�K�V�·���Z�R�U�W�K���R�I���U�D�L�Q��falling over the Whanganui , Whangaehu and 
Turakina  region s with in a 2 -day period and generated the largest flood on r ecord in 
the Whanganui River . Additionally, the heavy rainfall that fell  on already saturated 
ground produced widespread landsliding  within the region with the most ex tensive 
areas of hill  slope erosion correlating  with the mos t intense 24 hr rainfall tota ls. The  
Whanganui, Whanga ehu and Turakina catchments  were among the most se verely 
damaged regions , with many thousand s of shallow soil and debris slides and flows  
occu rring within these drainage basins  during this disturbance event .  Addition ally , 
extensiv e streambank erosion  and coupled landsliding , combined with extremely 
high discharges, produced  sediment -rich overbank flows which inundated the flood 
corridors of the se drainage b asins, subsequently depositing a thick flood drape 
which blanketed farmland , properties,  and infrastructure.  Around 400 residents within 
the floodplain of the  Whanganui River were evacuated or self -evacuated due to 
rising floodwaters and SH3, north and south of Whanganui, as well as SH4 were 
closed due to the impacts of this rains torm event , leaving the city completely cut -off 
from external aid . 

This study exam ines and seeks to better understand how our landscape evolves in 
response to extreme storm events and analyses the impact human activities such as 
deforestation and land use has on influencing geomorphological change. This 
research incorporates sedimentolo gy, grain size analysis, ground survey techniques  
and spatial  analysis to investigate  the geomorphic response of the Whanganui, 
Whangaehu and Turakina catchments to the June  19-21, 2015 rainstorm and flood 
events.  

Since European settlement in New Zealand o ver 150 years ago, substantial land 
cover modifications have occurred whereby indigen ous forest in hill country has 
been cleared to allow for expansion of agricultural and fa rming practices. This land 
cover transformation has influenced hillslope susceptib ility to erosion and has 
increased sedimentation rates within hill country regions wh ich has subsequently had 
detrimental knock -on effects within the fluvial environment (Dym ond et al, 2005). It is 
widely recognised that deforestation  reduces slope stabili ty and significantly 
enhances  erodibility, frequently  leading to increased  rates of soil erosion and 
landsliding  (Marden et al , 2005; Marden et al,  2012). Large volumes of se diment  
liberated through increased  soil degradation and slope failure  are con sequently 
incorporated into the fluvial system  which has the potential to enhance  the leve l of 
sediment connectivity within a  catchment (McCabe et al, 2013). The rapid onset 
and a ccelerated rates of erosion on pastoral hill country since the clearance of 
large tracts of indigenous fores t has necessitated the retirement and/or reforestation 
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of  substantial regions of pastured hill country  in New Zealand (Marden et al, 2014). 
Landslid e distribution that resulted from the 19 -21 June 2015 rainstorm within the 
three catchments of interest was evidently related to land  use and vegetation cover  
with res ults showing that  relative to grassland hill slopes, landslide damage was 
much less exten sive on slopes covered by  exotic forest or native bush .  

With the prevalence  and magnitude of storms predicted to increase in some regions 
of New Zealan d due to climat e change , it is important to understand  both the 
response of  the landscape and the comple x processes  that govern geomorphic 
change  during these extreme d isturbance  events . Within regions  of highly erodible 
hill country, the  history of erosion is a key indi cator to  the expected  response of the 
landscape to anthropogenic factors such as land -use and future climatic events 
(Marden et al , 2014). Fundamental processes of fluvial geomorphology, such as flow 
regimes, sediment sources, transfer and depositional zon es have not been studied in 
depth within these catchments. By examining various component s within these 
fluvial systems, such as hillslopes , the channel network,  and floodplains, and how 
these geomorphic compartments are linked together through processes t hat move 
sediment and water between them, this research  provide s an insight into how thes e 
process -response systems interact  and respond to change during extreme rainstorm 
events  and give s an indication as to how this landscape may respond in the future 
as climate and land -use evolves .  

By analysing and documenting physical terrain characteris tics which influence hill 
slope instability, t his research seeks to increase  knowledge  of various landscape 
factors that considerably contribute to soil degradation an d slope failures  during 
large  rainstorm events within the Whanganui, Whangaehu and Turaki na 
catchments . By analysing the connectivity betwe en hill slopes and the fluvial 
network within these catchments, this research demonstrates that change in one 
part of  a catchment lead s to transformation in other regions of that drainage basin. 
Furthermore , this research facilitates  knowledge of hillslope s prone to erosion  in the 
three catchments of interest  so that response to future climatic changes and land -
use pract ises can be better understood  and prepared for.  

In addition , as flooding is the most comm on natural disaster in New Zealand and 
with around two -�W�K�L�U�G�V���R�I���W�K�H���F�R�X�Q�W�U�\�·�V���S�R�S�X�O�D�W�L�R�Q���O�L�Y�L�Q�J���L�Q���I�O�R�R�G���S�U�R�Q�H���U�H�J�L�R�Q�V��
(Renwick et al, 2016), including large portions  of the Whanganui, Whangaehu and 
Turakina communities, it is para mount that current knowl edge of hydrological 
conditions, both past and present, is refined in order to judiciously manage water 
resources into the future.  

1.2 Objectives of Research    
 
The principal aim  of this research was to e xamine and better understand  the internal 
dynamics o f the catchment sediment cascade and explain the manifestation of 
geomorphic change within the Whanganui, Whangaehu and Turakina catchments 
during t he June 2015  storm event . It is surmised that the extreme nature of this 
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rainstorm event activated the lands cape to such a degree whereby the slope -
channel domains  were highly conn ected  and  due to the weak, relatively 
uncompacted and fine grained nature of  the dominant rock types within these 
catchments, the propagation of the se eroded  sediment s throughout the  fluvial 
systems was highly efficient . Three ma jor objectives were implemented  in order to 
achieve this aim and investigate  this hypothesis .  

�x  Firstly, zones of erosion and deposition were mapped,  and  the areal extent of 
these regions  was quantified . The intention of mapping hill slope erosion was 
to d istinguish betwee n coupled versus buffered landslides to assess the 
degree of catchment connectivity with in the flood corridors of these 
watersheds .  

�x  Secondly,  this research aimed to a nalyse landsliding in rel ation to physical 
terrain attributes such as r ock type, land co ver  and land use , slope aspect 
and slope angle to assess the relationship  between these  terrain  
characteristics and the distribution and extent of erosion.  In doing so this 
project will provide  new insights into the cou pling between flu vial erosion and 
landsliding with in the  three adjacent drainage basins and illustrate  the 
fundame ntal role that endogenous terrain  factors have in determining 
landslide susceptibility  during intense rainfall event s. 

�x  Objective three  seeks to provide new an d local knowledge of the processes of 
overbank deposition that occur throughout the course of major flood events 
within the three f luvial systems of interest. To achieve this s ediment sampling 
and grain size analy sis was undertaken a nd  GIS mapping and quan tification 
of  the areal extent of the flood drape  was conducted . During  field work 
sampling of the June 2015 flood drape, stratigraphic layering was found at 
several sites and  this research sought to better unders tand  the hydraulic  
processes that produced these distinct sedimentary variations.  
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Chapter 2 �² Study Region  
2.1 Introduction  
The three areas of interest  chosen for this research are  located within  adjacent 
drainage basins , the Whanganui,  Whangaehu and Tu rakina catchments,  which lie  
with in the lower North Island, New Zealand  (Figure 1). Flood corridors (Figure 2) within 
the lower Whanganui, Whangae hu and Turakina watersheds  were selected  due to 
the extensive geomorphological changes that o ccurred during th e 19-21 June 2015 
rainstorm event. These flood corridors encompa ss lower catchment steep hill 
country, deeply incised valley gorges as well as piedmont  and flood plain zones that 
surround the main fluvial systems of the drainage basins.  Figure 1 illustrates the 
diversity in shape and size between the three catchments of  interest  with these 
factors influencing  both the amount of, and speed with which, runoff reaches the 
fluvial  network.  
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Figure 1. Location of the Whanganui, Whanga ehu and Turakina catchments , lower North Island, New Zealand  and 

major rivers within these watersheds . 
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Figure 2. Location of the three areas of interest, here named the Whanganui, Whangaehu and Turakina flood 

c orridors. 
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2.2 Regional Geology  
The Whanganui, Whangaeh u and Turakina catchments are encompassed within the 
landward edge of an incomplete  back -arc  basin, in Southern  North Island, New 
Zealand  (Figure 3) . This sedimentary basin contains a comprehensive sequence of  

 

Figure 3. Location and development of Wanga nui Basin (Ballance, 2017).  
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interfingering shallow marine and terrestrial sediments that were deposited 
throughout the entire Quaternary Period  (Pillans, 1994). The base of the Rangitikei 
Supergroup  represents a major regional subsidence event, referred to  as the 
�´�7�D�Q�J�D�K�R�H���S�X�O�O�G�R�Z�Q�µ�� and marks the initiation of the Wanganui Basin as a separate 
depocenter (Townsend et al, 2008). The Wanganui B asin formed  during the Pliocene 
and has since received abun dant synorogenic deposits which reach a maximum 
thickness of approximately 5 000 m (Fleming, 1953).  Over the past 5myr interglacial -
glacial climatic cycles have generated a characteristi c  sedimentation  pattern  
with in the Whanganui Basi n whereby  regular osci llation s between deposition of 
shallow marine gravel , sand stone  and  shell beds  and  relatively  deepe r outer 
continental -shelf marine  siltstones and  mudstones  has taken place (Ballance, 2017) . 
The northern margin of the Wanganui Basin ha s been progressively uplifted  over 
geological timescales  and has generated a st eady influx of sediment to the south of 
the basin. H igh sea -cliffs along the coast  west of Whanganui City  reveal the gentle 
south -westward  dip  (between 2° and 8°)  of relatively soft Tertiary age str ata within 
the north ern section of the Wanganui B asin (Fleming, 1953) . Due to tectonic uplift, 
these thick sedimentary deposits were never deeply buried and compacted, 
producing a relatively low -strength suite of mud dominated deposits (Ballance, 
2017). Gradual uplift , in combination with  sea-level fluctuati ons and abundant 
deposition of terrestrial sediments,  has resulted in a broad flight of 12 named marine 
terraces which extend more than 20km inland and rise to a height of more than 
300m near Kai Iwi Bea ch , to the west of Whanganui  (Pillans, 1990). These w ave -c ut 

platforms  are aligned approximately parallel along  the current coastline so that the 
main river channels and terraces are incised through these marine landforms at an 
oblique, near perpendicular,  angle in their route to the sea. Regional uplift, in  
comb ination with l ocal folding  and  faulting of strata has influenced the drainage 
pattern of the main rivers within th e Wanganui Basin  (Figure 4). 3D seismic data 
reveals that up until approximately 5Ma , the W hanganui river system ran to the north 
west, draini ng into the Tasman Sea in the region north of New Plymouth. Subsequent 
tectonic uplift of the Waikato region caused a reversal of this fluvial  system, diverting 
the course of this fluvial system  to the south east where it currently meets the Tasman 
Sea at Whanganui (T. Stern, personal communication, March  20, 2017). 
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Figure 4. Landward section of the Wanganui Basin showing locations of major s tructural features within the coastal 
plain of the Whang anui, Whangaehu and Turakina areas . The main rivers are co nsequent upon the seaward slope 
of the deformed peneplain of the coastal lowland, shown by generalised summit contours. Folding and faulting o f 

the coastal lowland has guided the streams that cross it (Fleming, 1953).   

Relatively weak Neogene  deposits laid  down  during Pliocene and Pleistocene 
marine transgression are the predominant sediments  found in the Whanganui , 
Whangaehu and Turakina  region s (Hancox et al, 2005a). Late Quaternary alluvial 
gravel  and sand, as well as marine, estuarine and lagoon deposit s dom inate the 
coastal margin. Additionally, dune sand, swamp deposits, pea t and lake silts are 
common within  the coastal plain. Inland, early Quaternary marine gravel , silt 
conglomerate, sand and l ime stone predominate , with high inland terraces 
composed principally of alluvial gravel and sand . Dominant  surface rocks of the 
steep hill country environment are consolidated to weak marine and non -marine 
mudstone , sandstone, conglomerate,  and limestone o f the Miocene -Pliocene  
Epochs . Volcanic rocks and lahar de posit s are prevalent within the eastern and 
nort hern reaches of the Whanganui and Whangaehu catchments and are common 
within the fluvial bedforms of the main river systems, having been eroded, rewor ked,  
and deposited downstream of their original source regi on  (Figure 5) . The 
comparatively soft , weak  sediments within these watersheds were raised and folded 
during the Quaternary, so that inland, a relatively mature landscape has evolved 
having been pla ned by erosion and deeply dissected by the fluvial system s o that 
the hill country region encompasses a characteristic steep, sharp terrain.  
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Figure 5 Stratigraphic age and  lithology within the Whanganui, Whangaehu and Turakina catchments  (GNS 

Science , 2014). 
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2.3 Whanganui Ri ver Catchment  
The Whanganui River d rainage basin , bound  to the south by the Whangaehu and 
Waitotara watersheds, to the east and north by the Waikato River system  and to the 
west by the Waitara  Catchment , encompasses an area of app roximately 7 ,112 km2 

an d drains  into the Tasman Sea at Port W ha nganui.  Although a large portion of this 
drainage basin was affected by the 19-21 June 2015 rainstorm,  a  relatively small 
section  of the lower Whanganui Catchment was chosen for this research ( Figure 2). 
This region is situated  where the highest intensity rainfall fell during the 19 -21 June 
2015 rainstorm and  subsequently  encompasses a zone where some of the worst  
erosion, flooding and sedimentation  occurred.   The Whanganui flood corridor 
encomp asses a relatively narrow zone of the lowland coastal plain,  piedmont,  and 
surrounding steep hill country  zones as well as the floodplain of the Whanganui River . 
This flood corridor is approximately 505 km2 and  incorporates several  settlements lying 
adjace nt to the Whanganui River, including Pipiriki, Jerusalem, Atene , Parakino, 
Kawhaiki, Upokongaro and Whanganui .  For the purposes of this study, and due to 
imagery con straints, an area of 219 km 2 was utilized in the landslide mapping analysis 
section.  
 
 2.3.1 Geomorphology  
The Whangan ui Catchment comprises  a  diverse lan dscape, encompassing the 
volcanic terrain of Tong ariro National Park to the northeast of the watershed, as well 
as the relatively  flat to gently rolling pasture d landscape  of the coastal fring e and 
the  steep rugged  hill country  that covers around 60 percen t of the total drainage  
basin (Tonkin & Taylor, 1978).  The relatively soft Tertiary strata that underlies much of  
the Whanganui drainage basin has resulted in a complex an d high ly dense  river 
network , that has deeply incised the landscape  so that the Whang anui River , and its 
main tributaries , are confined within very narrow and steep sided valleys  (Figure 6). A 
suite of paired fluvial strath  terraces can be delineated well inland from the river  
mouth and were developed during Pleistocene glacial episodes (Manville et a l, 
2009). Dend ritic drainage systems, such as the fluvial network of  the Whanganui 
Catchment, develop in terrains where there are  no distinctive  geological controls  
and the drainag e configuration facilitates a relatively smooth  conveyance of 
sediment due t o the lack of structurally  controlled impediments (Brierly et al , 2005). 
The form  of this  morphological system generates high  rates of flow -sediment 
interaction through the distrib ution of available energy during high rainfall events.  
In the upper to midd le catchment regions, c hannels tend to diss ect deeply into 
bedrock and have little or no floodplain development in the narrow valleys . The 
main alluvial plain of the Whanganui Rive r lies adjacent to the lowest reach of the 
channel, upon which a large porti on of  Whanganui  City  is located  (Figure  7). Taupo  
Pumice Alluvium ( ~1.8 ka) underlies a substantial area of the current Whanganui 
floodplain to a thickness of several metres (Flem ing, 1953; Manville et al, 2009; 
Watson et al, 1998).  
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Figure 6. 15 m d igital elevation model (DEM) of the Whanganui drainage basin.  This model shows the dendritic 

drainage pattern within the catchment  and the relatively high relief surrounding the fluv ial network. (DEM 
courtesy of Koordinates).  
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Figure 7. Aerial view of the Whanganui  township , looking up the Wha nganui Valley  from near the river mouth . The 

city is built on the dune covered Aramoho Terrace. Terraced forms dominate the landscape; th e most  conspicuous 
terraces at Putiki (a), Durie Hill  (b), Mt Churton (c), behind Aramoho (d), and at Mission (e), are parts of the Rapanui 

Terrace. Mt Jowett (f), and Ikitara (g) are parts of the Brunswick Terrace. Castlecliffian sediments, overlying 
Nukumaruan  at Makirikiri (h), are exposed in valley walls, for instance at Shakespeare Cliff (i), and Putiki (j) (Fleming, 

1953). 

The Whanganui C atchment morphology  is synonymous to a n inverted  funnel in that 
water during significant flood -producing events is contai ned within narrow gorges 
prior to reachin g the piedmont zone and coastal plain  whereby floodwaters then 
disperse rapidly across the floodplain  at Whanganu i city . These geomorphological 
factors combined with the location of homes and infrastructure on the W hanganui 
River floodplain often have negative consequences for re sidents of the city during 
intense rainfall and subsequent flood events.  
 
 
 2.3.2 Rock Typ e and Geology  
A diverse suite of rock types underlies the Whanganui flood corridor  (Figure 8) . 
Bedroc k in the steep hill country within the upper reaches of the flood c orridor is 
predominantly composed of early Pliocene sandstone and mudstone as well as 
Holocene landslide deposits. The middle reaches of the area of interest is underlain 
by younger middle Pliocene repeated sequences of pebbly to well sorted 
sandstone and mudstone with poorly fossiliferous siltstone and limestone also 
common. The piedmont and  coastal lowland are dominated by m oderately 
weathered undifferentiated poorly sorted loess -covered a lluvial gravel deposits , 
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Middle to Late Pleistocene river sediments  (sand, silt, pumice,  and clay) and 
Holocene windblown dune deposits .  

 

 
Figure 8. Lithological map of the Whanganui  flood corridor (b ased on the GNS Science 250k                                                                                        

geolo gical �X�Q�L�W�V�· layer in the GNS QMap series , 2014). 
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 2.3.3 Landcover and Land Use  
Milling of the native forest and ensuing pastoral development within the Whanganui 
Catchment began in the la �W�H�����������·�V���D�I�W�H�U���W�K�H���(�X�U�R�S�H�D�Q���S�R�S�X�O�D�W�L�R�Q���E�H�J�D�Q���W�R���V�H�W�W�O�H��
inland  (Tonkin & Taylor, 1978) . The Whanganui National Park currently protects one of 
the No rth Islands largest remaining tracts of podocarp -hardwood lowland forest and 
encompasses 742 km 2 of land sur rounding the middle and lower reaches of the 
Whanganui River (Depa rtment of Conservation, 2006). The relatively steep, rugged 
terrain of the inland drainage basin has restricted land use development and 
current land use practices reflect the limitations im posed by relief (Tonkin & Taylor, 
1978). A distinct variation  betw een contemporary  landcover and land use of the 
coastal lowland zone and landcover and land use within the hill country further 
inland exists within the Whanganui flood corridor. Landcover of  the coastal plain 
predominantly consists of the built -up urban re gion of Whanganui township and 
surrounding pastural regions  (Figure 9 and 10) . Further inland, canopy cover is 
provided by large expanses of indigenous forest, closed canopy pine plantations , 
and Manuka  and Kanuka  scrub.  Relatively smaller tra cts of exotic  grassland and 
open canopy pine forestry are interspersed  (Figure  11).  
 

 
Figure 9. Photo taken of slopes surrounding the W hanganui River at Crowley House nort h of Whanganui city on 20 th 

June 2015 at 13:52. This photo was taken during the relatively early stages of the June 2015 rainstorm and flood 
event in the lower Whanganui catchment. Shallow landsliding  is visible on pastured slopes in the d istance and runoff 

in the foreground (photo cou rtesy of Crowley family, 2015).  
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Figure 10. Photo taken o f the slopes surrounding the Whanganui River at Crowley House north of Whanganui city on 
21tst June 2015 at 15:51. Extensive shallow landsliding resulted from the intense rainfall that fell ov er this area during 
20-21 June 2015. The above two photos reveal  the during and after effect of this rainstorm on the pastured slopes 

surrounding Crowley Hous e (photo courtesy of Crowley family, 2015).  
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Figure 11. Veget ation cover within the Whanganui  flood corridor (b ased on the New Zealand Land  Cover 

Database (LCDB)  from Land Resource Information Systems portal , 2017). 

 
 2.3.4 Whanganui River  
The Whanganui River is a major fluvial channel in the North Island, New Zealand. To 
many Maori this is a river o f sacred power - their awa tupua and in Maori 
understanding th e Whanganui River  is considered a person �² a tupuna, or ancestor  
(National Geographic, 2019) . On March 20, 2017 New Zealand recognised in law 
that this river is a living being �² �´�7�H���$�Z�D���7�X�S�X�D���² the river and all its physical and 
metap hysical elements �² is an �L�Q�G�L�Y�L�V�L�E�O�H�����O�L�Y�L�Q�J���Z�K�R�O�H�����D�Q�G���K�H�Q�F�H�I�R�U�W�K���S�R�V�V�H�V�V�H�V���´�D�O�O��
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�W�K�H���U�L�J�K�W�V�����S�R�Z�H�U�V�����G�X�W�L�H�V�����D�Q�G���O�L�D�E�L�O�L�W�L�H�V�µ���R�I���D���O�H�J�D�O���S�H�U�V�R�Q�µ�����1�D�W�L�R�Q�D�O���*�H�R�J�U�D�S�K�L�F����
2019).  
The total length of the Whanganu i river, from its headwat ers on the flanks of Mount 
Tongariro, is approxi mately 305  km (Shand , 2001) and is the second longest river in 
the North Island. Principal tributaries include the Ongarue and Ohura rivers to the 
north,  the Whakapapa  and Manganui -a -te -Ao  rivers rising from Mt Ruapehu in the 
east and the Whangamomona and Tangarakau rivers to the west. Whilst eastern 
tributaries erode through volcanic strata, western tributaries have dissected 
sedimentary mudstone and sandstone formations so that downstream al luvia l 
deposits consist of a broad suite of fluvially transported  sediments.  
From its source, the Whanganui River flows north -west for approximately 60 km, 
befor e turning south near Taumarunui where i t winds a sinuous course to drain into 
the Tasman Sea a t Port Whanganui (Beaglehole, 2015).   
At Whanganui, the mean flow  of the river is estimated to be 229.0 m/s (cumulative 
catchment average) and the annual sediment yield is calculated to be 4,699,800 
tonnes (Hume et al, 2015). The river has a very low gradi ent t hroughout much of its 
lower reach and large volumes of seawa ter flow into and out of the channel over a 
tidal cycle (Blackwood et al, 2016). The tidal range is estimated to extend 42 km up -
river (J. Watson, personal communication, February 1, 2016).  
The relatively l ow -strength muddy sedimentary rocks  within the Wan ganui Basin , in 
conjunction with  tectonic  uplift leading to  steep slopes and deep river incision, is 
dynamite when it comes to erosion and slope stability, particularly in deforested 
regions of the catchment  (Balance, 2017).  A further consequence of these 
environmental factors is the preservation of vast areas of river terraces in the vicinity 
of Whanganui city  (Figure 7) . 
 
Recording of flow data in the Whanganui River  began in 1957 and a cont inuous 
record  is available between 1957 -2014 from the Paetawa rec order site (Table  1). In 
2006, a new gauging station was installed at Te Rewa to provide continuous flow 
records which ar e equivalent to those at Paetawa due to the sites  encompassing 
essentially the same catchment areas (Blackwood et al, 2016).  
Flood rec ords from gauging stations frequently have insufficient length to 
adequately identify the actual temporal context of extreme hydrologic events like 
large floods (House et al, 2002) and i n New  Zealand, current flood frequency analysis 
often relies on instru mental records which are frequently less than 100 years in length. 
Flood research constantly requires the calculation of peak discharge for a particular 
return period that is significantly lo nger than the available gauged record.  
Documented record s provide  another means of extending the flood history of fluvial 
systems (Table 2). For the Whanganui, peak discharges of historic floods have been 
estimated through hydraulic modelling of flood leve l information found in 
photographs and newspaper article s (Blackw ood et al, 2016). Major documented 
flood events and the corresponding discharges are outlined in Tabl e 2.  Historic 
photographs of flooding in the Whanganui River are shown in Figure 1 2. 
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Table  1. Whanganui River at Paetawa and Te Rew a Annual Maxima 
1957-2015 (Blackwood et al , 2016). 

 
 

Table 2. Whanganui River at Paetawa historic floods  (Blackwood et al, 2016) ). 
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Figure 12. Top left, 1940 Floo d at the corner of Taupo Quay and Vi ctoria Avenue (Hanton & Anderson Print, 1995). 
Top right, vehicles and pedestrians still cross the intersect at Victoria Avenue and Taupo Quay despite floodwater 
inundation during the 1940 flood event (Hanton & Anderson Print, 2005). Middle left, 1904 floo d shown from beside 

Fosters Hotel, Taupo Quay (Hanton & Anderson Print, 2009). Middle right, lower Victoria Avenue during the 1904 flood 
event (Hanton & Anderson, 2001). Bottom left, streambank erosion  that resulted from  the 1904 flood event along 
Anzac Pa rade. Erosion undercut several buildings in front of the Red Lion Hotel (Hanton & Anderson Print, 1995). 

Bottom right, bank erosion along the same reach as depicted in the earlier photograph on bottom left (Hanton & 
Ande rson Print, 2009). This section of t he Whanganui River is prone to streambank erosion due to a combination of 
the morphology of the channel, whereby flow is restricted by a narrowing of the channel immediately upstream of 

this section an d flow naturally un dercuts the outer concave bank which  consists of unconsolidated alluvium.  

 

Intense  and prolonged rainfall during the  19-21 June 2015 storm event, triggered the 
largest  floo d in instrumental , as well as documented history in the Whanganui River 
and resulted  in widespread flooding in  adjacent  Whangaehu and Turakina drainage 
basins (Figures 13, 14, 15 and 1 6). 
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Figure 13. Whanganui River mouth during the June 2015 flood event (Smith, 2015).  

 
Figure 14. June 2015 flooding of the Whanganui River along the out er bank of the broad bend directly 
upstream of Town bridge. The ho uses inundated above are situated along Anzac Pde (Conley, 2015)  

 

 
Figure 15. June 2015 flooding of the Whanganui River at Dublin St bridge (Conley, 2015 ). 
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Figure 16. Photo taken 21 st June 2015 at 15:07 of flooding of the Whanganui River at Crowley 

House north of Whanganui city. SH4 is to the left of this photograph. Picture shows the sediment 
rich flood waters which inunda ted  the first river terrace at the front of the property . Flood  de bris is 

visible along the fence line in the foreground (photo court esy of Crowley family, 2015).  

 
Figure 17 shows the sediment plumes discharging from the three drainage basins of 
interest during the 2015 rain induced flood events indicating relatively cou pled 
environments within all three catchments.   

 

Figure 17. USGS operated Landsat 8 Operational Land Imager (OLI) imagery of the Whanganui, Whangaehu and 
Turakina river mouths taken (left) approximately 3 weeks prior to the 19 -21 June rainstorm event on 28 May 2015. 
(right) Shows the sediment plumes from these flu vial systems during the storm event on 20 June 2015. (Imagery 

courtesy of USGS LandsatLook).  

 
Fuller et al (2019) investigated palaeofloods  in the Whanganui River using floodplain 
sedimentary arc hives taken at two sites, Atene,  and Crowley House (Figure 16), in 
the lower Whanganui catchment. At Atene, an age -depth model identifies three 
discrete phases of sedimentation with higher -than -average  flood activity 
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documented  at 1450-1125, 950, 650-500, and 400 -325 cal. yr BP, with these periods 
associated with enhancem ent of the Southern Hemisphere Westerly Wind circulation 
and the El Nino Southern Oscillation (ENSO)  (Fuller et al, 2019). Cosmogenic analysis 
of cores taken from Crowley House reveal large  floods were also more frequent 
during the late 1800s, reflecting a  period of increased storminess and landcover 
change (Fuller et al, 2019).   
  

2.4   Whangaehu Catchment  
The Whangaehu drainage basin, bordered to the west and north by the Whanganui 
fluvia l system and in the east and south by the Rangitikei and Turakina w atersheds, 
drains approximately 199 2 km2 of steep hill country of the Central North Island to 
discharge into the Tasman  Sea several kilometres southwest of Whangaehu 
Township  (Figure 18). The Whangaehu study area encompasses a zone where some 
of the worst erosion, flooding and siltation occurred during the 19 -21 June 2015 
rainstorm. The Whangaehu area of interest, here nam ed the Whangaehu  flood 
corridor, is approximately 196  km2 and encompas ses a narrow strip of the  coastal 
plain as well as the piedmont  zone, floodplain  and surrounding  steep hill country . 
 

2.4.1 Geomorphology  
The Whangaehu river basin can be divided into three distinct geomorphological 
zones:  

1. The Volcanic zone extends from t he source of the Whangaehu River at Crater 
Lake, Mount Ruapehu, to the edge of the volcanic ring plain. From its origin, 
the channel is sl ightly dissected, occasionally diverging and generally flows in 
an easterly direction across a wide alluvial fan befor e turning southwest near 
Waiouru (Wells et a l, 1980). 

2. Dissected hil l country extends southwards from the edge of the ring plain and 
compri ses uplifted Tertiary marine siltstones and sandstones (Fleming, 1953). 
The river channel is characterised by a steepl y incised meander pattern that 
is restricted by the narrowness of t he valleys through which it runs (Wells et al, 
1980). Near Mangamahu, t he regional geology changes to relatively 
younger, less consolidated Quaternary sediments that consist predominantly 
of sand and silt deposits. The width of flood terraces increases con siderably 
downstream of Mangamahu  and  entrenchment of the Whangaehu Riv er 
channel is markedly reduced (De Ruyter, 2001).  

3. The coastal plain is characterised by a comparatively narrow coasta l fringe of 
flat to gently rolling pastured slopes that encompass a  relatively wide alluvial 
flood plain that is confined within late Quat ernary river terraces (Hodgson, 
1993). Marine gravel, sand and silt of late Pleistocene predominate this zone 
(Wells et al, 1980). 
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Figure 18. Digital elevation model of the Whangaehu drainage basin  (DEM courtesy of Koordinates) . 
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2.4.2 Rock Type and Geology  
The upper Whangaehu flood corridor region is underlain by Late Pliocene mudstone, 
sandstone, conglomerate,  and limestone formations with river deposits common 
along channel bank reg ions. Bedrock of the middle reaches of the Whangaehu 
flood corridor is mainly Early Pleistocene mudstone, sandstone, limestone,  and 
conglomerate. Poorly to moderately sorted gravel wit h minor sand and silt underlies 
river terraces and  includes minor fan de posits and loess.  Principal deposits of the 
coastal plain consist  of Holocene a lluvial gravel, sand, silt, mud,  and clay with local 
peat as well as active and stable windblown dune depos its (Figure 19). 
 

2.4.3 Landcover and Land use   
The upper Mount Ruapeh u plateau is encompassed within the Tongariro National 
Park and is thus protected and managed accordingly (De Ruyter, 2001). Land use 
within lower plateau region include s forestry (nativ e and exotic), farming and 
defence force reserve  land (Philpott, 2007) . Below the plateau, sheep and cattle 
farming are the predominant land use practices, with a focus on dairying within the 
fertile river terraces of the lower 30km of the catchment (De Ru yter, 2001). Within the 
Whangaehu flood corridor , high producing exoti c grassland predominates with 
relatively small zones of closed and open canopy pine forests and crop land 
interspersed  (Figure 20). Salix or willow is common along the streambanks of the  
lower Whangaehu River, planted to help control the water course and m itigate 
bank collapse and erosion.  
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Figure 19. Lithological map of the Whangaehu study area. Based on the GNS Science 250k                                                                                    

geological �X�Q�L�W�V�· layer in the GNS QMap series ( 2014). 
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Figure 20. Vege tation cover within the Whangaehu  area of interest. Based on the New Zealand Land                                                                                       
Cover Database (LCDB) from Land Resource Information Systems po rtal.  
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2.4.4 Whangaehu River  
The Whangaehu River is a major water course in the North Island, New Zealand and 
drains a basin adjacent to the Whanganui River.  The source of the Whangaehu  River 
is Crater Lake at Mount Ruapehu,  and the upp er catchment region drains the 
southern and eastern f lanks of the mountain (Wells et al,  1980). The mainstem of the 
Whangaehu  River is 202 km in length and drains a catchment basin  of  1992 km2. The 
drainag e basin is bound to the east by the Turakina River and Rangitikei River 
catchments and to the west by the Whanganui River catchment.  The Whangaehu 
River mouth lies 8 km southeast of Port Whanganui. The Whangaehu watershed has 
three main tributaries:  the Ma kotuku River, the Tokiahura Stream,  and the 
Mangawh ero River. The Mangawhero River originates on the south -western  flanks of 
Mt Ruapehu and flows through Ohakune in a course largely parallel to the 
Whangaehu River (De Ruyter, 2001).  The confluence of the M angawhero and 
Whangaehu rivers is situated 54 km up stream of the river mouth, between the 
Mangamahu an d Kauangaroa settlements (De Ruyter, 2001). At Mangamahu, there 
is a distinct change in morphology of the fluvial network whereby river entrenchment 
downs tream of this settlement markedly decreases and wid th of river terrace s 
increases due to the change in  underlying stratigraphy to less consolidated marine 
sediments which are more easily erodible (Bell, 2013).   
Due to the impact th at the June 2015  storm ev ent had at the confluence of the 
Mangawhero and Wha ngaehu rivers whereby sediment rich flood waters ba cked 
up into the Mangawhero causing overbank flows to deposit a relatively vast blanket 
of flood drape at this junction, the lower reach of the Mangawhero  River is included 
in the Whangaehu flood corridor.  
 

2.5  Turakina Catchment  
The Turakina drainage basin, bordered to the north and west  by the Whangaehu 
Catchment  and to the east by the Rangitikei watershed, drains approximately 956 
km2 of predominantly s teep hill country with in the lower Central North Is land to 
discharge into the Tasman Sea a t the beach settlement of Koitiata  (Figure 21). 
The Turakina study area , here named the Turakina flood corridor,  is approximately 96  
km2 and encompasses  a narrow regi on of steep hillslope s, lowland coastal plai n and 
p iedmont and floodplain zones and encompasses a n area  where some of the worst 
erosion, flooding and deposition  occurred during the 19 -21 June 2015 rainstorm . 
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Figure 21. Digital elevation model of the Tu rakina drainage basin . 
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2.5.1 Geomorphology   
The morphology within the Turakina flood corridor encompasses a narrow belt of 
alluvial deposits within the lower reaches of the Turakina River that has evolved into 
a relatively low gradient planar surface. T he fluvial system becomes deeply 
entrenched fur ther inland and is surrounded by steep slopes in the surrounding hill 
country.   

2.5.2 Rock Type and Geology   
The regional geology of the Turakina flood corridor  is shown in Figure 22. The northern 
region of t he area of interest is predominan tly underlain by weak to very weak 
Mangaweka mudstone of the Kai Iwi Group with s andstone, siltstone, bioclastic 
limestone, conglomerate and pumiceous sand  sub-rocks. Further down catchment 
the principal rock type is a rela tively younger, less consolidated  sandstone of the 
Shakespeare Group that contains increasing amounts of volcanic debris as well as 
intermittent beds of peat. The coastal lowlands consist of Braemore and Brunswick 
terrace coverbeds comprising shallow marin e conglomerate, shellbeds, dune s ands 
and peat.   
 

2.5.3 Landcover and Land Use  
Due to sheep and beef farming dominating the land use within the lower region of 
the Turakina Catchment (Horizons Regional Council, 2002) land cover within the 
Turakina flood co rridor study area is predominantl y high produci ng exotic grassland 
(Figure  23). Relatively small regions of low producing grassland, gorse and broom, 
and closed canopy pine forest are located within the sand and gravel deposits on 
the coastal plain. Pocket s of salix or willow have been pl anted along th e 
streambanks of the lower Turakina River to mitigate bank collapse and erosion.  
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Figure 22. Lithological map of the Turakina study area. Based on the GNS Science 250k                                                                                         
geological �X�Q�L�W�V�· layer in the GNS QMap series (2014).  
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Figure 23.  Vegetation cover within the Turakina area of interest. Based on the New Zealand Land                                                                                       
Cover Database (LCDB) from Land Resource Information Systems portal . 
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2.5.4 Turakina River  
The Turakina River is a major water course in the North Island, New Zealand and 
drains a basin adjacent to the Whangaeh u River. The Turakina River has a total 
drainage basin area of 9 62 km2 and is approximately 140km in length.  The 
headwaters of the Turakina River originate in the low -lying hill country near the 
Rangiwaea Junction, south of Waiouru (Horizons Regional Counc il, 2002). Locally, 
the ma in river flows seaward at a relatively gentler gradient than the slope of the 
surrounding land surface (Fleming, 1953). The stream network within the Turakina 
Catchment commonly runs east -west, merging with the Turakina River, whi ch 
culminates with the Tas man Sea approximately 16 km south east of Whanganui, 
near the small coastal settlement of Koitiata. The east -west flow is likely due to uplift 
along the Marton Anticline (van der Neut, 1996).  Due to a man -made cut at the 
mouth of the Turakina River being c reated t o direct water out to sea, a lagoon 
frequently exists in the natural riverbed of the channel (Figure  24). 
The rainstorm and subsequent flood event in June 2015 caused the mouth of the 
Turakina River to cut a direct path to  the sea. This migration o f the Turakina river 
mouth also occurred during the flood event of 2004 . Over time, the Turakina river 
mouth naturally migrates south along the coast  again , cutting a less direct course. 
This process reflects the energy regime of the river during and after  large flood 
events.  

 

Figure 24. Four years after a major flood cut a direct path to the sea, the Turakina 
River-mouth has migrated several hundred metre s to the south (left).  This process will 

eventually result in the river re-joining  its earlier chann el which now forms a lagoon 
next  to the settlement of Koitiata (upper le ft) (Coastal Systems Ltd, n.d).  
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2.6 Regional Climate of the Study Area  
Climate  within the Wanganui -Manawatu  region is largely controlled  by the presence 
of  the Kaimanawa range and vo lcanic peaks in the north and the Ruahine and 
Tararua ranges in the east and south (Tait  et al , 2005). The climate within the region is 
maritime a nd temperate with prevailing winds coming from the west ern quarter  
(Dymond et al, 2004). However, l ocal topogr aphy can influence surface wind s so 
that  a considerable tendency for surface winds to blow from northern and north -
easterly  directions exists (Tait et al, 2005). 
Annual rainfall for the greater region ranges between 5000 mm at th e top of the 
eastern ranges  to 800 mm along the coastal plain (Dymond et al, 2004). Hill country 
regions  in the north of the area receive on average between 1400 to 1600 mm/year 
(Tait et al, 2005).  
 

2.6.1 Synoptic Conditions of the 19-21 June 2015 rainsto rm 
 On the 19 -21 June 2015,  the lower North Island, New Zealand, experienced a severe 
winter storm event which caused heavy rain to fall within the Horizons and Taranaki 
regions. The heavy rainfall, in conjunction with already saturated ground conditions 
a ttributable to a wet autumn , caused waterways to burst their banks as well as 
surface floodin g in many low -lying regions and severe erosion in the hill country 
(Ministry for Primary Industries, 2015) . This, in combination with a king high tide 
resulted in the worst flood on record i n the Whanganui River and Civil Defence 
authorities declared a sta te of emergency in Whanganui and surrounding region s 
and hundreds of people were evacuated from homes  due to rising flood waters . 

The New Zealand MetService foreca st predicted that  a  complex  low over the 
Tasman Sea  was expected to move east over the  South Island and spread north into 
southern and central North I sland on Friday , 19 June 2015  (Figure  25). These low, and 
associated fronts  were  expected  to bring period s of stormy weather to these  regions  
over the following days.  The greatest  rainfall amounts were  forecast for the ranges of 
Westland where a total of  300mm of rain was  expected to accumulate. In addition, 
250mm was  expected about the  Tararua Range, with 200 mm about Mt Taranaki, 
and 1 50mm about Tongariro.   
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Figure 25. MetService weather forecasts during the 19 -21 June rainstorm event. These maps show the progression of 

�W�K�H���¶�W�Z�R���S�U�R�Q�J�H�G�·���D�W�W�D�F�N���R�I���W�K�H���W�Z�R���P�D�L�Q���O�R�Z���V�\�V�W�H�P�V���R�Y�H�U���W�K�H���O�R�Z�H�U���1�R�U�W�K���,�V�O�D�Q�G. 
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Chapter 4 �² Methodology  
4.1  Introduction  
To facilitate analysis of how the landscape responded to the June 2015 rainstorm 
and flood events and the geomorphological processes that facilitated change, 
various geop hysical survey met hods were used along the three flood corridor s of 
interest. These inc luded:  streambank profiling  using RTK- dGPS, flood drape sample  
collection, sedimentology and grain size ana lysis and GIS techniques.  In addition, 
multiple data sources were utilized  including GeoEye satellite im agery, river flow, 
turbidity and sediment fl ux data was obtained from Horizons Regional Council and 
various physical terrain attributes shapefiles (vegetation and land -use, rock type, 
slope,  and aspect) from Land I nformation New Zealand.  
  

4.2 Flood Drape  Sample Collection  
The initial objective was to capture sufficient flood drape sample data to  identify 
any potential variation in downstream fining as well as sediment grading across the 
floodplain and vertically w ithin the flood  drape itself . Thus, sample s were taken at 
relativ ely regular intervals down the flood corridor and proximal a s well as distal 
samples were taken at various sites along the flood corridors.  Distinct layering was 
identified within the 2015 fl ood deposits at various sites  (Figure 46) so discrete  
samples were removed from each layer.  
Additionally, at each sample site, a cross section of the surface extent of flood 
deposits was measured and recorded  using RTK �² dGPS equipment  to enable  
analysis of grain size data in relation to a erial e xtent . 
 
 

 
 

Figure 46. Layering within flood drape sample s at sites along the Whanganui River at Wg10 (left), Wg16 (middle) and 
Wg 20 (Pungarehu Marae).  
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4.3 Measurement of Flood Drape Elevations Above the Wetted Channel  
The real -time kinematic (RTK) d ifferential globa l positioning system ( dGPS) survey 
technique was deployed along the flood plains of the Turakina, Whangaehu and 
Whanganui rivers to enable a more accurate spatial and quantitative estimate of 
the areas of flood drape deposition to be made.  A Trimble R8 RTK- dGPS was utilized 
in this research  to aid in  mapping as well as quantifying the areal extent of the  flood 
drape . This surveying facilitated measurements of height above , as well as width 
away from , the w etted channel  that overbank deposi tion occurred. Th e GPS surveys 
also allowed for accurate location data of flood drape samples to be made.  

The initial objective was to take sediment samples and undertake surveys at regular 
intervals of approximately 3 -5km along the flood plains of the ca tchments of inter est. 
This method had to be adapted due to various limitations, which included: limited 
access due to substantial flood damage to the streambank environment; and 
density of vegetation and steepness of terra in. Both greatly limited the usabi lity of 
the RTK-GPS equipment in many upper regions of the areas of interest (see below).  
Along each transect, surveys were taken from the most distal (away from the wetted 
channel) point of the visible flood drape and co ncluded at the wetted channel. 
Points were taken at  breaks in slope along each transect so that streambank flood 
drape cross sections could be plotted.  
 

4.4 Grain Size Analysis    
To aid in the assessment and interpretation of sediment transport processes and the 
flow regime of flood waters  during the June 2015 flood event, samples of overbank  
deposits (Figure 4 7) were taken from the flood plains of the Whanganui, Whangaehu 
and Turakina rivers. Grain size analysis of flood drape samples was undert aken to 
ascertain the processes that caused d istinct layering of overbank flood deposits to 
occur during the June 2015 flood event.  
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Figure 47. Flood drape sample and flood drape cross section survey sites within the Whanganui, Whangaehu 

and Turakina cat chments.  
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The following methodology was followed to  prepare eac h sample for laser particle 
size (LPA) analysis: 
 

�x To eliminate organic material from the flood drape samples, 3-4 grams of 
each sample was weighed out (roots and visible organic matte r was 
removed) and placed into large beaker s. Beakers were labelled with each 
site code so tha t samples were easily identifiable . 

�x Hydrogen peroxide (H 2O2) (30%) was then added to each beaker . Enough 
H2O2 solution was added to just cover each sample. The re action was quite 
strong in many of the samples, so  several drops of copry l alcohol was applied 
when  bubbling was near overflowing point.  

�x H2O2 was applied  over a period of approximately 4 -5 weeks  so that the 
sediment remained moist. This process was vigila ntly observed as there was a 
risk of the samples d rying out which could h ave affected the outcome of the 
LPA if clay particles flocculate d together.  

�x The process of eliminating organic matter was finally completed by utilizing a 
heat pad and fume hood over  an  approximately  6 hr period  until no bubbling 
wa s heard or seen  (Figure 48). 
 

 
Figure 48. Final stage of the removal of organic material from flood drape samples was                                                                                         

completed by  simmering the sample and H2O2 mixture on  a heat pad  under a fume hood.  

 
�x Each sample was then centrifuged with deionised water to eliminate the H 2O2 

(a clear solution remained as opposed to a yellow solution).  
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�x Each sample was divided into 6 centrifuge tubes and approximately 40 ml of 
deionise d water was added. The c entrifuge was run with the following 
settings: 9 �² deceleration, 7,000 RPM, 4 minutes. The liquid was then decanted 
and discarded. The process was repeated until the solution ran clear.  

�x Following  H2O2 removal, each sediment sample w as then  put into LPA gla ss 
cylinders a nd deionised water was added to 3/ 4 fill each  vial.  

�x Each cylinder was labelled with the sample site code for easy identification.  
 

A Horiba LA -950 laser scattering particle size distribution analyser was  then  utilized  in 
the analysis  of the flood drape grain sizes. This instrument uses two beams of light of 
diff erent wavelengths (LED : �Ì=405 nm ; Laser: �„=650 nm) to precisely determine the 

distribution of grain size classes in fluid -solid dispersions.  
 
The following methodology was followed to measure grain size:  

�x The water level of the deionised water tank was chec ked before, during and 
a fter sample processing.  

�x The deionised water tank tap was opened to depressurize the container prior 
to processing.  

�x The Horiba machine, printer and computer were  turned on. The Horiba 
programme was then started.  

�x The slurry sampler me thod was utilized to run  samples in suspension. Between 
9-27 samples were placed in batches on the Horiba sample tray  depending 
on how many had been centrifuged at the time . 

�x Three repe ats of each sample were run . 
�x Results were then transferred to Excel spreadsheets for analysis  

 
Additionally , rainfall, discharge and sediment flux data were sourced from Horizons 
Regional Council (HRC) to support in the analysis and interpretation of sedim ent 
transport processes  that occurred  during the June 2015 flood event. 48 hr rainfall 
totals wi thin the Whanganui, Whangaehu and Turakina catchments , as well as 48 hr 
Average Recurrence Intervals (ARIs) for rainfall that fell over 19 -21 June 2015  were 
pro vided (Figures 49 and 50 ) as well as  discharge (l/s)  (Figure 51) and sediment flux  
(Figure 52) data  from the  Te Rewa gauging station on the Whanganui River . The 
catchment area this monitoring site encompasses is approximately 6643 km² (note: 
flow is record ed by NIWA at Paetawa 2km downstream  of Te Rewa).  Sediment flux 
(kg/s) and turbidity data was ac quired from HRC for the Whanganui River at Te 
Rewa monitori ng site.  
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Figure 49. 48 hr rainfall totals within the Whanganui, Whangaehu and Turakina catchment s (Rainfall totals  data 
courtesy of HRC ).  
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Figure 50. 48 hr Average Recurrence Intervals (ARI s) for rainfall that fell over 19 -21 June 2015 within the Whanganui, 
Whangaehu and Turakina catchments. Notable rainfall is represented through selected regions  of rainfall equal to or 
exceeding a 50 yr recurrence int erval of NIWA's HIRDS V3 model (High In tensity Rainfall System V3). These regions of 

rainfall were created by spatially approximating 24 and 48 hr maximum rainfall amounts from rain gauges managed 
by  various regional councils (Taranaki Regional Council, Ha wke's Bay Regional Council, Horizons Re gional Council as 
well as Greater Wellington Regional Council), one privately owned rainfall gauge and MetService (Meteorological 

Service of New Zealand Limited ). The rainfall regions with calculated values matching r �H�F�X�U�U�H�Q�F�H���L�Q�W�H�U�Y�D�O�V���R�I���1�,�:�$�·�V��
HIRDS V3 model were allocated recurrence interval values ranging from 1.58  to 100 years. Only recurrence 

intervals  of greater than 50 years are shown above. The accuracy  of the modelled recurrence intervals should be 
considere d indicative only (ARI data courtesy of  HRC). 



- 75 - 
 

The catchment area this monitoring site encompasses is approximately 6643 km² 
(note: flow is recorded by NIWA at Paetawa 2km downstream  of Te Rewa).  
Sediment flux (kg/s) and turbidity data was acquired from HRC for the Whanganui 
River at Te Rewa mon itoring site (Figure 41).  
 

 
Figure 51. Flood hydrograph for the June  19-21, 2015 flood event (data courtesy of HRC).  

 

 
Figure 52. Sediment flux during the June  19-21, 2015 flood event (data courtesy of HRC).  
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4.5  Landslide and Flood Drape Mapping    
 Lands lide analysis  was completed through manual digitization and statistical 
analysis within ArcMap . The primary data source for the manual digitization of 
landslides in this project comprised a narrow GeoEye (5 m) scene, captured on 12 
July 2015 (post -even t) which encompasse d the lower Whanganui, Whangaehu and 
Turakina drainage basins. This scene comprised 96 individual images that together, 
encompass  the middle to lower Whanganui, Whangaehu  and Turakina drainage 
basins. Figure 53 shows a mosaic of the GeoE ye imagery with the Turakina flood 
corridor polygon overlaid . The Land Information New Zealand (LINZ) N ew Zealand  
river c entrelin es and New Zealand major r ivers shapefile layer s were  downloaded 
from the Koordinates website to help distinguish landslides th at were coupled with 
the fluvial system  from those that were not.  

To analyse the relationship between the physical terrain attri butes of interest (land 
co ver, slope angle and slope aspect , and rock type ) and landslide distribution and 
extent, several data sets were acquired through publicly available sources. The New 
Zealand Land Cover Data Base (LCDB) provided a cropped  multi -tempo ral digital 
thematic map o f land cover and land use  (LCDB v4.0 (Deprecated) ) which was 
used to assess the relationship between landsliding and land cover. This map was 
downloaded from the Land Resource Information Systems (LRIS) portal. A Palmerston 
North 15 m DEM, as well as the T aumarunui 15 m DEM were  downloaded from the 
Koordinates website. These were utilized in the creation of slope and aspect layers . 
The NZL_GNS_250K_geological_ �X�Q�L�W�V�· layer was utilized in the analysis of landsliding 
which occurred within different rock types  in the flood corridors of interest. This 
dataset is part of the QMAP Geological Map of New Zealand P roject and was 
produced by GNS Science. A flood corridor boundary polygon was created aro und 
each of the three corridors of interest (Figure 52 shows the Turakina flood corridor ) to 
keep a consistent area for mapping and statistical analysis. Due to the im age 
sources used in this study having different coordinate systems, the Data Frame 
coordi nate system was set to NZGD 2000 New Zealand Transverse Mercator p rior to 
input of any data.  
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Figure 53. Mosaic of GeoEye -1 3 band imagery captured 12 July 2015. Bla ck polygon defines the Turakina flood 
corridor of interest . Northwest of the lower Turakina Catchment, the floodplain of the Whangaehu River is 

visible. 

Polygons were digitized manually around each landslide and were separated into 
two discrete classes. Co upled and buffered landslides were individually mapped  
(Figure 54) and was based upon visual assessment of vegetation coverage, freshly 
exposed regolith an d debris deposits. Following research methods by McCabe et al, 
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(2013) landslides were classified as c oupled if debris deposits appeared to enter the 
fluvial system, whereas landslides whose debris deposits were not connected to the 
stream network were clas sed as buffered . The Land Information New Zealand (LINZ) 
NZ River Centrelines shapefile layer was dow nloaded from the Koordinates website 
to help distinguish landslides that were coupled  with the fluvial system. However, 
careful consideration was taken to identify areas where ephemeral streams were 
likely to have been generated during the storm event . Lan dslides that appeared to 
�K�D�Y�H���U�H�D�F�K�H�G���W�K�H�V�H���¶�W�U�D�Q�V�L�H�Q�W�·���V�W�U�H�D�P�V���D�Q�G���G�L�G���Q�R�W���D�S�S�H�D�U���W�R���K�D�Y�H���G�H�E�U�L�V���W�D�L�O�V��
remaining at the base of the source region were map ped as coupled landslides. For 
example, a large meander  cutoff along the Whanganui River at Atene is typically a 
dry abandoned  channel . However, d uring the June 2015 rainstorm and flood event 
it appears  that this usually dry relic streambed was partially i nundated at the 
downstream neck so that  one  of the landslides on the slopes surrounding this 
meander cutoff  was coupled with the channel . Addition ally, a large build -up of 
fresh flood drape was deposited at the downstream confluence of this meander 
cutoff  (Figure 55). To help  verify regions of fresh landsliding and slope -channel 
coupling  within the three flood corridors of interest,  photographs were  taken in the 
field of landsliding along the three main river channels (Figure 56). 

 

Figure 54. Manual d igiti zation of landsliding along the Whanganui River was completed within ArcMap. Coupled 
landslides are i n yellow and buffered are in red. Digitization is here seen partially completed in this zone. New 

Zealand major rivers centrelines (blue) and New Zeal and river centrelines  (maroon) were used to help identify the 
fluvial network within the three flood corri dors of interest (data from Land Information New Zealand).  
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Figure 55. Meander cutoff along the Whanganui River. Top ae rial view shows 
areas of landsliding and  sedimentation. This abandoned channel appears to 
have been  during  the June 2015 flood event so that many of the landslides 

have been mapped as coupled (yellow). Buffered landslides are here 
mapped red and flood dra pe is mapped in blue.  NZ rivers centreline in brown.  
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Figure 56. Photographs taken along the Whanganu i River at flood drape sample sites to aid in the identification of 

slope -channel coupling  of landslides. All photographs were taken near Atene. Bott om left shows a large relic 
landslide that was partially remobilised during the June 2015 rainstorm event. Whanganui locals spoke of a large 

landslide which dammed  the Whanganui River channel many years ago �² a landslide of the magnitude shown here 
at bott om left would have had the potential to do this  (Author, December  2015). 

Additionally, over -bank deposits w ere manually digitised by visually identifying fresh 
deposits along lowland and floodplain  zones (Figure 57) and these areas quantified . 
Again, photo graphs were taken in the field to aid in the visual assessment of these 
areas (Figure 58).  
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Figure 57. Flood drape mapping along the Whanganui River channel.  Aerial view on the left shows an area of 
sedimentation along the main channel. Image to the ri ght depicts the flood drape mapped in blue. Coupled 

(yellow) and buffered (red) landslides are also shown a nd the NZ river centrelines is in maroon to help disti nguish the 
fluvial network.  

 

 

Figure 58. Flood drape photographs taken during December 2015 �² January 2016 field work at Taupiri Stream ( a 
meander cutoff at Atene �² the original bed of the  Whanganui Ri ver) (top left),  at Wg16 (top right),  Wg17 (bottom 

left) , and Wg18 (bottom right)  (Author, December 2015) . 
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The planimetric area of each landslide cl ass as well as the flood drape layer, was 
�F�D�O�F�X�O�D�W�H�G���W�K�U�R�X�J�K���W�K�H���F�U�H�D�W�L�R�Q���R�I���D�Q���´�$�U�H�D�µ���I�L�H�O�G���Z�L�W�K�L�Q���H�D�F�K���D�Wtribute table and 
�X�V�L�Q�J���W�K�H���´�&�D�O�F�X�O�D�W�H���*�H�R�P�H�W�U�\�µ���W�R�R�O���� 

To determine the surface area of the digitized  landslide  and flood drape  classes, a 
new field  �H�Q�W�L�W�O�H�G���¶�D�U�H�D�·���Z�D�V���D�G�G�H�G���L�Q�W�R���W�K�H���D�W�W�U�L�E�X�W�H���W�D�E�O�H�V���R�I���H�D�F�K���F�O�D�V�V in the 
�W�K�U�H�H���I�O�R�R�G���F�R�U�U�L�G�R�U�V�����7�K�H���¶�F�D�O�F�X�O�D�W�H���J�H�R�P�H�W�U�\�·���Z�D�V���W�K�H�Q���X�V�H�G���W�R���F�R�P�S�X�W�H���W�K�H���D�U�H�D��
(m 2) of each digitized  landslide and flood drape  poly gon . This data was then 
extracted to text file format and copied into Excel for further statistical analysis.  

To analyse the relationship between the terr ain attributes of interest (rock type, land 
cover, slope angle and slope aspect) and landslide distrib ution and extent, several 
datasets were acquire d through publicly available sources. The New Zealand Land 
Cover Data Base (LCDB) provided a cropped  multi -temporal digital thematic map 
of land cover and land use  (LCDB v4.0 (Deprecated) ) which was used to as sess the 
relationship between landsliding and l and cover. This map was downloaded from 
the Land Resource Information Systems (LRIS) portal. The Palmerston  North and 
Taumarunui 15 m DEMs were  utilized in the assessment of the relationship between 
landslidin g and slope and aspect. The slope raster was cr eated in ArcMap using the 
Slope (Spatial Analyst) Tool whilst the aspect raster was created via the Aspect 
(Spatial Analyst) Tool. The NZL_GNS_250K_geological_ �X�Q�L�W�V�· layer within the GNS 
Science QMap database was utilized in assessing the relationship betw een landslide 
distribution and extent and rock type. In order to analyse the distribution of each 
landslide  in regard to  the above physical attributes, tools within ArcMap were used 
to extract data from each t errain attribute layer. To enable this, each la ndslide 
polygon layer was converted to a point layer using the Feature to Point tool in 
ArcMap (Figure 59). The Intersect tool in the Overlay dropdown menu in Analysis 
tools was used to derive landslide and rock type as well as landslide and landcover 
data . Landsliding in relation to slope angle and slope aspect was analysed by 
extracting data via the Spatial A nalyst Tools in ArcMap. The Extract Multi Values to 
Points tool in the Extraction dropdown menu was utilized in this process. Thereafter, 
attribute t ables for all of the above physical terrain characteristics analysed in this 
study were exported as text fi les and then copied into Excel for further processing.   
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Figure 59. Landslide polygon to point map  within the Turakina flood corridor . Inset shows a n area where 
landslide polygons (coupled: red; buffered; blue) have been converted to point features.  
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Chapter 5 �² Results of Spatial Landslide Mapping  
 

5.1 Introduction  
Analysis of satellite imagery, as well as observations made in the field r eveal the 
dominant hillslope erosion process that occurred during the June 2015 storm event 
was rainfall -triggered s hallow landsliding.  Many of these shallow landslides were 
coupled with the channel network  and resulted in vast quantities of sediment being  
transported through  the  fluvial systems of each catchment and being draped over 
the landscape within floodplain zon es.  

 
5.2 Spatial Mapping of Landslides  
The spatial distribution of coupled and buffered landslides, as well as flood drape 
regions is graph ically summarised in  Figure 60. The manually digitized map  of 
landslides , produced from the GeoEye satellite imager y, produced  ove r 4500 
individual landslides  within the three flood corridors encompassed in this research.  
 

5.2.1 Landslide distribution and  area  
A total study area of over 511 km 2 was utilized in the mapping of landslide extent 
and distribution . A total l andslide area of  4,424,602 m2 (0.87% of total land area) was 
mapped, of which 2,811,632 m 2 (64%) were identified as being coupled with the 
c hannel. Spatial analysis data of coupled  and buffered landslides within each of the 
three flood corridors is summari sed in tables 6, 7 and 8.  
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Figure 60. Manually digitized l andslide and flood drape polygon s within the Whanganui, Whangaehu and Turakina  

flood corridors . Coupled  landslides : red; Buffered  landslides ; yellow; Flood drape: blue; Flood corridor polygons: 
black . 
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Table  6. Statistical data for the digitized mapping analysis with in the Whanganui flood corridor.  

 
Table  7. Statistical d ata for the digitized mapping analysis with in the Whangaehu flood corridor.  

 
 

Table  8. Statistical data for the dig itized mapping analysis with in the Turakina flood corridor.  
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5.2.2   Landslide connectivity  
Although the total number of coupled landslide s was substantially  less than buffered 
landslides  within all flood corridors, the total aerial extent of coupled land slides was 
considerably  higher compared to buffered landslides. Many relatively large , 
coupled landslides were mapped (and photographed in t he fi eld) along slopes 
confin ing the Whanganui River (Figure s 61 and 62 ). 
 

 
Figure 61. Manual digitization of c oupl ed  landslides  (yellow polygons)  along the main 

channel, as well as smaller tributaries,  of the Whanganui  River. Buffered landslides are in 
red and flood drape is in blue.  

  
Figure 62. Coupling of landslides along the main channel, as well as smaller tribu taries, of 

the Whanganui River  (Author, December  2015). 
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5.2.3  Landslide distribution in relation to physical terrain characteristics   
Slope angle and slope aspect data, as well as rock type and landcover were 
overlaid with the distribution of coupled and buffered landslides to assess the extent 
to which these physical terrain attributes influ enced landsliding during the June 2015 
rainstorm  event.   

 
5.2.3.1 Slope  

Slope angle classes in this study are based on those defined in the Land -Use 
Capability Survey Handbook (Ministry of Works, 1969) which have been grouped into 
the following classes , as outlined in Table 9.  
  

Table 9. Slope Classes used for this study based on Land Use Capability Slope Classes.  

 
 

Slope classes and the proportion of landslides which occurred within these slope 
ranges for the three flood corridors in this research are displayed in Figures 63, 64, 
and 6 5. The Whanganui  flood corridor analysis shows failures on natural slopes 
occurred within all slope angle class ranges. However, a major ity of la ndslide 
affected slopes were within angles ranging from 16° to �“ 36° with t he strongly rolling 
to moderately steep  and steep  classes predominat ing  slopes affected by landsliding 
with in the Whanganui area of interest.  The Whangaehu flood corridor a nalysis shows 
failures on natural slopes occurred within all slope angle class ranges. However, a 
small minority of landslide affected s lopes were within terrain classed as very steep.  
The gently rolling, strongly rolling to moderately steep  and steep  cla sses have a 
relatively even proportion of slopes affected by landsliding within each of these 
classes. The Turakina flood corridor analy sis shows failures on natural slopes occurred 
within all slope angle class ranges. However, a majority of landslide affe cted slopes 
were within angles ranging from 0° - 25° with the gently rolling and strongly rolling to 
moderately steep  classes the  predom ina nt  slopes affected by landsliding with in the 
Turakina area of interest. The very steep slope class contained a mi nori ty of landslide 
affected slopes with approximately 1% of all landslides being within the �“ 36° slope 
angle range.  
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Figure 63. Relative proportions of landsliding on slopes within different slope angle 

classes within the Whanganui flood corridor.  
 
 

 
Figure 64. Relative proportions of landsliding on slopes within different slope angle 

classes within the Whangaehu flood corridor.  
 

 
Figure 65. Relative proportions of landsliding on slopes within different slope angle 

classes within the Turakina flood corridor.  
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A limitation of the slope angle analysis in this study is here acknowledged due to t he 
landslide mapping not including a separation of landslide source region from debris 
deposits. However, although source regions were not differe ntiated in this research, 
results indicate the predominant slope angle classes which were impacted by both 
lan dslide source zones and tail debris during the June 2015 rainstorm event . A further 
limitation is recognized here . The slope aspect data presented  in this study is 
potentially biased due to the slope angle  ratios of all slopes within the area of 
interest n ot being taken into account  and compared against the angle  of slope on 
which landslides occurred. However, this research shows the relative proportion of 
landslide affected slopes within each slope angle class with regards to total number 
of landslides.  

5.2.3.2 Aspect  

 
A summary of landslide aspect preference data for each of the three flood corridors 
is shown in Figures 66, 67 and 6 8, which shows the aspect of landslide affected 
slopes as a percentage of total number of landslides within each flood corrido r. A 
strong aspect preference resides on north -facing slopes (NW, N, NE) within all three 
flood corridors with east -facing slopes a lso strongly impacted by landsliding in the 
Whangaehu and Turakina corridors. South -facing, as well as west -facing slopes, 
within all corridors showed minor slope aspect preference. The proportion of 
southern slopes ranged from 1% - 4% and south -western sl opes aspect preference 
ranged between 1% - 3%.    
A limitation of this study in regards to aspect data is that the relative p roportions of 
all slopes within each aspect category was not considered in the following analysis , 
thus there is likely a bias caus ed by local topography of the aspect of all slopes 
with in the three flood corridors . However, the data indicates the proporti on of 
landslides in each aspect class relative to the total number of landslides within each 
flood corridor.  

 
Figure 66. Aspect distribution of landslides within the Whanganui 
flood corridor.  Areas g enerally show landsliding preference on 

north -facing s lopes (NW, N, and NE) . 
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Figure 67. Aspect distribution of landslides within the 

Whangaehu flood corridor.  Areas g enerally show landsliding 
preference on north -facing slopes (NW, N, and NE) as well as 

east -facing slopes.  
 

 

 
Figure 68. Aspect distribution  of landslides within the Turakina 

flood corridor.  Areas g enerally show landsliding preference on 
north -facing slopes (NW, N, and NE) as well as east -facing slopes.  

 
 
 

5.2.3.3 Geology  
Graphical summaries of landslide and rock type data within the Whanganui, 
Whangaehu and Turakina flood corridors are represented in F igures  69, 70 and 7 1, 
which show the total  number of landslides that occurred on different  rock unit s in 
each flood corridor . Data reveal that  debris, gravel, mudstone , and sandstone were 
the mai n rock units that were impacted by slope  erosion  during the  June 2015 
rainstorm event.  Results indicate that  landslide occurrence was common on terrain 
underlain by mudstone within all three flood corridors  with sandstone also strongly 
affected within the Turakina and Whangaehu corridors . Landsliding was also 
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rela tively common on terrain underlain with debris and gravel within the 
Whangaehu and Turakina corridors.  
 

 

 

Figure 69.Landslide distribution across rock type classes within the Whanganui 
flood corr idor shows mudstone to be the predominant lithological rock type on 

which landslips occurred.  

 

 

Figure 70. Landslide distribution  across rock type classes within the Whangaehu  flood 
corridor shows mudstone and sandstone to be the predominant lithological  rock type on 

which landslips occurred.  
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Figure 71. Landslide distribution was most extensive within mudstone and 
sandstone regions w ithin the Turakina flood corridor.  

 

5.2.3.4 Landcover  
Landcover played a significant role in governing where landsliding occu rred . For 
example, Figures  72 and 7 3 show GeoEye imagery of vegetated regions versus land 
under pasture . Whilst forested regions remained relatively stable during the June 
2015 rainstorm event, large regions of pastured slopes have been destabilised. A  
summary of vegetation and landslide data  within each flood corridor  is represented 
in Figures 74, 75 and 7 6. The percentage of landslide damage on pasture ranged 
from 39 % -98%.  Pastured land predominated areas of landsliding within the Turakina 
corrido r with only 2% of landslides occurring within areas covered by other 
vegetation types.  Areas in native bush ranged from 16% �² 5% in the Whanganui and 
Whangaehu corridors respectiv ely.  

0

100

200

300

400

500

600

T
ot

al
 n

um
be

r 
of

 la
nd

sl
id

es
 in

ea
ch

 r
oc

k 
ty

pe
 c

at
eg

or
y

debris gravel mudstone sand sandstone



- 94 - 
 

 
Figure 72. Landslide distribution was extensive within regions of hig h pr oducing exotic grassland within all flood 

corridors.  

 

 
Figure 73. Forested regions remained relatively stable during the June 2015 rainstorm event.  

 
 
 


















































