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Review of soil and water provisions in the Papua New Guinea logging 

Code of Practice and related Codes in the tropics 

 

SUMMARY 

This report is divided into 2 parts. Part 1 examines the provisions of the Papua New Guinea 

Logging Code of Practice (PNG LCOP) and compares them to provisions of eight other 

Codes of Practice in the tropics. Part 2 reviews the scientific research relevant to the soil and 

water provisions in the LCOP. Both parts have resulted in recommendations for changes in 

the LCOP and associated documents, and these are summarised below: 

Part 1 

Detailed examination of the Soil and Water provisions of the PNG LCOP and comparison of 

the PNG LCOP with provisions in other tropical codes of practice published after 1996 

resulted in eight recommendations: 

1. Status of prescriptions. Prescriptions should be divided into “shall” statements and 

“should” statements, and the differences between these two need to be explained. 

The status of the 23 “Key Standards” needs clarifying. The risk that the key 

standards, if retained, will become an alternative abbreviated LCOP needs 

addressing. 

2. Planning. The PMC procedures should be upgraded to outline the main components 

of good planning to protect soil and water values. The PMC procedures can also give 

clearer guidance on what soil and water checks should be made on operations, and 

who should make them. 

3. Soil and water considerations. Soil erodibility is mentioned by some tropical 

codes, but no code comprehensively incorporates this important risk factor into 

prescriptions. A simple erodibility classification needs to be developed for PNG 

forest soils. Stream buffer widths need to be revised taking into account effective 

provisions of other codes and scientific evidence. No code specifically mentions the 

need to maintain soil organic matter (soil carbon) for the purpose of maintaining 

fertility or for carbon accounting and the LCOP needs to cover this issue.  

4. Defining suitable areas for logging and setup dispersal. A simple scheme needs to 

be incorporated into the LCOP, distinguishing soils and landscapes with different 

erosion risks. This scheme then needs to be incorporated into land management rules 

and guidelines pertaining to soil disturbance and erosion risk, e.g. buffers, drain 

spacing, harvest limits on slopes and landslides. 

5. Drainage of roads and skid trails. Many details of road design can be dealt with in 

technical documents rather than in the LCOP, but a major issue requiring attention in 

the LCOP is road drainage in relation to slope and soil erodibility. 
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6. Decommissioning. The LCOP needs to make clear that infrastructure such as roads 

and culverts either needs to be maintained after logging, or decommissioned. 

7. Monitoring and research. None of the codes reviewed except the Guyana Code 

recognise the importance of continual improvement by incorporating latest research 

into the forest codes. A mechanism for incorporating new guidelines into the LCOP 

is required, so that soil and water prescriptions and guidelines are able to be 

modified in line with technical and scientific developments and demands of 

certification authorities.  

8. Separation of subject matter. The LCOP should concentrate on “what should be 

done”; details on “how to do it” can be referenced to appropriate sources or technical 

bulletins written to support the LCOP. 

 

Part 2 

A scientific review of the issues facing foresters in PNG production forests, and in tropical 

forests elsewhere, has resulted in recommendations which can be grouped into 10 subject 

areas: (1) stream definition and stream protection; (2) soil erodibility and landscape erosion 

risk; (3) land management guidelines; (4) setup size and dispersal; (5) skyline (cable) 

harvest; (6) soil carbon; (7) decommissioning; (8) a supportive research and monitoring 

program; (9) technical support bulletins; and (10) training . 

(1) Stream definition and stream protection 

Watercourse definitions should be revised and extended to cover headwater 

streams, as discussed in section 2.4.3, and summarised in Table 20. 

Watercourse protection should be revised as discussed in section 2.4.4, and 

summarised in Table 21. 

 (2) Soil erodibility and landscape erosion risk 

A simple soil erodibility assessment needs to be applied to land being considered 

for harvest, and activities related to harvesting such as road construction, as 

discussed in section 2.4.5, and summarised in Table 22. 

Landscape erosion risk needs to be assessed on a low, medium and high scale, 

taking into account soil erodibility and slope, as discussed in section 2.4.5 and 

summarised in Table 23. 

 (3) Land management guidelines 

Land management guidelines should specify what activities are recommended on 

different soil/slope combinations, as discussed in section 2.4.5 and summarised in 

Table 25. 

Landslide management needs to be included in the LCOP, especially in regard to 

harvest, proximity of roads, and inputs of drainage water, as discussed in section 

2.4.6. Recommendations are summarised in Table 24. 
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The interpretation of the LCOP table governing road drainage and specifically 

intervals between drains on roads is unclear and the specified intervals are large in 

relation to those in other codes. The spacings of Table 27 are recommended for the 

revised LCOP (see discussion in section 2.7). 

 (4) Setup size and dispersal 

To limit hydrological effects of harvest, it is recommended that no setup should be 

harvested until regeneration on adjacent previously harvested setups within 100 m 

and in the same catchment (of 500 ha or less) is 5 years old. It is also recommended 

that setup size should not exceed 100 ha on land with low Land Erosion Risk 

classification and 50 ha on land with medium Land Erosion Risk classification. (See 

Table 25.) 

(5) Skyline (cable) harvest.  

It is recommended that skyline harvest should only proceed on an experimental 

basis until risks to soil and water values have been assessed. Experimental skyline 

cable harvest areas should not exceed 25 ha, and that no more than 5 experimental 

areas should be tested in the first instance. 

(6) Soil carbon 

The LCOP needs to include a section on maintaining soil carbon in managed 

forests, by limiting the use of fire, specifying long rotations (to maintain supplies of 

leaves and light debris to the forest floor), minimising soil disturbance, and reducing 

erosion. Comprehensive soil carbon studies are essential and should be a priority for 

research if an accurate inventory of PNG’s ecosystem carbon stocks is to be 

completed (see section 2.6). 

(7) Decommissioning  

The distances required between water bars on decommissioned skid trails and 

roads needs to be related to slope and soil erodibility (see Table 28). In addition, a 

technical note should be written on the correct construction of water bars, covering 

such issues as angle in relation to the trail or road, placement of outlets, and 

driveability. 

(8) A supportive research and monitoring program 

The LCOP needs to be supported by an active research and monitoring program 

if it is to be continue to be science-based, sustainable, responsive to new situations 

and new technology, and the requirements of the community and certification 

organisations. The following list is a preliminary assessment of research required to 

support and improve the soil and water provisions of the LCOP: 

 Systematic description of c. 50 widely distributed soils in the PNG forest estate, 

including an estimate of soil erodibility  
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 Is actual erosion observed in forest coupes and setups and adjacent land related 

to soil erodibility? 

 Carbon stocks in different soils and in soils under different land uses 

 Effects of forest harvest on stream water quality and morphology  

 Drain spacing on roads 

 Types of mass movement in relation to road construction and different geology 

 Land stability in relation to harvest intensity 

 Effects of fires on soil nutrients and erosion on different soil types and slopes 

Close involvement of the PNG FRI with practitioners (companies) on the ground, as 

well as with the PNGFA, is suggested, with the reactivated joint PNGFA-PNGFRI 

research committee being given the important role of: (a) establishing research 

priorities; and (b) gaining outside funding; and (c) ensuring research is done. A 

formal method of incorporating research into guidelines and LCOP revisions will 

also be required. 

(9) Technical support bulletins 

There is a need for technical support bulletins to be produced to cover details of 

procedures and information required to protect soil and water values. For example, a 

‘Forester’s Guide to PNG geology’ and a ‘Best Practice Guide to Road 

construction’. See section 2.10 for a discussion on this topic. 

(10) Training 

There is need for more training of company field staff in basic earth science and 

soil and water skills (e.g. identifying different rock types, reading geological maps, 

assessing mass movement risk, assessing soil erodibility), and for developing a 

system for an accreditation system covering specialist topics such as these. Such 

training will be particularly important if more hilly and steep land is harvested. See 

section 2.4.6. 
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Introduction 

The Papua New Guinea Logging Code of Practice (PNGFA 1996), referred to as the LCOP 

in this review, is a 70-page document. A major part (pp. 7–51) concentrates on logging 

practices designed to limit degradation of soils and streams.  

Although the LCOP was a major step forward in 1996, it has become out of date because it 

does not take account of the latest scientific research or technical developments, it contains 

little coverage on matters such as planning and compliance standards that are now 

considered integral to well-run forestry operations, and the legislative framework in which it 

operates requires revision. The last-mentioned issue requires separate consideration and is 

beyond the scope of this scientific and management-oriented review. This review is 

concerned with the soil and water provisions of the LCOP and the advances in other codes 

of practice which have written since the LCOP was published in response to technical 

advances, scientific research, the market demand for improved standards, and community 

expectations. 

Following preliminary visits by the review team leader (Tasmanian Chief Forest Practices 

Officer Graham Wilkinson), the initial field phase of this review was undertaken between 19 

and 30 November 2012. Field notes relevant to soil and water provisions of the LCOP, 

without extensive interpretation, were compiled by McIntosh (2012b).  

This review is divided into two parts: 

Part 1 analyses the soil and water provisions
1
 of the LCOP and notes where the 

provisions could be improved, or where new developments have occurred and need 

to be included, or where the existing text is contradictory and needs improving; it 

also reviews the soil and water provisions of other tropical forestry codes of practice 

that are relevant to management of Papua New Guinea’s native forests. 

  

Part 2 reviews the scientific research relevant to the soil and water provisions in the 

LCOP and recommends changes.  

A draft revised LCOP, and associated advisory bulletins incorporating these changes, form a 

separate document (FPA in preparation).  

 

 

  

                                                 

1
 In this context the term “soil and water” includes items of geological importance. 
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Figure 1.  A well marked buffer on the Ania River, New Britain – a Class 1 stream.  
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1. PART 1. The soil and water provisions of the LCOP 

compared to those in other tropical codes of practice 

 

1.1. The Papua New Guinea Logging Code of Practice 

The LCOP “Table of Contents” is shown in Table 1. Following the Introduction there are 

two unnumbered sections “Definition of Areas for Selection Logging” and “Legal” that 

define the areas where selection logging is allowed and list the Acts which the LCOP and 

parties and individuals involved in selective logging must comply with. Seven sections 

follow covering operations (Watercourse Protection, Roads, Selection Logging, Waste 

Management, Workshops and Fuel Storage, Camp Hygiene, and Safety). These are followed 

by a Glossary. 

1.1.1.  Introduction (p. 4) 

Key Standards 

The LCOP includes 23 “Key Standards” (a subset of the recommendations in the LCOP) 

and the Introduction to the LCOP states that the “PNG Forest Authority requires full 

compliance [my italics] with these in its ‘Planning, Monitoring and Control Procedures for 

Natural Forest Logging Operations under Timber Permit’ (November 1995)”.  

The 23 “Key Standards” are those standards specified by the LCOP which are subject to 

compliance checks by the PNGFA using its powers under the 1995 “Planning, Monitoring 

and Control Procedures for Natural Forest Logging Operations under Timber Permit”. The 

LCOP introduction states that “over time additional standards from the code will be 

formally added to the Planning, Monitoring and Control Procedures until such time as the 

full code is being implemented” but in practice this appears not to have happened. Instead 

the “Key Standards” have, in effect, become the minimum compliance standards, and other 

seemingly obligatory standards specified by the LCOP, such as the requirements that all 

staff must follow safe working practices and wear appropriate safety clothing (LCOP, p. 60) 

have not been put into practice. Thus, what began as a pragmatic measure to ensure that the 

LCOP got off to a good start, with a view to applying all LCOP provisions at a later date, 

appears to have led to entrenchment of a watered-down LCOP. Conversations the Review 

Team had with foresters suggest that the “Key Standards” document (PNGFA 1995) is all 

that many foresters are familiar with, or apply. 

Initially implementation of the LCOP depended on it being ‘written into’ regional Forest 

Management Agreements (FMAs), but more recently, the demands of market-driven 

certification schemes like Forest Stewardship Council certification have provided an 

economic incentive to foresters to implement the LCOP, because the LCOP, although not 

perfect, is the best available guide to best practices and sustainable harvest procedures in 

PNG. However, limited observations by the project review team indicate that 
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implementation of the soil and water provisions of the LCOP has been patchy, which is 

attributable to several causes: 

 companies have different standards and different levels of commitment to best 

practices 

 not all harvesting is done by companies; local groups and communities also 

harvest trees 

 some harvest occurs in isolated areas with less influence by central or provincial 

authorities 

 the PNGFA’s compliance functions are under-resourced. 

Commentary 

Planning issues are mentioned in various parts of the LCOP (for example, p. 36 deals with 

some aspects of setup planning) but as good planning should precede operations it is 

appropriate that the LCOP either begins with a comprehensive section on planning, or that 

the planning section of the PMC procedures is upgraded. It was understood by the Review 

team that the LCOP is not designed to apply to plantations, so at some point in the 

introductory pages the LCOP needs to make plain that it does not apply either to plantations 

for timber products or to plantations for non-timber products (e.g. rubber, oil palms). 

1.1.2. Definition of areas for selection logging (p. 5) 

Although the text under this heading only occupies one page, it defines the major constraints 

on harvest in PNG forests. In brief these constraints are as follows: 

 No harvest on slopes >30
o
 

 No harvest in areas of high relief on slopes >25
o
 on average 

 No harvest in permanent swamps 

 No harvest in limestone (karst) country 

 No harvest in mangrove areas 

 No harvest by cable systems, except with specific approval of the Department of 

Environment and Conservation (DEC) and PNGFA 

Helicopter logging may occur on slopes >30
o
 by specific permission of DEC and the 

PNGFA. Although the possibility of helicopter logging was mentioned to the review team in 

passing, the team is not aware that any helicopter logging is actually taking place. 

Page 5 also contains the major silvicultural prescription applying to selection logging: 

Selectively harvest merchantable trees greater than 50 m in diameter at breast height, or 

above fluting, and excluding reserved and special trees as prescribed in the Timber Permits 

and Environmental Plans. 
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Table 1.  The LCOP Table of Contents. 
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Commentary 

 The term “high relief” needs to be defined in the LCOP Glossary, so that these 

areas can be effectively distinguished from slopes >30
o
. 

 The criteria for excluding “reserved and special trees” from harvest need to be 

defined. 

 The term “selection logging” needs to be defined in the glossary. The intensity of 

selection harvest has implications for soil and water as well as flora and fauna. It 

is not sufficient to define selection logging by reference to the 50 cm dbh rule, 

since (in theory) if all trees in a forest had dbh >50 cm harvest would 

approximate to clearfelling, not selection logging; a simple definition of 

selection logging would define the minimum basal area of timber trees to remain 

after harvest, but a more complex definition might define the minimum basal 

area of desirable timber species that should remain after harvest as well as 

defining the maximum harvestable tree size, in order to help maintain soil 

stability, especially on slopes and on more erodible soils. 

 The slope limits specified in the table on page 5 need to allow for inclusions of 

steep slopes, because many areas of rolling to hilly land will include some slopes 

on average >25
o
, or >30

o
. What is the maximum area of over-steep land 

qualifying as an inclusion an area that is otherwise topographically suitable for 

harvest? 

 On slopes 0–30
o
 skyline cable harvest “may be approved with specific 

permission of DEC and PNGFA but [are] not covered by PNG LCOP.”  Cable 

systems can only be used effectively for clearfelling, so this provision for cable 

harvest is contradictory to the heading which specifies selection logging. As 

clearfelling can have significant adverse effects on soil and water values, the 
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criteria under which cable harvest can occur need to be listed, and the LCOP 

needs to include prescriptions for cable harvest that will maintain environmental 

values. Alternatively, skyline cable harvest should be prohibited until it has been 

experimentally and systematically evaluated. 

 The environmental constraints that should be taken into account should 

helicopter harvest become economic need to be specified by the LCOP. 

1.1.3. Legal issues (p. 6) 

Commentary 

Besides listing the Acts which must be complied with, this section could explain the 

difference between obligatory and advisory statements in the LCOP: careful consideration 

will need to be given to soil and water prescriptions which must be applied in all situations, 

prescriptions which should be applied unless there are good environmental reasons for 

doing otherwise, and prescriptions which have guideline status – i.e. best practices which 

may apply in most situations.
2
 

1.1.4.  Section A. Watercourse definitions and minimum buffer widths 

This section defines two classes of streams as well as drainage channels, swamps and stream 

buffer zones. Stream buffer zones are defined for eight situations. The Watercourse 

Definitions and Minimum Stream Buffer Widths (Tables 1 and 2) form Key Standards 1 and 

2. 

Table 1. Classification of streams and swamps in the LCOP. 

 

  

                                                 

2
 The Tasmanian Forest Practices Code (FPB 2000) follows this 3-tier prescription model, with prescriptions 

governed by “will” statements, “should” statements, and more flexible prescriptions that should be 

“considered” or applied when particular situations demand. Important subjects in the second and third 

categories may be covered by separately published technical notes such as guidelines for protection of small 

streams and guidelines for road batter construction. 
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Table 2. Buffers on streams in the LCOP. 

 

 

 

Commentary 

The LCOP considers watercourse definitions and protection zones (buffers) without first 

stating the objectives to be achieved (objectives are clearly spelled out for other sections.) 

An Objectives statement needs to be added. 

The section specifies protection for major streams but gives no protection to minor streams 

(<1 m width), whether permanent or intermittent. Permanent minor streams seem to “fall 

between the cracks” of Key Standard 1 – they are neither Class 2 streams (because their 

channels are too narrow) nor are they non-permanent watercourses (because they flow 

continuously). This problem needs rectifying, and it is suggested that a new class of stream 

(Class 3) needs to be included. A revised LCOP could consider subdividing Class 3 streams 

into eroding and non-eroding types, requiring different protection measures (as done for 

minor streams in Tasmania
3
. 

1.1.5.  Section B. Forest Roads 

The LCOP contains 25 pages on road planning and road construction, and contains 

subsections on planning and design, survey and setout, construction, road surface drainage, 

road maintenance, road decommissioning, water crossings, road transport, gravel extraction 

and quarries, logponds (i.e. landings or storage areas near water) and barging or loading off 

                                                 

3
http://www.fpa.tas.gov.au/__data/assets/pdf_file/0009/58077/Guidelines_for_the_protection_of_Class_4_stre

ams.pdf  
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beaches. Page 19 contains a table (Table 3) appearing to link drainage spacing on roads to 

soil characteristics. It is not clear whether the table refers to characteristics of the road 

material itself or the characteristics of the surrounding terrain. Whichever is meant, the 

classification is rudimentary and apparently not based on soil publications (e.g. Bleeker 

1983) so its general application as a soil erodibility assessment tool is limited. 

Table 3. Soil erodibility in relation to culvert/turnout maximum average spacing (m) in the 

LCOP. 

 

 

Commentary 

It is appropriate that roading issues form a major part of the LCOP, as roads can be a major 

cause of sedimentation within coupes and into streams (Fahey & Coker 1989; Croke et al. 

1999). The planning and design section (pp. 9–11) is short but comprehensive, but suffers 

from mixing planning guidelines with construction guidelines. For example, the Key 

Standard 6 (disposal of excess soil) and Key Standard 7 (Use of compaction equipment), 

which are written for contractors, appear to have been “dropped into” a subsection about 

road planning, and are out of place.  

The road planning guidelines can be incorporated into the upgraded PMC procedures and 

the revised LCOP section on roads can concentrate on essential prescriptions and guidelines. 

There are numerous technical guides to good road construction (e.g. Gucinski et al. 2001; 

Ryan et al. 2005) so technical details such as off-tracking widths (p. 13), camber shape (p. 

18) and culvert construction details (p. 26) need not be included in the LCOP: either 

reference can be made to technical bulletins on these subjects, or new technical notes can be 

written to supplement the LCOP. Sections B.8 (dealing with such issues as safety and truck 

maintenance) and B.10 (log ponds) are out of place in the roading section. 

It is suggested that the roading section is reconfigured as in the following sequence, which 

follows the order of operations when constructing roads, except for subsection B.7. 

B.1  Road standards 

B.2  Vegetation clearance 

B.3  Drainage 

B.4  Stream crossings 

B.5  Road maintenance 

B.6  Road decommissioning 

B.7  Gravel extraction and harvesting 
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Technical notes may be required to cover issues such as culvert construction, log bridges 

and fords. Such notes are preferable to including a lot of technical detail in the LCOP itself, 

and have the advantage that they can be independently updated. 

Since erosion associated with roads is related to soil characteristics (Croke et al. 1999; 

Fahey and Coker 1989) a soil erodibility section is needed. As soil susceptibility to erosion 

affects issues other than roads, it should be considered before the roading section. 

1.1.6.   Section C. Selection logging 

This section (pp. 35–51) covers planning (annual and setup logging plans), locations of 

landings, location and construction of skid tracks, felling methods, cross cutting, skidding, 

helilogging and setup restoration.  

Commentary 

 The title is not appropriate: the section is really about how to conduct machine-

based operations in the forest, rather than the silvicultural process of selective 

harvest itself. Section C could be titled “Harvest and extraction.” 

 The planning instructions in subsections C.1 and C.2 can be incorporated into 

the proposed new planning section (see above). 

 Initial reconnaissance work, including Key Standard 5: cutting vines during set-

up marking, can be retained as a subsection “Setup reconnaissance and 

preparation” 

 Subsection 3.1 on planning landings can similarly be transferred to a new 

planning section 

 Key Standard 21: Water bars requires some changes. The 45
o
 angle for the 

water bar is too acute and may promote gullying on steep skid tracks, and in 

addition in most situations a dozer blade cannot be used to put in a 45
o
 slot in a 

track; the spacing between water bars needs specifying and contractors need to 

know when water bars need to be inserted, particularly if operations on a setup 

are interrupted.  

 Felling techniques (including 5.2 Directional felling and 6. Cross cutting in the 

bush) in one subsection. 

 Subsection 7. Ground-based Extraction systems needs only minor modification. 

 Subsection 8. Heli-logging needs rewriting: the LCOP text should concentrate 

on where heli-logging can occur without adverse environmental effects rather 

than the technical aspects of payload size, landing size and necessity of radio 

contact etc. Especially important are soil stability assessments on hilly and steep 

terrain. Other subjects that need to be covered include pre-harvest assessment of 

erosion risks (e.g. mapping landslides), stream channel stability, rock types, 

appropriate harvest density. The technical issues involved can be covered in a 

technical note. 
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 Subsection 9. Completion of logging can be simplified. The section is largely 

composed of Key Standards, but these can be incorporated into the main text. 

Reference can be made to PMC procedures.  

1.1.7.  Section D. Waste management 

This section is comprehensive. However, subsections 2 and 3 need to specify that where 

there is no alternative to burying solid waste and toxic material, this material should be 

buried at least 100 m away from any streams.  

1.1.8.  Section E. Workshop, fuel storage and field servicing 

Environmental issues such as selection of sites in relation to streams and other risks need to 

be separated from technical aspects such as separating oils from dirty water, which can be 

covered in a technical note. Best practice would be to specify that workshop sites, fuel 

depots and field servicing sites should be at least 100 m from any stream. 

1.1.9.  Section F. Camp hygiene 

As for sections D and E above, a prescription needs to specify that camps should be at least 

100 m from any stream.  

Commentary 

Consider combining Sections D, E and F into one section on buildings and servicing, 

covering topics such as camps, buildings, hygiene, fuel and waste. 

1.1.10. Section G. Safety 

This section is comprehensive. 

Commentary 

Observations by the review team indicate that personal safety measures are not being 

applied in the field or in sawmills and workshops.  

 

 

1.2.  Other tropical Codes of Practice 

Because codes of practice develop over time and borrow from the experience in other 

countries, this review looks at other codes in chronological order, taking 1996 (the year of 

publication of the PNG LCOP) as its starting point. 
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1.2.1.  Solomon Islands Code of Practice for Timber Harvesting (Ministry of Forests, 

Environment and Conservation 1996) 

The Solomon Islands Code of Practice for Timber Harvesting (referred to as the SI Code) 

applies to all forest harvesting operations within the Solomon Islands, including plantations. 

It has ten sections that follow an introduction: 

 Land use management 

 Harvesting planning 

 Construction works for timber harvesting operations 

 Harvesting operations 

 Weather limitations on timber harvesting operations 

 Rehabilitation of logged areas 

 Bush and camp hygiene 

 Helilogging extraction systems 

 Timber harvesting in a managed forest plantation 

 Evaluation of timber harvesting operations 

In the land use management section buffers of 100 m are applied around lakes, lagoons and 

the shoreline. There is no defined upper slope limit for harvest, and high lead and helicopter 

logging is allowed. Landslide areas are excluded from logging; the protected area includes 

the landslip spoil and the catchment of the slip and spoil. Watercourse reserves are defined 

for Class 1 and Class 2 streams as well as for Gullies and Waterways (Table 4). 

All features except swamps require no-harvest reserves of varying width. Note that in 

contrast to the LCOP, both Gullies and Waterways (drainage depressions) receive 

protection.  

Buffers are measured from the edge of floodplains which may include swamps, stream 

meanders, or anabranches. This rule is similar to the LCOP rule which specifies that buffers 

must be measured from the edge of the zone where vegetation is <10 m high. Gully heads 

are also protected (p. 16) by a 10 m buffer, or a buffer three times the depth of the nick 

point.  

All stream crossings have to be approved by a TMU Forest Ranger. Comprehensive 

prescriptions are included to prevent sedimentation in streams at crossings, from log 

landings and from skid tracks. Wet weather limitations are clearly defined (p. 51).  

A supervisor must check compliance with the SI Code at least every week (p. 61) and has a 

training role as well as compliance and reporting functions. A form for compliance checking 

of indigenous forest operations is provided. It contains 28 questions grouped under the 

headings Planning, Roading, Skidding, Landings and Cutting. Although there is a heading 

for comments, the form contains no general questions regarding overall outcomes, such as 

“Do streams show signs of siltation?” or “Are roadside drains showing signs of erosion?” or 

“Have there been off-site effects?” No follow-up actions are specified to ensure that 

corrective actions are done, inspected and judged to be adequate. 
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Table 4. Stream, gully, waterway and swamp definitions in the SI Code.  

Designation Definition Other features Reserve 

each side 

Class 1 stream Width of stream base = >10 m Flows for >2 months per year; 

bed is clean water-washed stone, 

gravel or bedrock 

50 m 

Class 2 stream Width of stream base = <10 m Flows for >2 months per year; 

bed is clean water-washed stone, 

gravel or bedrock 

25 m 

Gully Steep sided channels; slope of 

at least one bank >15
o
; beds 

covered with soil, bark, 

branch or litter 

Flows for >2 months per year; 

depth of bank adjacent to bed 

may be 30 cm or more; live 

vegetation may be growing in 

bed  

10 m 

Waterway Stable non-incised 

depressions; slope of at least 

one bank <15
o
; beds covered 

with soil, bark, branch or litter  

 5 m 

(catchment 

>2 ha only) 

Swamps Surface water for 6 months 

per year 

  

 

Drain spacing for roads (p. 29) does not take into account factors other than slope (see Table 

5). Spacings are much closer than in the LCOP (Table 3). 

 

Table 5. Drain spacing in the SI Code. 

Road gradient (%) Drain spacing (m) 

0–5 60 

6–10 30 

11–15 20 

16–20 15 

 

The helilogging section (pp. 65–67 is about the technical aspects of helilogging and contains 

nothing on environmental protection and harvest principles to be applied to hilly and steep 

land. There is no section on cable harvest. 

Commentary 

 The SI Code provides more protection for small streams, including intermittent streams, 

than the PNG LCOP. On the other hand, there is no protection for steep terrain by way 

of slope harvest limits, and there are no special prescriptions applying to harvest of steep 

land, other than applying no-harvest buffers on landslides. 

 Drain spacings on roads are much closer than those specified in the LCOP.  

 Wet weather limitations are well defined.  

 The compliance form is basic but could be adapted to the meet the requirements of the 

LCOP; it needs expanding to cover actual environmental effects rather than confining 

itself to whether actions have complied with the SI Code, and needs to specify follow-up 

actions and reporting.   
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1.2.2.  Vanuatu Code of Logging Practice (Vanuatu Department of Forests 1998) 

The Vanuatu Code of Logging Practice (referred to as the Vanuatu Code) was published two 

years after the PNG LCOP. It references New Zealand and New South Wales manuals and 

the Tasmanian Forest Practices Code (FPB 1987) and the PNG Key Standards document 

(PNGFA 1995) but not the LCOP itself.  

In contrast to the LCOP the Vanuatu Code includes sections dedicated to Planning (sections 

2 and 3, pp. 6–29). Harvest is restricted to slopes <30
o
 (p. 12) with no provision for 

modifying this rule to take into account soil erosion risk. Geology and soil erosion risk are 

not mentioned in the Vanuatu Code. Section 3 (pp. 19–25) is devoted to planning at three 

scales: the Strategic plan (1:25 000), the Operational plan (1:10 000) and the job plan (e.g. 

road construction). The Strategic Plan is referred to as the Annual Plan but the text makes it 

clear that this is only ‘annual’ in the sense that it shows what has been harvested and is 

planned for harvesting in each year. The planning section includes a sample map, symbols 

to be used, and the procedure to be followed if the original plan is to be varied. 

In contrast to the LCOP three stream classes and two types of drainage depressions are 

defined (Table 6). The protection measures on these buffer zones (p. 15) are defined exactly 

as in the Asia-Pacific Code of Practice (Asia-Pacific Forestry Commission 1999) (referred 

to as the A-P Code), with the buffers on streams being measured from the edge of the zone 

where vegetation is <10 m high (Table 7). Swamps (which have surface water for 6 months 

of the year) are given a 10 m no-harvest buffer, in contrast to the A-P Code of Practice in 

which they receive no protection. 

Like the SI Code, the Vanuatu Code protects gully heads (p. 18), but the specified protection 

is less: harvest is permitted upslope from gully heads, but for a minimum distance upslope 

of 10 m (or three times the depth of the nick point forming the steep gully head) no machine 

access is allowed.  

Road drains are simply related to centre line slope. As was noted for the SI Code, the 

spacing rules are much more stringent than those in the LCOP. For example, the least 

spacing allowed on road gradients of 0–5% in the LCOP is 200 m, compared to 60 m in the 

Vanuatu Code (Table 8). 
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Table 6. Watercourse, stream, gully, waterway and swamp definitions in the Vanuatu Code. 
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Table 7. Buffers applied in the Vanuatu Code.  

 

 

Table 8. Minimum spacings for drains on roads of different slope in the Vanuatu Code.  

Centre line slope 
(%) 

Maximum drain spacing 
(m) 

0–5 60 

6–10 30 

11–15 20 

>16 15 

 

Commentary 

The Vanuatu Code was produced two years after the LCOP, but differs in having a 

comprehensive section on planning. Like the A-P Code which was published soon after it, it 

classifies streams into three rather than two types, and adopts the A-P Code buffer widths.  

A feature of the Vanuatu Code is that principles of environmental protection and their 

implementation are mixed with technical and peripheral issues such as how to mark trees 

and skid tracks, design of log storage areas, road construction, felling methods and log 

presentation. Like the LCOP, the Vanuatu Code needs to separate environmental and more 

technical issues. 
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1.2.3.  Code of Practice for Forest Harvesting in the Asia-Pacific (Asia-Pacific Forestry 

Commission 1999) 

The A-P Code is not country-specific but is a model code designed to for adaptation to the 

needs of particular countries. It starts by defining its mission: “To manage forests in a wise 

and environmentally responsible manner; maintaining their ecological values while 

supplying products for the equitable benefit of the people.”  

The values aimed for are “Community benefits, Environmental protection, and Economic 

return.” It stresses (p. 8) “what should be done” rather than “how to do the work,” i.e. it 

emphasises outcomes rather than technical implementation.  

The Code is designed as a “non-legally binding set of guidelines and benchmarks”. The 

roles of stakeholders (Government, Forest owners, Industry, Forest managers, Communities 

and NGOs) are laid out. Interestingly, Forest Managers and NGOs are listed as having 

“compliance” functions, but not Governments. There follow two pages on competencies 

required by foresters, then 21 pages (Sections 3–5; pp. 17–37) on forest planning, stressing 

the requirements for long-term planning (5–20 years), operational planning (for groups of 

harvest areas) and task planning (for individual jobs like building a road).  

Section 5 deals with planning for harvest exclusion areas. Streams in production forests are 

defined by having water flow for more than 2 months per year and clean gravel or bedrocks 

in the channels and are given protection according to their size. Class 1, 2 and 3 streams are 

defined as having channel widths of >20 m, 10–20 m and <10 m respectively (Table 9) and 

receive no-harvest buffer zones of 30 m, 20 m and 10 m respectively (Table 10). (In contrast 

the LCOP only provides for machinery exclusion zones for streams 1–5 m wide and no 

protection for streams up to 1 m wide.) The buffer zones are measured from where the 

riparian vegetation is >10 m high (Figure 1), presumably because the low vegetation 

effectively defines the floodplains of Class 1, 2 and 3 streams.  

Soil-covered channels that flow only intermittently (<2 months per year) are divided into 

gullies (with steep riparian areas) and waterways (riparian areas not steep) and in these 

harvest in permitted, but machines are not permitted within 10 m of gullies and within 5 m 

of waterways. The management appropriate for swamps is not specified, which may be an 

oversight rather than an endorsement of harvest adjacent to swamps. (Swamps are given 100 

m no-harvest buffers in the LCOP, 10 m no-harvest buffers in the Vanuatu Code but no 

protection in the SI Code or A-P Code.) 

Buffers are also applied around lakes, lagoons and the coast. Buffers zones widths are 

doubled where slopes exceed 17% (10
o
). Landslides are protected from harvest, and the 

protected area includes the landslide spoil and also extends to the entire catchment of the 

landslide. 
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Table 9. Stream definitions in the A-P Code (p. 37).  

 
 

Table 10. Buffer zones defined in the A-P Code (p. 36). 
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Figure 1. Illustration of stream buffer zones defined in the A-P Code of Practice (p. 34). 

 

Section 6 covers roading and watercourse crossings, and includes short sections on haulage 

tracks, bridge construction, log ponds (log storage areas next to water) and quarries.   

Section 7 covers pre-harvest field preparation, but apart from the subsections on tree 

marking and locations of landings the section seems out of place because activities 

described like landing preparation require harvest to have commenced, and the section 

includes operational issues like landing rehabilitation and skid track operation and 

rehabilitation. 

Section 8, covering harvest operation, deals first with tree harvest and log preparation and 

then with extraction systems. A table (Table 11) defines harvest systems appropriate for 

various slope-soil erosion classes but is less useful than first appears as the four soil erosion 

classes (low, moderate, high and very high) are not defined. Interestingly the term “soil 

erosion” is used, not “soil erodibility” indicating that is envisaged that actual erosion should 

be assessed for defining soil-slope classes, not potential erosion (as in the Tasmanian Forest 

Practices Code, FPB 2000). On high erosion soils no harvest is allowed on slopes >60% 

(31
o
); on very high erosion soils no harvest is allowed on slopes >35% (20

 o
). Although soil 

erosion/erodibility classes are not directly comparable between the two codes, these limits 

appear to be more lenient than those in the Tasmanian Code (FPB 2000, p. 32). 
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Table 11. Soil erosion-slope matrix for defining slope limits for various harvest methods, from 

p. 83 of the A-P Code. 

 

 

The A-P Code (p. 92) recommends monitoring and evaluation of all harvesting operations 

and a flow chart (p. 94) outlines how this should be done. Specimen compliance forms are 

included: a general one for temporary closures noting that harvest (including the state of the 

roads) has been satisfactory and the company has discharged its obligations and may leave 

the area; another assesses the details of the operation (planning, roading, landings, treatment 

of exclusion areas, and skid tracks) and gives them a score. Another form (p. 100), to be 

completed after all field checks and return visits have been made, is a formal agreement 

between the government Forestry Authority and the company representative that all 

environmental and financial obligations (e.g. payment of royalties) have been met. 

Four short sections on Equipment maintenance, Camp hygiene, Safety and Fire precautions 

follow. A Glossary and Appendices complete the Code. The reference list does not contain 

any supporting scientific documents but lists the main FAO publications that influenced the 

development of the A-P Code. 

Commentary 

The A-P Code (1999) post-dates the LCOP (1996) and while the A-P code borrows heavily 

from the LCOP, it is also a significant advance on it. Major additions in the A-P Code are 

the sections on code rationale and the emphasis given to planning, which is absent from the 

LCOP. Other important additions are procedures for formalising compliance checks and 

‘signing off’ on work done. The A-P Code structure appears suitable for adopting in a 
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revised LCOP and some provisions can be cut-and-pasted into a new LCOP text with little 

modification.  

The soil erosion classification needs to be related to actual rock or soil types in PNG if it is 

to be adopted.  

The stream protection measures (buffers) seem reasonable (see more detailed discussion in 

Part 2) but if the Class 3 buffers are applied in PNG they may need to be more conservative 

when applied to eroding minor streams. The definition of Class 3 streams probably includes 

too many large streams as the upper width limit for Class 3 streams is 10 m. 

 

1.2.4.  Principles and Practices for Forest Harvesting in Indonesia (Ministry of Forestry 

& Estate Crops 1999) 

The principles and practices document (referred to as the Indonesian P&P) is essentially a 

Forest Practices Code for Indonesia. It was published in the same year as the A-P Code and 

contains much in common with it, but excludes Table 11 of the A-P Code, which defines 

harvest and machinery limits for different soil erosion/slope classes. The Indonesian P&P is 

a voluntary code and its introduction points out that implementation of the Indonesian P&P 

requires “an effective legislative and regulatory framework that enables and encourages 

appropriate forest management practices.” 

Commentary 

The A-P Code appears to be a ‘generic’ version of the Indonesian P&P. Except for the slope 

limit table referred to above, there are few significant differences between the A-P Code and 

the Indonesian P&P regarding soil and water issues. Consequently the Indonesian P&P has 

not been reviewed in detail.  

 

1.2.5.  National Code of Forest Harvesting Practices in Myanmar (Union of Myanmar, 

Ministry of Forestry 2000) 

The National Code of Forest Harvesting Practices in Myanmar (referred to as the Myanmar 

Code) states that the code “provides guidelines and standards to be followed in forest 

harvesting for all types of production forests so that environmentally and socially 

undesirable impacts, if any, are kept within acceptable limits”. The authority of this 

statement is weakened by the qualification that follows it: “the guidelines stipulated in the 

code can be adjusted to the existing capacity and resources of the responsible institution”. 

The Code follows the A-P Code in having a comprehensive planning section (pp. 13–34). 

Buffer zone widths on lakes, lagoons, the shoreline, water storage areas, landslides and 

watercourses (Table 4-1, p. 25; Figure 4.3, p. 26) follow those in the A-P Code, with minor 

differences in wording.  Throughout the Code there are prescriptions for methods involving 

use of elephants, particularly for log skidding. In contrast to the A-P Code of Practice, 
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which limits machine types and harvest  according to four soil erosion and four slope classes 

(p. 83), the Myanmar Code contains no table limiting harvest in any terrain other than 

riparian areas, except for Table 4-1 (p. 25) which specifies that landslips will be protected 

by buffers. 

 Helicopter harvest is not dealt with in detail, although on p. 73 it is mentioned as a method 

“that could become common practice in future”. It is stated that one disadvantage of 

helicopter logging is that it could cause erosion on steep slopes. 

 Evaluation of operations during and after harvest is encouraged but no formal checklists are 

provided and it is not clear who should do the evaluating or how evaluations are to be 

carried out. No system for applying corrective actions or sanctions is described. 

 Commentary 

The Myanmar Code does not contain prescriptions useful for updating the LCOP, other than 

those already considered in the A-P Code of Practice. 

 

1.2.6.  Reduced Impact Logging Guidelines for Indonesia (Elias et al. 2001) 

The Reduced Impact Logging Guidelines for Indonesia (referred to as RILGI) are written as 

a practical guide for supervisors, roading contractors and harvesters who wish to implement 

the Indonesian P&P. It appears to have been written as a powerpoint presentation. Pictures 

and key messages predominate. 

 Some diagrams present useful examples which may be applicable to PNG and the PNG 

LCOP. For example, the most detailed harvest maps show the location of every tree to be 

felled as well as trees to be protected as “nucleus trees,” “protected trees” and “mother 

trees” (Figure 2). Figure 2 appears to an example of best practice that may not be routinely 

achieved: the Indonesian P&P does not insist on maps of this detail for every operation. 

Commentary 

The Reduced Impact Logging Guidelines for Indonesia are an excellent technical guide for 

on-ground work. They are not a substitute or alternative for the Indonesian P&P, which is 

effectively the Indonesian Code. With modification for PNG conditions, and with PNG 

examples, RILGI could serve as a basis for producing a series of technical guidebooks and 

training manuals (web-based and printed) to support the PNG LCOP. 
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1.2.7.  The Guyana Code of Practice for Timber Harvesting, 2
nd

 edition (Guyana 

Forestry Commission 2002) 

The Guyana Code of Practice for Timber Harvesting, 2
nd

 edition (referred to as the Guyana 

Code) was one of the first tropical codes to be updated. It is legally binding on all new 

logging concessions (TSAs, WCLs and SFPs in the Guyana system). Like the Tasmanian 

Code (FPB 2000), it contains two types of statements: “shall” and “should” statements. The 

“shall” statements must be applied and the “should” statements “show the desirable practice 

for most situations and should be interpreted taking into account local conditions”. The 

Guyana Code focuses on “what should be done” rather than “how to do it” (p. 4) and the 

“how to” documents (such as silvicultural prescriptions), are the subject of separate reports.  

The Guyana Code is 88 pages long and contains 10 major sections 

1. Introduction 

2. Planning Requirements 

3. Exclusion areas and buffer strips 

4. Construction works for logging 

5. Logging operations 

6. Post-harvest activities 

7. Operational Hygiene 

8. Camp Hygiene 

9. Health and safety 

10. Social issues 

These are followed by a Glossary, References (actually a limited bibliography) and 

appendices. 

The Guyana Code emphasises the importance of Strategic, Operational (5-year) and Annual 

planning. Planning should allow for 7 forest zones: permanent production, permanent 

protection, reserves, extractive, multiple-use, permanent research, and conversion. Five 

methods of preserving biodiversity are listed. 

 Susceptibility to site degradation is recognised as an important criterion determining 

whether there are limitations to sustainable use of the forest area, but as degradation 

potential of Guyana’s soils was not well known at the time of the Code’s writing (p.7), a 

uniform upper slope limit for harvest is prescribed (22
o
; p. 13), well below the 30

o
 upper 

slope limit for harvest in the LCOP. Susceptibility to erosion and compaction is considered 

to be high for most of Guyana’s soils “except for laterite and white sand soils” (p. 15) but no 

exceptions are made for the latter grouping. 
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Figure 2. Example of a detailed planning map (RILGI, p. 27) showing all trees to be harvested 

(open red circles) and non-harvestable trees (green squares, grey triangles and solid red 

circles). Although the Indonesian P&P (p. 42) specifies that all trees for harvest must be 

marked in the field, it does not insist that a planning map showing this amount of detail is 

produced for every harvest operation. 

 



PNG LCOP Soil and Water Review - May 2013 

Page 36 of 77 

The allowable harvest is based on limiting average logging intensity to an annual allowable 

cut of 1/3 m
3
/ha/yr with a maximum yield of 20 m

3
/ha in any one harvest, which translates 

to an average logging intensity of about 10 trees/ha. The figures assume that repeat harvest 

can occur every 60 years. The research behind these figures is that of Neil Bird (Bird 2000, 

2001). The Code includes a principle that is a major innovation for tropical forest codes: 

“sustained yields can only be ensured if a minimum stocking is retained after logging for 

each individual desirable species”. However, although yield limits are discussed on pp. 7–8, 

the Guyana Code provides no guidance on applying these limits in the field, except that 

cutting limits for individual species (p. 42) should be determined from a forest management 

plan. 

Section 2.4 details the planning required in Guyana forests. A 100% pre-harvest inventory 

(stock survey) is required for each block to be harvested, i.e. maps have to show all trees 

that will be harvested. Sample maps are not shown, but presumably they look something 

like the RILGI map shown in Figure 2. Maps must also show all land over 22
o
 (i.e. no-

logging zones), and all watercourses creeks and waterways (drainage depressions) and 

streamside buffer widths. 

 

Table 12. Definitions applied to watercourses, rivers, creeks, gullies, waterways, swamps and 

lakes in the Guyana Code.  
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Watercourses definitions (Table 12) appear to have been adapted from the A-P Code. In 

contrast to the A-P Code only the two largest classes of streams require buffers (Table 13) 

and there is no class of stream requiring a buffer 10 m wide. The Gully definition differs 

from that in the A-P Code: in the Guyana Code water may flow in gullies for up to 6 months 

per year, whereas the A-P Code specifies water running for less than 2 months per year. 

Waterways have a similar definition to that in the A-P Code and a similar 5 m no-machinery 

buffer is applied. 

A feature of the Guyana Code is that the no-harvest buffer strip on rivers and creeks begins 

where the river bank slope is <50% (27
o
); if there is no steep bank it begins at the edge of 

the floodplain. The no-machinery buffer zone on gullies begins where the bank slope is 

<30% (16
o
). 

Swamps are given a 20 m buffer, in contrast to the LCOP in which they are given a 100 m 

buffer, the A-P and Vanuatu Codes in which they are given a 10 m buffer, and the SI Code 

in which they are given no protection. Landslides are not specifically protected. 

 

Table 13. Buffer specifications in the Guyana Code. 
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In Road Planning it is recommended that “highly erosive soils” are avoided (p. 21), but 

these are not defined. Roads should be built “at least 40 m away from the edge of buffer 

strips (e.g. “60 m from the banks of creeks, 50 m from the edges of a gullies [sic], except at 

designated watercourse crossing points”, p. 22). Minimum spacings between drains on roads 

only take into account slope, not soil erodibility (Table 14) and spacings are closer than 

those defined in the LCOP (Table 3). On skid trails (p. 26) minimum drain spacings are 

wider than those specified for roads (Table 15). 

 

Table 14. Drain spacings in relation to road gradient in the Guyana Code. 

Road Gradient             
(%) 

Drain spacing           
(m) 

0–5 80 

5–10 40 

10–20 30 

 

Table 15. Cross-drain spacings in relation to slopes on skid trails in the Guyana Code. 

Trail Gradient               
(%) 

Cross-drain spacing 
(m) 

0–5 Not required 

5–10 80 

10–20 40 

>20 20 

 

Commentary 

The Guyana Code is one of the most comprehensive of the ‘modern’ (updated) Codes for 

tropical forests. If health and safety issues were excluded (and covered by separate 

documents) the Code would become more focussed on environmental issues. Although the 

Code emphasises that it is about “what should be done” rather than “how to do it” the Code 

is excessively “wordy” and contains a lot of detail that could be better covered in technical 

bulletins. For example, the detail on what to include in annual plans (pp. 9–11) could be 

listed in a separate Planning Manual.  

Although the Guyana Code post-dates the A-P Code it contains no section on post-harvest 

checks or compliance monitoring.  

The Code addresses the difficult issue of determining sustainable harvest levels for 

individual species in discussion (pp. 7–8) but fails to develop a practical rule. It appears that 

a supporting bulletin estimating sustainable harvest intensities for different species within 

different ecosystems is required. Such a rule would have important implications for 

protecting soil and water values as well as flora and fauna. 

The Guyana Code contains the innovative provision that buffers on Class 1 and 2 streams 

with steep riparian zones are to be measured from the top of the steep bank, effectively 
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extending the 30 m and 20 m buffers on Class 1 and 2 streams respectively. However, 

smaller streams receive less protection than in the A-P Code. 

In both the Guyana Code and the LCOP gullies are described as having soil cover in their 

beds. It seems unlikely that a gully with water flowing 6 months per year and having 

channel banks >30 cm high would retain soil cover in its channel, so the Guyana gully 

definition is considered to be unsatisfactory: active erosion in gullies has almost certainly 

been underestimated and gullies would be better considered as equivalent to Class 3 streams 

in the A-P Code, where they receive a 10 m no-harvest buffer. If this argument is accepted, 

gullies as defined in the LCOP should also have a 10 m buffer rather than the 10 m 

machine-exclusion zone presently applied. 

Although the Guyana Code recognises differences in soil erosion potential, the Code does 

not use soil erodibility as a factor in determining soil management, except in one or two 

instances. 

 

1.2.8.  Fiji Forest Harvesting Code of Practice 2010 (Ministry of Fisheries and Forests 

2010) 

The Fiji Forest Harvesting Code of Practice 2010 (referred to as the Fiji Code) is the most 

recently revised Code in the Asia-Pacific region. The Fiji Code is legally binding “on all 

parties and individuals involved in marking, felling, extracting, loading and hauling wood 

and wood products from all forests in the Republic of Fiji” and the Code applies to both 

plantation and indigenous forests (Fijian Code, p. 1). Prescriptions in the Code are generally 

either “must” or “should” statements. The words “should be considered” are used in a few 

instances. The Code does not contain a mission statement but its aims are defined as 

“protecting the forest environment, its assets and its users, while allowing the execution of 

economically viable operations within acceptable safety standards” and “optimis[ing] the 

utilisation of forest resources in an ecologically sustainable manner.” 

A feature of the Code is its emphasis on planning, including sections on Pre-operational 

Inspection, Pre-harvest Inventory, Silvicultural Prescriptions and a Harvesting Plan. All 

harvest is selective and based on a Diameter Limit Table published by the Fijian Forestry 

Department, but not included in the Code. Harvesting Plans are submitted to a Forest 

Practices Officer for certification. All parties are required to comply with the plan and any 

certified variations. All trees designated for felling are required to be shown on maps at a 

scale of 1:2000 or 1:5000 (see also Figure 2). 

Section 7 of the Code specifies the training and accreditation required for anyone (including 

landowners) undertaking harvesting activities.  

Section 8 deals with wet weather restrictions and also with buffers on streams. In indigenous 

forests there are three classes of perennial streams on which 30 m, 20 m and 10 m no-

harvest reserves are applied, and one class of intermittent streams on which the prescription 

is a 10 m no-machinery zone (Table 16). In contrast to the A-P Code and the LCOP buffers 
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are measured from stream banks, not the outer limit of the riparian zone with 10 m trees – 

possibly because most forested land in Fiji is on rolling, hilly and steep land where 

floodplains are not significant landforms. There is no provision for measuring buffers from 

the edge of steep riparian areas adjoining streams (as specified in the Guyana Code). In 

contrast to the comprehensive buffers applied to Class 1, 2 and 3 stream in native forest, 

only a 10 m no-machinery zone is also applied to streams of any class in plantations, with 

no provision for post-harvest revegetation with indigenous species in the riparian area of 

streams of any class. Soil erodibility or actual erosion features in streams are not taken into 

account when determining buffer widths but “a Forest Practices Officer may prescribe wider 

buffer widths in a Harvesting Plan where necessary to protect sensitive streams of 

catchments” (Fiji Code, p. 12). 

 

Table 16. Minimum buffer widths for streams, from the Fiji Code, p. 12. Note that “20 m” (top 

left) should read “>20 m”. 

 

 

Section 10 (pp. 13–21) covers road building, including stream crossings. Roads are divided 

into two categories: major and minor, although the terms Category A and Category B are 

also used and are presumably equivalent. Category B roads are generally not metalled, but 

the Code specifies that consideration should be given to metalling them where gradients are 

steep or soils are erodible (p. 20). Total road clearing width is 20 m for major roads and 15 

m for minor roads, and total road width within this cleared area is set at 6 m and 4 m 

respectively.  

Side cuts receive more attention than in most Codes: box cuts and side cuts must be shown 

on the Harvesting Plan and side cuts “should generally not be located on slopes greater than 

30
o
 (58%) on stable soils, or 25

o
 (46%) on unstable soils. What constitutes a “stable” or 

“unstable” soil is not defined, but presumably stability is to be judged from observations in 
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the area. Wherever roads are sidecut they must be built on solid ground, not on fill. Sidecuts 

>3 m high must be benched, with benches angled back towards the cut. (A similar rule is 

applied in the road batter guidelines in Tasmania.
4
) Where sidecuts are not required but 

roads are cleared of vegetation the Code specifies that soil disturbance should be avoided (p. 

21). 

The maximum spacing between cross drains on roads is shown in Table 17. In this table 

“low erodibility” and “high erodibility” are not defined. Cross drains are also required 

within 50 m of stream crossings, and the Code specifies that ideally cross drains near 

streams should discharge water into at least 30 m of vegetation. The 100 m difference 

between the specified spacings on roads in low erodibility soils as slope increases from 9
o
 to 

10
o
 is large and intermediate slope classes appear to be required. 

 

Table 17. Maximum spacing between cross drains in the Fiji Code. Note the mistake in the 

first column: “>20%” should read “>16%.” 

 

Subsection 10.7 covers stream crossings. It is recommended that the upstream side of 

bridged crossings should be protected with rocks, sandbags or logs (p. 18), but not the 

downstream side, where erosion is also common, because of turbulence produced by storm 

flows through the bridged constriction in the channel. Where temporary crossings are 

required they must either be fords (where stream beds are gravelly) or log bridges. Log 

clusters with soil fill are not permitted.  

Section 11 covers Felling Operation[s]. There is no table indicating appropriate machinery 

to be used on different soil/slope combinations, but the upper slope limit of harvest is 

specified as 25
o 
(Table 18), although this limit may be exceeded. The Fiji Code qualification 

that slopes are not excluded until they are 100 m long could be included in the LCOP. 

Landslide areas are not protected. 

 

Table 18.  The only measure limiting harvest and machinery access on slopes in the Fiji Code 

is this statement on page 22. 

 

                                                 

4 http://www.fpa.tas.gov.au/__data/assets/pdf_file/0005/73148/Road_batters_in_highly_erodible_soils_-_Guidelines.pdf  

http://www.fpa.tas.gov.au/__data/assets/pdf_file/0005/73148/Road_batters_in_highly_erodible_soils_-_Guidelines.pdf
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Sections 12 and 13 cover Skid Tracks and Landings. Side cutting “should be avoided as 

much as possible” and “box cuts should be avoided, as they are difficult or impossible to 

drain” (p. 26). On steep slopes (which are not defined) machines are required to remain on 

designated skid tracks and to use winching techniques to remove logs (p. 26).  

Section 14 is entitled “Rehabilitation of Harvest Area” and covers decommissioning of skid 

tracks and landings, debris in watercourses, and the final state of roads, quarries and bridges 

once harvest ceases. Required spacings of cross drains on skid tracks are defined in Table 

14.1 (Table 19) and again the terms low and high erodibility are used, without definition. 

 

Table 19. Minimum drain spacings on rehabilitated skid tracks in the Fiji Code. 

 

 

There are short sections on Forest Hygiene, Harvesting Machine Standards and Harvesting 

Supervision, and a surprisingly short section (half page) on Monitoring and Evaluation of 

Operations, with no sample forms or instructions on how to score harvest operations against 

known standards, and no forms indicating which compliance checks are important to 

undertake. However, corrective actions are mentioned. 

The three Annexes (appendices) consist of a Glossary, a list of Personal Protective 

Equipment, and a list of courses available at the Fiji School of Forestry. The Glossary does 

not include definitions of erodible soils or the lower limit of steep slopes. 

Commentary 

The strength of the Fiji Code is that it is legally binding over all forest land tenures. 

However, compliance protocols are poorly defined.  

The Fiji Code goes part way to introducing a soil erodibility factor into rules governing 

forestry land use, particularly in rules governing cross drain spacing on roads and skid 

tracks, and in rules covering cut batters; however, interpretation of the Code appears to be 

hampered because concepts like soil erodibility classes and stable and unstable soils are not 

defined, or related to rock types.  
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The Code is silent on landslides and erosion in stream gullies. Surprisingly, there is also no 

table showing what machines should be used on different soil/slope combinations, so in 

theory harvest on slopes up to 25
o
 can occur with little restriction, and harvest can occur on 

steeper slopes with only the vague safeguard that “measures should be taken to avoid 

erosion and environmental harm”. 

Stream buffers are comprehensive and buffers are required on three classes of perennially-

flowing streams, including minor streams with channels 0–10 m wide. There is scope for 

including an erosion criterion into the buffer table (see Table 16 above) so that channels of 

non-perennial streams showing erosion features are also provided with protection. 

 

1.3.  Recommendations 

The soil and water provisions of the PNG LCOP have been compared to those in related 

codes of practice and following recommendations are made:  

1. Status of prescriptions. Prescriptions should be divided into “shall” statements 

and “should” statements, and the differences between these two need to be 

explained. The status of the 23 “Key Standards” needs clarifying. The risk that 

the key standards, if retained, will become an alternative abbreviated LCOP 

needs addressing.  

2. Planning. The PMC procedures should be upgraded to outline the main 

components of good planning to protect soil and water values. The PMC 

procedures can also give clearer guidance on what soil and water checks should 

be made on operations, and who should make them. 

3. Soil and water considerations. Soil erodibility is mentioned by some tropical 

codes, but no code comprehensively incorporates this important risk factor into 

prescriptions. A simple erodibility classification needs to be developed for PNG 

forest soils. Stream buffer widths need to be revised taking into account effective 

provisions of other codes and scientific evidence. No code specifically mentions 

the need to maintain soil organic matter (soil carbon) for the purpose of 

maintaining fertility or for carbon accounting. 

4. Defining suitable areas for logging and setup dispersal. A simple scheme 

needs to be incorporated into the LCOP, distinguishing soils and landscapes with 

different erosion risks. This scheme then needs to be incorporated into land 

management rules and guidelines pertaining to soil disturbance and erosion risk, 

e.g. buffers, drain spacing, harvest limits on slopes and landslides. 

5. Drainage of roads and skid trails. Many details of road design can be dealt 

with in technical documents rather than in the LCOP, but a major issue requiring 

attention in the LCOP is road drainage in relation to slope and soil erodibility. 
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6. Decommissioning. The LCOP needs to make clear that infrastructure such as 

roads and culverts either needs to be maintained after logging, or 

decommissioned. 

7. Monitoring and research. None of the codes reviewed except the Guyana Code 

recognise the importance of continual improvement by incorporating latest 

research into the forest codes. A mechanism for incorporating new guidelines 

into the LCOP is required, so that soil and water prescriptions and guidelines are 

able to be modified in line with technical and scientific developments and 

demands of certification authorities.  

8. Separation of subject matter. The LCOP should concentrate on “what should 

be done”; details on “how to do it” can be referenced to appropriate sources or 

technical bulletins written to support the LCOP. 
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2. PART 2. Review of the scientific research relevant to the soil 

and water provisions in the LCOP with recommendations for 

LCOP changes 

 

Part 1 of this review has identified several modifications and deficiencies, which if 

addressed, would help to make the PNG LCOP more effective in minimising effects of 

forest harvest on soil and water values: 

 Status of prescriptions  

 Planning 

 Compliance 

 Soil and water considerations 

 Defining suitable areas for logging and setup dispersal 

 Drainage of roads and skid trails 

 Decommissioning 

 Monitoring and research  

 Separation of subject matter 

These major issues are discussed with below, together with the issue of maintaining levels 

of soil organic matter (soil carbon), and changes to the LCOP are proposed. 

2.1.  Status of prescriptions 

It is recommended that, as in the Tasmanian and Guyana Codes, prescriptions are divided 

into those which are obligatory in all situations, those which should be applied but which 

can be tailored to the demands of the field situation, and those which are recommended best 

practice or guidelines. Accordingly, the Introduction to the revised LCOP needs a statement 

similar to that in the Tasmanian Code (FPB 2000, p. 2), which has been adapted below, so 

that it applies to PNG: 

The LCOP contains two different types of statements governing management 

prescriptions: “shall” and “should” statements. The “shall” statements are to be 

applied to all forest operations covered by the LCOP. The “should” statements show 

the desirable practice for most situations and are to be interpreted by foresters 

taking account of local conditions. “Should” statements will be applied unless there 

are good reasons for making exceptions, and acceptable environmental outcomes 

are achieved. Other guidelines are best practices that will generally be applicable 

but can be tailored to the demands of the field situation. 

The “shall” and the “should” statements effectively define the minimum standards that the 

LCOP sets out to achieve, and therefore will provide a sound basis on which to base 

compliance checks and reports. Consequently the present subset of rules forming the “Key 

Standards” can be dispensed with. Dispensing with the Key Standards avoids the risk that 

they are regarded as an alternative and minimum code. 
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2.2.  Planning for soil and water issues 

The Vanuatu Code, A-P Code and Guyana Code all have comprehensive sections on 

Planning procedures. Detailed structures vary. For example, stream buffers can be defined 

in the Planning section (A-P Code, Vanuatu Code) or in separate sections on exclusion 

zones (Fiji Code, Guyana Code). In this review it is considered that planning should cover 

all those issues that need to be shown on maps or specified in the harvest plan, that are 

inappropriate to be decided by tree fellers or machinery operators in the forest. So it is 

suggested that the LCOP and PMC procedures cover the principles behind the topics below. 

(Topics marked with an asterisk (*) are not primarily soil and water issues so are not 

covered in this review.) 

 Long-term planning, annual plans and set-up plans* 

 Map scales* 

 Resource inventory* 

 Community involvement* 

 Biodiversity considerations* 

 Silvicultural prescriptions including rules for selecting merchantable trees* 

 Exclusion areas 

 Defining suitable areas for logging and setup dispersal 

 Setup design, setup size, the setup map and setup amendments 

 Locations of roads, skid trails and landings 

 

2.3.  Compliance for soil and water issues 

Up until now compliance audits in PNG appear to have centred largely around the “Key 

standards”. It is suggested that a wider set of compliance questions should be put together, 

testing whether the “shall” and “should” statements governing soil and water issues in a 

revised LCOP have been put into practice. Also forming part of the compliance audits 

should be more open questions directed towards assessing environmental outcomes such as 

“Have streams eroded appreciably since harvest began?” “Are roadside drains showing 

signs of erosion?”, “Has mass movement occurred on hilly land?” or “Have there been off-

site effects?” The A-P Code provides sample compliance questions and these questions 

could be modified, expanded and edited to suit PNG conditions. 

It is recommended that the model proposed in the A-P Code is adopted: the PMC 

procedures should include the following:  

 a checklist of questions relating to soil and water issues, the answers to which are 

scored;  

 a form designating corrective actions required; and  

 a “sign-off” form to be completed after final inspections.  
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It is important that results of compliance checks are formally published – this provides an 

incentive for good operators to maintain (and gain credit for) high standards and for poor 

operators to improve. Details of how an improved compliance system might work, and 

questions like whether PNGFA staff or accredited company officers should be responsible 

for ensuring compliance, are the subject of a separate report by the review team. 

 

2.4.  Soil and water considerations 

2.4.1.  Effects of logging on streamflow, erosion and channel character 

The influence of harvest and landscape disturbance on streamflows in tropical forests has 

been the subject of three wide-ranging reviews (Bruijnzeel 2004; Chappell et al. 2005; 

Douglas 1999), although none of the reviews were centred on PNG or contained information 

on the streams and forests of PNG. Simply removing trees has a major effect on streamflows 

because of the consequent decrease in evapotranspiration: removing 33% of the forest cover 

results in a significant increase in annual streamflow for 3 years (Bruijnzeel 2004, p. 195) 

and complete forest clearance increases water yield by between 145 and 820 mm/yr, the 

variability of this figure being accounted for by site variations such as soil depth, soil 

fertility and disturbance at harvest. (The maximum increase of 820 mm/yr is higher than the 

330 mm/yr recorded by Vertessy (1999) for a 78% clearfall in temperate eucalypt forests of 

Victoria, Australia, and reflects the greater evapotranspiration (c. 1000 mm/yr) of tropical 

forests when soil moisture is not limiting.) Secondary tropical forest transpires about 250 

mm less water than primary forest (Bruijnzeel 2004, p. 197). 

Douglas (1999) noted the effect of intense cyclonic storms in drastically increasing 

streamflows and increasing erosion. In Sabah, Borneo a storm in 1996 produced 178 mm of 

rain in 11 h, and in 24 h the river discharged 29% of the total sediment load it had 

discharged over the previous four years. In granitic steeplands of peninsular Malaysia 

Douglas (1999) noted that 94% of total 2-year sediment yield was transported during 

storms. Many parts of PNG receive 100–320 mm daily rainfall at least once every 2 years 

(Bleeker 1983, p. 178) and Bellamy (1995) noted 10 weather stations where 1–6% of annual 

rainfall periodically fell at intensities of >100 mm/h. Maximum daily rainfall is highest in 

southern New Britain where it can be as much as 320 mm/day (Bleeker 1983, p. 178). 

On hilly and steep land the hydrological risks of increased runoff after harvest are 

compounded by other risks associated with road construction, stream crossings, skid trails, 

shallow soils with less water holding capacity, mass movement and other forms of erosion, 

and selectively logged areas are not immune (e.g. Bruijnzeel 2004; Bunce et al. 2001; 

Chappell et al. 2004; Croke et al. 1999; Douglas 2003; Haigh et al. 2004; Haydon et al. 

1991; James 1993; Sidle & Dhakal 2003; Sidle et al. 2006; Walsh et al. 2006, 2011a; 

Williamson 1990; Ziegler et al. 2006). In disturbed tropical catchments extreme rainfall is 

especially damaging (De Graff et al. 2012) and can erode as much sediment in one day as is 

normally eroded in a year (Douglas et al. 1999). Sedimentation rates resulting from 
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steepland harvest can be 7–13 times those resulting from harvest on low angle slopes 

(Walsh et al. 2011a).  

In hilly and steep harvest areas there is extensive evidence that roads and tracks are one of 

the major causes of erosion (Douglas 1999, p. 1733–1734): unsealed roads have lower 

saturated hydraulic conductivity, higher bulk density and fewer opportunities for percolation 

than the surrounding forest. Decreased infiltration of water on compacted skid trails in 

Sabah hill country caused an eight-fold increase in erosion (390 t/ha in the logged area v. 51 

t/ha in the undisturbed forest) (Douglas 1999). When roads are insufficiently drained they 

become rilled and gullied and carry water in every storm, so that they “become part of the 

integrated ephemeral drainage network feeding water to streams . . . thus increasing the rate 

and magnitude of storm run-off” (Douglas 1999, p. 1733). In one study in a hilly and steep 

upper catchment in Sabah Walsh et al. (2011a) found that in one year 49% of the sediment 

yield came from 10% of the catchment area that was affected by road-linked landslides. 

Road crossings are important point sources of sediments in forested streams (Fahey and 

Crokewr 1989; Croke et al. 1999; Douglas et al. 1992; Walsh et al. 2011a) although rapid 

revegetation of bare soil in the wet tropics can mitigate effects quickly over time (Douglas 

et al. 1992; Walsh et al. 2011a).  

The increased rates of erosion in headwaters may not be immediately apparent further 

downstream, as the larger streams store sediments in their channels and floodplains 

(Douglas 1999, p. 1727). In undisturbed catchments most erosion occurs by the mobilisation 

of sediment in ephemeral channels, rapid bank erosion and the erosion of metastable 

sediment in the main channels (Douglas et al. 1990), emphasising the need to ensure that 

erosion from these sources is not increased by logging activities.  

Risks can be reduced by careful planning of forest operations, and such planning should 

take into account the inherent erosion risks involved when soils and rocks are disturbed as 

well as good engineering principles. In their review paper on management of tropical forest 

harvest Walsh et al. (2011b) considered that erosion risks were very high on slopes of  >25
o
; 

this can be taken as an average figure – there is likely to be some dependence on soil 

properties. Douglas (1999) recommended several measures to limit erosion associated with 

roads and tracks: aligning roads along contours, proper drainage, construction of water bars 

(cross-drains) across skid trails, installation of culverts at stream crossings, blocking of 

unused tracks, minimising the widths of road clearings and tracks, and applying 20 m no-

harvest buffer strips on streams. It is crucial to take into account soil erodibility when 

planning and building roads as this soil property has a large effect on sediment production 

(Figure 3); Douglas (1999) pointed out that the best practices (e.g. ideal spacing of drains) 

for different rock types required research, but pending the results of detailed studies the 

experience gained by operators in other countries, as expressed in Codes of Practice (e.g. 

Asia-Pacific Forestry Commission 1999; FPB 2000), can be used. 

 In temperate environments it has been shown that forestry operations next to small streams 

can have a significant effect on channel character, sediment and habitat for fauna (Bunce et 

al. 2001; Davies & Nelson 1993, 1994; Davies et al. 2005) and that because gully 

headwaters are often areas of convergent flow they may actually justify wider buffers than 
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riparian areas next to major streams, where flow is not convergent (Bren 2000). In the wet 

tropics headwater erosion can be severe (Blake et al. 2006; Sayer et al. 2006; Walsh et al. 

2006, 2011a) emphasising the necessity for protection of small streams and riparian areas 

with vegetation cover. 

Although written for temperate forests, the publication by Croke et al. (1999) is an excellent 

and readable guide to the issues involved and the practical measures that can be taken to 

limit erosion associated with road building and road use around the time of harvest. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Roadside erosion in highly erodible soils. Left: the roadside drain has eroded a 1.5 m 

gully and a few metres down slope the gully has become a slot >5 m deep. 

 

 As forest harvest in PNG is likely to be increasingly directed to hilly and steep land, it is 

appropriate that the revised LCOP pays special attention to the protection of headwater 

streams and issues of roading and mass movement in hilly and steep terrain. These issues 

are further considered below. 

2.4.2.  Disturbance and erosion caused by fire 

Humans arrived in Papua New Guinea about 44 000 yr before present (BP) (O’Connell & 

Allen 2004) and the presence of charcoal in peat swamps from 40 000 yr BP in the Owen 

Stanley Ranges (Hope 2009) and later at numerous other sites (Fairburn et al. 2006; Haberle 

1998; Haberle et al. 2001; Haberle & Ledru 2001; Hope & Haberle 2005) has been 

associated with human arrival by these authors. Fire was used to clear ground for agriculture 

after 7000 yr BP (Haberle 2003). Fire continues to be used today to clear shifting garden 

plots and to burn grasslands. Although the vegetation effects of Pleistocene fires have been 

the subject of much discussion by the authors mentioned above, the effects of fire on soil 
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erosion and landscape stability have received little attention: for example Hope (2009, p. 

2274) only mentions in passing that fires during El Nino droughts in the early Holocene 

may have caused sand and silt to have eroded from hills surrounding the Kosipe valley in 

the Owen Stanley Ranges, and there is one radiocarbon age of 2000 yr BP from the Woitape 

Valley (Spenceley & Alley 1986) demonstrating substantial erosion that probably followed 

widespread clearance using fire. The effects of local fires on the soil chemistry of slash-and-

burn plots on steep slopes on coastal lowlands near Madang were mentioned by Bowman et 

al. (1990): predictably most indicators of soil fertility increased after burning but there was a 

decline in fertility with time; erosion did not appear to be an issue in the volcanic soils 

studied, possibly because a system of sticks was used by the villagers to prevent it (Bowman 

et al. 1990, Figure 1); good drainage may have also been a factor. De Neergaard et al.  

(2008) noted some depletion of cations after forest clearing on steep slopes in Sarawak but 

did not mention erosion. Bleeker (1983, plate 12.3) noted that farmers used low fences to 

prevent erosion on hilly plots near Goroka. As farmers are undoubtedly aware that garden 

production decreases if topsoil is lost it is likely that well-managed plots cleared with the 

help of fire do not routinely cause erosion.  

There have undoubtedly been cases of fire escapes from slash-and-burn plots and these 

uncontrolled fires, and widespread fires which happen in drought-inducing El Nino events 

(Haberle et al. 2001; Shearman & Bryan 2011), unrelated to clearing for subsistence 

agriculture (Shearman et al. 2009), are more likely to have caused erosion but the effects do 

not appear to have been systematically documented. Fr example, Shearman and Bryan 

(2011, Figure 5) show an upper catchment in the Finisterre Ranges totally deforested by fire, 

probably during the 1997–1998 El Nino event, but any erosion was not documented and that 

visible ten years later is appears to be local; although all slopes illustrated show the effects 

of gullying some of this erosion may be much older. 

In general, while repeated fires can undoubtedly reduce landscape stability (e.g. Figure 6), 

the evidence to date indicates that fire is not a major issue in commercial forestry contexts 

where continued native forest production is envisaged. However, the issue of fire-induced 

erosion and related issues such as loss of nutrients by burning requires further research. 

2.4.3.   Stream definition 

As pointed out in Part 1 of this review, the watercourse definition in the LCOP is 

unsatisfactory because small permanently flowing streams <1 m wide are not classified – 

they neither fit the Class 2 definition nor the non-permanent watercourse definition. In 

addition, the potential (and likely actual) contribution of disturbed small streams to sediment 

generation in catchments is ignored by the present LCOP. Consequently it is proposed that 

stream definitions in the LCOP are extended (Table 20) to include minor streams with 

channels <1 m wide and distinct channel banks, and that these Class 3 streams should be 

divided into eroding and non-eroding types, based on field inspection and recorded presence 

or absence of:  

 near-vertical stream banks 1 m high or more;  

 fresh boulders >10 cm diameter in channels;  
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 tunnel-gully erosion
5
; or  

 landslides in riparian areas (Figure 4).  

These four criteria are among seven used to define eroding minor streams in Tasmanian 

forests (FPA 2004; McIntosh & Laffan 2005). In Table 20 drainage channels are renamed 

drainage depressions, to clearly distinguish them from watercourses (streams) which have a 

definite channel with banks. 

 

Table 20.  Recommended new watercourse definitions for the revised LCOP. 

Class 1 and 2 streams Class 1 and 2 streams have water flowing for most (>6 months) or all of 

the year for most years. Stream channels have no vegetation growing on 

them. The beds may consist of washed sand, silt, stone or gravel, or 

exposed bedrock. They include unvegetated flood channels that are fed 

by the main channel, that may flow only intermittently. 

     Class 1 stream Channel width >5 m 

     Class 2 stream Channel width 1–5 m 

Class 3 streams Class 3 streams have a channel width <1 m. They may flow permanently 

or be intermittent. Intermittent streams have a clear mostly unvegetated 

channel with banks >10 cm high 

     Class 3e stream Channel width <1 m; evidence of active erosion taking the form of all or 

any of the following:   

 near-vertical stream banks 1 m high or more;  

 fresh boulders >10 cm diameter in channels;  

 tunnel-gully erosion; or  

 landslides in riparian areas. 

     Class 3n stream Channel width <1 m; no evidence of active erosion other than banks 

and/or gravelly base. 

Drainage depressions  Drainage depressions are usually stable, vegetated non-incised 

depressions which carry water during or after heavy rainfall. They are 

covered in soil and except after flows have a cover of litter. They may be 

linear or broad and generally their soils are mottled or gleyed. 

Swamps  Swamps have surface water present for 6 months of the year or longer. 

 

  

                                                 

5 Sayer et al. (2006) used the term “pipeflow” for tunnel gully erosion. 
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Figure 4. If adopted, the new Class 3 stream definition in the PNG LCOP will separate eroding 

and non-eroding small streams. The eroding streams (Class 3e) would be recognised by having 

tunnel gully erosion (top left), or stream banks > 1m high (top right), or active boulder 

movement in channels (bottom right), or landslides in riparian areas (bottom left), or a 

combination of these features. Class 3e streams will require a 10 m no-harvest buffer, 

measured from the channel bank. All four examples shown are from Tasmanian forests. 

2.4.4. Stream protection 

A 30 m-a-side vegetation buffer generally protects a stream against sediment inflows 

(Clinnick 1985, p. 43; Davies & Nelson 1993, 1994). In fact 6 m wide vegetated riparian 

zones removed 95–98% of sediment on soils on slopes of 9
o
 and 72–98% of sediment on 

soils of slope 13
o
 in experiments in Australian forests (Bren et al. 1997), and a 10 m buffer 
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removed an average of 72% of incoming sediment across a range of slopes from 0–13
o
 in 

Georgia, USA (White et al. 2007). But such figures are highly dependent on soil type and 

runoff intensity, and are unlikely to be typical of what happens during tropical storms, when 

most sediment is generated (De Graff et al. 2012; Sidle et al. 2006). Nitrate, being soluble 

and not readily immobilised by soils, may not be trapped even by 20 m buffers (Giller et al. 

2002), but in selectively harvested native forests, in which many root systems remain to 

absorb nutrients, nitrate pollution of streams is unlikely to be a problem. The evidence 

therefore suggests that buffers about 30 m wide are sufficient to prevent sediment entry into 

streams with low riparian slopes under “normal” conditions, but that protection against 

exceptional storms requires more general catchment protection, e.g. slope limits on harvest. 

Traditionally the widest buffers have been applied to the largest streams. For example, the 

Tasmanian Code (FPB 2000) applies 40 m buffers on Class 1 streams (largest), 30 m buffers 

on Class 2 streams (>100 ha catchment) and 20 m buffers on Class 3 streams (50–100 ha 

catchment). But Bren (2000), using the concepts of natural concentration (convergence) and 

dispersal (divergence) of water flow, considered that “a major deficiency of the ‘fixed-

width’ approach is under-protection of source areas and over-protection of downstream 

slopes contributing to a waterway”. Taken to its logical conclusion, Bren’s approach would 

apply the widest buffers to the smallest streams, and the narrowest buffers to the largest, 

which would virtually preclude harvest in headwaters of many catchments, since large areas 

would be covered by linear reserves following gullies. In practice there are other issues to be 

taken into account. For example, although the erosion risk may be high in some small 

streams, the actual amount of erosion products produced may be small if the catchments are 

not steep, and erosion is not only dependent on hydrological convergence, but on other 

factors such as soil erodibility, slope, underlying geology, harvest intensity and the design of 

the road network. In addition large streams often flow across relatively fertile floodplains, 

and may require buffers for reasons other protection from incoming sediment, e.g. for 

cultural, biodiversity and landscape reasons, or bank stabilisation. 

It is therefore proposed that the present hierarchy of the widest buffers being applied to the 

largest streams (Class 1) is retained, but with a reduced buffer width of 30 m on these 

streams rather than the 50 m presently applied. It is also proposed that wider buffers are 

applied to Class 2 streams (20 m), and that 10 m buffers are applied to small (Class 3) 

streams where they show signs of significant erosion, as denoted by their classification as 

Class 3e, because these streams are likely to erode further after harvest. Where Class 3 

streams do not show signs of significant erosion, a 10 m machinery exclusion zone should 

apply. As swamps are generally surrounded by flat land it is proposed that buffers around 

them are reduced from 100 m to 30 m.  

Table 21 summarises these proposed changes to the LCOP. 

2.4.5.  Soil erodibility 

Soil erodibility and prescriptions based on soil erosion are alluded to in several codes, e.g. 

the A-P Code, the Fiji Code and the Guyana Code, but the concept of soil erodibility is not 

defined in any of these codes and consequently no code systematically incorporates soil 
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factors into planning and prescriptions. This is undoubtedly due to the fact that soils in 

forested terrain are generally ill-defined and seldom mapped at a scale useful at the setup 

level. In Tasmanian forests, by contrast, 34 soils have been defined by Grant et al. (1995a) 

and another 34 have been described in soil fact sheets on the FPA Earth Sciences website
6
. 

Each soil has been ascribed a soil erodibility classification of low, moderate, moderate to 

high, high or very high, usually on the basis of laboratory determination of erodibility 

(Laffan et al. 1996). Consequently the Tasmanian Forest Practices Code (FPB 2000) has 

been able to use a soil/slope matrix for defining risks for issues as diverse as machine use on 

slopes (p. 32) and riparian protection (p. 83).  

Table 21.  Recommended new watercourse protection in the LCOP. 

Category Minimum buffer 

width 

Comments 

Cultural sites, reserves, 

conservation and garden areas 

100 m  

Village areas 500 m  

Lakes, lagoons, coastal 

shorelines 

100 m  

Class 1 stream 30 m Each side of the water course, measured 

from the wetted bank, or from the Stream 

Buffer Zone start point (see LCOP Glossary) 

if the stream floodplain has vegetation <10 

m high 

Class 2 stream 20 m Measured from the wetted bank 

Class 3e stream 10 m Measured from the wetted bank 

Class 3n stream No buffer Apply 10 m machinery exclusion zone 

Any stream (permanent or non-

permanent) used by the 

community 

50 m Apply for 1 km upstream of usage point 

Drainage depression No buffer Machines may cross at right angles. No 

skidding or machine access along drainage 

depression 

Swamps 50 m From the edge of maximum water extent 

 

Forest soils in PNG have not received the same amount of attention, but major soil profile 

forms in PNG have been defined (Bleeker 1983) and soil distribution has been mapped at a 

regional scale in various CSIRO bulletins. It is economically impossible to manually map 

soils at a useful scale (e.g. 1:50 000) over large areas in a landscape as complex as that in 

PNG, so soil-landscape models have been used to relate soils to landscape features (e.g. 

Haantjens et al. 1970) to predict soil distribution outside areas where soils have been 

characterised.  

                                                 

6
 http://www.fpa.tas.gov.au/fpa_services/planning_assistance/earth_sciences_planning_tools  
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Soil-landscape models have been tested with variable success: Bleeker and Speight (1978), 

working in cleared mudstone and greywacke steeplands, found predicted soils seldom 

correlated with what was actually present; in contrast Rijkse and Trangmar (1995), working 

on cleared hilly terrain in the eastern Highlands near Kainantu (between Lae and Goroka), 

correctly predicted soil profile forms at subgroup level in the USDA classification current at 

the time (Soil Survey Staff 1992) in 88–89% of instances in three landscapes (strongly 

dissected steeplands, weakly dissected hilly land and valley terraces), after soil patterns had 

been established by means of detailed surveys.  

 A feature of the dissected steeplands studied by Rijkse and Trangmar (1995) was the 

slumping on slopes >30
o
, where recent soils (Troporthents) with low organic matter content 

were mapped on concave slopes that had lost their cover of weathered volcanic ash. On 

stable sites soils had much higher organic matter (4–6% C in A horizons) and were mostly 

mapped as high organic matter Mollisols (Hapludolls or Argiudolls), with Hapludalfs 

present where clay accumulation in subsoils was most pronounced. However, even when 

applying a proven model, predicting soil erodibility is likely to be more difficult in forested 

terrain where landforms are less obvious and landscape models are harder to apply.  

While soil-landscape models can help specialists predict soils likely to be present in an 

unmapped area, their predictions are unlikely to be accurate enough for foresters to use them 

to assess specific soil risks, and furthermore, many foresters may not have the training or 

confidence to use soil-landscape models. A more direct way of assessing soil risks is 

therefore required. 

The most obvious erosion risk is landsliding (considered in more detail below) but other 

risks include topsoil loss by rilling and sheet erosion, gully erosion by streams, and tunnel 

gully erosion (Sayer et al. 2006; Trangmar et al. 1995, table 13). The crucial issue of soil 

erosion risk (i.e. soil erodibility) was considered by Bleeker (1983) who developed a four-

class system (Bleeker 1983, Table 12.3) based on the USDA soil classification system. 

Bleeker’s system has the same disadvantages as soil-landscape modelling: requiring 

foresters to formally classify soils in the highly technical USDA system, as done by Bleeker 

(1983), before assigning them to an erodibility class, demands expertise that many foresters 

are not likely to have and is considered to be too academic a step.  

Instead a system is proposed in which soil erodibility is estimated by foresters who first 

collect information from geological maps and their own observations of soils, landforms and 

rocks, and then find the best match with soils and rock types in a descriptive classification 

(Table 22; Figure 5) based on the informal soil descriptions of Bleeker (1983, table 12.3) 

usefully summarised by Basher et al. (1995, annex 7). Table 22 covers the major rock types 

in PNG (Davies 2012); it does not attempt to reproduce precisely Bleeker’s 1983 four-class 

system, but soil classes should roughly coincide.  

Over time Table 22 can be refined and updated based on local observations (e.g. Figure 6), 

regional land systems assessments (such as the series of bulletins issued by CSIRO in the 
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1960s to 1980s) and regional geological maps available from the Mineral Resources 

Authority, Port Moresby
7
.  

The soil erodibility classification (Table 22) can then be used to create a basic soil/slope 

matrix to predict erosion risk (Table 23), which in turn can be used to govern harvest limits 

and machine use on slopes, as well as issues like drain spacing on roads and cross drain 

spacing on decommissioned skid trails. 

 

Table 22. Draft guidelines for estimating soil erodibility in Papua New Guinea, based on 

parent rock type or profile characteristics. 

Very low erodibility Low erodibility Moderate erodibility High erodibility 

 Well-structured 

clayey soils with 

moderate to high 

organic matter 

and moderate to 

rapid 

permeability 

 Very stony soils 

(>80% stones)  

 Soils formed in 

thick (>1 m) 

moderately 

weathered 

volcanic ash, 

basalt, basic, 

ultrabasic or 

intermediate 

igneous rocks  

 Soils formed in silty 

and clayey recent 

alluvium, excluding 

cracking clays 

 Soils formed in thick 

(>1 m) strongly 

weathered (kaolinitic) 

volcanic ash and other 

rocks
1
 

 Moderately stony soils 

(50–80% stones) 

 Soils with a distinct 

slowly-permeable pan 

(either thin or 

massive) within 1 m 

depth 

 Texture-contrast soils 

with an A2 horizon 

<30 cm thick 

 Thick sandy soils with 

well developed A1 

horizons in old dunes 

 Most soils >50 cm 

deep not defined as 

Low or High 

erodibility and formed 

from lithified folded 

and jointed 

sedimentary rocks 

 Thin (<50 cm) soils 

on granite, phyllite, 

schist or limestone  

 Soils formed in 

weakly weathered 

recent volcanic ash 

 Soils formed in 

moderately to 

strongly weathered 

volcanic ash 

overlying basement 

rocks at <1 m depth 

 Thick sandy soils in 

unconsolidated 

Quaternary or 

Tertiary alluvium 

 Thick sandy soils in 

active dunes 

 Thick silty soils 

(alluvial or aeolian) 

 Sodic or magnesic 

soils formed in 

coastal areas 

 Texture-contrast 

soils with an A2 

horizon >30 cm 

thick 

 Soils with cracking 

clays
2 
 

 

1
Generally classified as Ultisols in US Soil Taxonomy (Soil Survey Staff 2010). 

2
Generally classified as Vertisols in US Soil Taxonomy (Soil Survey Staff 2010). 

 

                                                 

7
 http://www.mra-

shop.com/Portals/2/Publications/MAPS%20&%20PUBLICATIONS%20SALES%20INFORMATION.pdf  
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Table 23. Classification of landscape erosion risk (LER) using a soil/slope matrix. Note 

that any soil/slope combination showing actual erosion over a significant area (e.g. 

>5% of the land having significant topsoil loss, rilling or landslides) or containing 

streams showing erosion features should be assigned to either the Medium or High 

LER class. 

 

Soil erodibility (from Table 22) Landscape Erosion Risk (LER) 

Slope (degrees) 

0–11 12–19 20–26 27–35 >35 

Very low Low Low Low Medium High 

Low Low Low Medium Medium High 

Moderate Low Low Medium High High 

High Low Medium High High High 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Soils developed in >50 cm of 

recent rhyolitic volcanic ash (top left) are 

classified as having high erodibility, and 

require special measures to limit their 

erosion. In contrast, soils formed in 

strongly kaolinitic weathered volcanic ash 

(right) have moderate erodibility. Soils on 

alluvial terraces near Mumeng typically 

have >80% stones (lower left) and have 

low erodibility. 

 



PNG LCOP Soil and Water Review - May 2013 

Page 58 of 77 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Erosion in soils formed in slope deposits derived from schist near Mumeng, probably 

caused by forest harvest and/or repeated fires. These soils are defined as having moderate 

erodibility as they fit the criterion “Most soils >50 cm deep not defined as Low or High 

erodibility and formed from lithified folded and jointed sedimentary rocks” in Table 22. 

Because they occur on slopes >27
o
 they have high Landscape Erosion Risk (LER). If these 

slopes were forested, logging would not be allowed (Table 23), and in the example shown this 

prescription would clearly have been justified. 

2.4.6.  Landslides and mass movement 

Bruijnzeel (2004) downplayed the role of forest cover in preventing deep-seated (>3 m 

depth) landslides and considered that steepness and rainfall (particularly rainfall intensity 

during intense storms) were the primary factors affecting instability. There is no doubt that 

intense storms cause devastating debris flows in hilly and steep land, and may cause debris 

dams, flow surges and sediment pulses in major streams that they affect (De Graff et al. 

2012), but Bruijnzeel (2004) seems to have underestimated the role of man-made 

disturbance, and forest roads in particular, in redirecting and concentrating water flow, and 

in undercutting steep slopes. These processes were manifestly evident in an extreme 

example of road-associated landslides described by Sidle et al. (2011) in Yunnan, China: 

along a 23.5 km stretch of road in unforested land sediment yield averaged 9600 t/ha/yr, as a 

result of destabilisation of slopes above the road by sidecutting, erosion of loose spoil below 

the road, and stream crossings. In forested land erosion is less severe but still very evident: 
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Sidle and Dhakal (2003) noted that landslide erosion was 25 to 350 times higher in a roaded 

forest than in undisturbed forest, with sediment yields in roaded steepland forests typically 

ranging from 20 to 45 t/ha/yr. 

 Bruijnzeel (2004) recognised that tree roots were important in preventing shallow 

landslides (<1 m deep) and the effects of roots have been demonstrated in many studies (see 

Sidle & Dhakal 2003 and De Graff et al. 2012 for references). Of particular interest is the 

study of Phien-wej et al. (1993) summarised by De Graff et al. (2012) which showed that on 

all slope ranges up to a maximum of 40
o
 in the Thammarat Range of Thailand, conversion 

of deep-rooted native forest to shallow-rooted rubber plantations doubled the area of debris 

flows, with 30% of the land in the slope range 31–40
o
 being affected by debris flows, after 

conversion of natural forest to plantation
8
. De Graff et al. (2012), referring to the work of 

Sidle and Ochiai (2006), concluded that “while evapotranspiration from tropical forests may 

enhance the stability of hillslopes to some degree, this benefit appears minor compared to 

the benefits from mechanical root enforcement”. In a study of Japanese cedar, the strength 

of roots left in the ground after harvest was found to decrease to a minimum about five years 

after harvest, and only after 20 years did the combined rooting strength of remnant and new 

roots (of regrowth) reach pre-harvest levels; rooting strength was approximately halved 

between 2 and10 years after harvest (De Graff et al. 2012).  

Another issue is what protection, if any, should be given to old revegetated landslides? 

These may not always be obvious in the field but can be detected by remote sensing 

techniques (Figure 7). In Tasmania if landslides are detected in coupes the opinion of a soils 

or geotechnical specialist is required before harvest can proceed (FPB 2000, p. 53). In 

practice rapid
9
 debris flows receive protection, whatever their age, but harvest may be 

allowed on some classes of landslides such as rotational slumps and presently inactive slow-

moving debris flows (Figure 7). Where landscape dissection is not pronounced, as in parts 

of Tasmania, such debris flows can be up to 85 000 years old (McIntosh & Barrows 2011), 

and are clearly relict features formed in a different climate to that presently prevailing. 

Renewed movement is considered unlikely. Whether such relict features remain in the 

tectonically active terrain of PNG requires investigation. 

In PNG field assessments of land at risk of mass movement will probably need to be made 

by the forester familiar with the geology and geomorphology of the setup and with 

experience in the surrounding area, rather than by a geotechnical expert. This stresses the 

need for the training of company field staff in basic earth sciences skills, and for developing 

a system for an accreditation system covering more specialist topics. Such training will be 

particularly important if more hilly and steep land is harvested, and should apply to soil and 

water issues such as soil erodibility assessment as well as geological issues like rock 

identification and landslides. 

                                                 

8
 The Thailand studies referred were prompted by the disaster of 19–23 November 1988 when extensive debris 

flows occurred in the granitic Thammarat Range following average daily rainfalls of 260–460 mm. 294 people 

died. 
9
 The terms “rapid” and “slow moving” refer to the speed of the landslide when it happened and do not imply 

activity at present (Australian Geomechanics Society Sub-Committee 2002). 
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The LCOP makes very little reference to actual erosion in forested landscapes. The A-P 

Code, the Indonesia P&P and the Vanuatu Code protect landslides and the A-P Code and the 

Indonesia P&P recognise landslide risk, but only to the extent of protecting existing 

landslides and the catchments in which they occur. Following the lead of these three codes 

of practice, Table 24 presents guidelines for managing both vegetated and unvegetated 

(recent) landslides in the LCOP.  

Studies such as those described above show the necessity to also assess landslide risk (not 

just landslides), particularly on hilly and steep land, and the necessity to develop strategies 

for dealing with this risk. The issue of managing landslide-prone terrain is considered in the 

context of harvest planning in section 5 “Defining suitable areas for logging and setup 

dispersal” below. 

                

 

 

Figure 7. Debris flows (left) generally occur suddenly after heavy rainfall. Large debris flows 

can be extremely destructive and can affect water quality for tens or hundreds of kilometres 

downstream. Rotational slumps (centre) are not always so destructive. Old rotational slumps 

such as those shown in the LIDAR image (right) can be detected by remote sensing; those 

shown are 150–200 m across and are probably relict features relating to a different climate. 

 

Figure 6. Landslide near Bulolo. 
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Table 24. Recommended management prescriptions for landslides in the LCOP. 

Landslide size Prescriptions Buffer 

SMALL landslides  

(< 1000 m
2
 of disturbed 

land: e.g. debris flows 20 

m wide and 50 m long) 

No harvest; no roads or tracks through 

landslide; avoid building roads within 60 m 

of top of landslide; avoid directing drainage 

water into landslide catchment 

Apply a 10 m no-harvest 

buffer around margin of 

landslide; extend buffer 

to 30 m upslope 

LARGE landslides 

 (>1000 m
2
 of disturbed 

land) 

No harvest, or low intensity harvest subject 

to a specialist’s inspection; no roads through 

landslide; avoid building roads within 200 

m of top of landslide; avoid directing 

drainage water into landslide catchment; 

check adjacent slopes with similar geology  

Apply a 30 m buffer 

around margin of 

landslide; extend buffer 

to 100 m upslope; seek 

specialist advice if active 

movement is occurring 

 

 

Table 25. Recommended land management on different soil/slope combinations. 

Soil erodibility Dominant Slope* (degrees) 

 0–11 12–19 20–26 27–35 >35 

Very low A A A H NH 

Low A A B H NH 

Moderate A A B NH NH 

High A B NH NH NH 

*In setups up to 10% of the land can have slopes steeper than the dominant slope range, and 

these steeper inclusions can be managed together with the larger area. However, inclusions 

with an area of >2 ha should be managed separately. 

A = Conventional ground-based harvest; retain minimum of 9 m
2
 basal area; maximum 

setup size 100 ha 

B = Conventional ground-based harvest; retain trees > 120 cm dbh; retain minimum of 20 

m
2
 basal area; maximum setup size 50 ha  

H = Helicopter logging only; retain trees > 120 cm dbh; retain minimum of 20 m
2
 basal 

area; maximum setup size 50 ha; no midslope roads; see also note below.  

NH = No harvest; these areas, and some classified H, will generally correspond to HCV4.2 

forests in the High Conservation Value Toolkit for Papua New Guinea (Papua New 

Guinea Forest Stewardship Council Incorporated 2006, pp. 22–23). 

 

2.5.  Defining suitable areas for logging and setup dispersal 

The land erosion risk (LER) table (Table 23) provides a basis for the proposed LCOP 

guidelines for planning harvest in hilly and steep terrain (Table 25). The specified classes 

are based on those in the A-P Code, but correspondence will not be exact because erosion 

classes are defined in the A-P Code. The main recommendations are: 
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 On setups (or parts of setups) having low LER (class A in Table 25) conventional 

ground-based selective logging can occur, but to ensure that harvest is selective, the 

average basal area of merchantable trees should be no lower than 9 m
2
/ha after 

harvest. 

 On setups (or parts of setups) having medium LER (classes B and H in Table 25) it 

is recommended that all large trees with dbh >120 cm should be left unharvested (i.e. 

only those trees with dbh 50–120 cm should be marked for felling) and a sufficient 

number of merchantable trees should be retained and dispersed throughout the setup 

so that the average setup basal area of merchantable trees after harvest is at least 20 

m
2
/ha (i.e. higher than the mean of 17 m

2
/ha for selectively harvested forest in 

PNG
10

 (Yosi et al. 2011). This prescription is recommended because roots of large 

trees are much more effective than those of small trees, shrubs or grasses in 

preventing erosion (De Graff et al. 2012 Figure 7; Phien-wej et al. 1993; Sidle & 

Dhakal 2003; Sidle et al. 2006, Figure 4).  

 Setups having >50% of their area classified as medium LER (classes B and H in 

Table 25) should be no larger than 50 ha. (The Tasmanian Code (FPB 2000) 

specifies a 50 ha limit for coupes on slopes >20
o
.) This prescription will limit 

catchment effects, as will the setup dispersal rule of no harvest until regeneration is 5 

years old on all adjacent land within 100 m. 

 On land with slopes >26
o
 no midslope roads should be built; helicopter harvest may 

occur on low or very low erodibility soils on slopes up to 35
o
 subject to the 

minimum basal area rule above. 

 On soil/slope combinations having high LER (class NH in Table 25) no harvest 

should occur. 

At present skyline cable harvest is not specifically prohibited by the PNG LCOP but may be 

approved with specific permission of DEC and the PNGFA. Because cable harvest is not 

generally practised at present and its effects are unknown, it is appropriate that any cable 

harvest should be considered as experimental before it is given general approval, and cable 

harvest should initially be tested (on an experimental basis) on soils with low erodibility.  

It is therefore recommended that experimental skyline cable harvest areas should not exceed 

25 ha, and that no more than 5 experimental areas should be tested in the first instance. 

Effects of cable harvest will need to be carefully monitored and reported on before more 

general use of this method can be considered. It may well be that the results of cable harvest 

trials will be negative, and this possibility should be taken into account before any planning 

is begun for this method’s widespread use. 

On areas of flat to rolling land (0–11
o
) no areas are excluded from harvest on soil erodibility 

criteria (Table 25) and provided areas selected for logging exclude streamside buffers (Table 

21) the only other soil and water criterion that should be taken into account is dispersal of 

                                                 

10
 This figure refers to the total for commercial and non-commercial species, and is about two thirds of the 

mean basal area of unlogged forests in PNG, which is about 30–33 m
2
/ha (Yosi et al. 2011). 
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coupes in the landscape, to limit hydrological effects of harvest. It is recommended that no 

setup should be harvested until regeneration on adjacent previously harvested setups within 

100 m and in the same catchment (of 500 ha or less) is 5 years old. Such dispersal will limit 

the impact of increased runoff on streamflow (Bruijnzeel 2004; De Graff et al. 2012; 

Vertessy 1999) and reduce the incidence of associated runoff effects such as debris dam 

collapses, stream scouring and sediment pulses (Douglas et al. 1999). For the same reason it 

is recommended that on land with low LER (Table 23) setups will be no larger than 100 ha. 

It is recommended that the revised PMC procedures should include an example of a model 

setup map at a scale of 1: 10 000, showing a setup with a component in hilly or steep 

country, and at least two geological units. The following information relating to soil and 

water values should appear on the sample map and in all setup planning maps: 

 Roads 

 Landing positions 

 Major snig tracks 

 Streams, with stream classes and buffers applied 

 Stream crossings 

 Geology (derived from maps where information is available, or observations) 

 Estimate of soil erodibility and a derived estimate of soil erodibility 

 Landscape erosion risk (LER) classification (Table 23) 

 Recommended land management class (A, B, H, NH) (Table 25) 

 Geomorphological features such as landslides, cliffs or karst 

 Harvest date of adjacent areas 

 Exclusion areas 

 

2.6.  Soil Carbon  

The need to protect soil carbon in the landscape has traditionally been associated with  

maintaining soil organic matter and soil fertility, since topsoils generally contain most 

available nutrients (although individual nutrients may be higher deeper in the profile) and 

are highly penetrated by roots. It is through the topsoil that most nutrient cycling occurs. But 

recently the storage of soil carbon has become a matter of importance in its own right, as 

climate change mitigation schemes
11

 have attempted to put a price on natural carbon, in 

order to encourage land managers to take carbon accumulation or depletion into account 

when making economic decisions. 

Carbon in harvested logs is relatively easy to measure. Measuring the carbon in standing 

forests of PNG is more difficult but has been attempted in several studies (e.g. Bryan et al. 

2010; Fox et al. 2010). Fox et al. (2010), working in permanent sample plots throughout 

PNG, estimated total above-ground biomass carbon to be 80–90 t/ha in secondary forests 

(120 sites) and 121–168 t/ha in primary forests (13 sites). Bryan et al. (2010), working at 12 

                                                 

11
 E.g. Forest Credits, http://www.forestcredits.org.uk/ and UN-REDD, http://www.un-redd.org/  
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sites in lowland forest of Western Province, estimated above-ground biomass to be 193 t/ha 

in unlogged forests and 147 t/ha in logged forests, which translates to biomass carbon of 87 

t/ha in unlogged forests and 74 t/ha in logged forest. Edwards and Grubb (1977), studying a 

montane site (2500 m altitude) on the flanks of Mt Kerigomma in the Bismarck Range, 

found that total above- and below-ground biomass carbon was c. 175 t/ha, with only about 

20 t/ha of this being contributed by roots. 

Although soil carbon has been measured at many soil description sites around PNG (e.g. by 

Bleeker (1983), and in CSIRO Land Research Series reports) the absence of bulk density 

information for the horizons sampled in many soil surveys makes expression of soil carbon 

measurements on an area basis (tonnes/hectare) impossible. Nimiago (2011) published soil 

carbon values on an area basis to 30 cm depth at five sites in PNG forests (Table 26) and 

showed that the montane forest soils studied contained more carbon than lowland forests, 

but the whether the differences were due to altitude was unclear as disturbance, soil parent 

material and rainfall may have influenced values. Abe (2007) measured soil carbon to 1 m 

depth in soils derived from limestone in the Mongi-Busiga forest and found that organic 

carbon (which he analysed separately from total carbon, derived partly from carbonates) 

was in the range 101–157 t/ha. Nimiago’s (2011) values obtained for PNG montane sites 

(103–113 t/ha) and the values obtained by Abe (2007) for topsoils (67–127 t/ha) are 

comparable to those obtained by McIntosh et al. (1997) for 0–20 cm soil depths at lowland 

forested and ex-forest (native grassland) sites in New Zealand’s South Island (88–128 t/ha) 

and the 139 t/ha figure for 0–25 cm depth 0–25 cm soils in a wet rainforest site at Edendale 

(McIntosh 1995) and the 103 t/ha figure for a wet eucalypt forest site on granite in Tasmania 

(Grant et al. 1995b), but higher than the result obtained (65 t/ha) for lowland wet eucalypt 

forest at Warra in Tasmania (McIntosh 2012b). The last-mentioned value may be affected 

by historic fires. 

There is no direct comparison between Abe’s and Nimiago’s soil carbon figures (Abe 2007; 

Nimiago 2011) and the figures derived from biomass estimates (Bryan et al. 2010; Fox et al. 

2010) because they refer to different sites, but in total they indicate that soil carbon to 30 cm 

depth may account for between 20% and 40% of total site carbon, i.e. soil carbon is a 

significant contributor to total site (ecosystem) carbon. The very high total soil carbon 

content (599 t/ha) of the soil (0–100 cm) studied by Edwards and Grubb (1977) is 

attributable to the soil type at their study site: the soil was formed in gabbroic alluvium and 

volcanic ash, and contained high amounts of amorphous clay (hydrated iron oxides) which 

are known to form stable complexes with organic matter (Gu et al. 1994). At this site the 

soil carbon (599 t/ha) exceeded the total biomass carbon (350 t/ha). 

Soil carbon values vary greatly with soil type: for example, Bleeker (1983, p. 263–265) 

found that wet soils in volcanic ash (Hydrandepts) in primary forest contained 13% carbon 

in A1 horizons (mean of 6 sites) whereas soils developed on stratified alluvium or colluvium 

(Hapludolls) in primary and secondary forest contained only 3% carbon in A1 horizons 

(mean of 11 sites). These figures, and the very high soil carbon figures found by Edwards 

and Grubb (1977), show that if accurate estimates of total ecosystem carbon are to be made, 

soil carbon stocks need to be systematically measured and related to soil classification so 

that results can be extrapolated over the forest estate.  



PNG LCOP Soil and Water Review - May 2013 

Page 65 of 77 

Comprehensive soil carbon studies are essential and should be a priority for research if an 

accurate inventory of PNG’s ecosystem carbon stocks is to be completed. In addition, the 

LCOP needs to include a section on maintaining soil carbon in managed forests, by limiting 

the use of fire, specifying long rotations (to maintain supplies of leaves and light debris to 

the forest floor), minimising soil disturbance, and reducing erosion.  

 

Table 26. Soil carbon in PNG forests compared to selected Tasmanian and New Zealand 

examples. 

Site Brief description Depth 

(cm) 

Total 

carbon 

(t/ha) 

Reference 

Papua New Guinea  

Kui Logged pre-1990, lowland, stony 0–30 45 Nimiago 2011 

Danar 1 Cultivated plot, lowland, degraded 0–30 56 Nimiago 2011 

Danar 3 Logged 2006, lowland, degraded 0–30 31 Nimiago 2011 

Watut 3 Logged 1995, montane 0–30 113 Nimiago 2011 

Watut 7 Primary forest, montane 0–30 103 Nimiago 2011 

Mt Kerigomma Primary forest, montane 0–25 164 Edwards and 

Grubb 1977 

Mt Kerigomma Primary forest, montane 25–100 435 Edwards and 

Grubb 1977 

Mongi-Busiga 

9720 

Primary forest, 150 m, 34
o
 slope, 

slight erosion 

0–100 157 Abe 2007 

Mongi-Busiga 

9721 

Primary forest, 130 m, 17
o
 slope, no 

erosion 

0–100 101 Abe 2007 

Mongi-Busiga 

9722 

Primary forest, 130 m, 17
o
 slope, 

slight erosion 

0–100 112 Abe 2007 

Mongi-Busiga 

9720 

Primary forest, 160 m, 13
o
 slope, 

slight erosion 

0–100 134 Abe 2007 

Tasmania     

Stronach Wet eucalypt forest on granite 0–25 103 Grant et al. 

1995b 

Warra Wet eucalypt forest on fan alluvium 0–25 65* McIntosh 2012a 

New Zealand 

Edendale Wet broadleaf podocarp forest on 

loess 

0–25 139 McIntosh 1995 

*Value may have been reduced by a fire c. 120 years ago. 
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2.7.  Drainage of roads and skid trails  

In section 4 it was shown that good road design and construction is essential to reduce 

erosion and sediment yield. Adequate drainage of roads, especially those constructed on 

midslopes, is especially important. The interpretation of the LCOP Table 3 governing 

distances between drains on roads is unclear and the specified spacings are large in relation 

to those in other codes. The spacings of Table 27 are recommended for the revised LCOP 

and are based on the gradients and intervals specified in the Tasmanian Code (FPB 2000, 

Table 2) which has the same interval ranges as the Fiji Code (30–150 m) but over a greater 

range of road gradients. 

 

Table 27. Recommended road drain spacings. 

Road gradient Spacing between drains (m) 

Soil erodibility 

% Very low or low Moderate or High 

1–5 150 70 

6–10 120 40 

11–15 95 30 

16–20 50 30 

 

2.8.  Decommissioning 

In all forest practices codes some decommissioning recommendations are made, usually for 

diversion of water on skid trails by means of water bars, but also for draining roads that will 

no longer be used. The distances required between water bars in various codes (Tables 15 

and 19) are variable. The Fiji Code is the only code to base water bar spacing on a soil 

erodibility factor (see Table 19) and for this reason it is used as a basis for Table 28 below. 

A technical note should be written on the correct construction of water bars, covering such 

issues as angle in relation to the trail or road, placement of outlets, and driveability. 

 

Table 28.  Recommended spacing between water bars on skid trails. 

Skid trail gradient Spacing between water bars (m) 

Soil erodibility 

degrees % Very low or low Moderate or High 

0–4 0–7 nil 40 

5–9 8–16 50 30 

10–19 17–34 30 20 

>19 >34 20 15 
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In tropical climates the rapid decay of logs used in bridges (Figure 8), and decay of logs in 

stream log jams, can cause a second phase of landsliding, gully erosion alongside roads, and 

remobilisation of stream sediment 5–12 years after selective harvest (Walsh et al. 2006): 

these authors recommended the following measures to reduce the impacts of this second 

phase of erosion: 

 Avoid construction of midslope roads for harvest 

 Remove bridges and culverts after logging operations (i.e. decommission roads) 

 Avoid steep drains down roadside embankments 

One could add that where possible logging should be planned and done so as not to cause 

debris dams to accumulate in streams, and where possible, debris dams should be cleared 

when they accumulate. 

 

 

 

 

 

 

 

 

Figure 8. Log bridges have a limited lifespan. The bridge on the left, near Bam, Cloudy Bay is 

collapsing because both abutments have eroded in strong stream flows. The bridge on the 

right, in Tasmania, has collapsed because the timbers used have rotted after being in place for 

about thirty years. In PNG conditions timber bridges may collapse much earlier, e.g. after ten 

years, and decommissioning or bridge replacement should be part of the planning process. 

 

The decision on whether to decommission or not is complicated if the area of harvested 

forest is populated, which will normally be the case. There may be local community 

pressure to leave bridges, culverts and roads intact after they serve no further purpose for 

logging. If this is done an agreement should be drawn up setting out who is responsible for 

road and bridge maintenance once the logging company has left the area. It may be 

necessary to specify the type of maintenance required, e.g. replacement of bridge timbers by 

a certain date and clearing of debris accumulated in streams and behind culverts after storms 

(Figures 9 and 10). 
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Figure 9. Debris dams in streams accumulate during storms and can cause short-term 

damming of water. When the debris dams eventually break, in the same or subsequent storms, 

the rush of water can cause severe erosion downstream. Where they are accessible, debris 

dams should be cleared, with the debris removed to areas above the floodplain. Excavator-type 

machines equipped with large grapples are best for this work. Photographs taken in pine forests 

in Tasmania.  

 

 

Figure 10. Culverts need to be maintained if access is required after logging. Alternatively, 

decommission the road and remove the culvert. This culvert probably failed after debris 

accumulated around its upstream end. The culvert diameter was probably also too small to 

cope with the greater runoff after harvest. Photograph is an example from Tasmania.  
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2.9.  Monitoring and research 

Defining the rules and guidelines for forest harvest and related operations is only part of any 

forest practices system. Assuming that a workable legislative framework is in place, other 

important components are effective compliance audits, monitoring of environmental 

outcomes, and research, to ensure that continual improvement occurs. 

There are big opportunities for Code-related research on soil and water issues in PNG. As 

accessible lowland areas are harvested, there is likely to be more pressure to harvest less 

accessible forests on hilly and steep land. If this occurs, defining erosion risks in hilly and 

steep land will become important, as well as monitoring erosion within catchments. 

Research will be needed to justify and/or change the harvest limits suggested in Tables 23–

25 above, and soil erodibility will require special attention. More detailed studies looking at 

stream quality in relation to different riparian buffer widths may also be required. The issues 

of carbon storage and loss in soils and forests (Edwards and Grubb 1977; Abe 2007; Fox et 

al. 2010, 2011; Nimiago 2011; Shearman et al. 2008) and methods for reliably assessing 

carbon stocks are likely to become increasingly important to research if a forest carbon 

market becomes a reality. 

The following list is a preliminary assessment of research required to support and improve 

the soil and water provisions of the LCOP: 

 Systematic description of c. 50 widely distributed soils in the PNG forest estate, 

including an estimate of soil erodibility  

 Is actual erosion observed in forest coupes and setups and adjacent land related to 

soil erodibility? 

 Carbon stocks in different soils and in soils under different land uses 

 Effects of forest harvest on stream water quality and morphology  

 Drain spacing on roads 

 Types of mass movement in relation to road construction and different geology 

 Land stability in relation to harvest intensity 

 Effects of fires on soil nutrients and erosion on different soil types and slopes 

Close involvement of the PNG FRI with practitioners (companies) on the ground, as well as 

with the PNGFA, is suggested, with the reactivated joint PNGFA-PNGFRI research 

committee being given the important role of: (a) establishing research priorities; and (b) 

gaining outside funding; and (c) ensuring research is done. A formal method of 

incorporating research into guidelines and LCOP revisions will be required.  

Cooperation and joint soil and water projects with the tropical forest research centres in 

Sabah, Malaysia, where relevant research on the effects of various logging methods and 

intensities on erosion is being done (see Walsh et al. 2006) could considered. 
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2.10. Technical support literature 

The following soil and water subjects are considered to be matters which could be best 

covered by separate technical bulletins, rather than being incorporated into the PNG LCOP 

or PMC procedures.  

 Guide to planning at the regional, local and setup level 

 Guide to compliance auditing 

 Assessment of soil erodibility in PNG forest soils 

 Assessing stable and potentially unstable landscapes in PNG 

 A forester’s guide to PNG geology 

 Road construction - best practice guide 

 A guide to road drainage in hilly and steep terrain 

 Building stable road batters 

 Assessment of small streams for erosion risks 

 Identifying karst terrain 

An advantage of “stand-alone” guides is that they are more easily updated than the LCOP. 

Some of these guides will be detailed and technical (e.g. the guide to planning). Others will 

be a couple of pages long and largely based on diagrams and photographs (e.g. the guide to 

building stable road batters). The guides could be put together by PNGFA, PNG FRI and 

Unitech staff, with the help of consultants where extra expertise is required. 
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