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SYNOPSIS 

The types, extent and magnitude of soil erosion in the Wai
kato watershed are discussed in a general manner and an 
approach to soil conservation, using land-use capability map
ping techniques, is outlined. 

THE WAIKATO WATERSHED 
Physical Data 

The physical parameters affecting the environment of vari
ous reaches of the watershed have been well documented by 
many authors in several publications. A comprehensive collec
tion of references is contained in the Earth Science Journal 
(1967), and in the National Resources Survey (1962). Relevant 
physical data will be referred to in the course of describing 
the catchment erosion and land-use capability patterns. How
ever, a brief description of the catchment system and land-use 
patterns within the basin follows. 

The catchment covers 5,500 square miles, extending from 
the volcanic plateau north to Port Waikato. From source to 
mouth the main waterway approaches 266 miles. Its principal 
tributary, the Waipa, drains a catchment of 1,180 square miles 
and rises in the northern extremities of the Hauhangaroa 
Ranges. One hundred miles northwards it meets the Waikato 
at Ngaruawahia. Located within this 124% of the North Island 
land area are significant proportions of New Zealand's agri
cultural, recreational, industrial and urban investments. Its 
welfare therefore has some measure of national importance. 

Land Utilization Patterns 

Tables 1 and 2 indicate the trends of changing land cover 
since European settlement. 

TABLE 1.: WAIPA CATCHMENT: PERCENT OF AREA BY TYPE 
OF COVER 

Tussock Indigenous Exotic 
Era and scrub forest Swamp forest Pasture Total 

Pre-European 46 47 7 — 100 
1920 26 24 — 50 100 
1940 20 15 — 65 100 
1963 10 4 — 86 100 

* Assistant Soil Conservator, Waikato Valley Authority. 
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TABLE 2: WAIKATO CATCHMENT: PERCENT OF AREA BY TYPE 
OF COVER 

Era 

Pre-European 
1920 
1940 
1963 

Tussock 
and scrub 

i 49 
40 
32 
17 

Indigenous 
forest 

39 
24 
16 
15 

Swamp 

12 
4 
3 
2 

Exotic 
forest 

8 
9 

Pasture 

32 
41 
57 

Total 

100 
100 
100 
100 

The historical trend of land development is evident from 
these figures. Because lower catchment reaches nearer the 
longer established population points were settled first, the 
major areas of swamp and the more easily converted areas of 
forest, scrub and tussock had been brought into some form 
of pastoral production by 1920. Cobalt deficiency retarded the 
pastoral development of substantial portions of the Middle 
Waikato (Lake Taupo to Ngaruawahia) and it was during the 
post-1920 period that exotic forest establishment received its 
greatest impetus. The solution of problems imposed by bush 
sickness coupled with the social pressure of rehabilitating 
returned servicemen resulted in the major surge of pastoral 
development particularly within Rotorua and Taupo County 
portions of the watershed following the Second World War. 
Ridall (1967) quotes the following land cover percentages as at 
1963 for 1,950 square miles of the Middle Waikato. 

Tussock Indigenous Exotic 
Era and scrub forest Swamp forest Pasture Total 

1963 l l 10 1 22 56 100 

The pace of pastoral development has slackened since 1960, 
the magnitude of change in terms of percentage land cover 
perhaps being to the order of 4% on 1963 figures. The Eastern 
Taupo afforestation proposals released this year are signifi
cant in that up until now exotic forestry has tended to be 
concerned more with re-stocking existing stands rather than 
new forest establishment. In the context of a balanced ap
proach to watershed management requirements in this area, 
the move is a welcome one. Nevertheless, the current situa
tion is that approximately 25% of the total (Waikato) catch
ment area retains some form of pre-European cover, and land
use capability reconnaissance indicates that almost all of this 
is suitable for productive development. The majority of this 
land remains situated within the Lake Taupo watershed and 
in subcatchment areas draining into the Waikato downstream 
of Ngaruawahia. 

THE CATCHMENT EROSION PATTERNS 

These are discussed under the following headings: wind, 
sheet and rill, slip and slump, streambank and gully. Because 
of the climatic, geologic and edaphic range within the water-
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shed, no satisfactory priority of severity can be given on a 
total catchment basis. On the pumice plateau, gully erosion 
may be considered more serious than slip and slump erosion, 
while in downstream reaches the reverse tenet may be held. 
In both cases a mosaic of induced and natural influences com
bine to cause erosional forms of varying types and severity. 

(1) Wind Erosion 

Wind erosion is not considered a serious form of soil loss, 
and is restricted principally to soils at higher altitudes in the 
National Park and Taupo areas. Poorly vegetated soils from 
Taupo and Ngaruahoe ash showers are subject to frost-lift 
and removal from exposed sites. Soil loss by wind is also ex
perienced in other areas exposed to high winds — e.g., Kainga
roa Plateau, Upper Waipa headwaters — where cultivation 
for cropping or pasture renewal is carried out. 

(2) Sheet and Rill Erosion 

It is difficult to assess accurately the true severity of these 
forms of erosion. No quantitative evaluation has been seri
ously attempted. In any case there are inherent dangers of 
extrapolating the results of soil loss studies beyond the 
confines of experimental plots. This would particularly apply 
to areas on the volcanic plateau where a highly intensive ex
perimental plot programme would be required to sufficiently 
cover the range of sites. Nevertheless, soil loss by sheet 
erosion is occurring and can be observed during heavy rains 
on steeper slopes where topsoil layers have been exposed. 
In many instances, the presence of freshly deposited fine sand, 
silt and clay grades at the base of slopes can only be explained 
by invoking a sheet wash mechanism. Rill erosion can be 
more satisfactorily assessed, but again only in a qualitative 
sense. 

Losses by sheet erosion are apparent on steep slopes 
mantled by older Taupo and Rotorua ash, over ignimbrite and 
rhyolite, The process is most seriously apparent during early 
phases of land development when high cattle numbers are 
carried to assist in clearing scrub-covered faces. With the 
establishment of a complete pasture sward and a lowering of 
stocking intensities, such soils derived from ash tend to 
stabilize and losses by sheet wash appreciably lessen. How
ever, a renewed erosional phase can occur if pastures are 
allowed to deteriorate and stock numbers (particularly cattle) 
are allowed to increase. It appears that heavy cattle stocking 
during initial clearing operations is necessary to prevent scrub 
regeneration but management will have to exercise discretion 
if a secondary phase of deterioration becomes evident. With 
a trend towards increasing stock numbers, however, farmers 
in these upper watershed areas may not have the managerial 
flexibility for such control. 

Sheet and rill erosion are of lesser significance in down
stream watershed areas and in the Waipa catchment where 
hill country holdings tend to be larger. Longer-established and 
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well-maintained pastures on soils overlying sedimentary 
sequences (mainly Tertiary sandstones, limestones and mud
stones) are showing stability against adverse sheet-wash loss. 
Again, agricultural economics are likely to demand higher 
stock numbers on this hill country and a future possibility 
of deterioration cannot be discounted. These forms of erosion 
are also present on overburden remaining from open-cast 
quarrying operations. Site restoration is practised and, 
although the areas concerned are small, the unconsolidated 
nature of the material is such that it can be readily removed 
into waterway systems. 

(3) Slip and Slump Erosion 

In upper watershed areas, slipping has occurred on steep 
slopes at the junction between unweathered basement ignim-
brites and rhyolites and the overlying ash sequences. The total 
area affected is small, but a more serious situation is antici
pated should development proceed on to the Jurassic grey
wacke and the Tertiary siltstone sequences of the Hauhanga
roa Ranges. Slipping on greywacke strata is common in the 
Kaimanawa Ranges in the East Taupo region. Similar slumps 
and debris slides are significant within the Waipa watershed 
and Lower Waikato reaches on rock types comprising the 
softer members of the Pakaumanu ignimbrites, weathered 
Jurassic greywackes and Tertiary sedimentary sequences. 
Slopes mantled by consolidated ash showers on andesitic 
basement rock are stable at present. 

(4) Streambank Erosion 

This form of erosion is regarded as serious on the pumice 
plateau where most stream courses flow through alluvial 
material which varies from coarse pumice blocks to finer 
water-sorted lacustrine sands and silts. Prior to land develop
ment, most waterways supported swamp vegetation which 
had the effect of decreasing flow velocities, thus minimizing 
frictional pressure on channel beds and walls. Land develop
ment, by removing significant lengths of swamps from water
way systems, has lowered channel storage capabilities and 
higher flows exert considerable pressure on erodible stream 
banks. Bank collapse, often followed by lateral gully incision, 
has created instability on adjacent land. The process has been 
aided by the physical pressure of stock. Deterioration tends to 
be a continual process and occurs during both high and low 
flow periods, while, in the Waipa and Lower Waikato areas, 
flood flows are the principal cause of bank erosion. 

(5) Gully Erosion 

At the close of the Pleistocene (about 10,000 years ago), 
the present-day topography in upper and middle reaches of 
the Waikato catchment was roughly formed. The effect of the 
131 A.D. eruptions from the Taupo volcanic centre was to 
mantle this landscape, infilling gullies and generally smooth-
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ing out relief. Subsequent erosional processes re-excavated 
many gullies and also washed ash from higher slopes into the 
gully systems. It is in this material that gully erosion is most 
prevalent, although massive gully heads have also opened up 
in volcanic breccia. Stratigraphic interpretation has assisted in 
understanding the mechanisms and predicting the severity of 
gullying in the former instance, but the mechanisms leading 
to gullying in brecciaceous material are not fully understood. 
Gully erosion, to the extent experienced on the pumice coun
try, is not active in the Waipa or Lower Waikato areas. 

The factors favouring erosional processes within parts of 
the Waikato watershed have been documented by a number 
of authors. Pumice land erosion has been described by several 
workers including Glass (1965), Thomson (1966), and Healy 
(1967). In downstream reaches of the catchment Selby (1967a, 
b) has described mass movement phenomena in the grey
wacke ranges bordering the Middle and Lower Waikato basin. 
Most of these studies have been of a descriptive nature but, 
with the establishment of experimental research stations, the 
emphasis is changing toward quantitative evaluation of fac
tors affecting the land-use regime. Nevertheless, perhaps the 
prime factor contributing to pumice land erosion has been 
large-scale land development on an unappreciated terrain. Not 
much can be gained by saying that experimental work cover
ing the pumice land environment should have been initiated 
before development. Lessons, however, can be learned. The 
techniques afforded by land inventory and land-use capability 
are referred to in the succeeding section. In the meantime, 
the application of these surveys, by definition of the physical 
parameters of the landscape, coupled with land-use experience 
and research results, have helped to put pumice land erosion 
in perspective and form a basis on which to place land-use 
recommendations. The same observation applies to other areas 
of the watershed. 

Although these erosion problems are apparent primarily 
on farm land, a potential exists within exotic and indigenous 
forests. Forest owners confer a large measure of benefit in 
matters concerning soil erosion and flooding, but they also 
have responsibilities to the downstream reaches of the catch
ments they may occupy. Depending on the physical environ
ment of forest tracts, the siting of water supplies, the con
struction of roads and access tracks, the methods of extrac
tion, the intensity of land clearing, the formation of road fills 
in ephemeral watercourses are some aspects of forest manage
ment which, if improperly handled, can threaten catchment 
stability. Few data on soil loss from forested watersheds exist 
for the Waikato catchment. Spiers (1958) notes that tractor 
settings on fairly steep downhill yarding tend to accelerate 
erosion by concentrating run-off. He adds that uphill hauling 
is less likely to cause erosion than downhill or side-hill opera
tions as run-off water is spread rather than concentrated. 
The research effort into sediment production in the Waikato 
is largely concerned with land under agricultural or indigen
ous cover. No serious attempt has been made to assess accur
ately causes and sources of sediment from exotic forested 
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areas. Some authors — e.g., Dyrness (1965), Packer (1965), 
Klubben (1967) — have documented overseas studies con
cerned with sediment yield and water quality in forested 
catchments. Packer (1967) has outlined quantitative criteria 
for designing and locating logging roads to control sediment. 
It does not necessarily follow that results from these and 
other studies can be translated to the particular situation in 
the Waikato and an obvious gap in watershed management 
research exists in this field. The possibilities of putting ero
sional indices on units of land-use capability are being exam
ined where particular lithologies are proving susceptible to 
failure. 

PLANNING SOIL CONSERVATION MEASURES 

The Waikato Valley Authority is involved in the planning of 
soil conservation works on both developed land and land 
scheduled for development. Since "soil conservation is the 
maximum permanent production within economic limits of 
land according to its needs and capabilities", it is necessary 
to classify land according to its capability for permanent sus
tained production. The Land-use Capability method as a basis 
for soil conservation planning was adopted from the U.S. De
partment of Agriculture in the early 1950s and has since be
come a standard tool in the soil conservation workshop. Until 
recently there has been a tendency for it to remain the pro
perty of the soil conservator and agriculturist, when by its 
very definition it has application to all who have direct in
terests in the use of land. Many foresters are aware of the 
principles, practices and limitations of the Land-use Capability 
classification. Others are not. With a multiplicity of interests 
scrambling for a piece of the land-use cake, it is one method 
of assessing the t>otential and limitations of the land resource. 
McCaskill (1966)'considers training at the undergraduate stage 
in land capability planning desirable for foresters entering 
the sphere of protection forestry. There could well be a case 
for its inclusion in other courses envisaged by forestry educa
tionalists at both professional and practical levels. 

Detailed definition of land-use capability techniques in New 
Zealand are described by authors including Greenhall and 
Hamilton (1954), and Ramsay (1961). Recently others (Rev-
ington, 1967; Watt, 1968), have stressed the desirability of 
tackling conservation problems and matters of general land
use on a whole catchment basis; thus necessitating the co
operation of a number of disciplines, including land inventory 
and land-use capability techniques. 

Dick (1968) points out that planning on a catchment basis 
has been done in parts of New Zealand but as yet is not a 
generally accepted practice. With respect to the Waikato, 
Glass (1965) and Thomson (1966) consider that the whole 
catchment approach based in part on ]and-use capability 
techniques is the only effective means by which adequate con
trol of pumice land erosion will be attained. 

One well-established method of achieving a measure of 
catchment control is to proceed via a series of farm plans 
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until all properties within a given catchment are covered. This 
technique has obvious practical advantages and in many 
situations is the only workable approach. 

A second method is to plan desirable conservation works on 
a catchment basis and implement them through a series of 
farm plans, dovetailing exfsting plans into proposals for the 
whole catchment. A multitude of problems exist with this ap
proach but where such schemes are operative the benefits to 
both community and individual are shown 1o be substantial. 
If a scheme should break down, then the overall catchment 
plan remains and individual farm plans can be prepared 
within the context of total watershed requirements. It is in
tended to aim at such a principle of integrated catchment con
trol and to use land-use capability techniques as one method 
in the formulation of proposals. 

A description delineating land-use capability categories fol
lows. The distribution within the Waikato watershed of classes 
is discussed in the light of the land inventory facts on which 
they are based. The national standards set to define the classes 
of land-use capability are contained in the Land-use Capability 
Handbook (1969). 

The first step in land-use capability classification is the com
pilation of a land inventory. These basic facts of geology, soils, 
relief, type, degree and extent of erosion together with vegeta
tion and present land use are shown together on a land inven
tory map. Each such combination of facts constitutes a land 
inventory unit. Land inventory information is combined with 
other facts relating to the climate, history of land-use, research 
results and land-use experience "to assess the capacity of the 
land for permanent sustained production" (Land-use Capa
bility Handbook, 1969). Land inventory units may then be 
grouped into any one of three categories of land-use capability. 
The category used depends to a large extent on the scale and 
magnitude of the survey in question. 

Category I. The Land-use Capability Class 

Eight such classes are recognized in New Zealand, with 
limitations to use increasing from Class I to Class VilL 
Classes I to IV are considered suited to arable use. Classes V 
to VIII are considered unsuited. 

Category II. The Land-use Capability Subclass 

Inventory units may be grouped to show the type of limita
tion evident within a capability class. There may be (e) ero
sion hazard, (w) wetness, (s) soil limitations, (c) climate, 
(s) slope. 

Category LIL The Land-use Capability Unit 

This category groups together inventory units which may 
have similar physical characteristics and may require similar 
management techniques. The capability unit is designated by 
an arabic numeral following the subclass symbols — e.g., 
Vll ei , Vll ei, etc. 
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THE LAND-USE CAPABILITY PATTERN IN THE WAIKATO 

Adequate capability coverage of the Waikato basin to unit 
level has yet to be achieved. However, a broad pattern of 
classes and limitations to use on units within these classes 
are becoming apparent as requests for soil conservation as
sistance come to hand. In general, two forms of land-use 
capability survey are applicable to any area. The first is a 
regional assessment of the land resource for broad planning 
purposes, and the second a finer scale survey to delineate 
capability and limitations on smaller areas of land such as 
farm, run, or small catchment units. Requests for conserva
tion assistance are normally covered by surveys falling into 
the latter category. In the case of farm units, the surveys are 
ideally extended to include catchment units. Thus the basic 
inventory and capability data remain on record to assist plan
ning of additional works in the same catchment should it 
be necessary. 

A difficulty confronting the capability technique is that of 
attaining satisfactory, realistic, and consistent standards. This 
difficulty increases as the scale of the survey becomes more 
precise/ It is recognized that definitions to unit level on a 
national basis are not practicable, although some standardiza
tion on a regional basis, or between adjacent catchments, is 
feasible. However, class and subclass delineation are stan
dardized to national definitions. 

A broad indication of class distribution in the Waikato 
watershed follows: 

A (Arable). Land Suitable for Cultivation or Cropping 

Class I 

Class I land is confined to small areas of deep, fertile, 
well-drained alluvial soils. Areas of Class I land occur in 
the triangle linking Karapiro, Te Awamutu and Ngarua-
wahia on soils overlying Hinuera sediments. 

Class II 

Class II land has a wider extent than Class I and oc
curs on alluvial terraces in the Reporoa and Waiotapu 
basins, in the Tokoroa and Putaruru localities, and on 
alluvial formations in the Waipa Valley and in tributary 
systems of the Lower Waikato. 

Class III 

Class III has a wide distribution within the catch
ment. Besides being present on droughty alluvial soils, 
it also occupies flatter areas at higher elevations on 
ignimbrite sheets and rhyolite domes on the pumice 
plateau, and on the level tops of faulted limestone and 
sandstone sequences in the Lower Waikato and Waipa. 
Limitations are generally a high susceptibility to wind 
erosion on exposed sites subject to agricultural crop
ping. 
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Class IV 

Class IV land is widespread on intermediate slopes 
in the Taupo basin and in subcatchments from Taupo 
to Whakamaru. Soils are principally derived from Taupo 
and/or Rotorua ash showers in varying phases of matur
ity, and normally overlie ignimbrite and rhyolite. Lower 
foothill country fringing the greywacke ranges bound
ing the middle and lower Waikato basin contain sub
stantial areas of Class IV land. 

B (Non-arable). Land not Suitable for Cultivation or 
Cropping. 

Class V 

The use of Class V in New Zealand has been contro
versial and the definition is new to the capability classi
fication. The extent of Class V within the Waikato is not 
yet clear, but areas of high-producing hill country show
ing virtually no erosion hazard would be included. Con
solidated ash on andesites and ignimbrites in middle 
catchment reaches are likely to fit this requirement. 
The definition also includes substantial areas of swamp 
which have limitations impracticable to remove. 

Class VI 

Class VI occupies large areas of rolling to moderately 
steep hill country in the lake Taupo basin and on vol
canic sequences in the Middle Waikato. In these areas 
the more highly erodible ash shower components have 
been largely removed and older, more stable showers 
constitute the soil profile. However, good pasture estab
lishment and management are necessary to minimize 
and prevent sheet erosional losses. Class VI occurs on 
ignimbrites, sandstones, limestones and andesites in 
the Waipa and Lower Waikato reaches. 

Class Vll 

In the Waikato the limiting features on Class Vll 
land are determined by severe erosion hazard. On the 
volcanic plateau, units of Class Vll land often fall on 
non-marine sedimentary and volcanic brecciaceous 
sequences. Soil cover is minimal on steeper sites and 
rudimentary bedding apparent in some exposures pos
sibly acts as planes of preferential seepage. A severe 
gully erosion nazard exists at seepage points and soil 
conservation measures are aimed at protecting these 
sites. The Waipa and Lower Waikato catchments have 
large areas of Class Vll land in their headwater tribu
taries. Occupying steep slopes on ignimbrite, siltstone, 
mudstone and strongly weathered greywacke, this class 
is exhibiting slip and slump erosion to severe propor
tions on some areas of pastoral hill country. 
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Class VIII 

Land-use capability work to date in the Waikato basin has 
included steep escarpments, streamways and large swamps 
within this class. 

The compilation of a land-use capability map is the initial 
step leading to recommended land use. Capability units can be 
grouped to show the potential for agricultural use. They may 
also be grouped to show the potential for forestry use. Poten
tial land use leads to recommended land use when the physi
cal potential for different uses can be combined wdth social 
and economic factors for each parcel of land and is co
ordinated with a plan for the whole area or catchment unit. 
As it stands, a limitation of the land-use capability technique 
is that each unit tends to be regarded as a physical entity. 
Thus difficulties can arise when considering the run-off pattern 
within a catchment system. When assessing a watershed com
plex, suitability for use as may be indicated by a capability 
map must be interpreted with due regard to this factor. Hence 
a capability plan of a catchment may show areas of Class II 
land in headwater areas, which would be physically suitable 
for agricultural development, but in terms of catchment wel
fare may be better utilized as production forest. 

The capability survey method thus classifies land according 
to those properties that determine its capacity for permanent, 
sustained production. It is not intended to give productivity 
ratings for specific agricultural or forest crops. However, 
in discussing site mapping methods to assess forest growth, 
Rennie (1962) points out that most systems are similar to the 
extent that they purport to consider the main ecological fac
tors of the habitat — i.e., regional climate, topography, 
geology, soil properties and features of the vegetative cover. 
These factors in some form or other are necessary parameters 
of a land inventory exercise as described above. The studies 
of Ure (1950) related indigenous vegetation to site capacity on 
the Kaingaroa Plains, and in the course of capability mapping 
it is noticed that in many instances exotic forest performance 
parallels limits of use suggested by capability units. Despite 
the contention that productivity ratings are not considered in 
the New Zealand classification it is possible that the system 
could be extended for this purpose. 

McCormack (1967) discusses the land-use capability for 
forestry in Canada and lists productivity ratings for classes, 
based on an inherent ability to grow commercial timber. This 
Canadian classification is based on the indigenous forest re
source and modification would be necessary to meet New 
Zealand requirements for the exotic estate. It is possible that 
site quality indices can be tied to the New Zealand land-use 
capability system and thus assist in predicting yields as well 
as suggesting management limitations. More objective com
parisons may then be possible with competitive land-use 
interests and, combined with cost/benefit techniques, assist 
in land-use decisions. In any event, interpretation of a land 
inventory and land-use capability map can help the forester. 
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It will present detail that can assist in predicting sites which 
may be difficult to establish or require care during extraction 
if soil losses are to be minimized. It may indicate, as on the 
pumice plateau, that certain standards of roading and bridg
ing are necessary if catchment interests are to be appreciated. 
This in turn may affect compartment layout and define access 
routes. In a large area scheduled for forest establishment, 
consideration of these factors may help costing estimates, and 
they would enable soil and water conservation aspects to be 
planned prior to planting operations. Land-use capability sur
veys are proceeding on undeveloped Crown and Maori blocks 
in the Waikato watershed and are used as a basis for recom
mending conservation works prior to grassing and subdivision. 

When considering the wider spectrum of land-use alloca
tion, economic studies can show that, for various sets of cir
cumstances, forestry can favourably compete with and in 
some cases surpass returns for agricultural products. Tourism 
is advancing claims as a revenue-making venture. Despite fore
casts depicting food, textile, wood and recreational demands, 
no one can be sure of the future nature and margins of profit 
accruing from such investments. An interest rate in a dis
counting exercise may be all there is between competing land
use interests. What is apparent, however, is that New Zea
land must live largely from its land resource. Is it unrea
sonable or unrealistic to suggest that land-use allocation be 
based on principles ensuring the continuance, within limits, 
of this resource? In its broadest sense, the land-use capability 
classification of the land resource may be considered as en
couraging production through principles of conservation as 
opposed to production through practices of exploitation. In 
the final instance, decisions affecting land-use are a political 
responsibility. Senior officials within local and national govern
ment have an influence on this. But it is the younger genera
tion which has to live and cope with the decisions resulting 
from this responsibility. It is to be hoped that such decisions 
are based on sound criteria. 
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