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ABSTRACT 

Plantation forestry is big business in New Zealand. Annual forest industry export earnings are NZ$3.6 billion and forestry contributes 11.6% of New Zealand’s export earnings and 4% to GDP.  While some large plantation forests were established to combat regional erosion, forestry is often seen as a contributor to environmental degradation of waterways.  In response to research in the 1980s and to factors like the corporatisation and privatisation of New Zealand’s plantation estate in 1987, the forest industry has acknowledged the potential environmental risks associated with the industry and has developed ways to manage that risk. A key approach has been the introduction of environmental management systems (EMS), resulting in improvements in engineering design and standards associated with infrastructure such as roads and landings and a more integrated view of the business as it sits within the wider social, physical, and global environment.  Other key drivers of change include the Resource Management Act (1991)(RMA) and market drivers such as Forest Certification. Is there room to improve environmental performance in terms of erosion and sediment control?  We suggest there is, and outline what things used to be like and suggest where the industry might need to go in the future.
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1.
Introduction 

New Zealand is home to the world’s biggest and most intensively managed tree plantations – now covering 1.8 million hectares.  It also has one of the largest areas of protected natural forest in the world – nearly 6 million hectares (NZ Forestry, 2003).  The current annual pine harvest is approaching 20 million cubic metres.  But with more forest reaching harvestable age every year, the cut will be nearer 35 million cubic metres by 2015.  Annual forest industry export earnings are about NZ$3.6 billion and forestry contributes 11.6% of all New Zealand’s export earnings and 4% to GDP.

However, while plantation forestry is a key industry, some past and current forestry activities have often been seen as a major contributor to environmental degradation, particularly to waterways, in many parts of New Zealand.  The primary means of degradation has been through the delivery and accumulation of sediment.  Ironic as it might seem though, many plantation forests were actually established to combat widespread regional erosion problems (in effect they were, in themselves, a large-scale erosion and sediment control technique).  While much has been written on this aspect of New Zealand’s forestry (e.g. Phillips et al., 1990; Phillips & Marden, 1999, 2000, in press), this paper will focus on the within-forest aspects of erosion and sediment control.

In plantation forestry, sediment is generated largely at the beginning of the forestry cycle (in the vegetation clearance and roading phases of establishment) or at the end of that cycle (forest harvesting).  The sediment generation processes include mass-movement such as landsliding and earthflow, and surface erosion processes such as sheet wash and concentrated flow (Marden et al., 2002; Phillips et al., 2002).  Earthworks, associated with either of these two phases are also primary sources.  Erosion occurs both in the general forest estate and in association with the roading and harvesting infrastructure in the forest (Fransen et al., 2001).  

There have been various phases of forestry activity in New Zealand, each of which has had a particular set of drivers that have caused change and which, in turn, have been reflected in the way that erosion and sediment control in the plantation forests has been implemented (Table 1).  For the purposes of this paper we define the past as the period up to 1987 when the New Zealand Forest Service (NZFS) ceased operations; the present from 1987 until now; and the future as beyond 2003.  In the following sections each of these is discussed with reference to its significant events and the nature of erosion and sediment control activities in use at that time.

Table 1 
Summary of events and erosion-sediment control activities through time

	History/Activities
	PAST
	PRESENT
	FUTURE

	
	1900(
	1960(
	1987(
	1991(
	2003(

	Native forest logging
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	Forest Service 1919-87
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	First plantation forests Depression labour / trace element deficiency
	[image: image5.jpg]


[image: image6.png]



	
	
	                     
	

	Planting booms
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	1941 Soil Conservation and Rivers Control Act
	
	
	
	
	

	NZFS expansion on to marginal hill lands
	
	
	
	
	

	NWASCO Guidelines 
	
	
	
	
	

	End of NZFS and corporatisation
	
	
	
	
	

	Privatisation of NZFS
	
	
	
	
	

	Forest Code of Practice
	
	
	
	
	

	RMA
	
	
	
	
	                

	Forest Certification
	
	
	
	
	

	EMS
	
	
	
	
	

	Self regulation
	
	
	
	
	

	Environmental pressures
	
	
	local

global
	
	

	Pioneer roading / no regulations / no environmental pressures
	
	
	
	
	

	Rangers did roading
	                     
	
	
	
	

	Engineering standards
	
	
	
	
	

	Culverting
	
	
	
	
	

	Fluming
	
	
	
	
	

	Erosion control / general
	
	
	
	
	

	Sediment traps
	
	
	
	
	

	Hydroseeding
	
	
	
	
	

	Monitoring systems
	
	
	
	
	


2.
Discussion 

2.1 
PAst situation 1900-1987
The scale of destruction of New Zealand’s native forests during the early decades of European settlement led, eventually, to the establishment of the State Forest Service in 1919 once it was discovered that there would be little native timber left within a few decades.  A rapid expansion of plantation forestry, using introduced pines, was also recommended.  At the time, this was one of the most ambitious plantation forest establishment programmes in the world, which aimed to plant 120 000 ha of exotic pines by 1935.  Good-conduct jail prisoners did much of the early planting in places like Kaingaroa.  However, the bulk of planting in this ‘first planting boom’ was carried out through the depression years by unemployed labour.

During this ‘pioneering’ phase little attention was given to erosion and sediment control issues within forests.  Roads were rough and crudely constructed and concerns about placement of spoil were not on the agenda of men who found themselves far from home in the cold, hard conditions of the tree planters camps (Halkett et al., 1991).  Indeed, watercourses were often the best available access for logging – a practice that continued into the 1970s, and even into the 1990s in some areas such as the East Coast of the North Island.  Environmental concerns were also not high on the agenda and external pressures to minimise impacts were not present.

Figure 1: Roading and land clearance, circa 1970s.  Note side-casting and sediment in gully and valley floor

The next period of extensive afforestation (second planting boom) was in the 1960s–80s (Roche, 1996) largely in response to Government initiatives to address social and regional development issues on marginal farming lands in many depressed areas of New Zealand. Unlike the early phase, which was largely on flattish-land abandoned from pasture, this later phase was on much steeper hill country.  In many areas, standing indigenous scrub and exotic scrubby weeds such as gorse were removed to establish pines.  Burning was the predominant means of removing vegetation that resulted in an inability to protect riparian areas or to leave areas not suitable for sustainable forest management. As a consequence of vegetation clearance, storm-induced landsliding episodes were a common feature in many parts of the country.  

Several occurrences of inappropriate activities in various parts of the country, coupled with extreme climatic events, began to signal that forestry was coming under increasing scrutiny from both the public and from regulatory agencies (e.g. Marlborough Sounds (Johnston et al., 1981); West Coast (O’Loughlin, 1979) Tairua (Pearce & Hodgkiss, 1987).  It might be fair to conclude that in this phase, relative to today’s standards at least, there was a low level of environmental performance by the industry and a low level of compliance monitoring by regulatory agencies.  This could also be regarded as the norm for rural land-use activities in general, at that time.

As far as erosion and sediment control was concerned, there generally existed a low level of planning for mitigating environmental effects. Although, as the level of information and experience was built up, so too was the use of technologies to reduce those impacts.  In a similar way, external environmental pressures were relatively low and largely voiced through the various catchment boards whose responsibility it was to implement the 1941 Soil Conservation and Rivers Control Act.  While some attention was given to guidelines on how to minimise effects, the primary external concern expressed during the 1960s and into the 1980s seemed to be centred on opposition to forestry being established at the expense of farming. 

By the end of this phase, however, attention was starting to be placed upon the industry by environmental watchdog groups and agencies responsible for managing soil and water resources.  Production of guidelines for forestry activities (including roading, tracking and firebreaks) appeared in the 1980s and by the end of this decade most regional and district councils had some form of forest operation guidelines (NWASCO, 1980; Spiers, 1987; Bay of Plenty Catchment Board, 1988). It was during this phase that we began to see the emergence of ‘trained professionals’ such as engineers begin to take a more active role in road planning and construction. Indeed, earth scientists were also used to assist road and logging planning in areas known to have caused probems in the past (Pearce, 1981).  However, in many cases these professionals developed prescriptive standards with little or no input from experienced field staff, and which often did not reflect the local conditions of individual forests.  Logging was generally ground-based and down hill.  Significant earthworks such as tracking and road construction were often tied to the needs of individual forests to spend their budget within the financial year or lose it for the next.

In the latter part of this period, specific techniques used to minimise erosion and sediment impacts started to emerge in the NZFS.  These included the introduction of roading and harvesting plans; improved design input for culverting; fluming of culvert outlets away from fill materials; road watertable or side drain maintenance; experimentation with water bars; some attention to dispersion of water from road runoff to ridges rather than to gullies; a move from sidecasting to endhauling of road spoil; and a switch from bulldozers to diggers for road construction. However, widespread adoption of these techniques was not commonplace. More-specialised techniques such as silt fences, sediment retention ponds, and so on were not common, though sediment traps were used in some regions. 

2.2 
Present 1987-2003

In the mid-1980s New Zealand underwent radical reforms, moving from a regulated to a market-led economy.  There was significant reorganisation of Government agencies, including the NZFS, which, on 31 March 1987, passed out of existence.  In its place was a new Department of Conservation to manage native forests not used for timber production, and a forestry corporation to manage the Crown’s production forests. In the same year, the Government announced its intention to sell its entire plantation forest estate. This involved 550 000 hectares, or about half of New Zealand’s plantation forest resource.  The forest estate passed into private ‘ownership’ (cutting rights were really what was sold as the land upon which the forest grew was to be returned to the Crown after 66 years (about two rotations)).  Many of the new owners had foreign connections.  There are 20 companies now that each manage more than 10 000 hectares of forest. Small-scale growers are also increasing their presence within the industry and their combined area now exceeds the corporate estate. Increased competition and greater exposure to international market fundamentals have enhanced the New Zealand industry’s competitiveness and its contribution to the New Zealand economy (Rhodes & Novis, 2002).
Since the end of the NZFS, a significant increase in afforestation occurred, now commonly referred to as the ‘third planting boom’ (Roche, 1996).  Unlike the earlier planting booms, which concentrated on marginal lands, a large proportion of new forest plantings in this period was carried out as small farm woodlots, as part of investment schemes that concentrated on former pastoral farmland generally close to ports, or as overseas investment.  This period coincided with the end of rural subsidies in general, and the removal of disencentives to forest development. 

Another important factor during this period was the New Zealand Forest Accord, signed in 1991, which provides a balance between natural forest conservation and plantation-based industrial wood production.  This document, tying environmental and commercial interests, is a model as yet unmatched elsewhere in the world and includes the following key prescriptions:  defining areas inappropriate for plantation forestry; valuing, protecting and conserving natural forests; and recognising the commercial importance of plantation forests.  The Accord was reaffirmed in 2001.

As important as restructuring was, the implementation of the Resource Management Act (RMA) in 1991 could also be regarded as a dominant driver of change.  It replaced a range of resource management legislation, and is now the principal statute for the management of land, subdivision, water, soil resources, the coast, air, and performance standards associated with resource use. This new environmental legislation was like no other anywhere in the world.  Its philosophical core was that it was an effects-based piece of legislation that was implemented primarily at the regional and district government levels rather than national level.  In other words, the regions chose how they interpreted the act to make their policies, rules and regulations, and users could do almost anything they wished providing they could ‘avoid, remedy or mitigate’ the effects of what they were doing. 

During this period and even today, there is no national forest policy in New Zealand guiding forest management and the development of the industry. The Government’s focus has shifted from direct involvement in the industry to promoting economic and regulatory environments in which the forest industry acts for itself wherever possible – to seize economic opportunities, protect and enhance the environment and, in the process, to advance New Zealand’s social goals (Rhodes & Novis, 2002).

It might be argued then, that in the absence of a national policy guiding forest management, there has been, and maybe still is, a lack of uniformity in environmental management.  However, while there has not been a national policy, each of the larger forest companies has taken the inititiative to develop their own in-house environmental management systems (EMS).  This has been largely in response to the requirements of the RMA and because of a desire to achieve a form of accreditation such as ISO 14000 to improve market access for their wood products.  While each company might have different goals and objectives for implementing an EMS, they all tend to share similar attention from their stakeholders as to the environmental impacts of their operations.  Erosion and sediment control falls into this category.

During this period, there was a noticeable shift in harvesting systems from downhill ground-based logging to uphill hauling using a variety of cable haulers.  This was particularly evident on the steeper terrain in many parts of the country.  While partly driven by the requirements of the RMA, which gave strong significance to protection of watercourses, it was also because of a ready availability of machinery and expertise from the USA.

The range of specific erosion and sediment control techniques employed in this period varied widely across the industry and included those techniques mentioned above.  Some companies were innovative and proactive in their use of such mitigation measures, while others either chose not to employ them or were not required to as part of any regulatory consent process.  In general though, the increasing level of professionalism being used in the industry was apparent.  Many forest companies found that they did not have in-house capabilities to deal with the requirements of the RMA and several hired staff formerly with catchment boards or from the new regional and district councils.  These people then had the tasks of improving environmental planning, management or monitoring systems within the companies and forging the necessary relationships with the many and varied stakeholders of that company.  The companies also had to begin to ‘walk the talk’, as their investors and shareholders, many of them from overseas, did not like bad press, and were thus quick to reduce their investment if things got too difficult.  

The latter part of this period saw a shift in communication focus from internal to external agencies and an acceptance that the values held by others, such as conservation groups, were important.  The attitudes of staff in terms of pride in their company and the desire to do their best as well as taking some ownership of the problems and their solutions also began to come to the fore.  In addition, forest staff became better trained as unit standards within the forestry training curriculum improved the general knowledge of the relationship of forestry to the environment. The companies also started to find that working together with their regulators actually had mutual benefits.

2.3 
Future 2003-2010

Forest certification emerged towards the end of the 1990s as a key driver of change within the industry.  Forest certification is verification that wood is harvested under conditions acceptable to a credible third-party certification system. Its principal purpose is to ensure that harvests can be sustained by natural or human-induced regeneration, but it also concerns itself with the effect that forestry operations may have on local ecological, cultural and social structures. Forest companies whose operations are ‘certified’ as meeting the criteria can use the certifying agency’s brand on their timber when it goes to market.  Between 2000 and now, most of the larger forest companies and many smaller ones have either been granted or are waiting on certifcation from the Forest Stewardship Council of New Zealand (FSC). FSC provides two types of certification: (1) for forestry operations against a specified performance standard, and (2) for processing operations, certification of chain-of-custody to ensure segregation of wood from certified and non-certified sources.

Currently there is a draft document to provide an early information resource for those forest companies considering standards for sustainable plantation forest stewardship in New Zealand. The document provides a reference list of approaches that have been used.  However, it does not attempt to determine what are appropriate standards.

Development of New Zealand standards for sustainable plantation forest management is a step towards getting a unified national perspective, and a move away from the devolution of responsibilities to each of the companies towards an incorporated, collaborative national view of the industry as a whole.  This, together with the strong push towards building relationships with the many stakeholders of the industry, indicates a strong degree of maturation of the industry.

In terms of erosion and sediment control, we anticipate there will be a move towards the use of more techniques to control erosion in the first place, as well as to mitigate or intercept any sediment once it has been generated, i.e., prevention (erosion control) and cure (sediment control).  We see this being brought about in two ways; firstly, by expansion of regulatory and planning approaches into rural environments (e.g. Auckland Regional Council, 1999).  Secondly, we are now seeing a desire on the part of companies to begin to develop and share methods and techniques across company boundaries as well as their responding to calls for improved environmental performance by their stakeholders and shareholders.  In practical terms, the changes will be brought about by use of new techniques for erosion and sediment control as well as improved planning.  The latter will use new and improved information and knowledge bases that will facilitate minimisation of earthworks, improve the timing and staging of earthwork activities, and minimise, reduce or control both the risk and the effects of sediment-causing events.

Erosion control products, particularly geosynthetic materials, are becoming increasingly popular for use in earth stabilisation, soil erosion protection, seepage control, pollution containment, and other land-based applications.  They are revolutionising environmental engineering, offering a range of new ways of solving soil and water pollution problems where the soil surfaces are disturbed.  This development has brought many advantages over traditional engineering practices not the least of which is the enhancement and greater use of natural soil–water–plant systems.  There is a wide range of erosion and sediment control techniques suitable for use in the forest industry (Table 2, Figure 1), some of which are now being used on a regular basis in some regions.  Most are used in combination with others rather than a single technique being adopted.  The exact choice of technique or combination will be site-specific.

Table 2  Erosion and sediment control techniques suitable for forestry

	Erosion control
	Sediment control
	Other/mix E&SC

	Hydroseeding / mulching 
	Silt fences / wattles / hay bale barriers
	Landing ring drains/decanting bunds/treatment trains

	Revetments – riprap / erosion control products such as geogrids
	Runoff diversion channel / bunds
	Slash barriers/filters

	Geosynthetic erosion control systems, erosion blankets
	Sediment traps / pits
	Trash racks at culvert inlets

	Surface roughening 
	Sediment retention ponds
	Trash racks in streams

	Contour drains / roll bars / water bars
	Super silt fences
	Outsloped roads

	Rock check dams, armoured water tables
	Affecting the hydraulic connectivity between roads and streams
	Decommission roads

	Landslide hazard identification
	
	Combined checkdams/silt trap

	Planning / plans
	Planning / plans
	Riparian management plans

	Flumes / culvert flumes / culvert energy dissipators / splash aprons
	Decanting earth bunds on landings
	Retention/enhancement of riparian vegetation

	Soil bio-engineering/brush layering
	Soil bio-engineering/live silt fence
	Soil bio-engineering/live staking


Approaches such as outlined in Auckland Regional Council’s TP 90 (ARC, 1999) publication on erosion and sediment control will, we believe, begin to be taken up more widely in the forestry sector.  While these guidelines were developed primarily for urban and peri-urban subdivision, they are beginning to be applied to forestry activities throughout the region and elsewhere (Environment BOP, 2000). While many areas of New Zealand do not have the fine clays that typify the Auckand region, virtually all steepland areas in New Zealand have a risk of mass movement erosion associated with them. Similarly, surface erosion processes are also active on bare areas in most parts of New Zealand.  The diversity of geology, topography, soil type and thickness, and climate all combine to provide the primary drivers of erosion in New Zealand.  It is because of this diversity that the setting of quantitative environmental performance standards at a national level has been difficult and is the reason why regional and district rules and regulations show some variation.

The retention of vegetation buffers around streams is, and will become, a key issue for the industry in the future.  Research has shown the value of retaining or managing a riparian buffer both from a water quality and habitat perspective but also from a broader biodiversity perspective.  There is evidence that many forest companies are giving increasing attention to riparian management issues in their forests.

Figure 2 Montage of erosion and sediment control techniques suitable for forestry (some pictures from http://www.dot.ca.gov/hq/env/stormwater/index.htm)


We anticipate that there will be a move towards the use of Erosion and Sediment Control Plans (E&SCP) as a common practice; just like harvest plans are now commonplace in the industry.  These may be explicit E&SCP plans or an incorporation of E&SC principles into all forest management, not just harvesting. The concept of the ‘ten commandments’ of erosion and sediment control (Table 3) will provide the guiding principles for such plans.

Table 3

The ‘Ten Commandments’ for preparing an erosion and sediment control plan (ARC, 1999)

	1
	Minimise disturbance – be sensitive to the land
	6
	Install perimeter controls – don’t add to the work area

	2
	Stage construction – spread the risk
	7
	Employ detention devices – retain sediment where possible

	3
	Protect steep slopes – a key risk
	8
	Get registered – use a trained professional and have a plan

	4
	Protect watercourses – a key requirement
	9
	Make sure the plan evolves – be prepared to modify the plan

	5
	Stabilise exposed areas rapidly – get cover on quickly
	10
	Assess and adjust – inspect, monitor and maintain control measures


In contrast to the past, forest companies are now breaking down external barriers that might have been present in earlier phases and there is improved communication between companies over such things as environmental issues.  Also there is an outward focus of communication to the industry’s stakeholders as well as to the physical neighbours of the forest.  Companies are now offering, of their own volition, performance standards that in many cases exceed the regulatory requirements (Colin Michie, Tasman District Council, pers. comm).  In many ways the industry can be regarded as a leader in terms of the approaches that they are now beginning to employ.

However, we believe there is still room to improve environmental performance with respect to erosion and sediment control.  The main gains will come about by:

· building on, and recognising, the tacit knowledge and experience of the larger companies’ workforce; 

· keeping pressure on the smaller operators to meet improved environmental standards by requiring specific levels of environmental performance; 

· continuing to be proactive in building collaborative relationships with the sector stakeholders that, in turn, will lead to reduced compliance costs, longer-term harvest consents, or to self-regulation; and

· continuing to be a leader in terms of using EMS and market-driven approaches for sustainable forest management.  

There are also likely to be some gains in terms of new harvesting technologies that will minimise the impacts of harvesting.  The convergence and improvement of information technologies will also provide real gains in environmental performance through improvements in both the planning process and in the quality of the resultant plan.

3.
Conclusions/summary 

The New Zealand forest industry has moved from a new and developing industry in the 20th century, to a mature industry in the 21st.  A number of factors have contributed to this (Rhodes & Novis, 2002), many of which have been outlined in Table 1.  
The recent emergence of some level of ‘unity’ in the sector once again, expressed through organisations such as the New Zealand Forest Owners Association (NZFOA) and the Forest Stewardship Council, together with factors such as the development of New Zealand standards for sustainable plantation forest management, the recognition of the industry in terms of its contribution to the economy, and its ability to be a proactive leader in many of the issues land users face, has certainly strengthened the sector. 

Forestry is a long-term investment and long-term visions and strategies are required that must be based on good resource, product, and market demand and supply information.  New Zealand’s approach to date has been highly successful for New Zealand (Rhodes & Novis, 2002).

In terms of current practices to deal with erosion and sediment control there is still room, we believe, for further improvement in environmental performance.  

The main gains in environmental performance will come about by recognising and building on the tacit knowledge and experience of the larger companies’ workforce, as well as keeping the pressure on smaller operators to meet improved environmental standards; continuing to be proactive in building collaborative relationships with sector stakeholders; and continuing to be a leader in terms of using EMS and market-driven approaches for sustainable forest management.  There are also likely to be some gains in terms of new harvesting technologies that will minimise the impacts of harvesting.  The convergence and improvement of information technologies will also provide real gains in environmental performance through improvements in both the planning process and the resultant plan.          
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