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Horizons Regional Council is the trading name 
of the Manawatu-Wanganui Regional Council. The 
Horizons region covers the Manawatu, Rangitikei and 
Whanganui catchments, as well as the catchments 
between these west coast river systems, and the Akitio 
and Owahanga catchments of the east coast. The risk 
of hill country erosion is an inherent feature of the 
region’s landscape due to the relatively young soft-rock 
geology and the magnitude and frequency of storms. 

The area has extensive hill and steep land, 
approximately 1.3 million hectares or 58 per cent of 
the region. Roughly 661,300 hectares are estimated as 
having the potential for severe erosion or moderate 
erosion where erosion debris will enter directly into 
waterways (Page et al 2005). 

The risk of erosion leading to soil loss and 
stream sedimentation is exacerbated by the historical 
conversion of large tracts of indigenous forest to 
shallow rooted pasture. It is estimated that between 
272,500 and 273,500 hectares of highly erodible land 
lacks woody vegetation and is unprotected from severe 
erosive events (Page et al 2005; Dymond and Shepherd, 
2006). 

History of erosion control

The region has an extensive history of erosion 
control management. Before the regional reforms in the 
late 1980s, substantial work had been undertaken by 
the former catchment boards to instigate soil and water 
conservation plans and catchment control schemes, as 
well as to retire tracts of erosion-prone land. This effort 
was no less than contemporary efforts. For example, 
between 1971 and 1985, the Rangitikei-Wanganui 
Catchment Board managed approximately 80 per cent, 
or around a million hectares, of the hill country now 
managed by Horizons and had invested the equivalent 
of over $15 million in on-the-ground works. 

Much of the momentum under catchment 
authorities was lost during the 1990s due to a radical 
change of emphasis from soil conservation beginning 
with the 1984 reforms (Roche 1994). Soil conservation 
activity within the region was reduced to an estimated 
1,000 hectares a year of scattered grant projects during 
the late 1980s to early 2000s.

Heavy and prolonged rainfall over a three-day 
period in February 2004 was a firm reminder of the 
region’s susceptibility to erosion. The storm resulted 
in an estimated 80,000 individual landslides over 1.6 
million hectares of the southern North Island, with 
half of the affected area being Manawatu-Wanganui hill 
country (Hancox and Wright, 2005). Across the region 
the direct cost of erosion, flooding and associated 
damage was estimated at close to $300 million.

The Sustainable Land Use Initiative
Following the February 2004 storm, Horizons 

Regional Council held a meeting with a wide range of 
community representatives to discuss what could be 
done to reduce hill country erosion and flooding of 
the region’s plains. The result was the formation of the 
Sustainable Land Use Initiative. The initiative aims to 
provide a ‘mountains to the sea’ approach to wise land 
use by developing and implementing whole farm plans 
with individual farmers. 

The initiative is a renewed response to investment 
in soil conservation. The programme is funded via 
regional ratepayers, the central government hill country 
erosion fund administered by the Ministry for Primary 
Industries, and contribution to implementation of works 
by farmers. Led by Horizons, the initiative is guided 
by a governance group which includes landowners, 
Federated Farmers, AgResearch, the regional council 
and the Ministry for Primary Industries. 

The aim is to reduce hill country erosion and storm-
risk adversity. This is done by implementing and part-
funding on-farm erosion control work carried out in 
whole farm plans. It is directed at properties identified 
as most at risk of accelerated erosion (Mitchell and 
Cooper, 2006).

The main results for the Sustainable Land Use 
Initiative are −

•	 Erosion	rates	are	reduced	closer	to	natural	levels

•	 A	rural	sector	or	regional	economy	which	is	more	
resilient to future major storms 

•	 Lowland	 communities	 which	 are	 protected	 from	
the effects of upstream hill country erosion

•	 Improved	water	quality	in	the	region’s	rivers	(HRC	
and MAF, 2007).

The Sustainable Land Use Initiative has now been 
in operation for seven years. To date 369 whole farm 
plans are operational with a further 25 in preparation. 
On average this statistic of equates to 65 plans a year. 
The area coming into management of 295,818 hectares 
has exceeded the original target of 267,300 hectares. 
The rate of plans being carried out is comparatively 
higher than historically annualised rates of preparation 
of soil and water conservation plans from 1970 to 
1985, where the national average was 11 plans a year, 
calculated from Miller 1988.

Those most at risk

Early in the development it was realised that 
resources, finances and capability were limited relative 
to the extent and magnitude of the task at hand. Due 
to the relationship between soil conservation and 
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improved water quality, it was decided that catchment-
based prioritisation should be used to help focus the 
initiative into catchments most at risk of being affected 
by erosion of unprotected highly erodible land. 

As part of the Horizons water quality monitoring 
network, the region’s catchments have been divided 
into water management zones as units for integrated 
management and measurement (McArthur et al, 
2007). The boundary definitions of these zones are 
based on commonalities at sub-catchment level for the 
various river ecosystem types, water quality values and 
activities that affect water quality and quantity. The 
zones are a useful means of focusing common land 
management objectives, where the output is related to 
the maintenance or improvement of water quality. The 
framework is therefore used for guiding the area of the 
priority catchments.

Regional scale predictions of erosion-prone land 
are used for estimating the extent and magnitude of 
this land at catchment level. The models use the New 
Zealand Land Resource Inventory derived from erosion 
risk, elevation using 1:50,000 scale contours, the Land 
Cover Database (2), and Ecosat Woody Vegetation as 
predictors of highly erodible land unprotected by 
woody vegetation. The models have proved useful for 
identifying priority water management zones and for 
initial planning on where whole farm management 
implementation would give greatest gains. 

The models are also useful for estimating the 
potential reduction of sediment yield in a catchment. 
For example, catchment modelling demonstrates that 
average sediment loads in the Manawatu River could 
be reduced from 3.8 million to two million tonnes a 
year, simply by implementing whole farm management 
plans on 10 per cent of the farms in the Manawatu 
catchment which had the most highly erodible land 
(Schierlitz et al, 2006). 

However, although regional scale modelling may 
be used to identify regional priorities, it may not 
translate well at farm scale erosion. It was expected 
that catchment selection would probably expand and 
change as more detailed catchment and sub-catchment 
information became available (Kirk, 2008). Attempting 
to align the identification of erosion-prone land at the 
regional scale with highly erodible farmland found at 
farm scale has been one of the greatest challenges to 
evaluating success. 

The difference between areas identified as highly 
erodible land using regional scale modelling and areal 
mapping of 2004 erosion scars is around 58 per cent 
(Manderson and McKay, 2012). Presuming the pattern 
of erosion left by the 2004 storm is representative of 
similar future events, the implication is that target 
land at farm scale could be significantly over or under-
estimated. 

Priority rankings for farms are initially assigned 
based on the regional estimate of highly erodible land 
within farm parcels, therefore it means that farm priority 

may change when farm scale data is collected as part 
of whole farm plan preparation. It also means that the 
number of these plans, while a useful statistic for tracking 
the progress of implementation, does not necessarily 
translate directly into the anticipated environmental 
outcomes for water quality improvement. 

Projected results
Re-vegetating erodible land with protective tree 

species by retirement or active planting is by far the 
most implemented type of work in the Sustainable 
Land Use Initiative programme. To estimate the long-
term effectiveness of protective vegetation, Douglas 
et al (2008) developed the conservation planting 
effectiveness model. This links vegetation type and 
land use at the farm scale with the potential to export 
sediment off-farm.

The first and still current version of the model 
uses linear relationships to estimate erosion reduction 
rates by vegetation type, and vegetation maturation 
based on published or quantified information on 
tree types and erosion reduction levels. The model of 
maturation of vegetation assumes a linear curve, but 
it is acknowledged that other relationships, such as 
sigmoidal curves, may be more appropriate. Future 
adjustments of the model may be necessary where new 
data depicts non-linear curves of the erosion reduction 
potential of vegetation maturation. Optimal tree health 
and best planting practice are also both assumed. Again, 
the model may need to be adjusted where actual on-site 
field data are available. 
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Levels of erosion reduction by vegetation type and age, from 
Douglas et al (2008) with modifications to bush regeneration

Percentage reduction in erosion

Age in years

NZ Journal of Forestry, February 2013, Vol. 57, No. 4                                               5     



Water quality and erosion control

Using the conservation planting effectiveness 
model, on-farm erosion reduction rates are calculated 
for relevant works as they are implemented. They 
can also be calculated for existing vegetation types 
present on the farm to account for background erosion 
from already protected erosion-prone land. Whole-
of-farm erosion reduction rates are then calculated 
and multiplied against the background erosion and 
sediment rates predicted from the erosion and sediment 
model called New Zealand Empirical Erosion Model 
developed by Dymond et al (2010). 

Strong model

This erosion model represents a ‘worst case’ for 
sediment run-off. It assumes all sediment from erodible 
land which is not protected by woody vegetation ends 
up in waterways and is not attenuated by other works 
such as riparian vegetation and detention dams. 

The strength of combining the conservation 
planting effectiveness model with the New Zealand 
Empirical Erosion Model is that it uses established 
principles of hill-slope stabilisation to quantify the 
estimated accumulative effectiveness of the Sustainable 
Land Use Initiative works as they mature. Planting 
poplar poles or pine trainers today will have no 
immediate effect on reducing erosion, but the model 
will estimate future off-farm sediment yields after any 
given period of time. 

A further strength of this approach is that it allows 
two or more scenarios to be compared. For example, a 
baseline non-Sustainable Land Use Initiative scenario 
can be contrasted with the initiative’s implementation 
in Year 1, Year 2 or even Year 20 to calculate the 

percentage reduction in erosion. 

This percentage indicates the level of reduced 
erosion risk attributable to the growth and maturation 
of woody vegetation planted or retired as part of the 
whole farm plans. The results from each farm can then 
be aggregated to paint a regional picture of erosion 
reduction.

Significant improvement

Before the implementation of the whole farm 
plans in 2006, the average erosion reduction conferred 
by existing woody vegetation on highly erodible land 
is estimated at 9.5 per cent. Between July 2006 and 
September 2012, approximately 9,860 hectares of slope 
stabilising works have been gradually implemented. 
The average erosion reduction over this period, the 
purple line in the graph, is estimated to have improved 
to 10.5 per cent. This is an 0.8 per cent increase in 
overall erosion reduction, but represents a 10.6 per cent 
improvement on the initial state. These results apply 
only to Sustainable Land Use Initiative farms. 

This modest change reflects the gradual and 
incremental provision of works over a relatively short 
period, in the context of the time it takes for trees to 
grow and mature. Over the 20 year period of works 
maturation, the average level of erosion reduction 
is projected to increase to 19 per cent. This is an 8.3 
per cent increase in overall erosion reduction, and 
represents a 96 per cent improvement on the initial 
state of erosion reduction in 2006.

Translating the erosion reduction into sediment 
yield loss, the current works of 9,860 hectares are 

Change in erosion reduction over 20 years attributable to woody vegetation works implemented as part of Sustainable Land Use Initiative 
whole farm plans. Results apply to the 329,061 hectares of land mapped as part of the initiative’s programme. 

Percentage reduction  
in erosion
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predicted to reduce sediment by 440,000 tonnes a 
year on maturity. This represents over 20 per cent of 
the goal. It is a reduction of about two million tonnes 
of sediment a year, based on using the New Zealand 
Empirical Erosion Model 20 year sediment reduction 
for the full number or area of anticipated whole farm 
plans at the start. Achieving the full target will probably 
require a further 50,000 hectares of works on current 
whole farm plan properties.

The main limitations of this modelling approach 
include the simplicity of the conservation planting 
effectiveness model, depth of assumption for reduced 
sediment yields in the absence of monitoring data, 
and New Zealand Empirical Erosion Model accuracy. 
All these factors will influence the end reliability of 
estimates, such as the absolute reduction in the tonnage 
of sediment entering the river systems.

Real-world results

Afforestation using pines consists of over 50 per 
cent of implemented works between 2007 and 2012 and 
has been a main part of the initiative’s implementation. 
The primary objective is soil conservation and any 
harvest of valuable timber is a bonus. A question is, can 
these trees be harvested for their market value while 
maintaining the soil conservation gains made?

From a soil conservation perspective, the problems 
with forestry around harvest and thinning are widely 
known. Regional council farm forestry staff are well 
versed at instructing farmers to avoid highly erodible 
areas where planting trees would do more harm than 
good. However, it is also well understood that when 
forestry best practice planting, thinning and harvesting 
techniques are used, soil loss is less than on a similar 
site retained in pasture over the same period.

Currently the conservation planting effectiveness 
modelling presented above assumes exotic forests 
linearly increase soil conservation benefits to 90 per 
cent reduction in erosion up to 20 years, with no 
change after this. Given the timeframes modelled at 
present, there has been no need to address the changes 
in erosion reduction rate over the cycle of harvesting 
and re-establishment of exotic forestry. 

Hypothetical models

To project erosion profiles over longer timeframes, 
the model could be modified to account for harvestable 
species. This would be by accounting for erosion profiles 
of any cyclical harvest where the erosion reduction 
outputs of the crop are known − from planting to harvest 
back to planting. It is therefore possible to model the 
potential erosion reduction rates from mixed land uses 
to see if soil conservation and harvest objectives can 
be matched on-farm. This is a recommended next step 
in the development of Sustainable Land Use Initiative 
modelling. 

It should always be appreciated that regional 
models are hypothetical, based on assumptions from 

much smaller real-world observations. The application 
of the conservation planting effectiveness model, and 
the New Zealand Empirical Erosion Model, is a first 
draft effort at estimating the reduction in off-farm loss 
of sediment from highly erodible land. The model can 
handle mixed land uses, but the results are likely to be 
crude estimates. 

The modelled results, are an indicator of likely 
success, but may not result in a similar magnitude of 
improvement in water quality. A challenge for projecting 
the results is to anticipate which farms will come into 
the programme and when, and how works programmes 
will be phased and implemented. The programme is 
entirely voluntary and therefore assumptions need to 
be made about the choices that farmers will make.

Beyond expectations
Future enhancement of the model will be by 

further study of the mechanisms at play and data from 
real-world observations, such as farm measurement 
of vegetation erosion reduction effectiveness and 
catchment monitoring of stream sediment loads. 
For example, integrated monitoring of the real-world 
water quality, and other non-regulatory and regulatory 
measures which aim to improve water quality by 
sediment reduction, can be achieved using the water 
quality monitoring network at Horizons (see Hicks and 
Hoyle, 2012). 

Water quality samples, including suspended 
sediment, are taken monthly at fixed monitoring sites 
at the confluence of each water management zone. 
Any reduction in suspended sediment load can be 
correlated back to catchment management activity as 
a way of linking farm soil conservation initiatives to 
water quality. 

There is a large number of caveats, such as other 
activities in the catchment, landslides and the re-
suspension of bed-load and bankside sediment. Horizons, 
AgResearch, Landcare Research and the National Water 
and Soil Conservation Authority continue to work 
to develop the science and understanding of these 
environmental complexities so that effective and best 
practice land use management is based on empirical 
evidence and not on models alone.

The Sustainable Land Use Initiative has already 
performed beyond expectations in terms of erodible 
land coming under soil conservation management. The 
anticipated benefits put the initiative well on target 
for reduction of soil erosion rates and consequent 
improvements in water quality. 

References
Douglas, G., Dymond, J. and McIvor, I. 2008. Monitoring 

and Reporting of Whole Farm Plans as a Tool for Affecting 
Land Use Change. Report prepared for Horizons 
Regional Council. AgResearch, Palmerston North, 
New Zealand.

Dymond, J., Betts, H. and Schierlitz, C. 2010. An Erosion 

NZ Journal of Forestry, February 2013, Vol. 57, No. 4                                               7     



Model for Evaluating Regional Land-use Scenarios. 
Environmental Modelling & Software, 25: 289-298.

Dymond, J. and Shepherd, J. 2006. Highly Erodible Land in 
the Manawatu/Wanganui Region. Landcare Research 
Contract Report LC0607/027 for Horizons Regional 
Council.

Hancox, G.T. and Wright, K. 2005. Landslides Caused by 
the February 2004 Rainstorms and Floods in Southern 
North Island, New Zealand. Institute of Geological and 
Nuclear Sciences Client Report 2005/10. GNS Science, 
Lower Hutt, New Zealand.

Hicks, M. and Hoyle, J. 2012. Analysis of Suspended Sediment 
Yields from the Rivers in the Horizons Sediment Monitoring 
Program. NIWA Contract Report for Horizons Regional 
Council. 

Horizons Regional Council (HRC). 2004. Storm Civil 
Emergency – Storm and Flood Report – February 2004. 
Horizons Report No. 2004/Ext/591. 

Horizons Regional Council (HRC) and Ministry of 
Agriculture and Forestry (MAF). 2007. Agreement for 
Project Grant and Delivery. Contract for HCEF Funding 
Grant No. 11/07.

Kirk, A. 2008. Section 42A Report of A. Kirk on Behalf 
of Horizons Regional Council. Land Hearing of the 
Proposed One Plan, 14 July, Palmerston North, New 
Zealand.

Manderson, A. and Mackay, A. 2012 in prep. SLUI Summary, 
Progress and Projections 2012. AgResearch Client Report 
prepared for Horizons Regional Council.

McArthur K., Roygard J., Ausseil O. and Clark M. 2007. 
Development of Water Management Zones in the 
Manawatu-Wanganui Region. Technical report to 
support policy development for Horizons’ One Plan.

Miller, R.C. 1988. Review of Soil Conservation Progress, 1970 
to 1985. Research report compiled for the National 
Water and Soil Conservation Authority, Wellington, 
New Zealand.

Mitchell, G. and Cooper, G. 2006. Sustainable Land Use 
Initiative Implementation Plan

2006/2007. Report No. 2006/EXT/736. Horizons Regional 
Council.

Page, M., Shepherd, J., Dymond, J. and Jessen, M. 
2005. Defining Highly Erodible Land For Horizons 
Regional Council. Landcare Research Contract Report 
LC0506/049.

Roche, M. 1994. Land and Water: Water and Soil Conservation 
and Central Government in New Zealand 1941-1988. 
Historical Branch, Department of Internal Affairs, 
Wellington, New Zealand. 

Schierlitz, C., Dymond J. and Shepherd J. 2006. Erosion/
Sedimentation in the Manawatu Catchment Associated 
with Scenarios of Whole Farm Plans. Landcare Research 
Contract Report: 0607/028, Report No. 2006/EXT/748.

Acknowledgements
This synthesis draws mainly from the SLUI 

Summary, Progress and Projections 2012 report prepared 
for Horizons by AgResearch (Manderson and Mackay, 
in prep 2012). Permission to draw extensively from 
that manuscript has been granted and the authors 
acknowledge this source with gratitude. 

Andrew Manderson is an agricultural soil scientist and 
Alec Mackay a principal scientist at AgResearch Limited in 
Palmerston North. James Lambie is a science coordinator 
and ecologist and Jon Roygard the Manager Science at 
Horizons (Manawatu-Wanganui) Regional Council, also 
based in Palmerston North.

Water quality and erosion control

This article is the first in a theme which will be continued in the next issue.
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