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Executive Summary

This report presents the outcomes of a catchment-wide investigation into nature-based flood
management (NBS) strategies in the Te Hoiere and Kaituna River catchments, Marlborough,
New Zealand. A suite of hydrologic and hydraulic modelling tools was used to assess the
feasibility of reducing flood peaks and overbank inundation through targeted interventions such
as floodplain reconnection, offline wetland ponds, riparian buffers, detention storage, and
upland afforestation.

Hydrographic modelling—calibrated using monitored sub-catchments—demonstrated that
while NBS interventions do not eliminate flooding, they can meaningfully delay flood peaks and
reduce inundation extents, especially when deployed strategically and at sufficient scale. In
addition to several focused modelling experiments, one Honours thesis and 20 undergraduate
semester projects provided an opportunity for students to develop a portfolio of diverse NBS
scenarios.

A number of GIS techniques and resources were used to establish potential NBS sites, including
Relative Elevation Models (REMs) and UAV-derived digital terrain models, which were used to
identify optimal intervention sites and co-develop realistic flood mitigation scenarios. Input
from the community was sought via StoryMaps and workshops.

This report provides detailed technical results, practical guidance for future design, and clear
next steps for implementation. It concludes that while nature-based approaches alone will not
eliminate flooding, they are an essential and scalable part of a resilient flood management
strategy for the Te Hoiere and Kaituna catchments.
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1. Introduction and Background

Several intense storm events have recently impacted the Te Hoiere and Kaituna catchments,
including a sequence of storms this year (2025), which have affected property and
infrastructure throughout the valleys. The purpose of the study was to undertake catchment-
based hydrological modelling in the Te Hoiere and Kaituna catchments. The modelling was
calibrated using 20 monitored sub-catchments to characterise a range of geology, soils, land
cover and land use. Nature-based solutions are generally most effective when deployed
relatively close to source, in headward catchments (roughly 10-50 km?in area), where most of
the monitoring and modelling work was focused.

Nature-Based Solutions (NBS) are complementary to traditional flood control measures.
Instead of relying solely on hard infrastructure, NBS interventions—such as reforestation,
floodplain reconnection, and wetland construction—seek to work with natural hydrological and
geomorphic processes to slow, store, and filter runoff. Globally and in New Zealand, these
approaches have gained traction as cost-effective, multi-benefit strategies that enhance flood
resilience while delivering ecological, cultural, and social co-benéefits (Griffiths, 2025).

The modelling work emphasises the importance of strategic cooperation throughout the
catchments. NBS techniques are not particularly effective as singular interventions but benefit
from broad uptake across the study area. It is stressed that successful flood protection will
require an iterative and interactive process that includes landowners, council scientists, and
technical experts in hydrology. Landowners will seek support with on-farm flood protection
efforts, and councils provide advice and monitoring, guided by expert modelling and mapping of
floodwater pathways.

The community has provided some helpful feedback on the experimentation, correctly pointing
to the very steep and often confined headwater reaches that are difficult to control even with
conventional flood protection techniques. They further point to the scale of investment and
ongoing maintenance required to engage fully with these methods.
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Figure 1-Te Hoiere and Kaituna catchments. An REM with floodplain extents is highlighted in an orange-to-blue
gradient, emphasising river corridors where NBS interventions might be most effectively deployed. Most of the NBS
experimentation was conducted in the Rai, Lower Pelorus and Kaituna valleys (ESRI basemap).

1.1 Context and Rationale

Riverine flood risk is an increasingly pressing challenge across Aotearoa New Zealand,
particularly in rural catchments where intensive land use, climate change, and historical
disconnection of rivers from their floodplains have altered hydrological regimes and increased
vulnerability. The Te Hoiere/Pelorus and Kaituna catchments in the Marlborough Region
exemplify these challenges. These catchments experience high annual rainfall (1,500-2,650
mm) and host a mix of pastoral, plantation forestry, and remnant indigenous land covers. Severe
rain events have the potential to impact water quality with sediments and pollutants entering
waterways from the adjacent land (Feld et al, 2011). The cumulative effects of land clearance,
channelisation, and episodic storm events (e.g., July 2021, August 2022) have exacerbated the
frequency and severity of flood events, impacting landowners, infrastructure, and ecological
values.

The Ministry for the Environment (MfE) funded 13 regional, district and unitary authorities to
undertake 16 flood mitigation feasibility studies across New Zealand. Experimentation on the
ground is expensive and takes time; hydrological modelling provides an opportunity to assess
the relative benefits of different NBS strategies, albeit with some uncertainties regarding local
hydrological conditions. In this work, we sought to experiment with various techniques in
several different settings to get a sense of the practicalities of such interventions. The project
included two years of work on the Te Hoiere catchment, looking at multiple issues, from
sedimentation to flood dynamics and gathering field data.



1.2 Project Objectives

This project aimed to assess the feasibility and performance of NBS within the Te Hoiere and
Kaituna catchments through a hydrological and hydraulic modelling programme, stakeholder
engagement, and site-based monitoring and analysis. The core objective was to determine
whether targeted nature-based interventions could modulate flood hydrographs and reduce the
extent and magnitude of overbank flows during flood events of varying return periods.

Specific goals included:

e Monitoring discharge from catchments with a range of land use/land cover to calibrate
hydrological models.

e |dentifying a range of locations where NBS could be viably implemented

o Modelling the effect of these interventions on flood heights and extents, including under
climate change scenarios

o Evaluating risks, limitations, and operational requirements associated with various NBS
options

e Incorporating feedback from local landowners to develop credible, context-sensitive
solutions

1.3 Scope of the Study

The study covered the full extent of the Te Hoiere/Pelorus and Kaituna river systems, specifically
focusing on second- and third-order tributaries where small-scale interventions might yield
significant hydrologic benefits. The modelling framework covered the larger Rai catchment
(macro scale) and several sub-catchments (meso scale), enabling analysis of flow response at

various spatial scales.

Field and desktop investigations were complemented by a digital engagement platform
(StoryMaps) and a series of community workshops that allowed participants to visualise and
provide feedback on proposed scenarios. The platform allowed us to share work highlights,
including working hydrological principles, LiDAR and aerial imagery, model scenarios, and
visualisation of results.

1.4 Geographic Setting

The Te Hoiere/Pelorus and Kaituna River catchments are located in the Marlborough Region at
the northern tip of New Zealand's South Island. Together, these river systems drain
approximately 775 km? of varied terrain, ranging from rugged hill country and indigenous forest
in the upper reaches to pastoral lowlands and floodplain environments in the lower valleys. The
Te Hoiere/Pelorus River flows northeastward into Motuweka/Havelock Estuary at the head of
Pelorus Sound (Te Hoiere). The Kaituna River is a northward-flowing river that also feeds into the
estuary. The catchments include numerous second and third-order tributaries such as Ronga,
Alfred, Ataahua, Tunakino, and Watson's streams.



1.5 Topography and Hydrology

The upper catchments are steep and dissected, with elevations rising to over 1,200 m in the
Richmond Range. Lower gradient floodplains dominate the downstream sections, particularly
downstream from Canvastown and in the lower reaches of the Kaituna River. The hydrological
regime is orographic and highly seasonal, with intense rainfall events commonly associated
with atmospheric rivers, westerly fronts, and tropical-extratropical storm remnants. Rainfall can
exceed 2,500 mm/year in the upper catchment areas, contributing to rapid surface runoff and
short lag times during storm events.

Historical flood records and community accounts highlight a pattern of short-duration, high-
intensity floods with rapid rise and fall times—especially in the smaller tributary systems.
Events in July 2021, August 2022 and more recently in July 2025, for instance, caused extensive
erosion and overbank deposition, affecting farmland and transport corridors. Community
recollections include similarly large events extending back into the 1960s and earlier.

1.6 Land Use and Land Cover

Land use in the Te Hoiere and Kaituna catchments is a mosaic of pastoral agriculture, exotic
forestry (primarily radiata pine), native bush, and lifestyle or semi-rural allotments. According to
Land Cover Database (LCDB v5.0), the dominant land cover types include:

o Pasture (53%) - particularly in valley floors and lower slopes

o Exotic forest (24%) - largely in mid- to upper catchment blocks

¢ Indigenous forest and scrub (18%) — concentrated in headwater zones
¢ Wetlands and riparian margins (2%) — scattered and often degraded

Sub-catchments with native forest cover tend to have lower sedimentation rates, and those with
extensive pasture are associated with lower water quality (Henkel, 2021). Rainfall events result
in higher sediment and pollutant concentrations within waterways, with this increase most
significant in streams adjacent to pasture.

1.7 Catchment Characteristics Relevant to NBS

Several characteristics of the Te Hoiere and Kaituna catchments make them well suited for
exploring the feasibility of Nature-Based Solutions:

¢ Responsive Headwaters: The small, steep, second- and third-order tributaries provide
opportunities for localised interception and delay of storm runoff using detention
bunds, infiltration features, and afforestation.

o Lowland Floodplain Zones: These offer scope for floodplain reconnection, riparian
reforestation, and wetland construction to store and attenuate high flows.



¢ Sediment Mobility: Active bank erosion and historical sedimentation indicate potential
for interventions that reduce downstream sediment loads.

In addition to iwi interests, a wide range of stakeholder assets are present, including farming,
live-stock, dairy, forestry, conservation, infrastructure, marine industries and tourism, making
collaborative modelling and scenario development essential to the project's success.

1.8 Structure of This Report

This report documents the technical methods, key results, and practical implications of the
project. Itis structured as follows:

¢ Section 2 outlines the data collection, modelling tools, and scenario design methods
e Section 3 summarises the NBS interventions evaluated

e Section 4 presents the hydrologic and hydraulic modelling results

e Section 5 discusses findings in the context of flood risk and catchment management
e Section 6 sets out practical recommendations and implementation steps

e Section 7 provides key references

2. Methodology

This section outlines the analytical and modelling framework used to assess the feasibility and
performance of nature-based flood mitigation strategies in the Te Hoiere and Kaituna
catchments. The methodological approach integrated hydrological and hydraulic modelling,
digital terrain analysis, community engagement, and a broad exploration of NBS performance in
relation to storms of varying magnitude. The process was designed to support robust scenario
evaluation across diverse landscape settings and management goals.

2.1 Data Requirements

The data framework for hydrological/hydraulic modelling is outlined in Figure 2 and Table 1. Both
regional LiDAR (2021) and project-specific UAV LiDAR data (2024) were used to develop models
at the appropriate spatial resolution (generally 0.5- to 1-m? square cells). Watershed boundaries
were delineated using TauDEM and QGIS watershed tools. 20 sub-catchments were selected
for study based on stream order, land use variability, and data availability (Figure 3).
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Figure 2 - Data components for hydrological/hydraulic modelling work. Topographic data from (1) regional (LINZ) and
site-specific UAV LiDAR surveys is combined with (2) geology/soil data and (3) land use/ land cover data (e.g. LUCAS)
to parameterise key interception, runoff and infiltration parameters. Precipitation data (4) from regional rain gauges
drives the simulation. Results are compared with stream gauging sites, and parameters are iteratively adjusted until
the event's stage (discharge) record is reproduced with acceptable fidelity.

Table 1 - Data Components for Scenario Development

Model element Specification

Bare-earth DEM with break-line enforcement; channel bathymetry was

Terrain . . .
estimated and contoured accordingly for some detailed work.
D . Structured computational mesh (cell size 3x3m up to 10x10m; sometimes
omain
with composite, refined resolution for channels and NBS sites).
Boundary Upstream hydrographs from monitored subcatchments; downstream normal-
conditions depth relationship, based on the stream’s estimated energy gradient.
Spatially variable Manning's n (e.g. 0.03 forest, 0.04 pasture, 0.06 wetlands,
Roughness
0.025-0.035 for gravel bed).
Outputs Depth, velocity, arrival time rasters; hydrographs at key cross-sections.




Calibration was undertaken using the hydrographs captured from all study sites (Figure 3).
Councilinstalled twenty HiLo LS1-R, 60-GHz radar gauges (Waterwatch, 2019) in the lower
reaches of each stream. These provide readings at 5-minute intervals via satellite or 4G data
streaming. This dataset provides a real-time, fine-scale picture of hydrologic response across
the sub-catchments at an unparalleled resolution in New Zealand (arcg.is/00eDXy). At this
point, stage-discharge relationships have primarily been developed using fine-scale flow
simulations at the gauging sites, but a database of field gaugings is gradually being established.
The datasets reveal substantial variation in timing and magnitude of flood discharge, related to
catchment characteristics (landcover, slope, basin shape/size, geology/soil, etc.) and local
precipitation patterns. MDC has five rainfall gauges in the catchment, providing a quantitative
picture of the heterogeneous rainfall patterns across the mountainous topography.
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Figure 3 - Monitored catchments within the Te Hoiere/Kaituna study area.

Hydrographs from major storm events were employed in the NBS simulations, often with a
multiplier to represent storms with peak flows of a specified intensity, e.g., 1-in-20 or 1-in-50
year floods. Flood frequency was assessed using the methodology of Collins and Henderson
(2018), as provided by NIWA's online Flood Frequency Tool (niwa.co.nz/hazards/floods). Surface
grain size information was collected using a modified Wolman method in several subcatchment
study areas (Bunte and Abt, 2001), and geology and soil cover layers (GNS and SMAP resources)
were used to define the typical infiltration rates. Land cover and land use (via LUCAS, 2024)
defined vegetation classes, thus informing interception and infiltration rates.
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2.2 Hydrologic/Hydraulic Modelling

Modelling was undertaken using a variety of modelling packages, including HEC-RAS, HEC-
HMS, DHI’s MIKE-SHE, SWAT (both R- and standalone implementations) and BG Flood. While all
of these packages offered good functionality, HEC-RAS 2D (v6.5) became the preferred tool,
owing to its open-source license, relatively simple parameterisation, and the widely available
documentation, tutorials and other resources. The software enables simulation of overland flow
paths, depths, and velocities under baseline and NBS-enhanced conditions. The model domain
included full catchment bounds for precipitation-based simulation, and valley bottoms for
simulations with an upstream (and lateral) discharge boundary condition(s) (Figure 4).

Figure 4 - Oblique view of inundation model results on the upper Opouri River, looking upstream from Kaiuma Road
(HEC-RAS; Google Earth imagery). In addition to the outlet discharge, the NBS scenarios were evaluated according to
the depth and velocity fields in the model simulations. In many cases, there appeared to be limited change in the
overall discharge; there were often significant changes to the flow characteristics and extent, which could act to, for
instance, limit erosion or redirect flowpaths around infrastructure.

The hydraulic model used terrain generated from LiDAR-derived DEMs with manual smoothing
of riverbeds and known hydraulic structures (Table 1). Conditions at model outlets were
represented using normal depth assumptions (c.f. Chaudry, 2008), based on the longitudinal
bed profile. Manning's n values (a hydraulic friction parameter for runoff and channelised flow)
were assigned based on a combination of aerial imagery interpretation and LCDB land cover
categories. A uniform resistance coefficient was applied for each major landcover type, even
though vegetation roughness is known to be highly variable, based on species, age, density, and
biodiversity (Kiss and Fehérvary, 2023). Outputs from HEC-RAS 2D included flood depth rasters,
velocity fields, and floodplain extent polygons (Figure 4; Table 1). AMATLAB code was
developed to transfer HEC-RAS outputs into GIS-compatible layers for visualisation and
scenario comparison.
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MIKE-SHE is likely to be a superior modelling tool for such purposes; however, the field
information requirements, such as antecedent groundwater levels and soil moisture profiles in
each study catchment, could not readily be met. In using HEC-RAS 2D, it was acknowledged
that these antecedent and boundary conditions were given a relatively simplistic treatment (e.g.
SCS Curve Number), with an implicit assumption that either the ground was not saturated
before each event and some advance 'spin-up' time was required, or that it was completely
saturated, and no further infiltration would occur. In cases where soil infiltration was specified
in the model, this may lead to optimistic performance, as there is no dynamic feedback with soil
layers, such as return flow or baseflow emergence. HEC-RAS 2D had several NBS-ready
components, including tools for large-scale topography manipulation and large woody debris
components. Undergraduate students could master the essentials of HEC-RAS 2D after roughly
three 3-hour laboratory sessions and availed themselves of extensive YouTube and other web
resources.

Five intervention "building-blocks" were parameterised (Table 2):

Table 2 - Intervention techniques trialled during the study.

Intervention Representation in HEC-RAS Typical parameters

Riparian buffer (native) Increased roughness strip on either n +0.02; interception
side. loss +4 mm

Large woody debris (LWD) | Immobile LWD components from Physical obstacle to
HEC-RAS toolset, scaled according to | flow (HEC-RAS 2D
channel width. algorithm).

Floodplain reconnection Terrain lowering; bank breach; adjust Breach width 20 m;

(notch stop-bank) flow path with terrain tools. crest-1m
Offline pond / wetland Storage area linked by culvert with n =0.30; minor
invert 0.5 m above baseflow flattening/contouring of
DEM to create pond.
Earthen detainment bund | Raised terrain polygon; breach Height< 4 m;
allowed above design level. storage <5000 m®
Headwater afforestation Change land cover to native forest, n =0.40; interception
with appropriate interception and loss +4mm.

hydraulic roughness.
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2.3 Scenario Development

Several experimental scenarios were trialled, from relatively small, channel- or floodplain-scale
interventions to all-of-catchment afforestation (see Table 2). The sites were chosen to provide a
range of hydrological conditions in flood, with a range of land use/land cover conditions. Sites
were selected without taking into account more practical considerations of economics and
property bounds, but rather the sites were chosen to demonstrate the relative performance of
the NBS techniques under a range of settings and scales of application (Figure 5). In public
presentations, the locations were not identified precisely, and focus was placed on the net
effect of the intervention. Future work will need to consider the strategic opportunities more
carefully.

Lever 1) Riparian and instream
roughness

Valley scale
Lever 2) Floodplains as flood regulation
assets

Tributary and catchment scales

Figure 5 - Levels of NBS intervention, according to Fryirs et al (2023). 'Lever 3'in this work did not explicitly look at
desynchronisation, but rather whole-of-catchment landcover change (e.g. afforestation).

Potential sites for nature-based interventions were identified through terrain analysis, land use
suitability screening, and community-informed priorities. REMs (Relative Elevation Models)
were developed by subtracting a valley bottom trend surface from the LiDAR DEM to map
floodplain surfaces, secondary channel forms, and low-lying areas or relict wetlands with
capacity for water storage that could be reconnected for storage off the main channel. We did
not get to the point of multi-criteria optimisation for placement and design of NBS works, but
this would seem to be a logical next step in the work. Guidelines such as the 2120m® storm
water runoff storage per hectare (Paterson et al., 2019; Levine et al., 2021), for instance, could
be pursued in more detail to find the best placement for impoundment bunds.

Candidate interventions are outlined in Table 2 and reflect the increasing levels of landscape
modification to achieve some measure of reduced flooding impacts. Each intervention was
manually digitised in GIS, and parameter adjustments (e.g., roughness change and storage
capacity) were assignhed for integration into the hydraulic model. Scenarios were developed
additively to evaluate cumulative effects and spatial optimisation, beginning with single
interventions and progressing to bundled multi-site approaches.
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Table 3 - Exploratory Scenarios in the Study Area. The colours in the first column reflect the three levels of intervention
outlined in Figure 5.

Scenario Location Primary Effect Comparison Strategy
- YY) - =
1: Historic Land Baseflow (i) current state (~100% native) (ii)
Clearance Ronga increase & 100% grassland
erosion control (iii) 50/50 grassland and native
‘ . Baseflow (i) Benre all land above a given
2: Retirement of Kaituna . altitude
. increase & .. . .
Pasture Ridges . (ii) Installing numerous instream
erosion control
obstacles
3: Forest Baseflow (|) Current forested state
. . . (ii) Full forest harvest
Harvesting Hill Creek increase &
. (iii) Full forest harvest plus
erosion control )
instream obstacles
4: Detainment Peak flow Detainment bund (upper 15%
Bund reduction area, headwaters)
5: Sequence of Velocity .
Weirs Bulford, reduction A sequence of leaky weirs
6: Large Woody Okaramio Roughness & A sequence of heavy LWD
Debris sediment sorting | structures
- Wetlands quw moderatlon Wetlands (in mid-reaches)
& filtering
Bryants
Okaramio
Bryants, Riparian (in mid-reaches)
8: Riparian Bulford, Flow delay & i. No buffer
FRIp Kaituna filtration ii. 3-m buffer
Ridges, iii. 5-m buffer
Hill,
Watsons
9: Combined
Measures, Smaller-scale student projects
including Various All of the above yielded insights into a range of
Floodplain combined effects.

Reconnection
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2.4 Evaluation Metrics

While comparison of hydrographs (Figure 6) yielded insights into changes to peak discharge and
the time-to-peak during a storm, inspection of the 2D flow field in HEC-RAS provided more
detailed insight into patterns of depth and velocity over time. Slowed flow was helpful in
minimising erosion, entrainment of debris and risk to residents. Sections of deeper and slower
flow over the course of the flood may indicate more effective storage of floodwater.

 Delayed Peak, AT,

>
ol
g
ks

Reduced
Intensity Qpeakp

After NBS measures
Before
NBS

measures

Flood Discharge

Time

Figure 6 - Conceptual hydrographs, illustrating the reduction in peak flow and delay in timing achieved through
nature-based flood mitigation.

Some of the key metrics for comparing among NBS experimental runs include the following

hydrologic and hydraulic measures.

Hydrologic:

e Qpeak(m®s™")
e AT, -shiftin time-to-peak (min) relative to reference simulation
e Volume reduction (m3) over event duration
Hydraulic:
e Flood extent (km?) > 0.3 m depth
e Maxdepth in floodplains and backwater zones

e Velocity threshold exceedance (> 1.5 m s‘1) length along banks where velocity (or

shear stress) may be sufficient to initiate entrainment.

Scenario results were visualised using side-by-side flood depth and velocity maps, and
hydrograph overlays. GIS shapefiles, boundary condition files, and modelling metadata were
formatted for compatibility with open-source tools (HEC-RAS, SWAT) and Council systems

(Hilltop, ArcGIS Online).
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2.5 Stakeholder Engagement and Feedback

Community engagement was integral to the scenario development process. Workshops, online
StoryMaps, and flood scenario visualisations were used to communicate findings and gather
local insights. These interactions allowed refinement of modelling assumptions, validation of
priority areas, and discussion of the practicalities of NBS implementation on private land.

Feedback from landowners and MDC technical staff informed revisions to intervention site
selection, structure design, and maintenance feasibility. The community was broadly receptive
to the ideas, although they brought a range of more specific issues to our attention that could
not be readily solved within the constraints of the meeting format. It was suggested that in
future work, a sampling of the more difficult issues presented (e.g. bank erosion along a major
river, or dealing with avulsion in a gully system) could be modelled in advance, and then
presented as a case study in implementing NBS in these more challenging environments, with
specific constraints.

Figure 7 - Community deliberations on effective sites of NBS interventions.
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3. Description of Nature-Based Flood Management Techniques

This section describes the suite of techniques evaluated for the Te Hoiere and Kaituna
catchments, drawing on a synthesis of international best practices, local modelling, and
stakeholder knowledge. Each method was assessed for feasibility, expected performance, co-
benefits, and implementation considerations.

3.1: Upland Afforestation (and Deforestation)

Function:

Tree planting in headwater zones enhances infiltration, intercepts rainfall, and stabilises
shallow landslides. This is due to the additional flow resistance provided by vegetation, which is
responsible for the most significant energy losses in fluvial corridors (Corenblit et al, 2007).
Greater canopy cover reduces the portion of storm rainfall that reaches a stream channel,
contributing to flood peaks, and mitigates erosion issues in sediment source areas.

Forested
Half Cleared Cleared Pasture
(Current State)

Native Forest

Model Subset
(Below)

. ® Flow
. Velocity
Il (m/s)

8| —Current
, —Forested
—MNo Farest

Discharge (m#s 1

Figure 8 — Three land cover scenarios for the Hill Stream catchment (L-R: fully forested, current conditions,
grassland). With increasing forest cover, interception and infiltration can change runoff conditions considerably, as
reflected in a HEC-RAS 2D model of storm runoff during a 2024 storm event.
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Local Application:

Afforestation in erosion-prone pastoral headwaters of some catchments was identified as a
long-term strategy with multiple benefits. While benefits to flood attenuation may be modest at
the local scale, cumulative effects across sub-catchments may be significant over time.

Design Considerations:

e Requires a long-term perspective and land-use conversion

¢ Benefits are delayed (5+ years for canopy development)

e Species selection must consider erosion-prone soil types
Co-benefits:

e Reduced sediment loads

o Climate adaptation via carbon storage

e Integration with biodiversity and riparian goals

3.2: Floodplain Reconnection and Re-meandering

Function:

Reconnecting disconnected floodplains and re-meandering straightened channels allows water
to spread laterally, lowering flood peaks and increasing travel time. Floodwaters stored
temporarily in side-channels or abandoned meanders reduce downstream risk.

Figure 9 — A theoretical
example of re-meandering a
rectified section of the Opouri
River. A relict channelis
restored, acting as a second
channel with a more sinuous
course (thus lower slope)
during floods. The channel
area could act as pasture when
notin flood.

o _ The resulting velocity field in
Flood Model, Velocity v - Flood Model, Velocity r i modelled flood flow(lower
(Current Conditions) 3 o . ’ (Re-meandered) L panels) shows increased

' ' overall channel capacity,
slower inundating flows on the
floodplain, and moderate flows
across the two channels.

Design and model credit:
Sasha Barrett-Garnier, Meghan
Power, Thomas Dunn-Hall and
Esneider Pelaez.
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Local Application:
Potential re-meander corridors were identified via REM and aerial photo analysis at several sites
around the study catchments. An example is shown in

Figure 9: while outlet hydrograph characteristics of the current and modified conditions were
fairly similar, water velocities across the inundated area were reduced, and channelised flow
was distributed across two channels rather than one, reducing local erosional capacity.

Design Considerations:
e Land ownership and infrastructure constraints may limit opportunities. Consideration of
landuse practice, fencing and livestock safety are important in the design process.
e Mayrequire excavation and channel grading
o Works best in broad, low-energy alluvial floodplain settings
Co-benefits:
o Restored hydrological connectivity
¢ Improved soil moisture and wetland function
¢ Biodiversity corridors and carbon sequestration
¢ Reduced bank erosion in existing channel

3.3: Detention Ponds and Bunded Storage

Function:

Storage features capture overland or intercepted flow during storm events, temporarily storing
water and releasing it slowly after peak flows have passed. These may include bunded pasture
swales, ephemeral wetlands, or excavated retention ponds adjacent to streams or in valley
depressions.

Catchment
+ SOLUTIONS

Figure 10 - A demonstration bund in Wairarapa, Massey University. Catchment Solutions (Detainment Bund Tour
Mangaone, virtual tour).
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Local Application:

Detainment bunds were trialled in several catchments, with relatively small inundation extents
of up to 2 ha. These could reduce peak flow by 40-50% during a 2-year event (Figure 15). Lesser
relative reductions were evident in larger storms; the bunds were effective in the early stages,
but became less effective as the storm progressed. These features are already well studied in
New Zealand with design guidelines (Paterson, Clarke, Levine, 2019) and training currently
available.

Design Considerations:
e Storage capacity is strongly constrained by terrain (shallow basin geometry)
e Maintenance access and sediment management must be incorporated
e Design must take into account local regulatory standards and down stream safety
considerations
Co-benefits:
e Sediment trapping
¢ Biodiverse habitat (especially for amphibians and waterfowl)
e Water quality improvement through reductions in sediment attached phosphorus, and
denitrification processes.

3.4: Instream Structures (Including Weirs) and Woody Debris Placement

Function:
Instream roughness features—such as engineered log jams, rock vanes, and large woody debris (LWD)—disrupt
uniform flow, locally reduce velocity, and promote sediment retention and channel diversity (

Figure 9). Leaky dams and weirs may capture more flow in storage (Leeuwen, 2024).

Figure 11 - Leaky weirs in sequence, in a small stream. These features can help to slow fast-moving water in streams
and gullies (Quinn et al., 2013).
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Local Application:

Modelled weirs and LWD in small streams with 3-4% gradients were trialled in a range of
settings. Both techniques acted to slow the flow locally and initiated ponding in some places.
The overall reduction in peak discharge was less than that of the storage bunds, but there
seemed to be good prospects for reducing erosion in steeper sections. As with the bund
experiments, performance was better in lower flows (e.g. mean annual flood) than in more
intense events (>20 yr storms).

Flaw _
Velacity
(s

.:’: - J})}z ey, o ; £ | pinLwD Locarioas + : oo :
Figure 12 - Simulation of a sequence of weirs in a headward tributary showed modest velocity reduction (left panel);
the effect on outlet discharge was more distinct for smaller flood events (e.g. mean annual flood).

Design Considerations:
e Structures must be anchored and engineered to avoid downstream transport
e May be unsuitable for high-energy or incised channels without stabilisation
¢ Requires monitoring to assess geomorphic response over time
Co-benefits:
¢ Enhanced habitat complexity (e.g., pools, cover)
e Retention of gravel substrate for habitat
o Aesthetics and engagement for restoration projects

3.5: Constructed Wetlands, Ponds and Flow-through Systems

Function:

Constructed wetlands receive overland or intercepted flow, allowing water to slow, settle, and
infiltrate through vegetated or engineered basins. These can be designed as permanent or
ephemeral features depending on site conditions. Additional water storage during a flood can
help attenuate and delay the passage of a flood wave.
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Figure 13 - Side ponds can help reduce flow depth in the main channel, thus reducing erosive shear stress. The
additional storage (67, 500 m®) helps delay the initial flood wave (lower panel), as storage fills up in the early stages.
Note the reduction in erosive power (shear stress) in the main channel as flows are diverted into the side pond (top
right). Design and model credit: Kaya van Deventer-Holland.

Local Application:

Candidate locations (localised preexisting depressions) were identified using LiDAR-based
Relative Elevation Models in the study area. These are found particularly where historical
wetlands had been drained or intermittently active or abandoned lateral channels are still
connected to the main channel. Reconnecting floodplains over time opens possibilities for re-
establishing a meandering planform and naturally alters the 'arrival time' through increasing
channel length (Figure 13).

Design Considerations:
e Requires careful site selection and water balance estimation
o Periodic dredging and vegetation management are required
e Should avoid wetland establishment in highly flood-prone or grazed paddocks without
fencing
Co-benefits:
¢ Nutrient and sediment removal
e Aquatic and bird habitat
e Cultural ecosystem services
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3.6: Riparian Reforestation and Buffer Zones

Function:

Establishing wide, forested riparian buffers reduces overland flow velocities, increases
infiltration, and stabilises streambanks. These strips also increase hydraulic roughness,
delaying flood wave propagation along the valley floor (Ghavasieh et al., 2006; Stutter et al.,
2019; Kiss and Fehérvary, 2023; Murfitt, 2023).

Native Forest

3m Buffer
Modelled =

Riparian
Buffer

g 10m Buffer

Delayed,
. Diminished
Peak

Aainfall ramrhrt

— No Buffer
8 | == 3m Buffer
5| —10m Buffer

Discharge {ms7)

Flow
Velocity
{m/s)
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Figure 14 — The modelled effect of riparian vegetation experiments in a small catchment (15 km?).

Local Application:

Modelling along the Bryants Stream suggests that reforestation of 10 m riparian corridors could
extend the time to peak by 15-20 minutes during moderate flood events, especially when
applied across multiple reaches. Benefits could expand further with an even wider riparian
corridor.

Design Considerations:

e Establishment period (5-10 years) before hydrological benefits are fully realised.

e Requires long-term landowner commitment or incentives.

e Species selection should prioritise deep-rooting, flood-tolerant natives.
Co-benefits:

e Bank stability and sediment control.

e Habitat connectivity and shade for aquatic ecosystems.

e Integration of cultural planting practices (e.g., harakeke, kahikatea).
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4. Results

The modelling framework produced a suite of hydrologic and hydraulic outputs to evaluate the
effectiveness of nature-based flood mitigation scenarios. Results are presented across several
key indicators: peak discharge, time to peak, inundation extent, and flood storage volume.
Scenario results are compared against baseline conditions to assess relative benefits, with
special attention to site-specific performance and catchment-scale patterns.

4.1 Peak Discharge Reduction

Among the numerous NBS techniques that were trialled, the most effective technique for peak
discharge reduction tended to be larger-scale interventions, such as changes in land
(vegetation) cover that broadly altered the capacity for hydrological interception and infiltration
across relatively large proportions of the catchment. Broad coverage of native vegetation tended
to provide the most effective interception, owing to its multi-layered canopy structure.

The next most effective technique was storage bunds: these could reduce flood peaks by up to
~40% (Figure 15) in smaller events, becoming relatively less effective as storm intensity
increased (e.g. storm likelihood of 20- to 50-years). Lower-capacity wetlands and infiltration
buffers became saturated more quickly. This experimentation underscored the need to consider
appropriate, climate-adjusted rainfall scenarios in NBS sizing and placement decisions.
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Figure 15 - An example of a storm discharge hydrograph, showing the effectiveness of a single headwater retention
bund.
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Figure 16 - While a sequence of weirs proved effective in reducing velocities in a headwater stream, it was not as
effective at reducing the peak flows reaching the outlet.

24



4.2 Time to Peak

Nature-based interventions successfully delayed the arrival of flood peaks, providing valuable
lead time for response and reducing synchronisation of tributary peaks. Here again, catchment-
wide interventions tended to be the most effective. At a smaller scale (farm or land parcel)
riparian vegetation and pond routing were notably effective in slowing flow velocities (up to ~15-
20% for a 5-yr flood) across the floodplain, and thus delaying the arrival of flood waves at the
catchment outlet. LWD and weir installations on a singular tributary contributed to localised
velocity reduction but generally had minimal impact at the catchment outlet scale. Figure 13
and 13 show examples of the delay mechanisms that can be leveraged to reduce the timing of
the flood peak. Broader application of these in-stream techniques, across multiple tributaries
are likely to be more effective.

4.3 Inundation Extent and Depth

Floodplain mapping revealed moderate reductions in inundation extent in low-lying areas
adjacent to intervention sites, notably where peak discharge and flood duration had been
reduced through various NBS interventions. Differences were most significant in 10- and 50-
year events; benefits were less pronounced in 100-year scenarios.

Wetlands were among the most effective, although riparian planting also had good results. A
spatial comparison of current and NBS (wetland) conditions is shown in Figure 17. Wetlands
tend to retain water throughout the event; the depth maps at right emphasise the continued
retention of water within the floodplain an hour after the flood peak had passed. The
accompanying hydrograph shows the delay and diminution of the flood peak fora 1 in 5-yr
flood. This is for a catchment of ~15 km?; the wetland extent could be scaled up to address
larger floods or a larger catchment area upstream.
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Figure 17 - Effectiveness of wetland construction for a 1 in 5-year flood event in Watson's sub-catchment. The velocity
map (above) shows marked slowing of the flow at the peak of the event across the wetland site. Three hours after the
peak, water is still retained at the site; the overall effect is a diminution and delay of the flood peak (outlet hydrograph,
below). Design and model credit: Charlotte Ridler and Aria Fisher.

4.4 Combined interventions

Experimentation revealed that multiple NBS interventions could be strategically combined to
improve the flood mitigation outcomes. Each technique has a physiographic domain where it
tends to be most effective; for instance, storage bunds or weirs in the upper catchment, and
wetlands or reconnected floodplains in less confined valley bottoms.

While the peak reduction capabilities of each technique may not be strictly additive, there may
be good collective outcomes from multiple interventions. This is likely to be a good strategy for
implementation upstream from areas of problematic flooding, if there is good support and
coordination among local landowners.
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Scenario testing under progressively higher flows shows that NBS benefits persist, though their
absolute magnitudes are reduced due to greater runoff volumes.

4.5 Key Insights from Scenario Evaluation

Depending on location, storm intensity, and design, NBS interventions can achieve up
to ~40% reductions in peak flow and >30 minutes delay in time to peak at the
broadest (subcatchment) scale.

At the local scale, reductions may be closer to ~10-15%, but significant cumulative
effects can be obtained when working strategically across the catchment.

Other benefits, such as altered velocity patterns and water depth profiles, will not be
immediately apparent from the hydrograph, but these outcomes may substantially
change flood impacts.

Storage-based approaches (bunds, wetlands) offer the most reliable flood reduction
benefits, particularly under shorter-duration storm profiles.

Riparian and instream roughness interventions perform quite well for local effects
and cumulative slowing of flow, but must be spatially extensive to influence mainstem
hydrographs and reduce bank erosion.

Combined scenarios consistently outperform isolated techniques, supporting an
integrated catchment strategy. Adding multiple interventions in sequence will likely
lead, in time, to enhanced resilience across the catchment even during major events.
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5. Discussion and Synthesis

The modelling, scenario evaluation, and stakeholder co-development undertaken in this
investigation provide a robust platform for understanding the feasibility and value of Nature-
Based Solutions (NBS) in the Te Hoiere and Kaituna catchments. This section synthesises the
key outcomes, draws attention to trade-offs, and reflects on how these findings inform future
flood risk managementin a changing climate.

5.1 Integrating NBS into Catchment Flood Management

Results from this project confirm that NBS interventions can deliver meaningful reductions in
peak flow, delay hydrograph timing, and reduce flood inundation in target areas, particularly for
moderate (2-5 year) rainfall events. These benefits will not arise from a single intervention or
intervention type, but from cumulative, distributed interventions across the landscape.

Importantly, no individual measure delivered transformative changes in isolation. The
combination of storage, roughness, and reconnection mechanisms, deployed strategically
across multiple sub-catchments, achieved the most significant hydrologic benefit. This
underscores the need for an integrated, catchment-wide design philosophy, rather than
piecemeal implementation.

5.2 Alignment with Community Ambitions and Values

Flood management is not only a technical challenge but a social and ecological negotiation,
where multiple values must be acknowledged. The outreach component used in this project
provided helpful feedback and gave rise to a number of important insights. The first was that
NBS co-benefits—such as biodiversity restoration and water quality improvement—are
generally consistent with ambitions across the community, and these are broadly supported.
During the stakeholder engagement part of this project, it was noted by the community that
hard engineering solutions could also offer flood control. For example, community members
raised several times that flood control could be achieved using a single large dam sited on one
of the Te Hoiere tributaries. While this is certainly a possibility and might offer co-benefits, it
would require significant capital investment and may only provide limited flood control, given its
position among several large neighbouring tributaries. Similar concerns around cost and
feasibility have been raised regarding other hard engineering works. While it is beyond the
scope of this project to investigate such structures, any future catchment planning exercise
should probably include discussions on this as part of a social negotiation.

The second insight was that every landowner has more or less specialised conditions and may
require more customised support to review options; the general suite of techniques reviewed
here will not work everywhere. The third insight is that, despite understanding the potential
contribution to the greater cause of flood mitigation, financial incentives are limited, and greater
incentivisation may be required.
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5.3 Limitations and Trade-offs

While the modelling framework was designed to be comprehensive and calibrated against field
data, there are several limitations:

Limitation Implication

Fixed-capacity structures (e.g. Saturate during large or long-duration events, reducing benefit

ponds) in extreme ARls.

Lack of sediment transport Cannot assess geomorphic feedbacks or aggradation
modelling downstream of interventions.

Behavioural change is not Uptake of interventions is contingent on landowner willingness
modelled and funding.

Uncertain climate and land Benefits may be offset by future land use intensification or
use futures forest harvest patterns.

These limitations highlight the importance of adaptive management, where interventions are
monitored, adjusted, and iteratively improved over time. They also emphasise the need for
blended approaches incorporating NBS and engineered infrastructure in a resilient design
framework.

5.4 Comparative Insights and Broader Applicability

The Te Hoiere—Kaituna catchments show:

e High potential for NBS uptake, due to steep topography, historical wetland loss, and
pastoral land use

o Moderate flood response sensitivity, particularly in mid-sized storms with high-intensity,
short-duration rainfall

e Strong community interest and social licence, given prior restoration efforts (e.g. Te
Hoiere Project) and impacts from frequent flood events.

The feasibility modelling work developed here—including REM analysis, HEC-RAS simulations
of various methods, and participatory scenario design—can be applied across other New
Zealand catchments with similar physiographic conditions.
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5.5 From Feasibility to Implementation

A key insight from this project is that hydrological feasibility does not guarantee implementation
feasibility. Many promising intervention sites are constrained by access, ownership, competing
land use, or lack of maintenance pathways. Bridging the gap between model and field requires:

¢ Supportive policy and incentive structures (e.g. rates relief, favourable policy settings,
restoration grants)

¢ Clear governance mechanisms to manage shared assets (e.g. bunds, wetlands).
Preferably community-oriented rather than landowner or agency-centric.

¢ On-farm advisory capacity to design, install, and monitor interventions in real time

Future work should integrate these socioeconomic factors directly into modelling efforts to
identify "sweet spots" where benefit, willingness, and feasibility align.

5.6 Conclusion of the Synthesis

The Te Hoiere and Kaituna catchments offer a strong test case for the application of Nature-
Based Solutions to flood risk management. While not a panacea, the findings demonstrate that
NBS can deliver reliable, replicable, and socially supported reductions in flood hazard,
particularly when designed as part of a whole-of-catchment, long-term strategy.

As climate extremes intensify, the importance of such distributed, adaptable, and ecologically
grounded approaches will only grow. It will be crucial to improve our understanding of and
comfort with Nature-Based Solutions to aid local communities to be resilient into the future.
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6. Recommendations

This project's modelling and participatory planning demonstrate that Nature-Based Solutions
(NBS) offer tangible benefits to flood risk reduction in the Te Hoiere and Kaituna catchments.
However, realising these benefits at scale requires deliberate follow-through in policy, funding,

and coordination. This section outlines practical recommendations and identifies next steps to

supportimplementation and long-term success.

6.1 Key Priorities

1. Prioritise Integrated Catchment Planning

Build community understanding of, and engagement with, NBS methodologies.

Embed nature-based interventions within broader catchment and land-use planning
frameworks. Continued monitoring will help to inform future work on this.

Ensure alignment with community, lwi and council aspirations as well as regulatory
requirements.

2. Invest in Multi-Scale Interventions

Fund implementation of pilot-scale interventions (e.g. detention ponds, riparian
planting) in a few of the headwater catchments to understand their effectiveness. Each
site should have independent monitoring.

Plan for progressive scaling via a portfolio of interventions designed for cumulative
benefit in particular problem areas.

3. Embed Climate Resilience into Design

Use updated rainfall intensity—duration—frequency (IDF) curves and projected rainfall
scenarios (e.g. via NIWA’s HIRDSv4) in sizing detention features and restoration designs.

Focus on NBS that retain functionality under future climate extremes (e.g. bunded
swales, riparian afforestation).

4. Provide Incentives and Technical Support

Develop a toolkit for landowners including design templates, regulatory guidance, and
cost-benefit examples.

Pilot incentive mechanisms such as rates relief for constructed wetlands or riparian
retirement. Rates relief might be justified on the basis of NBS providing protection for
downstream community assets such as roads, and sensitive receiving environments.
Other incentives could include government or philanthropic funding.

Make more data available more easily — hydro.marlborough.govt.nz is a great resource;
potentially more survey and monitoring data combined with modelling resources could
be made available to interested users and help to facilitate development of integrated
catchment plans
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6.2 Next Steps

Action Area

1. Expand Monitoring
Networks

2. Refine Models with Post-
Event Data

3. Integrated/coordinated
NBS design plan

4. Develop Implementation
Partnerships

5. Secure Funding for the
Next Phase

6. Field Validation and
Ground Truthing

Description

Install stream gauges, soil moisture probes, piezometers,
groundwater borehole gauges, and rain gauges in
representative sub-catchments.

Use flood events to validate and recalibrate hydrologic and
hydraulic models.

Use modelling and community feedback to prioritise
problematic sites; develop a plan to address flooding issues

Engage local contractors, iwi ropU, and environmental trusts in
on-farm delivery. Initial pilot studies provide important proof-of-
concept.

Prepare proposals for regional council, central government (e.g.
MfE, MPI), and philanthropic funding for capital works and more
extensive catchment-scale demonstration projects.

Confirm priority intervention sites through on-ground
assessment and landowner visits.

6.3 Research and Capacity Building Opportunities

Future academic and applied research should explore:

¢ Sediment and geomorphic dynamics: Model how NBS interventions influence erosion,
sediment transport, and channel stability.

e Socioeconomic modelling: Integrate uptake behaviour, landowner decision-making,
and cost-benefit assessments, leading to changes in the regional planning frameworks
(spatial plans) that favour NBS solutions.

o Biophysical modelling of co-benefits: Quantify water quality, habitat, and carbon
outcomes alongside flood metrics.

o Longitudinal monitoring of NBS performance: Establish a time series of hydrologic,
ecological, and community indicators. This should include measures of catchment

resilience.

In parallel, building capacity within local agencies, restoration groups, and iwi organisations will

ensure that NBS planning and delivery can be sustained beyond the scope of this project.
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6.4 Closing Statement

Nature-Based Solutions are intended to counter many key drivers of river degradation:
excessive bank erosion, sedimentation, riparian degradation, and loss of complex flow
conditions for ecological processes (Feld et al., 2011). This project represents a step-change in
the way flood mitigation is conceived and applied in the Te Hoiere and Kaituna landscapes. It
demonstrates that with robust modelling, inclusive engagement, and commitment to long-term
stewardship, Nature-Based Solutions can be a cornerstone of resilient, integrated catchment
management. Continued investment in both science and relationships will be essential to
transform these scenarios into lasting change on the ground.
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