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1

Introduction

This Landcare Research (LCR) report is a review of the land and water resources of the
Maniapoto for the Nga Aho Rangahau Sustainable Farming Fund project. The report
accompanies digital spatial data layers provided to the Maniapoto Mãori Trust Board
(MMTB), explaining the data layers, providing metadata, and addressing pātai (questions)
from the MMTB. The report has been written to inform the following audiences:


Trustees and members of incorporations



MMTB members



MMTB staff without a science focus, and



MMTB Geographic Information Systems (GIS) staff.

It is anticipated that MMTB Geographic Information Systems (GIS) capability may increase
to specialist level in the future, therefore detailed computer algorithms and data layers, used
as precursors for many modelling applications, have been provided.

2

Background

The Nga Aho Rangahau (NAROM) project, “The Threads of Research”, is funded by the
Ministry for Primary Industries Sustainable Farming Fund. The main objective is to define
the economic opportunities for Maniapoto within the Maniapoto rohe, aligning with MMTB
strategic goals, and benefiting land trusts or corporations. Benefits to trusts or corporations
will include increased resource information, identification of business and employment
opportunities in the primary industries and tourism sectors. It is envisaged that opportunities
will be from identification of new opportunities and ways to enhance existing operations.
NIWA, GNS Science, Scion, AgResearch, Plant and Food Research and Landcare Research
(LCR) have been engaged to assist in the development of this project. LCR has been engaged
to contribute to an assessment of the land and water resources of the Maniapoto rohe. LCR
will provide digital spatial data layers such as Land Use Capability (LUC) and land cover
data with this associated report, providing:


A review of land resources in the Maniapoto rohe



Answers to a series of key pātai posed to the technical team by the MMTB, and



Metadata.

Landcare Research
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3

Land evaluation in the Maniapoto rohe

Information from regional scale databases and maps held by LCR has been collated to
provide a suite of information related to land resources in the Maniapoto rohe. LCR has
provided information about landforms, vegetation, surface rock types, erosion, and soils.
MMTB supplied a list of pātai, aggregated into atua domains, to the Crown Research
Institutes (CRIs) to be answered as a part of the land evaluation stage of the project. Table 1
summarises the MMTB pātai that LCR has provided information for.
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Table 1: Sources of Information Provided by Landcare Research for Nga Pātai o MMTB
Atua domain

Theme of pātai
Location, size and legal nature of the Maniapoto
rohe, and Mãori and Crown owned blocks in the
rohe

Landforms

Papatuanuku

Soil

Present and potential land use

Tanemahuta

Tangaroa

Humietikitiki

Rongomatane

Landcare Research



Coastline



Land Use Capability (LUC)



Digital Elevation Model (DEM)



Hillshade



Landform elements



Total curvature



Plan curvature



Profile curvature



Slope angle



Length of slope factor



Length-slope combination



Aspect



Highly erodible land (HEL)



Sediment Transport Index (STI)



Soilscapes



Parent materials



Fundamental Soil Layer (FSL)



Land Use Capability (LUC)



Land Use Capability (LUC)



Landcover database

Infrastructure



Topographic map data

Urban centres and population data



StatsNZ meshblock data

Vegetation cover



Landcover database



Upslope catchment area



Topographic Wetness Index (TWI)



Stream Power Index (SPI)



Topographic map data



Total rainfall




Growing degree days
Average temperature

Exposure to wind



Topographic Exposure (Topex)

Location of uncultivated land



Landcover database

Potential uses of uncultivated land



Land Use Capability (LUC)

Meat, dairy, horticultural production data



NZFARM model

Location and extent of land suitable for
horticulture



Land Use Capability (LUC)

Waterways

Rainfall
Tawhirimatea

Information source

Temperature
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LCR is curator of many nationally significant databases, most of which are publically
available from the internet. In addition to the spatial data layers provided by LCR,
investigation of the following websites is recommended. These websites not only contain
information that can be freely downloaded, but they also explain what the data is useful for.

National Land Resource Centre

www.nlrc.org.nz

Our Environments

ourenvironment.scinfo.org.nz

LRIS

lris.scinfo.org.nz

S-map Online

smap.landcareresearch.co.nz

Mãori Land Visualisation Tool

whenuaviz.landcareresearch.co.nz
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4

The Maniapoto rohe

4.1

Location

The Maniapoto rohe (Fig. 1) stretches from Taumarunui in the south to the Waikato awa in
the north, and to the west coast of Te Ika a Maui. The rohe has a total area of approximately
794 700 ha, representing approximately 3% of the New Zealand landmass. Off-shore islands
have been excluded from this calculation.

Figure 1: Location of the Maniapoto rohe.
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4.2

Population statistics

Figure 2 provides a map of total population by meshblock for the Maniapoto rohe, from the
StatisticsNZ website from the 2013 Census. Population densities are highest from Te Kuiti
through to Te Awamutu.

Figure 2: Population by meshblock in the Maniapoto rohe with roading to provide context.
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4.3

Mãori land

There is approximately 77 734 ha of Mãori land in the 794 700 ha Maniapoto rohe. The
locations of the Mãori land blocks are shown in Figure 3. Appendix 2 provides a list of the
names of the Mãori blocks.

Figure 3: Location of Mãori land blocks within the Maniapoto rohe with the roading network to provide
context.
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Page 7

Characterising the Land Resources of the Maniapoto Rohe, Waikato, New Zealand

5

Landforms

The shape of whenua is related to the characteristics of the underlying rocks and the wai
associated with it. From a geological perspective, the soils of Te Ika a Maui are young. This
youthfulness is because of faulting, uplift, erosion, and volcanism. The Maniapoto rohe
traverses a wide range of landforms, including:


Flat and rolling pumice plateaux around Ngapuke and Bennydale



Downlands and hills covered with volcanic ash, throughout the rohe



Volcanic cones such as Pirongia, and Karioi with ash, scoria and lava flows



Craggy ignimbrite cliffs and gorges around Waimiha



Rounded downlands and hills of the old clay-rich volcanic ashes near Hamilton



Rolling karst topography associated with limestone around Piopio and Waitomo



Hills and steeplands on soft, hard, banded or crushed sedimentary rocks



Greywacke ridgelines, e.g. the Hiwi hills



Iron-sand sand dunes and beaches



Peat bogs such as the Moanatuatua raised bog, and



The valleys and floodplains of the Whanganui, Mokau and Waikato awa,
including the older volcanic river terraces e.g. the Puketoka Formation, found
from Te Kuiti to Huntly.

Figure 4 shows the distribution of rock types underlying the soil surface through the
Maniapoto rohe.
In Aotearoa, maps about land have been indirectly related to landform, such as Land Use
Capabilty (LUC), geology and soil maps. Landforms tend to be mapped alongside other
features, such as rock or soil, with the help of topographic maps and aerial photos. GIS
modelling techniques are now increasingly being used to describe landforms, e.g.
Topographic Wetness Index (TWI), curvature, slope length. A range of terrain attributes have
been produced as a part of this project. Depending on the expected end-use of landform
information, models can produce discrete landforms, e.g. ridges, shoulders and valleys, or
digital raster layers of continuous landform data for further modelling, for example, of
sediment flows through the landscape. In many cases it is important to have both outputs, to
enable the creation of more traditional conceptual soil-landform models, for extension and
use by lay-people, in addition to modelling work for land managers and policy planners who
need numbers to set limits and targets.
When it comes to the whenua, lithology, landforms and soils are all interconnected. To make
best sense of terrain attribute maps, it is often easiest to conceptualise the relationships
between soils, rocks and landforms. An example of a conceptual soil-landform model, a 3D
block diagram, for the Franklin area is depicted in Figure 5.
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Figure 4: Rocks under the soil surface in the Maniapoto rohe.
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Granular Soils
Granular Soils
Tephra
over scoria
Old dune
sands

Sandy Brown Soils
High dunes
Old lava
flow
Granular Soils
Downlands
Peat
Organic Soils

Sandy Recent Soils
Low dunes

Dune sands
Ultic Soils Hills

Ultic Soils

Mudflats

Downlands
Tephra
Waitemata mudstones and
sandstones

Saline Recent

Fluvial Recent Soils

Gley Soils

Recent Gley Soils
Orthic Gley Soils

Figure 5: Conceptual soil-landform model for the Franklin area.

Page 10

Landcare Research

Alluvium

Characterising the Land Resources of the Maniapoto Rohe, Waikato, New Zealand

Geomorphologists have described landforms using a hierarchy of landform descriptors, a
component-based approach, and a whole-of-landscape approach based on how water flows
across the surface.
The land systems hierarchical approach involves classifying the landscape into smaller and
smaller units. The land system is defined by rock type/soil parent materials, land shape,
elevation, and climate. The other levels of the hierarchy are based purely on the shape of the
land. Table 2 provides an example of the land systems approach.
Table 2: Example of a hierarchy of land systems
Land system

Landform

Component

Landform Element

Floodplain

Swale

Channel or hollow

Terrace tread

Plain

Terrace riser

Planar slope

Hilly land

Rounded hills

Ridge

Steep land

Hill face

Footslope

Lowlands
1200–1600 mm rainfall/year
50–400 m above sea level
River silt

Terrace

Hill country
1400–2000 mm rainfall/year
300–600 m above sea level
Mudstone

In the components-based approach, the landscape is defined by proxy as an aggregate of
related factors such as slope, erosion and rock type, as is the case with the LUC approach.
Although people find it easy to understand landscapes if they can be separated into discrete
entities, models prefer to deal with whole-of-landscape continuous data. Digital Terrain
Models (DTMs) provide this kind of continuous data. However, while this information tends
to be rich in data, it does not contain any explanation of the conceptual basis for the
variabilities within it.
5.1

The LUC system and landforms

The LUC system (Lynn et al. 2009) was developed as a tool for rapid assessment of land
resources, rather than for identifying landforms. It is used as a proxy for landforms, and soils,
because in hill country, the same factors that determine the LUC unit also determine the
shape of the landform, and the soil within the landform. LUC map units are based on
combinations of factors that make up any given part of the whenua. The factors used in this
process are: rock, soil, slope, present erosion severity and type, and current vegetation. Each
map unit is allocated an LUC Class from 1 to 8, Class 1 being most versatile, and Class 8
being the least versatile. Versatile land is suitable for a wide range of land uses. Once a LUC
Class is assigned to a portion of the whenua, the whenua is labelled with an LUC unit (e.g.
6e10). Wherever that particular LUC unit is mapped through the rohe, it is considered to have
the same fundamental characteristics as other 6e10 units. Whenua of classes 6–8 are mostly
limited by slope and erosion, whereas on flatter land, factors such as wetness, flood
frequency, and vulnerability to droughts become the limiting factors.
Landcare Research
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Figure 6: LUC Classes in the Maniapoto rohe and dominant limitations (erosion (e), wetness (w), soil (s), and climate (c)).
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Table 3: Areas of LUC Classes within the rohe
LUC Classes and representative landforms
Classes 1 and 2. Arable high class land. Valley floors, floodplains and flat terraces

Area (ha)

Percent of
rohe (%)

41 417

5.2

166 305

20.9

5453

0.7

10 283

1.3

477 460

60.1

1671

0.2

41 587

5.2

Classes 6c and 7c. Exposed or elevated whenua e.g. frost flats in the Hauhangaroa
Range.

4353

0.5

Class 8. Very steep and erodible or very cold or wet land that should be covered in
ngahere or other indigenous vegetation

42 856

5.4

2453

0.5

Classes 3 and 4 excluding 4w. Arable undulating and rolling terraces and
downlands
Class 4w. Arable but needs drainage. Wet floodplains and terraces
Class 5. Stable hill country. Too steep for arable use, negligible to slight erosion
hazard under perennial vegetation cover
Class 6e and 7e. Erodible hills. Steep to very steep. Pastoral farming with strategic
erosion control strategies or forestry recommended or employed
Classes 6w and 7w. Puna, wet footslopes, valley floors, floodplains, terraces and
wetland margins with very high water tables or frequent flooding
Classes 6s and 7s

Undefined, rivers, lakes, towns and quarries

Figure 6 shows the distribution of LUC units across the Maniapoto rohe. Table 3 quantifies
the total areas and proportions of different LUC classes within the rohe.
There are an estimated 41 417 ha of LUC Class 1 and 2 land in the Maniapoto rohe. This land
is high class land, with minor limitations to land use. To be categorised as LUC Class 1 or 2
land, the risk of erosion must be negligible to slight, the soils have to be moderately well to
well drained, with low flood-risk, no stones in the soil profile, and a warm and moist climate.
This land is suitable for a wide range of land uses, including pastoral agriculture, arable
crops, viticulture, berry production, tree crops and forestry (Lynn et al. 2009). This
information should be used in combination with the climate information provided later in the
report to determine suitability for particular crops.
The rolling terraces and downlands of the rohe categorised as LUC Classes 3 and 4
(excluding LUC Class 4w) represent approximately 166 305 ha. Because of the increased
slope of this land, there is a slight risk of surface (sheet) and fluvial (rill) erosion, especially
from bare cultivated land. On strongly rolling land (16–20° slopes), the movements of
harvesting machinery are more limited. With the exception of these limitations, LUC Class 3
and 4 land is also suitable for the range of land uses that LUC Classes 1 and 2 are.
Land categorised as LUC Class 4w (5453 ha) occurs on imperfectly to poorly drained valley
floors, terraces, and floodplains. This LUC Class is still suitable for a wide range of land

Landcare Research
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uses, including arable uses, but soils tend to wetter for longer in winter and spring. This limits
crops such as kiwifruit for example, that can’t have waterlogged roots during bud-break.
Stable strongly rolling to moderately steep hill country, often covered in deep cover beds of
volcanic ash, form the LUC Class 5 land (10 283 ha) in the rohe. This land tends to range
from 18 to 22° in slope, and has a climatic limitation. The area is subject to occasional frosts,
and despite the latitude and warm climate, it has a lower number of growing degree days
compared with areas in the Bay of Plenty due to fog. It is too steep for cultivation but has
negligible to slight risk of erosion by mass movement when unvegetated. Where soils have
formed in volcanic ash in annual average rainfalls of over 1200 mm/yr, allophanic materials
are often present in the soil, leading to high phosphate retention. LUC Class 5 land is not
suitable for arable use, but is suitable for high intensity pastoral grazing land or production
forestry.
LUC Class 6e and 7e land (477 460 ha) is typical soft rock hill country. Class 6e country
tends to be hilly and moderately steep (21–25°) and Class 7e land tends to be steep (26–35°).
Erosion risk on LUC Class 6e and 7e land is moderate to severe. Erosion risk is dependent on
a combination of slope, aspect, rock type (for example limestone, sandstone or mudstone),
the degree of consolidation of the rock, and the extent to which tectonic faults have caused
tilting, folding and jointing within the rock. LUC Class 6e and 7e land tends to be used for
pastoral uses, but often needs woody vegetation such as space-planted poplars, pair-planted
willows, plantation forestry, or remnants of mānuka/indigenous vegetation to minimise
erosion risk.
LUC Class 6w and 7w land (1671 ha) is very wet, tending to be found in wet valley sides and
valley floors, and around puna, rivers, bogs, and lakes. Without artificial drainage these soils
have limited value for grazing stock, although these areas may be important for reducing
nitrogen in groundwater, through denitrification of nitrates to nitrogen gas. LUC Class 6w
and 7w units can also be used to indicate where wetlands may once have existed and could be
restored.
Other LUC Class 6 and 7 land (6s and 7s) has limited versatility (pastoral and forestry land
uses) because of containing:


high levels of clay or sand in the subsoil



a large percentage of stones in the soil profile or



high phosphate retention.

LUC Class 6s and 7s land represents approximately 41 587 ha of the rohe.
LUC 6c and 7c land (4 353 ha) is exposed or very cold land, often at high elevations with a
high rainfall, low growing degree days, frequent frosts, and in some cases infrequent
snowfalls. This land is not considered versatile but is suitable for a limited number of pastoral
and plantation forestry uses. There are high value crops that can only be grown in these
climatic conditions (for example Ginseng, Wasabi, and Horopito), but at the time the national
LUC survey was being conducted and the NZLRI worksheets were being produced, the range
of cool climate crops envisaged as potential candidates was not large enough to have
considered these soils as versatile.
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LUC Class 8 land (42 856 ha) represents all other land that is very steep (>35°), is either
prone to or has suffered very severe to extreme erosion, is waterlogged or inundated by
floods on a very frequent basis, is extremely stony or has shallow soil, or exists in very severe
climatic conditions. Such land is not versatile and considered suitable only for conservation
purposes.
5.2

Digital terrain models and digital elevation models

Digital terrain models (DTMs) are models providing a digital representation of the shape of
the landscape, which is defined by local changes in elevation. The primary DTM is a Digital
Elevation Model (DEM). In the majority of cases in this project - with the exception of the
Topex layer - the LCR 15m DEM (Barringer et al. 2008) was used, as shown in Figure 7. The
contour interval is 15m. Once the DEM has been derived, other terrain attribute layers can be
derived, including: slope, curvature, aspect, and water flow direction. DTMs are widely used
in modelling soil erosion (e.g. De Roo 1998; Rodda et al. 2001), hydrological modelling
(Moore et al. 1991; Romano & Palladino 2002), soil survey and land resource assessment
(McKenzie et al. 2000; Thompson et al. 2001), environmental modelling (Mummery et al.
1999; Mackey et al. 2000), and for predicting soil and regolith properties (Gessler et al. 1995;
Florinsky et al. 2002). The DEM shown in Figure 7 illustrates that the majority of the rohe is
less than 300 m above mean sea level, with only small amounts of land occurring at
elevations above 900 m around the Hauhangaroa Range and the Central Plateau. The DTMs
or terrain attribute layers depicted in the following sections are derived from this DEM.

Landcare Research
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Figure 7: Map of elevation of the Maniapoto rohe, with the roading network to give context.
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5.3

Hillshade maps

DEMs provide a two-dimensional map of elevation change across a surface. Hillshade maps
represent the changes in elevation across a surface, but show these changes in threedimensions. The process of creating a hillshade map involves choosing how exaggerated you
want the relief to look, and the angle in the sky from which you want the sun to illuminate.
Using a GIS, a hillshade map can be draped over other two-dimensional maps like elevation
or slope to make it easier for people to visualise the information shown through topographic
shading. Figure 8 portrays a hillshade map (15-m resolution) for the Maniapoto rohe.

Figure 8: Hillshade map (15m resolution).
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5.4

Development of primary terrain attributes
5.4.1

Slope angle

Slope refers to the rate at which elevation changes in the direction of the steepest descent
(Gallant & Wilson 2000).
Maps of slope are important precursors to more complex terrain attribute layers, and also
have many direct applications, for example, delineation of whenua suitable for arable land
uses. Ground-based cropping can only safely occur on slopes less than 20° slope. Slope is
also linked to the vulnerability of whenua to erosion, therefore constraining the range of land
uses that can occur on sloping land. For example, defining the thresholds where pastoral land
use is considered marginal or in extreme cases unsustainable. A slope map of the whenua in
the Maniapoto rohe is shown in Figure 9. The flatter land of the lower Waipa catchment
shows up clearly in the north of the map, with the hill country dominating the south of the
map. Table 4 summarises the proportions of land occurring within the rohe, grouped by the
LUC slope classes (Lynn et al. 2009).
Table 4: Proportions of land in each LUC slope class occurring within the rohe

Page 18

Slope class

Area (ha)

%

A, 0–3°

157 780

20

B, 4–7°

118 746

15

C, 8–15°

191 954

24

D, 16–20°

92 745

12

E, 21–25°

78 697

10

F, 26–30°

60 642

8

G, >30°

94 152

12
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Figure 9: Slope measured in degrees with the roading network to give context.
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5.4.2

Aspect and primary flow direction

In addition to slope, other terrain attributes derived in the initial phase of digital terrain
analysis include aspect and flow direction. Aspect ψ reflects a site’s climatic environment.
Aspect determines the number of sunshine hours an area receives, whether it is hot and dry,
or cold and wet. In combination with distance from the coast, wind direction and intensity, it
is important in determining the amount of exposure of a site.
Aspect relates to the direction of the steepest descent for each grid cell in a catchment. Aspect
is effectively the direction water would flow across a surface at a given location (Moore
1996). Note that as slope becomes very small, aspect becomes meaningless and difficult to
define. Figure 10 portrays the spatial distribution of whenua with different aspects across the
rohe.
Primary flow direction can be considered an approximate surrogate for aspect in that it
defines the direction to the nearest neighbour with the maximum gradient (Gallant & Wilson
1996, 2000). Primary flow direction is a vital interim step in the calculation of hydrological
characteristics such as flow accumulation, which has many applications.
Note that if the central node is lower than the surrounding nodes, the node is considered a
sink. This situation highlights the importance of identifying and removing sinks that are
unwanted artefacts of the interpolation process used to initially create the DEM, thereby
creating a hydrologically sound DEM so that flow is directed across the digital surface
correctly. Once the hydrologically sound DEM is created, it is used for derivation of all
hydrology-related terrain attributes.
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Figure 10: Aspect with the roading network to give context.
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5.4.3

Curvature

Curvature is a measure of the shape (convex/planar/concave) of land, which impacts on water
flow through the landscape. For example, convex surfaces are divergent compared to concave
surfaces that are convergent. Four outputs for curvature are derived from the DEM: planar
curvature, profile curvature, and total curvature. Curvature attribute layers are primary terrain
attributes. Curvature information is important in applications such as managing outflows of
stormwater to prevent erosion, and in the land-based application of wastewater. Profile
curvature is the shape of land down a hill-slope. Profile curvature is important when
capturing information related to flow velocity and sediment transport. Plan curvature captures
topographic convergence and divergence across a landscape (Fig. 11). Plan and profile
curvature are used frequently in modelling flow characteristics. Curvatures can also be used
to delineate geomorphic units (Dikau 1989; Schmidt & Hewitt 2004). Plan curvature can be
used to distinguish between ridges, valleys, and hillslopes. Curvatures are calculated from
second derivatives (rate of change of a first derivative, for example slope or aspect) (Gallant
& Wilson 2000). For plan and profile curvatures, the output values reflect the degree of
curvature, i.e. gentle curvature is represented by small values whereas strong curvature has
larger values. Curvature values determined using ArcInfo define a positive curvature as
having a surface that is upwardly convex at that cell. A negative curvature value indicates
that the surface is upwardly concave at that cell. A value of zero indicates that the surface is
flat. Reasonably expected values of all total, plan, and profile curvature are for hilly areas of
moderate relief values from –0.5 to 0.5, while for the steep rugged mountains of extreme
relief, values may vary between –4 and 4. An example of an attribute layer of curvature for
the Maniapoto rohe is shown in Figure 12.

Figure 11: Schematic diagrams illustrating plan and profile curvatures and their influence on surface and
subsurface water movement associated with convergent and divergent hillslopes (adapted from Pennock et al.
1987, after Hall & Olsen, 1991, p. 15).
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Figure 12: Plan curvature for the Maniapoto rohe.

5.5

Landform Elements

The shapes of land within individual landscapes are complex, often with recurring patterns at
a variety of scales. When classifying and mapping land shape, it is often easiest to begin by
identifying the smallest units in the landscape. Different suites of landform elements can be
aggregated together to produce repeating patterns of land shapes at less detailed scales,
thereby forming part of a hierarchy of landforms. Land elements represent the fundamental
discrete geomorphological units that make up the visually discernable landscape.
Landform elements are important for applications at a range of scales from land development
and management to stormwater and wastewater management, and the application of Farm
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Dairy Effluent. Soil types, land stability (erosion/sediment generation) and drainage are all
driven to some extent by landform elements.
Using terrain attributes derived from DTMs, including curvature, flow direction and flow
accumulation, land elements can be derived automatically. Schmidt and Hewitt (2004)
describe the process of identifying landform elements (Fig. 13).

Digital Terrain Model (DTM)

Local polynomial fit on DTM
Evans (1980), Wood (1996)

Slope
Curvature

Fuzzy classification of slope and curvature
Burrough (1989), Dikau (1989)

Fuzzy form element classification

TOPHAT approach Rodriguez et al. (2002)
using fuzzy classification

Landscape position indices

Fuzzy land element classification
Schmidt and Hewitt (2004)

Fuzzy landform elements
Figure 13: Method for production of land elements (Schmidt & Hewitt, 2004).

First, slope and curvature attribute maps are produced at a specified resolution and window
size; then, using semantic import and fuzzy classification models, a classification of fuzzy
forms is generated (Evans 1980; Wood 1996; Burrough 1989; Dikau 1989). The 15 form
elements are depicted in Figure 14:

Page 24

Landcare Research

Characterising the Land Resources of the Maniapoto Rohe, Waikato, New Zealand

Figure 14: Form elements (Schmidt & Hewitt 2004).
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After the fuzzy form elements have been produced, the TOPHAT programme is used in
conjunction with fuzzy classification to determine landscape position (Rodriguez et al. 2002).
Fuzzy form elements and fuzzy landscape position indices are then used to produce more
generalised land elements, e.g. Hillslope (terrain) + Footslope or hollow foot or shoulder
(form elements) = “footslope” (landform element).
Landform elements can theoretically be delineated at a range of scales, but the Schmidt and
Hewitt (2004) model has not yet been developed to use a DTM of a finer resolution than
25 m. Where there is sufficiently high relief, the Barringer et al. (2008) application of the
Schmidt and Hewitt (2004) model is highly effective at delineating landform elements, but
where relative elevation differences are smaller than 25 m, the model can be less effective.
Further work is needed to develop this model to delineate landform elements at finer
resolutions. An example of the 25-m Barringer et al. (2008) landform elements model is
shown in Figure 15.
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Figure 15: Landform elements (15-m resolution) of the Maniapoto rohe with the roading network to give context.
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5.6

Length of slope and the length-slope factor (LS factor)

The algorithms used to derive the length of slope map developed here using an Arc Macro
Language script were derived from primary terrain attributes developed using the equations
of McCool et al. (1987, 1989). The Revised Universal Soil Loss Equation (RUSLE) is a wellresearched, empirically driven, model for determining sheet and rill erosion (Renard et al.,
1991) from a combination of the following factors: surface runoff of rainfall, the extent to
which the inherent chemical and physical properties make a given soil erosion prone,
vegetation, slope-length, and slope-angle. Typically, the RUSLE’s slope-length and the
slope-angle factors are combined as a function of both the slope and length of the landscape,
i.e. the LS factor. In general, as the length of the slope increases, cumulative runoff increases.
Furthermore, as the slope of the landscape increases, higher runoff velocities contribute to
increased erosion.
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Figure 16: Slope length, from the Revised Universal Soil Loss Equation for the Maniapoto rohe, with the
roading network to give context.

5.7

Highly erodible land

Highly Erodible Land (HEL) is defined as land at risk of severe mass movement (landslide,
earthflow, and gully) erosion if it is not protected by woody vegetation (Dymond et al. 2006).
The HEL model produces a map of land susceptible to erosion by mass movement processes,
and considers whether sediment derived from a mass movement event is likely to enter a
watercourse. The model was developed from information about vegetation, erosion terranes,
slope, and distance to streams. Maps of HEL can be used to match land use to land capability,
for example, identifying where pastoral hill country needs to be planted with woody
vegetation. Figure 17 and Table 5 quantify and map the land through the Maniapoto rohe that
is vulnerable to erosion by mass movement that is not already covered in woody vegetation
(15-m resolution).
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Figure 17: Highly erodible land (Dymond et al. 2006), with the roading network to give context.
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Table 5: Highly erodible land in the Maniapoto rohe
Land type
Land – not highly erodible

%

329 214

41.5

Water

18 603

2.3

Watercourse – bare ground

11 265

1.4

High landslide risk, delivery to streams

31 133

3.9

High landslide risk, no delivery to streams

26 259

3.3

Moderate earthflow risk

39 913

5

Severe earthflow risk

13413

1.7

Gully risk

12381

1.6

311 664

39.3

Woody vegetation

5.8

Area (ha)

Sediment transport index

Sediment transport index (Fig. 18) is a measure of the extent to which any given unit of land
is capable of transporting sediment to another location (Burrough et al. 1998). When
combined with information from the highly erodible land maps, sediment transport index
maps contribute to the overall picture of where sediment in waterways such as the Waipa awa
is generated. This helps target land management actions to minimise the adverse impacts of
instream sediment on water quality. Sediment transport index values are calculated using the
following equation. As is the upstream area and is the slope at a given cell. The upstream
area is weighted stronger than the slope.
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Figure 18: Sediment transport index with roading network provided to give context.
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6

Soil

There are a broad range of soils in the Maniapoto rohe. Jenny (1941) and McBratney et al.
(2003) state that the distribution and properties of soils are influenced by a range of drivers
including:


climate



organisms (the flora and fauna associated with the soil)



relief (terrain attributes),



parent material (rock or cover beds, e.g. volcanic ash or alluvium), and



age.

Hewitt et al. (2008) and Basher and Tonkin (1985) have identified rock type, rate of tectonic
uplift, and rainfall to be primary contributors to the spatial distribution of soils in Aotearoa.
Hewitt et al. (2008) used a combination of New Zealand Land Resource Inventory (NZLRI)
based rock-type, elevation, precipitation, slope, and the presence of thick wind-blown
sediments, to generate an Aotearoa-wide map of soilscapes. Hewitt et al. (2010) suggested
that the definition of soilscapes used in the Aotearoa context comes from Lagacherie et al.
(2001): “a landscape unit including a limited number of soil classes that are geographically
distributed according to an identifiable pattern”. Figure 19 shows a terrain map derived from
the soilscapes map of Hewitt (2008) for the Maniapoto rohe. The soilscapes map is a
prototype that has not been tested or refined for the Maniapoto rohe, and therefore should be
treated only as indicative. The map shows a large area of land covered in volcanic ash, with
hill country composed of soft sedimentary mudstones and sandstones in the southwest of the
rohe, greywacke ranges in some areas, and volcanic sediments (pumice and ignimbrite)
around Ngapuke, Ongarue, Waimiha, Bennydale, and Pureora.
Soil parent materials are the rocks or soft sediments from which soil is developed. In hill
country where erosion has exposed the underlying rock, soil is developed in the weathered
rock beneath. In more stable land, soil develops in unconsolidated and erodible materials, for
example, volcanic ash, unwelded ignimbrite, and alluvium from rivers. The main landforms
and their related rock types are described in Section 5, with Figure 2 showing where the soil
parent materials (derived from NZLRI toprock field) occur. The two most recent soil maps
available for the Maniapoto rohe are S-map and the Fundamental Soil Layer. S-map coverage
is incomplete, with gaps in the west and around the Waipa catchment. This area is currently
being mapped and is expected to be available online by the end of the 2016. The
Fundamental Soil Layer (FSL) provides complete coverage of the rohe, but has limitations
due to the data used to produce the layer. The FSL was produced from a relational join of
features from NZLRI, and the NSD, with the input of expert judgement allocating soil
chemical and physical attribute classes to polygons of the NZLRI. The NZLRI itself was
conducted rapidly to achieve national coverage in 1979. It mapped five themes: soil, slope,
erosion status, vegetation, and rock type. This compiled all soil information published at the
time to a scale of 1:63 360. Much of the rock and soil information in the NZLRI and
therefore the FSL was originally derived from re-interpretation of earlier 1:250 000 scale
maps. Figure 20 is an FSL derived map of soil types classified according to the New Zealand
Soil Classification (Hewitt 2010).
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Figure 19: Terrain map derived from the soilscapes map (Hewitt 2008) of the Maniapoto rohe with the roading network provided to give
context.
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Figure 20: Soils in the Maniapoto rohe in terms of NZSC soil order (Hewitt 2010), with the roading network provided to give context.
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Table 3 in Section 5 describes the LUC system and demonstrates in broad terms how soils
and landforms impact on the types of land use that are sustainable. The LUC system should
be seen as a useful starting point for evaluating land versatility; however, modelling using
terrain attributes and more specific soil information will provide more targeted results when
evaluating land-related issues such as land suitability for particular crops, productivity,
vulnerability to nutrient leaching, and quantifying the water needed for irrigation.
The main indicator soil orders (Hewitt 2010) that are mapped over relatively large areas
(Table 6) in Figure 20 are Allophanic (326 650 ha), Brown (134 165 ha), Podzol Soils
(95 538 ha), and Pumice Soils (34 108 ha). New soil mapping is showing that the area of
Pumice Soils around the Waipa catchment and west coast is likely to be significantly less,
with a higher proportion of Brown Soils. The Allophanic Soils found in the rohe are mainly
derived from andesitic and basaltic volcanics erupted from the Taranaki, Karioi, Pirongia and
Kakepuku volcanic centres. Andestic and basaltic mateials are rich in darker iron and
magnesium rich minerals, and are more fertile, although they may be less fertile than soils
developed in soft sedimentary rocks, especially mudstones. Volcanic ash tends to be thickest
close to the volcanic centres.
In moist, often elevated areas where the soil parent materials have remained permeable over
time, silica has leached out of the soil profile, leading to the formation of allophanic soil
materials. Allophanic soil materials have superior soil structure, allowing more access to
paddocks in wet periods, with less vulnerability to pugging and formation of clods and
plough pans from cultivation in wet conditions. Allophanic soils do have a need for a
particularly high amount of phosphorus. Brown Soils are found on hard and soft sedimentary
and volcanic rocks, in moist, stable environments. Brown Soils have a stable soil structure,
but are more prone to structural damage than Allophanic Soils. Allophanic soils can hold
significant plant available water, but in droughts they often become water repellent. Once the
moisture has been used, it takes longer to wet the soils when it does rain. The moisture
holding capacity of Brown Soils is moderate, and they can range from moderately fertile to
low fertility. Brown soils do not need the high phosphorus inputs that are required by
Allophanic Soils.
Podzol Soils occur in areas where the ratio of rainfall to evapotranspiration leads to consistent
leaching over hundreds or thousands of years. In the Maniapoto rohe Podzol Soils are located
in elevated areas where rainfall is high. Podzols have low soil fertility, poor soil structure,
and permeability problems, but are used for forestry and dairy farming in similar
environments such as the Mamaku Ranges. Pumice Soils are reasonably coarse textured,
droughty, but mostly well drained and permeable soils, derived from volcanic ash, unwelded
ignimbrites or pumice and ignimbrite reworked by rivers and streams. The volcanic materials
from which the Pumice Soils are derived are sourced from rhyolitic volcanoes such as the
Taupo and Mangakino calderas, where the earth’s surface was superheated and exploded onto
the surrounding landscape over vast areas. The earth’s crust is composed of white-coloured
minerals that lead to low natural levels of fertility in Pumice Soils. Pumice Soils are
relatively young and have not had time to develop topsoils with significant amounts of
organic matter/carbon. The majority of life support is associated with the organic matter in
the topsoil, so Pumice Soils support reduced levels of biodiversity compared with more
developed soils.
Large areas of Recent (129 980 ha) and Gley (41 304 ha) Soils have been mapped. Figure 20
shows that the Recent Soils are mainly mapped in the hill country and ranges in the west of
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the rohe. It is likely that most of the hill country map units containing Recent Soils also
contain a high proportion of Brown Soils, with some Gley (on the footslopes and valleys) and
Allophanic Soils (on the broad, stable ridges). Recent and Raw Soils are similar. They are
particularly young and tend to have good fertility where they occur on soft mudstones, but are
often vulnerable to soil structural damage, have variable but often low amounts of organic
matter in their topsoils, and (on hill faces) can have shallow profiles that are droughty. Many
of the poorly drained Gley and Organic (peat) Soils occur in the larger river valleys in the
rohe, with a propensity for sediment and nutrient runoff to streams. Gley and Organic Soils
include wetlands that may need to be protected, and the soils have a shorter window for
cultivation and harvesting. Organic Soils are difficult to manage because of their high water
tables and their proneness to shrinking when over-drained, but they can be fertile, with high
moisture-holding capacities (although they often become hydrophobic), are structurally
stable, and can support a high amount of biodiversity.
The FSL shows the presence of Pallic Soils in the rohe (1904 ha). This is unlikely, as these
tend to occur on soft rock parent materials or in windblown silt (loess) in eastern areas where
rainfalls are less than 1200 mm/year, with pronounced summer soil moisture deficits. The
areas currently labelled as Pallic Soils in the FSL are likely to need to be reclassified as
Brown Soils.
Ultic (1080 ha) and Granular Soils (8779 ha) are mapped but are indicated to occur in smaller
quantities mostly near the northern border of the rohe. These soils occur in warm, wet
environments. Ultic Soils are very old soils with internal drainage problems, high clay
content, and low fertility. Granular Soils, not as weathered as Ultic Soils, represent the more
weathered and higher clay content version of Allophanic Soils. The most prominent example
of Granular Soils is found in the high-value market gardening soils around Pukekohe.

Table 6: Summary of Soil Orders based on FSL data
Soil Order

Area (ha)

Allophanic

326 650

41.2

Brown

134 165

16.9

Podzol

95 538

12.0

Recent

129 980

16.4

Pumice

34108

4.3

Gley

41 304

5.2

Organic

10731

1.4

Granular

8779

1.1

Raw

7146

0.9

Pallic

1904

0.2

Ultic

1080

0.1

244

0.3

Undefined
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7

Waterways

7.1

Upslope contributing area

An upslope contributing area is the area of a catchment above a given cell. It is used in
models with a hydrological component, e.g. river engineering and calculations relating to
sediment loads in streams. Upslope contributing area, A, is estimated using flow direction(s)
from a given node and is the area above a given length of contour that contributes to flow
across the contour, as described in Figure 21 (Gallant & Wilson 2000). An upslope
contributing area is also often referred to as the drainage area or catchment area. Closely
related is specific catchment area, As, which is the drainage area per unit width orthogonal to
a flowline (Gallant & Wilson 1996). Upslope contributing area and specific catchment area
are represented either in the number of contributing cells or in square metres.

A

Figure 21: Upslope contributing area A is the area of land upslope of a length of contour l, whereas specific
catchment area As is area A per unit width (after Gallant & Wilson 2000).

Specific catchment area (As) is the area of slope above a given point that is contributing to
water flow to that point per unit length of contour.
ArcInfo and ArcGIS use the single-flow-direction, D8 method of O’Callaghan and Mark
(1984) to calculate flow direction. Several other methods of calculating flow direction are not
discussed here. For further discussion of these algorithms refer to the TauDEM programme
for more details (http://hydrology.usu.edu/taudem/taudem5.0). The selection of flow direction
and how it is calculated are important because it directly influences the calculation of upslope
contributing area, specific catchment area, stream power index, and other terrain attributes.
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7.2

Topographic wetness index (TWI)

The Topographic Wetness Index (TWI), commonly called the Compound Topographic Index,
is extensively used to “describe the effects of topography on the location and size of saturated
source areas of runoff generation” (Wilson & Gallant 2000). TWI is calculated from slope
and catchment area. Where there is a high catchment area and a low slope angle, the TWI
value is high. Where the catchment area is small, but the slope angle is steep, the TWI value
is low. TWI is useful in capturing information related to the distribution and abundance of
water, depth of water table, evapotranspiration, susceptibility of soils to erosion, and soil
horizon thickness. TWI is commonly used in hydrological, geomorphological, pedological,
and ecological applications. Jones (1986, 1987) discussed some of the pitfalls when using the
TWI in inappropriate ways. Quinn et al. (1995) described how the steady-state TWI could be
used effectively in the TOPMODEL hydrologic modelling structure as well as highlighting
the various problems associated with use and application of TWI models.
Figure 22 illustrates the TWI graphically with values from zero to less than 20 represented. A
value of zero indicates a location where saturation is low, and a value of 20 or more indicates
locations where saturation will be high. Generally, high saturation values occur in areas
where the specific catchment area (As) is large (typically convergent areas in the landscape)
and slope angle (β) is relatively small. Conversely, low saturation values are found in areas
where specific catchment area is small and slope gradient is relatively elevated.
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Figure 22: Topographic wetness index for the Maniapoto rohe with the roading network to give context.

7.3

Stream power index (SPI)

Stream power index (SPI) is considered a “measure of the erosive power of flowing water
based on the assumption that discharge (q) is proportional to specific catchment area (As)”
(Wilson & Gallant 2000). SPI is important for land managers, hydrologists, and river
engineers dealing with sediment and erosion control. At locations of “profile convexity and
tangential concavity (flow acceleration and convergence zones)” net erosion occurs, while at
locations of “profile concavity (zones of decreasing flow velocity)”, net deposition occurs
(Wilson & Gallant 2000). SPI has been extensively used in erosion studies, sediment
transport models, and geomorphological studies to measure the erosive power of flowing
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water (Moore et al. 1991). Therefore, SPI influences properties such as the potential erosive
power of overland flows, plant cover type and distribution, soil-horizon thickness, and
organic matter content.
The SPI uses the same primary attributes as the TWI and takes the form:
SPI = As tan β
SPI is considered a measure of the erosive power of overland flow (Moore et al. 1993a).
Furthermore, depending on the sediment budget to flowing water within a catchment, the SPI
provides an indication of the ability to transport sediment. For example, deposition may occur
along a flow path because either slope decreases (reduced velocity) or flow disperses. Figure
23 illustrates that at locations with profile convexity and tangential concavity (flow
acceleration and convergence zones), net erosion occurs, whereas at locations of profile
concavity (zones of decreasing flow velocity), net deposition occurs (Wilson & Gallant
2000).

Figure 23: Stream power index at a macro-scale.
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8

Vegetation

8.1

Land Cover

LCR maintains a database called the Land Cover Database. The most recent publically
available version of the database, provided to MMTB for the NAROM project, is version 4.0
(LCDB 4.0). The land cover databases are derived from satellite interpretation. This provides
an objective and quite detailed view of the distribution of different vegetation types
throughout the landscape, but rather than identifying individual plant species, the database
provides information about assemblages of species. An example of the type of information
that can be produced using the LCDB 4 is provided in Table 7 and Figure 24.
8.2

Land use

The distribution of land use across the rohe is shown in Figure 25 (Ausseil et al. 2013). This
estimate is based on the combination of Agribase land use data, the LCDB 3.3 and data from
MPI (2013a) and MPI (2013b).
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Table 7: Complete list of LCDB 4.0 classes occurring in the Maniapoto rohe
Description

Area (ha)

%

13 763

1.7

Coastal sand and gravel

2465

0.3

Deciduous hardwoods

1648

0.2

Estuarine open water

265

0

44 293

5.6

Fernland

244

0

Flaxland

27

0

Forest - harvested

2434

0.3

Gorse/broom

5465

0.7

Gravel and rock

244

0

Herbaceous freshwater vegetation

594

0.1

Herbaceous saline vegetation

351

0

High producing exotic grassland

424 471

53.5

Indigenous forest

257 694

32.5

Lake and pond

653

0.1

Landslide

127

0

12 840

1.6

17

0

21 396

2.7

40

0

Mixed exotic shrubland

214

0

Orchard vineyard and other
perennial crops

361

0

River

983

0.1

1188

0.1

12

0

338

0

4

0

91

0

568

0.1

Broadleaved indigenous hardwoods

Exotic forest

Low producing grassland
Mangrove
Manuka/kanuka
Matagouri/grey scrub

Short rotation cropland
Sub-alpine shrubland
Surface dumps and mines
Tall tussock grassland
Transport infrastructure
Urban parkland/open space
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Figure 24: LCDB 4.0 classes for the Maniapoto rohe with the roading network to give context. The original classes shown in Table 7 have been
grouped to better answer the MMTB pātai.
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Figure 25: Land use in the Maniapoto rohe with the roading network for context.
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9

Climate

The climate of the Maniapoto rohe is wide ranging. Although NIWA is the primary
information provider for climate information, the LCR Land Environments of New Zealand
(LENZ) dataset includes useful climate-related data layers (Leathwick et al. 2002), including
total rainfall, and growing degree days. Additionally, LCR has run an algorithim developed
by Barbara Hock, Scion Research, producing a terrain attribute layer related to climate called
Topex (topographic exposure).
9.1

Rainfall

The distribution of long-term annual average rainfall (mm) across the Maniapoto rohe is
depicted in Figure 26. Rainfall is quite high compared with many eastern parts of Te Ika a
Maui, with a wide zone near the cost where rainfall is greater than 1800 mm/year. This map
does not show the climatic variability, e.g. droughts.
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Figure 26: Total rainfall in the Maniapoto rohe with the roading network to give context.

9.2

Temperature

Mean annual temperature (Fig. 27) and Growing Degree Days (GDD5) (Fig. 28) data layers
from Leathwick et al. (2002) have been provided. Mean annual temperature is based on longterm normalised averages. GDD5 is a standard measure of a long term annual average of
mean daily temperature above 5°C. GDDs are measured from the beginning of spring growth
each year. Above 5°C cereals and many grasses stop being dormant and begin to grow.
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Figure 27: Mean annual temperature (°C) with the roading network to give context.
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Figure 28: Growing degree days above a mean daily temperature of 5°C with the roading network to give
context.

The mean annual temperature and GDD5 maps are quite similar. The mean annual
temperature around Kawhia is very warm, greater than 14°C, closely followed by a
significant portion of the valleys in the 13–14°C class. Elevated and more exposed areas
nearer Pureora, the Hauhungaroa range, the Central Plateau and the volcanic cones like
Pirongia have lower mean annual temperatures and lower numbers of growing degree days.
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9.3

Topex

Topographic exposure (Topex) is a measure of exposure with respect to the variation in the
surrounding landforms. Topex aligns closely with the potential applications outlined in the
“aspect” section. It is important in forest management for modelling propensity for windthrow events, forest productivity, and factors such as droughtiness. It is also potentially useful
for other applications outside the forestry sector, such as in building design. Topex is
calculated on the height and distance of the surrounding horizon. Principally, when a large
topographic feature such as a mountain is at a great distance the angle of inflection is
considered low. Conversely, if this mountain was nearer, the angle of inflection is greater. A
higher angle of inflection equates to lower exposure to wind (higher protection). Conversely,
a lower angle of inflection means a higher exposure to wind. In this model the maximum
search distance is 1 km from the processing cell. An example of an attribute layer of Topex
for the Maniapoto rohe is shown in Figure 29. Note that in contrast to the DEM or the
temperature and rainfall attribute layers, Topex highlights all the main exposed ridgelines
throughout the map, even though it is based on a 25-m resolution DEM.
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Figure 29: Topographic exposure for the Maniapoto rohe with the roading network to give context.
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Conclusions

This report has been written to accompany the spatial data layers provided to the MMTB as
part of Stage 4 of the NAROM project. The report provides summary information about the
rohe based on the key pātai provided by MMTB, a brief explanation of the potential
application of the data, and metadata about the provenance and limitations of each dataset.
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Appendix 1 – List of data layers provided to MMTB
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Appendix 2 – Names of Māori land blocks
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