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�This report describes a project undertaken as part of the comprehensive regional assessments of forests in New South Wales. The comprehensive regional assessments (CRAs) provide the scientific basis on which the State and Commonwealth Governments will sign regional forest agreements (RFAs) for major forest areas of New South Wales. These agreements will determine the future of these forests, providing a balance between conservation and ecologically sustainable use of forest resources.



This project is one of four modules of the Forest Resource and Management Evaluation System (FRAMES), which was the tool used in CRA/RFA negotiations to calculate sustainable wood flows over time.

Project objective/s



The objectives of the FRAMES Strategic Inventory were to: 

provide stratum�level statistics for timber volumes by product class; 

provide data for the prediction of long�term wood flows; 

assign volumes at the sub-compartment level; and

provide spatial linkages between the inventory and attribute data. 



Unit total volumes and unit volume of high value wood were to be estimated with a target accuracy of ±30% of the true value, at the 95% confidence level.

Methods



The native forest population to be sampled was defined as the net State forest area within the Upper and Lower North East CRA Regions. The plantation population to be sampled was the category A and B plantations within UNE and LNE. The sample design for both populations was a stratified design. Strata in the native forests were based on a yield association (amalgamations of forest type) by stand structure matrix. In plantations, the strata were based on species, thinning history, stocking density and age class. Sample points were selected with a random�start grid. At each point, a range of standard mensurational parameters were measured. All inventory data were processed with the MARVL software package.

Key results and products



Results for native forests showed that the accuracy target for total volume could be met with a sample of around 20 plots; and that the accuracy target for the volume of high quality log volume could be met with a sample of 40 � 45 plots. In UNE, accuracy targets for total volume were met in 25 out of the 31 strata, which contained 92% of all volume estimated in the inventory; accuracy targets for high value volume were met in 8 out of 31 strata, for 42% of all high value volume measured in the inventory. In LNE, accuracy targets for total volume were met in 25 out of the 31 strata, which contained 95% of all volume estimated in the inventory; accuracy targets for high value volume were met in 11 out of 31 strata, for 69% of all high value volume measured in the inventory. The conclusion to be drawn from these data is that the forests of LNE are more uniform than the forests of UNE. Although the target confidence limits were not met for all strata, the data were considered to be sufficiently close to the confidence limits for the more important strata to effectively underpin long term yield estimates.



Strategic Inventory data is passed to the FRAMES Yield Simulator for calculation of the range of future yields that then underpin the sustainable yield calculations performed by the FRAMES Strategic Yield Scheduler. 



All plot locations and associated strata are stored in a GIS database.





�1.	introduction

State Forests has traditionally collected inventory data on a management area basis, in response to prevailing market demands. A variety of inventory techniques have been used to estimate timber resources: broad area inventories using fixed area or point samples, pre-harvesting inventories and desktop assessments. The inventories described in this report used standard methods for both Upper North East (UNE) and Lower North East (LNE) CRA Regions. The use of standard methods and the creation of standard inventory databases will allow monitoring and updating processes to be more easily achieved.



The purpose of this report is to document the procedures used in the strategic inventory of all native and plantation Eucalyptus forests within State Forests in the UNE and LNE CRA Regions, and to present results of the inventory in terms of the stated objectives.



This report aims to present, in a single document, an overview of the strategic inventory. Procedures and techniques are described in detail in a series of separate reports, all of which are appended to this report. The individual reports are:



Field Procedures for Eucalypt Plantation - MARVL Inventory (Appendix A)

MARVL system analysis (Appendix B)

Strategic Inventory - Field Manual (Appendix C)

Strategic Inventory Project Auditing Methodology Outline (Appendix D)

Strategic Inventory Audit Report (UNE and LNE) (Appendix E)



��2.	inventory procedures

2.1	Objectives of the inventory

The objectives of the strategic inventory, as stated in the “Strategic Inventory CRA Project Proposal” were:



to provide estimates at stratum level (aggregated forest types by structure class) of total timber volume and timber quality class volume with associated confidence limits; as well as estimates of volume by log product class,

to provide data for the prediction of long term wood flows using stand structure information;

to assign total and available timber volume by quality class, calculated at stratum level, to stand unit (sub-compartment) level, where stand units comprise strata within a compartment. Other forest attribute data could also be assigned at this level;

to provide a spatial link for forest attribute and inventory data.



The accuracy target for the strategic inventory is that the unit volume of all useable wood (that is, all products and species) and unit volume of high value wood, in any given stratum, are to be estimated to an accuracy of ±30% of the true value, 95 times out of 100.



It is emphasised, objective 3 notwithstanding, that the strategic inventory was not designed to be accurate at compartment level or lower. Each stratum has a volume per hectare (the arithmetic mean volume of all plots in that stratum), and the stratum net area in each compartment is known, so it is possible, in a mechanical sense, to estimate total volumes at the compartment level. The sampling design devised for the strategic inventory took into account only variation which occurred within the strata; no provision was made for measuring within�compartment variation. Because there is no information available on within�compartment variation, no definitive statement can be made about the accuracy of compartment�level estimates, but experience has shown that compartments are often highly variable, so it can be reasonable inferred that the accuracy of compartment�level estimates, when calculated as described, would be low.



More accurate estimates at the compartment level would require that the inventory process be redesigned to somehow account for, and measure, within�compartment variation. Given the large number of compartments in each CRA Region, and the observed high variability of these compartments, it is clear that measurement to the compartment level would require the measurement of many, many more sample plots, a proposal that was not thought realistic, given the time and cost constraints that were in force when the inventory design was being considered.

�

2.2	DETERMINATION OF AREA TO BE SAMPLED

2.2.1	Native forest



The net mapped area for the inventory (the sample population) was determined by State Forests’ GIS Branch. In UNE, the gross area of State forest was reduced to net area by excluding the following 

classifications:



physically and economically inaccessible forests areas;

steep land;

non-commercial forest types;

eucalypt plantations;

unavailable Preferred Management Priority (PMP) zones;

areas excluded because of conservation protocols; and

drainage buffers (filterstrips).



Steep land was defined as contiguous blocks of land, with an area greater than 1 hectare, and with a slope greater than 30 degrees.



Those plantations which were considered, at the time, to be suitable for accreditation under the Timber Plantations (Harvest Guarantee) Act 1996 were excluded from the net area and assessed separately as plantation areas. Areas originally tagged as plantation (other than those areas suitable for accreditation) were treated as native forest.



Forest types, as defined in Forestry Commission of NSW (1969), commonly referred to as Research Note 17 or RN17, were used to separate commercial and non-commercial forest types. Additional rainforest areas, in excess of those types identified as RN17 rainforest types, were determined from the results of the CRA API Project (CRAFTI). Additional non�commercial forest areas were determined from the results of the CRAFTI project; those polygons where site height was estimated to be less than 20 m were deemed to be non�commercial.



Unavailable PMP zones were:



PMP 1.2	Undeveloped Native Forest

PMP 1.3 	Preserved Natural Forest

PMP 1.1.5	Catchment Protection (where timber harvesting was excluded)

PMP 1.1.6	Visual Resource Protection (where timber harvesting was excluded)

PMP 1.1.7	Flora and Fauna Protection (where timber harvesting was excluded)



Net mapped area for LNE was arrived at by a similar process. The results of the CRAFTI project were not available, so additional rainforest and non�commercial types were delineated using the results of the Broad Old Growth Mapping Project (BOGMP).



Native forest stratum areas are shown in Table 4. These areas are correct as at 15/6/98.

�



2.2.2	Plantation



Native species plantations were reviewed separately to native forest. The plantation stratum areas shown in Table 6 are correct as at 31/7/98. These areas included both category A and B� plantations.



2.3	Data to be collected

2.3.1	Native forest



The variables measured at each plot are defined in the “Strategic Inventory Field Manual” (refer Appendix C). Measured variables are listed below.



Inventory�level variables:

inventory name

Region(s)

District(s)

Management Area



Plot�level variables:

plot number

State Forest identifier

compartment number

measure date

coordinates (zone, easting, northing)

site height

plot area

distance to filter strip (if <=50 m)

stratum identifier

name of measurer(s)

aspect

slope



Tree level variables

tree number

species code

DBHOB

dominance

crown quality

tree height

hollow status

logging impediment

MARVL tree description (quality codes and height)



2.3.2	Plantation



For crop trees the following parameters were measured.



Inventory�level variables:

Inventory name



Plot�level variables:

plot number

measure date

plot area

stratum identifier

name of measurer(s)

Tree�level variables

tree number

species code

DBHOB

crown quality

tree height

MARVL tree description (quality codes and height)

availability for harvest



Non�crop trees (that is, those trees not deliberately planted or seeded) were counted by 5 cm diameter classes. No additional tree parameters were measured for these trees.



2.4	Methods of measurement

2.4.1	Native forest



Plot measurement methods are described in the “Strategic Inventory Field Manual” (refer Appendix C).



Plots were fixed area 0.1 ha circular plots. The same size plot was used for all strata so that restratification could be easily accomplished.



A brief summary of the measurement procedure for each plot is as follows. Sample points were predetermined in the office; transect bearings and distances were calculated from identifiable take�off points to each sample point. A hip chain and compass were used to locate the points. A 0.1 ha plot (which has a horizontal radius of 17.84 m) was established at each sample point, using either a tape and clinometer (in conjunction with a conversion table to correct for variation in slope) or a Forestor “Vertex” hypsometer (which automatically corrects for variation in slope). To facilitate possible relocation, the centre point of each plot was marked with a painted peg. Individual tree numbers were sprayed on each sample tree to permit relocation for audit purposes.



All trees with an overbark diameter at breast height (DBHOB) equal to or greater than 100 mm, were measured in the inventory. The State Forest standard for breast height is 1.3 m; this point was marked on each tree.



Other variables recorded for each tree were crown condition, dominance and hollow status and logging impediment. These variables are described in “Strategic Inventory Field Manual” (Appendix C). A MARVL tree description was recorded for each tree. A MARVL tree description is a method for describing the morphology of each tree and the quality of the timber it contains. The method is described more fully in “MARVL system analysis” (Appendix B).



Tree heights were measured as part of the MARVL tree description. All heights were measured with the Forestor “Vertex” hypsometer. Only trees with no evidence of past or present damage to their crowns (that is, those trees which had a “typical” height/DBHOB ratio) were measured. Trees for height measurement were selected from across the DBHOB range of each plot.



All field work was done by State Forests’ staff.

2.4.2	Plantation



Plot measurement methods are described in “Field Procedures for Eucalypt Plantation” (refer Appendix A). Plantation inventory plots were 0.03 ha in most strata, and 0.10 ha in strata 2, 14, 29, 30, 31, 40 and 41. The basic approach was similar to the method used in the native forest, except that a contractor was used for all field work.



2.5	Selection of the sample

2.5.1	Native forest

Stratification

Strata used in the inventory were a combination of yield association and structure class. A yield association is an amalgam of forest types. Yield associations are described in Table 1. 



Table 1. Yield associations used in UNE and LNE



Name �Description��Moist blackbutt.�This is primarily dominated by blackbutt in RN 17 types 36 and 37A.��Moist coastal eucalypts�This includes the forest types found in the RN 17 Sydney blue gum/bangalay league.��Semi moist coastal eucalypts�This includes the forest types in the grey gum- grey ironbark league, and moist spotted gum.��Dry spotted gum and dry blackbutt�This is primarily dominated by the dry spotted gum and dry blackbutt forest types��Dry sclerophyll�The remainder of productive dry sclerophyll types found in coastal areas.��Moist tablelands�Moist forest types in the messmate/brown barrel league.��Dry tablelands�Dry tableland and tableland stringybark forest types��

Structure classes were amalgams of polygon codes, initially from BOGMP but subsequently from CRAFTI in UNE and from BOGMP in LNE. No CRAFTI results were available for LNE. Classes and descriptions are shown in Table 2.



Table 2. Structure classes used in UNE and LNE



Name�Description��e1�Regrowth dominated forest (i.e. regrowth crown cover percent greater than 30%) with small regrowth less than 30 cm DBHOB.��e2�Regrowth dominated forest (i.e. regrowth crown cover percent greater than 30%) with large regrowth between 30-50 cm DBHOB��A �Multi aged stands with senescent crown cover percentage greater than 30%.��B�Multi aged stands with senescent crown cover percentage between 10-30%.��C �Multi aged stands with senescent crown cover percentage less than 10%.��

In UNE the basis of splitting regrowth polygons was the CRAFTI regrowth size code, while in LNE the basis was Wood Resources Study stand structure data. Multi aged stands, although showing substantial similarity in their diameter class distributions, were split for potential management reasons by the percentage of senescent trees. The stratum matrix, with stratum labels, is shown in Table 3.



Table 3. Native forest stratum definition and labels, UNE and LNE



�Structure class��Yield association�e1�e2�A�B�C��Moist blackbutt�1�7�11�18�25��Moist costal eucalypts�2�8�12�19�26��Semi Moist and Tall dry eucalypts�3�9�13�20�27��Dry blackbutt and spotted gum�4�10�14�21�28��Dry sclerophyll�5�15�22�29��Moist tablelands�6�16�23�30��Dry tablelands��17�24�31��

Stratum area statistics as at 15/6/98 are shown in Table 4.



Table 4. native forest strata in UNE and LNE as at 15/6/98



Stratum�UNE Total Net Area (ha)�LNE Total Net Area (ha)��1�5607.1�3941.9��2�4130.6�6441.2��3�2032.7�6133.0��4�9186.2�5667.9��5�9083.7�17166.1��6�2437.6�9236.4��7�11518.7�16373.2��8�12776.9�18260.9��9�7768.4�15452.8��10�9959.8�11660.8��11�3536.7�1433.2��12�10101.4�10109.1��13�1844.0�4163.1��14�8873.7�306.1��15�10905.2�2546.5��16�15887.7�10932.0��17�8906.2�3482.4��18�10423.8�13096.0��19�26145.9�46742.4��20�19432.7�34560.0��21�46897.1�7322.7��22�50921.7�25306.0��23�18008.6�44727.4��24�16162.4�11350.8��25�3845.1�19733.3��26�5491.1�38901.6��27�3756.3�33671.1��28�22602.3�15225.4��29�11478.7�30173.3��30�6980.3�32386.4��31�5188.4�6710.3��Total�381890.9�503213.1��

Plot selection

Within the native eucalypt forest net mapped area, plots were allocated to the strata described above. In the early stages of the inventory, plots were allocated to strata in proportion to net area, that is, each plot represented the same number of hectares. Proportional allocation was adopted to facilitate restratification. In later stages, plots were added to under�represented strata, which altered the proportionality somewhat.

ARC/INFO software was used to generate a random�start grid, which was used to select sample points. The grid size was adjusted so that the number of points selected was about 20% more than required by the net area. The extra plots, termed reserve plots, were used to replace main plots, or as additional plots in some strata (see above).

2.5.2	Plantation

Stratification

The stratification for hardwood plantations was based on species group, stand condition and age class variables. Forty nine strata were defined for the hardwood plantations. Stratification factors are shown in Table 5. 



Table 5. Eucalypt plantation stratification factors



Factor�Code�Description��Species�BBT�Blackbutt and Blackbutt/Flooded Gum Mix���FLG�Flooded Gum only���OTH�Other (all remaining species)��Thinning Class�T�At least one thinning operation���UT�No recorded thinning event��Stocking Class�1�0 - 400 stems/ha���2�400 - 800 stems/ha���3�800+ stems/ha��Age Class�A to F�Year of establishment classes (specific intervals for each stratum)��

Stratum area statistics at 31/7/98 are shown in Table 6.



Table 6. Eucalypt plantation strata in UNE and LNE as at 31/7/98



����Net Area (ha)��Stratum label�Description�First / Last Yr�Category A�Category B�Total��1�BBT_T_1A�1960-1967�167�0�167��2�BBT_T_1B�1968-1970�319�2�321��3�BBT_T_1C�1971-1973�802�0�802��4�BBT_T_1D�1974-1978�216�7�223��40�BBT_T_2A�1960-1967�432�69�501��5�BBT_T_2B�1968-1971�1040�0�1040��41�BBT_T_2C�1972-1974�1780�21�1801��42�BBT_T_2D�1975-1982�424�30�454��6�BBT_UT_2A�1961-1966�445�32�477��7�BBT_UT_2B�1967-1969�704�7�711��8�BBT_UT_2C�1970-1972�933�45�978��9�BBT_UT_2D�1973-1976�630�133�763��10�BBT_UT_2E�1977-1980�521�78�599��11�BBT_UT_2F�1981-1987�293�4�297��43�BBT_UT_3A�1961-1969�473�31�504��44�BBT_UT_3B�1970-1972�836�0�836��12�BBT_UT_3C�1973-1976�637�14�651��13�BBT_UT_3D�1977-1986�302�8�310��14�BBT40�1939-1959�122�0�122��15�FLG_T_1A�1960-1963�379�34�413��16�FLG_T_1B�1964-1966�539�102�641��17�FLG_T_1C�1967-1969�771�15�786��18�FLG_T_1D�1971-1978�406�9�415��19�FLG_UT_1A�1960-1963�8�22�30��20�FLG_UT_1B�1964-1967�12�0�12��21�FLG_UT_1C�1968-1970�0�0�0��22�FLG_UT_2A�1960-1968�550�9�559��23�FLG_UT_2B�1969-1971�1169�1�1170��24�FLG_UT_2C�1972-1974�904�166�1070��25�FLG_UT_2D�1975-1977�468�2�470��26�FLG_UT_2E�1978-1979�362�3�365��27�FLG_UT_2F�1980-1987�316�14�330��28�FLG40�1941-1949�86�2�88��29�FLG50�1950-1959�358�10�368��30�OTH_T_1A�1960-1967�9�0�9��31�OTH_T_1B�1968-1971�100�0�100��45�OTH_T_2A�1964-1969�666�29�695��46�OTH_T_2B�1970-1973�190�0�190��47�OTH_T_2C�1974-1977�792�0�792��48�OTH_T_2D�1978-1982�435�0�435��32�OTH_UT_2A�1963-1968�83�0�83��33�OTH_UT_2B�1971-1976�57�7�64��34�OTH_UT_2C�1981-1986�356�2�358��35�OTH_UT_3A�1960-1968�219�45�264��36�OTH_UT_3B�1969-1973�468�0�468��37�OTH_UT_3C�1974-1977�431�24�455��49�OTH_UT_3D�1978-1981�531�134�665��38�OTH_UT_3E�1982-1987�352�40�392��39�OTH_40�1939-1959�196�4�200���TOTAL��22289�1155�23444��

Plot selection

In the plantation inventory plot locations were selected within strata using an ARCVIEW systematic sampling tool.

2.6	Field work

Plot measurement was conducted in accordance with the guidelines set in the “Strategic Inventory Field Manual” (Appendix C) and “Field Procedures for Eucalypt Plantation” (Appendix A). Each native forest inventory crew had three people, including one experienced in marketing to assist with tree classification. All crews received training prior to commencement and were regularly monitored by supervisory staff.



A percentage of all plots established by each measuring crew was checked by the audit team. The audit process and the results of the audit are the subject of a separate report (refer Appendix D and E).

2.7	Data audit

A percentage of all plots established by each measuring crew (in both native forest and plantation) was checked by the audit team.  The main objectives of the audit process were:�

In the native forest inventory, to provide a quantitative measure of the accuracy of data collected by field crews and to ensure that data was of a satisfactory standard.

In the hardwood plantation inventory, to ensure compliance with "standard of measurement" conditions of the contract between State Forest and the contractor.



The audit process is described in "Strategic Inventory Project Auditing Methodology Outline" (refer Appendix D).�

2.8	Data input

Data collected using the methods described above were entered into the computer using the software package MARVLDE3. Data entered using this program are stored in a standard form, ready for import into the MARVL database.



A full description of MARVLDE3 can be found in NZFRI (1995a). An important point to note here is that data are validated on entry. This validation occurs at several levels; MARVL default variables, user�defined variables and tree descriptions.



Continuous MARVL default variables are checked against limits set in the MARVLDE3 configuration file. The relevant section of this file is shown in Table 7. Four figures are quoted for each variable. Values within the range of the inner pair (100.0 � 1500.0 for diameter, for example) are accepted without question. If a value falls in the range of either of the outer pairs (60.0 – 100.0 and 1500.0 – 4000.0 for diameter) the operator is asked to confirm the value. Values outside the extremes are not accepted.



Table 7. MARVLDE3 configuration file



DiamRange=�60.0000�100.0000�1500.0000�4000.0000��HeightRange=�0.0000�0.0000�50.0000�70.0000��AgeRange=�2.0000�10.0000�50.0000�100.0000��PlotAreaRange=�0.0100�0.0200�0.1000�1.0000��BAFRange=�1.0000�2.0000�4.0000�25.0000��SlopeRange=�-40.0000�-30.0000�30.0000�40.0000��TallyRange=�0.0000�2.0000�25.0000�50.0000��LengthRange=�1.0000�5.0000�60.0000�200.0000��StratumAreaRange=�0.0100�0.0200�10000.0000�99999.0000��

User�defined variables, which may be either continuous or categorical, are checked against ranges stored in the input file. Values for dominance code, for example, can only be 1, 2, 3, or 4. No other values are accepted.



Tree descriptions are checked for internal logic by MARVLDE3. Such things as minimum/maximum heights and diameters, heights decreasing up the stem, or diameters increasing up the stem are trapped at this stage.



The end result of the data entry process is a file called a MARVL Data Interchange file, an MDI file, which is the method by which data are imported into the MARVL database.

2.8.1	Native forest



Most data collected in native forest were first recorded on paper plot sheets and then entered into the computer later. A small proportion of the data were collected were entered in the field using a portable data recorder (PDR). In both cases, the software used for data entry was the same, MARVLDE3, which may be configured for either a desktop PC or a number of types of PDR.

2.8.2	Plantation



All data collected in the inventory of native species plantations were entered in the field using a PDR.

�

2.9	Data processing

2.9.1	The MARVL system



All data were processed using the MARVL software package. This method is described in detail in “MARVL system analysis” (Appendix B); a brief overview of the method is given below.

MARVL differs from other inventory systems in that it separates the field assessment of size and quality of stems from the actual cross-cutting. When the stand is cruised, no attempt is made to divide the stem into logs or estimate merchantable limits at any point on the tree. (Lawrence, 1986).

Use of MARVL involves three basic steps (NZFRI, 1995b):

1. inventory design;

2. sampling of stand(s) to assess tree size, structure and quality; and

3. analysis of the sample data to determine potential product yield.

At step 1, MARVL supports the use of fixed area plots (“bounded” plots in MARVL literature), horizontal point and horizontal line samples, which may be used in simple or stratified designs.

Step 2 is referred to in MARVL literature as “cruising”. Standard tree size indices (such as DBHOB, height) are measured in this step. There is the facility for the inclusion of user�defined variables. In addition, each tree is described by structural and quality codes.



Step 3 is accomplished with the Analyse module of MARVL. This module enables the user to produce one or more reports, using one or more views as input, with one or more cutting strategies, to one or more projection dates.

2.9.2	Native forest



Aspects of MARVL relevant to the processing of the native forests data are discussed in this section.

Cutting strategy



The cutting strategy used for the conversion of quality codes to products is summarised in Table 8. This strategy was defined after a study of the size mix of logs sold in 1997.



Table 8. Cutting strategy used for strategic inventory



�Product

Type�Allowable qualities�Price ($/m3)�Min SED (mm)�Max SED (mm)�Max LED (mm)�Min length (m)�Max length (m)��Large high value�A�50�340�700�2999�3.6�15.4��Small high value�A�30�200�360�500�3.6�15.4��Low value�A, B�10�300�700�2999�3.6�15.4��Pulp�A, B, P�5�100�700�2999�3.6�15.4��

Taper and volume functions



Two forms of volume and taper functions were used in estimating volumes and upper�stem diameters, those of Gordon (1983) and Muhairwe (1999). The Gordon form was used for New England Blackbutt (Eucalyptus andrewsii) and Spotted gum (Corymbia maculata), and the Muhairwe form was used for Blackbutt (E. pilularis), Flooded gum (E. grandis) and all other species. During the course of the work, more functions became available, but the original function set was retained so that any changes in tree, plot or stratum statistics could be attributed to external factors, rather than different estimating functions.

Height/diameter functions



The MARVL processing method requires that all trees have a total height, either measured or estimated, which is used as an independent variable in taper and/or volume functions (see “MARVL system analysis” (Appendix B) for more details). Heights may be estimated with either a height/age or height/DBHOB function. Because age is not known in native forests, height/DBHOB functions were used. Two functions forms are available for height estimation, the Petterson and the logarithmic. NZFRI (1995b) notes that little practical difference results from changing the method. The Petterson form was used for initial runs.



The default height/DBHOB equations cover all species and productivity classes in an individual stratum. Subsequent work (Muhairwe, unpublished data) showed that better height estimates could be obtained with a Chapman�Richards function which included a site height term. The Chapman�Richards function with a site height term scales tree height in terms of site height, an index of plot productivity. The fixed exponent of the Petterson function (which has a value of �2.5) suppresses this scaling. The decision was made to use the Chapman�Richards form for height estimation rather than the Petterson form.



Because the Chapman�Richards function is absent from the MARVL code, and because of the extreme complexity of the MARVL interchange (MDI) files and difficulty of modifying these files, a roundabout method was used to get heights (estimated with the Chapman�Richards function) into the data, and the data into a suitable form for MARVL processing. Very briefly, this method was;



All data for each CRA Region were accumulated into regional MDI files.



A program was written to convert these files into files of a standard database form.

Using these files as input, heights for all trees with no measured height  were estimated with the Chapman�Richards function.



Another program was written to convert these files (with new height estimates) back to MDI file form.



Once this point was reached, the data were processed again with MARVL in the usual way.

Concentric plots



To maximise the efficiency of field work, the decision was made to include some pre�existing plots in the strategic inventory dataset. These pre�existing plots were all of the type known as “concentric” plots. In a concentric plot sample, trees in different size ranges are sampled with sub�plots of different sizes. Concentric plots are a useful measurement technique in stands which have a large number of small trees, and fewer larger (and therefore more valuable) trees. Background information on concentric plots may be found in Turner (1967) who termed them “variable radius plots”.



The MARVL system will not permit plots of different sizes within the same stratum. The approach taken to the processing of concentric plots was to define dummy strata with plots of equal sizes. For example at Tenterfield, the concentric plots had sub�plots of 0.1 ha (sampling the DBHOB range 10.0 � 29.9 cm) and 0.4 ha (sampling the DBHOB range 30.0 cm and larger). The 0.1 ha plots were assigned to strata 1 – 31 and 0.4 ha plots were assigned to strata 32 – 62. After standard MARVL processing, sub�plot totals were summed to recover total plot statistics.

2.9.3	Plantation



In principle, processing of the plantation data followed the same path as did native forest. Differences are discussed below.

Cutting strategy



The plantation analysis was run using the same cutting strategy as the analysis of the native forest.

Taper and volume functions



The plantation analysis for the crop trees of all species was run using the Gordon form function for plantation blackbutt. The Muhairwe generic function was used for non�crop trees.

Height/diameter functions



The plantation analysis was run using height/DBHOB relationships estimated using the Petterson equation.

Crop and non�crop trees



Plantation data were collected as two distinct groups of trees, crop trees and non�crop trees. Minimal information was collected for the non�crop trees, only DBHOB class and frequency were collected; no quality data were collected. Heights for non�crop trees were estimated with a generic height/DBHOB function derived from the height and DBHOB data for all crop trees.

Total stand density was estimated for plantation plots by summing plot totals for crop and non�crop trees.

2.9.4	The MARVL database



All strategic inventory data are stored in the MARVL database. The database is described in “MARVL system analysis” (Appendix B). The main point to emphasise about this database is that it stores only raw data; derived results, such as plot statistics, are not stored.

�

3.	inventory results

The results of the inventory will be discussed in four sections, which relate to the objectives of the inventory, as stated earlier in this report.



3.1	data quality

The quality of the data used in the inventory (both native forest and plantation) was assured by the audit project.  The results of this project are presented in detail in "Strategic Inventory Audit Report (UNE and LNE)" (Appendix E).



In summary, it was found that, in native forest, three plots out of 249 audited plots (1.2%) failed audit.  In plantation, no plots failed audit.  These results are considered to be highly satisfactory, and indicate that field measurement practice was of a high standard.



3.2	stratum statistics, native forests

Objective number 1, is met by the presentation of stratum statistics.



Stratum statistics for the UNE CRA Region are shown in Tables 9 (total standing volume), 10 (total standing merchantable volume), 11 (total standing large high value volume), 12 (total standing high value volume), 13 (total standing low value volume) and 14 (total standing pulp volume).



The project proposal for the strategic inventory specified an accuracy target of (30% for total standing volume and merchantable volume. Figures 1 and 2 show the relationship between accuracy (probable limit of error, PLE�) and the number of sample points in the UNE CRA Region. Figure 1 shows that the accuracy target can be achieved for estimates of total volume if a stratum has a minimum of around 20 sample points. Accuracy is not greatly improved by the measurement of more than 50 – 60 sample points. Estimates of the volume of all high value products are less accurate; Figure 2 shows that target accuracy can be achieved for this parameter by the measurement of around 45 points per stratum.



Table 9 shows that, for estimates of total volume, accuracy targets have been met in 25 out of the 31 strata, that is, 25 out of the 31 strata have PLEs of 30% or less. These strata contain 92% of the total volume estimated by the inventory, so it can be said that accuracy targets have been met for 92% of the total volume in the UNE CRA Region. Table 12 shows that, for estimates of high value volume, accuracy targets have been met in 8 out of the 31 strata. These strata contain 42% of the total estimated volume of high value wood in UNE.



Stratum statistics for the LNE CRA Region are shown in Tables 15 (total standing volume), 16 (total standing merchantable volume), 17 (total standing large high value volume), 18 (total standing high value volume), 19 (total standing low value volume) and 20 (total standing pulp volume).



Relationships between accuracy and the number of sample points for the LNE CRA Region are shown in Figures 3 and 4. Accuracy targets for total volume can be achieved with a minimum of about 20 sample points per stratum (Figure 3), while about 40 plots are need to estimate the volume of high value products (Figure 4).



Table 15 shows that target PLE has been met in 25 out of the 31 strata; these strata have 95% of the total LNE volume. Corresponding data for the volume of all high value products are 11 out of 31 strata (Table 18), for 69% of the high value volume. These results indicate that the forests of LNE are more uniform than the forests of UNE.



Accuracy targets for total volume have been met for the bulk of the volume in both UNE and LNE. Lower accuracy for sub�sets of the total volume (the product volumes) are a commonly seen result in forest inventory. The individual products found in a stand occur as varying proportions � depending on initial stand condition, treatment history, and uncontrolled events such as fire � of a quantity that is itself highly variable. This result, and its consequences, are analogous to the problem of compartment�level estimates, described earlier in this report. An inventory designed to sample variation within the merchantable fraction of the forest would require a prohibitive number of plots.



Both time and cost prevented the establishment of sufficient plots to bring all strata to the targeted level of accuracy.



3.3	Stratum statistics, plantation

Stratum statistics for the eucalypt plantation are shown in Tables 21 (total standing volume), 22 (total standing merchantable volume), 23 (total standing large high value volume), 24 (total standing high value volume), 25 (total standing low value volume) and 26 (total standing pulp volume).



Because plantations were inventoried with a constant 20 sample points per stratum, no statements can be made about the effect of the number of sample points on accuracy.



3.4	Data for wood flow

These results are relevant to objective 2 of the strategic inventory. Fundamental to the projection of growth is the idea of a yield table. A yield table presents anticipated yields from a stand over time (Vanclay, 1994).



Yield tables for native forests were estimated by the yield simulator, which will be the subject of a separate report. Input to the yield simulator took the form of a “tree list”, which was simply a list of raw tree data, as measured in the inventory. Models to estimate future growth (also the subject of a separate report) were run against this data to produce yield tables. The important point to note here is that models used in native forest were tree�based models.



While the yield table approach was also used to estimate wood flows in plantations, plantation growth models described growth in terms of stand parameters (in contrast to models for native forest which were based on individual trees). Plot�level statistics were the data provided by the inventory to estimate long�term wood flows in plantations.



3.5	Assignment of volume

The results of the strategic inventory have been used to assign volumes at the compartment level, using the process described earlier in this report. However, for reasons which were also explained earlier in this report, compartment�level accuracy cannot be achieved without a significant redesign of the inventory and a much larger sample. The results of this inventory are not accurate at the compartment level, and are therefore of little use and may even be misleading when applied to small areas.



3.6	Spatial links

The spatial link objective has been met by the creation and maintenance of an ARC/INFO point coverage, which records the location of all inventory plots. The coverage can be intersected with other ARC/INFO coverages, as required.

�

�

4.	tables

4.1	Key to table headings

The tables which follow have identical column headings, which are described below.



Stratum	Stratum label

n		Number of sample points in the stratum

Max		Maximum observed value for the parameter (m3/ha)

Min		Minimum observed value for the parameter (m3/ha)

Average	Arithmetic mean value for the parameter (m3/ha)

SD		Standard deviation for the parameter (m3/ha)

PLE	Probable limit of error, the confidence interval expressed as a percentage of the mean. Confidence limit is calculated with the standard formula, t * se



�Table 9. Total standing volume, Upper North East CRA Region



Stratum�N�Max�Min�Average�SD�PLE��1�8�450.0�99.9�232.5�109.0�39��2�13�949.7�30.0�316.2�223.5�43��3�12�309.1�132.9�184.7�47.5�16��4�25�307.1�65.5�160.5�61.5�16��5�16�283.6�71.6�154.2�70.8�24��6�19�533.6�0.0�234.4�131.8�27��7�16�376.4�21.4�187.6�97.4�28��8�20�716.1�81.5�249.0�161.1�30��9�7�265.3�135.3�197.0�58.6�28��10�12�292.6�91.0�186.5�70.0�24��11�12�473.4�114.2�234.3�108.1�30��12�23�1009.3�91.6�388.7�244.2�27��13�11�454.8�0.0�250.1�141.8�38��14�19�533.9�75.2�212.3�107.6�24��15�25�369.8�22.5�158.7�83.1�22��16�49�726.8�44.2�273.0�138.3�15��17�26�697.2�110.8�285.2�116.1�16��18�43�1000.4�66.5�257.7�159.7�19��19�60�1052.1�4.7�316.4�178.9�15��20�49�816.9�63.8�213.4�119.3�16��21�109�602.7�19.9�197.1�95.2�9��22�99�426.3�46.9�164.4�66.5�8��23�41�463.1�64.7�241.6�92.8�12��24�41�592.7�63.3�238.0�115.1�15��25�32�801.4�58.1�278.4�180.8�23��26�19�577.9�0.4�244.1�163.5�32��27�32�424.9�78.2�193.9�82.5�15��28�78�376.3�60.7�174.4�73.6�10��29�42�465.2�59.1�149.3�75.1�16��30�10�427.2�114.1�205.7�95.3�33��31�10�417.8�140.8�248.1�81.5�23��

�Table 10. Total Standing merchantable volume, Upper North East CRA Region



Stratum�N�Max�Min�Average�SD�PLE��1�8�186.7�33.3�104.0�63.5�51��2�13�625.9�25.2�200.4�173.6�52��3�12�275.0�81.0�143.2�57.0�25��4�25�266.0�39.2�126.3�60.0�20��5�16�280.0�24.3�114.1�73.2�34��6�19�441.2�0.0�144.5�105.2�35��7�16�350.1�0.0�161.8�91.6�30��8�20�520.9�0.0�191.5�123.1�30��9�7�241.3�63.7�162.4�74.7�43��10�12�271.5�66.3�155.0�68.4�28��11�12�309.6�33.5�166.0�83.4�32��12�23�672.8�0.0�196.5�168.2�37��13�11�335.9�0.0�148.9�99.5�45��14�19�307.9�51.1�151.6�78.9�25��15�25�347.2�8.5�123.1�85.6�29��16�49�487.0�0.0�147.6�118.8�23��17�26�365.6�0.0�147.5�110.0�30��18�43�362.6�0.0�152.0�91.6�19��19�60�521.7�0.0�201.7�130.8�17��20�49�285.3�41.7�147.1�67.5�13��21�109�459.6�2.8�144.3�87.8�12��22�99�419.4�4.3�119.9�71.1�12��23�41�425.3�0.0�180.1�105.8�19��24�41�403.1�0.0�165.1�90.9�17��25�32�594.7�50.2�213.5�154.6�26��26�19�530.1�0.0�199.2�154.8�37��27�32�406.5�22.1�140.3�74.4�19��28�78�334.7�5.2�137.5�67.1�11��29�42�287.5�10.9�98.6�54.0�17��30�10�384.4�74.4�182.5�91.4�36��31�10�280.8�93.7�183.5�56.9�22��

�Table 11. Total standing volume of large high value products, Upper North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�8�57.1�0�15.0�21.6�120��2�13�140.8�0�36.5�49.3�82��3�12�126.9�0�22.3�36.9�105��4�25�86.7�0�14.7�19.5�55��5�16�38.7�0�8.7�11.9�73��6�19�60.5�0�22.1�19.0�42��7�16�126.7�0�22.0�33.2�81��8�20�145.9�0�32.8�37.6�54��9�7�59.8�0�19.9�21.5�100��10�12�53.0�0�20.3�19.6�61��11�12�156.8�0�55.4�41.0�48��12�23�264.5�0�44.4�56.9�55��13�11�84.6�0�24.8�24.8�67��14�19�96.3�0�16.7�25.4�74��15�25�135.6�0�14.4�32.3�93��16�49�153.7�0�32.0�34.6�31��17�26�156.8�0�21.2�34.2�65��18�43�132.3�0�28.0�32.6�36��19�60�281.9�0�44.5�48.4�28��20�49�109.1�0�22.1�25.8�33��21�109�159.6�0�20.3�29.4�27��22�99�104.3�0�11.3�19.0�33��23�41�203.3�0�31.5�40.4�41��24�41�150.1�0�25.0�31.5�40��25�32�269.7�0�50.4�66.7�48��26�19�246.1�0�70.3�75.8�52��27�32�76.7�0�22.5�21.5�35��28�78�88.2�0�15.4�17.8�26��29�42�43.3�0�9.4�12.7�42��30�10�60.6�0�16.7�19.9�85��31�10�79.9�0�33.2�27.5�59��

�Table 12. Total standing volume of all high value products, Upper North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�8�90.3�0.0�33.9�37.7�93��2�13�205.1�0.0�58.4�66.9�69��3�12�140.3�5.3�47.8�38.4�51��4�25�98.4�1.7�32.9�22.9�29��5�16�166.6�0.0�27.8�41.4�79��6�19�186.7�0.0�43.7�44.4�49��7�16�202.6�0.0�63.1�51.2�43��8�20�149.5�0.0�60.4�41.3�32��9�7�132.5�13.8�51.5�38.1�68��10�12�125.2�6.1�39.9�33.2�53��11�12�186.1�0.0�72.2�49.1�44��12�23�288.3�0.0�55.5�62.8�49��13�11�103.5�0.0�37.1�29.9�54��14�19�122.3�0.0�30.4�32.7�52��15�25�146.0�0.0�21.9�35.9�67��16�49�169.9�0.0�38.7�42.8�32��17�26�174.1�0.0�28.6�38.5�54��18�43�231.6�0.0�44.3�45.7�32��19�60�342.4�0.0�57.9�58.6�26��20�49�144.0�0.0�35.8�33.1�27��21�109�225.9�0.0�32.2�35.6�21��22�99�129.7�0.0�22.0�26.3�24��23�41�206.8�0.0�40.7�43.4�34��24�41�173.9�0.0�37.1�37.9�32��25�32�308.0�0.0�75.6�80.5�38��26�19�325.8�0.0�97.8�93.8�46��27�32�121.7�0.0�35.4�29.1�30��28�78�107.0�0.0�32.0�24.8�18��29�42�54.3�0.0�15.8�15.0�30��30�10�60.6�0.0�28.6�19.2�48��31�10�79.9�0.0�39.6�28.4�51��

�Table 13. Total standing volume of all low value products, Upper North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�8�24.7�0.0�6.4�8.7�114��2�13�59.3�0.0�17.2�20.8�73��3�12�35.3�0.0�6.5�10.6�104��4�25�45.0�0.0�11.7�14.4�51��5�16�40.6�0.0�8.3�11.1�71��6�19�42.9�0.0�12.6�11.5�44��7�16�25.9�0.0�6.5�6.8�55��8�20�78.5�0.0�14.2�20.9�69��9�7�15.8�0.0�4.2�6.3�140��10�12�65.0�0.0�15.8�20.5�83��11�12�26.3�0.0�7.7�10.2�86��12�23�126.1�0.0�21.8�30.9�61��13�11�22.5�0.0�8.1�7.6�63��14�19�147.7�0.0�25.8�33.8�63��15�25�84.2�0.0�17.0�20.9�51��16�49�117.3�0.0�19.2�26.1�39��17�26�101.5�0.0�13.5�21.5�64��18�43�73.6�0.0�16.4�18.6�35��19�60�96.1�0.0�25.0�27.7�29��20�49�90.9�0.0�13.7�19.4�41��21�109�67.0�0.0�13.8�16.0�22��22�99�100.5�0.0�11.1�13.9�25��23�41�108.8�0.0�23.7�24.1�32��24�41�96.8�0.0�18.5�24.2�41��25�32�103.6�0.0�18.8�22.4�43��26�19�67.2�0.0�15.0�17.9�57��27�32�60.5�0.0�12.8�15.7�44��28�78�108.2�0.0�14.8�18.9�29��29�42�40.5�0.0�9.8�11.7�37��30�10�94.4�0.0�35.3�35.5�72��31�10�111.8�0.0�22.4�33.1�106��

�Table 14. Total standing volume of pulp, Upper North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�8�74.7�9.4�40.3�26.7�55��2�13�208.1�15.0�74.6�63.4�51��3�12�105.0�32.4�59.2�25.7�28��4�25�112.6�16.2�54.3�28.7�22��5�16�104.9�18.0�52.6�26.1�26��6�19�207.2�0.0�58.7�55.1�45��7�16�140.6�0.0�64.8�34.9�29��8�20�227.2�0.0�78.2�59.8�36��9�7�165.3�30.8�81.9�48.8�55��10�12�90.8�17.3�53.8�23.5�28��11�12�132.0�19.6�57.2�32.3�36��12�23�210.8�0.0�55.9�66.8�52��13�11�137.6�0.0�61.8�43.4�47��14�19�174.0�16.6�52.2�34.2�32��15�25�174.7�3.7�44.8�36.6�34��16�49�186.6�0.0�44.9�46.0�29��17�26�202.9�0.0�54.9�54.2�40��18�43�155.9�0.0�58.0�42.4�23��19�60�249.1�0.0�64.1�56.3�23��20�49�173.3�5.9�58.9�35.4�17��21�109�156.8�0.0�54.0�33.1�12��22�99�138.6�0.0�52.0�32.9�13��23�41�151.3�0.0�66.7�47.2�22��24�41�219.1�0.0�57.0�38.3�21��25�32�266.0�19.6�74.3�60.5�29��26�19�151.3�0.0�50.7�41.7�40��27�32�296.6�3.4�56.5�50.7�32��28�78�158.2�0.0�56.3�29.9�12��29�42�161.6�0.0�46.0�32.3�22��30�10�104.4�35.9�60.8�20.5�24��31�10�120.4�0.0�62.5�51.2�59��

�Figure 1. Effect of number of sample points on PLE, total volume in Upper North East CRA Region
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Figure 2. Effect of number of sample points on PLE, volume of all high value products, in Upper North East CRA Region
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Table 15. Total standing volume, Lower North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�18�634.7�104.2�272.6�156.9�29��2�12�446.5�103.9�272.5�105.8�25��3�22�454.5�28.0�182.3�118.0�29��4�19�255.9�38.4�120.1�62.6�25��5�21�394.6�50.9�128.4�87.0�31��6�28�516.2�58.2�253.5�120.3�18��7�63�612.1�44.3�296.9�145.0�12��8�49�706.3�36.1�279.1�132.7�14��9�49�692.6�89.8�239.8�133.7�16��10�18�448.0�107.3�233.8�98.5�21��11�8�653.1�184.1�395.9�195.4�41��12�19�815.1�172.4�420.5�203.5�23��13�6�908.5�243.9�451.5�284.2�66��14�1�383.0�383.0�383.0����15�4�377.0�92.3�254.1�123.6�77��16�15�457.4�150.1�307.7�104.0�19��17�5�580.7�263.6�358.3�128.1�44��18�35�760.9�50.4�297.3�157.9�18��19�105�1159.4�74.3�346.2�202.5�11��20�85�640.0�46.5�260.2�114.3�9��21�19�437.0�60.6�202.9�104.3�25��22�39�431.9�57.6�204.5�99.2�16��23�107�1727.3�33.2�355.7�223.2�12��24�42�652.8�36.6�260.5�128.6�15��25�39�609.9�44.0�258.3�116.0�15��26�91�730.2�12.8�266.0�143.2�11��27�88�560.8�55.6�214.0�103.4�10��28�35�456.3�57.3�192.9�87.7�16��29�39�290.2�23.6�168.5�72.5�14��30�79�795.8�0.0�260.9�142.6�12��31�18�332.9�80.7�208.5�76.9�18��

�Table 16. Total standing merchantable volume, Lower North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�18�578.7�61.8�168.3�144.2�43��2�12�404.4�28.9�197.5�101.5�33��3�22�373.4�11.3�134.3�90.9�30��4�19�220.8�6.9�83.9�57.9�33��5�21�358.8�11.4�89.7�76.7�39��6�28�371.6�0.0�174.4�111.0�25��7�63�587.7�0.0�241.0�133.9�14��8�49�434.5�0.0�184.8�100.6�16��9�49�608.9�0.0�178.2�112.2�18��10�18�325.4�85.6�167.4�71.6�21��11�8�530.9�80.9�176.8�149.5�71��12�19�615.4�0.0�220.1�176.6�39��13�6�760.2�131.7�348.3�290.6�88��14�1�339.8�339.8�339.8����15�4�226.4�79.4�168.8�68.0�64��16�15�397.0�11.8�227.3�123.1�30��17�5�456.3�193.5�304.6�97.0�40��18�35�724.0�5.1�226.9�153.0�23��19�105�754.4�0.0�214.7�147.5�13��20�85�625.1�16.4�202.3�107.6�11��21�19�238.2�46.9�137.1�50.8�18��22�39�341.4�18.3�146.8�82.1�18��23�107�1713.6�23.2�274.8�205.4�14��24�42�502.1�0.0�210.7�113.7�17��25�39�544.5�32.2�198.5�108.7�18��26�91�533.4�0.0�187.2�125.4�14��27�88�528.3�0.0�158.4�90.1�12��28�35�390.3�20.6�153.4�80.9�18��29�39�263.9�6.2�130.6�67.4�17��30�79�594.9�0.0�211.3�111.9�12��31�18�313.7�50.1�178.2�81.4�23��

�Table 17. Total standing large high value volume, Lower North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�18�131.2�0.0�36.9�41.6�56��2�12�54.0�0.0�20.8�17.6�54��3�22�49.9�0.0�8.3�14.1�75��4�19�26.9�0.0�5.6�8.7�75��5�21�27.3�0.0�2.6�6.3�112��6�28�67.5�0.0�11.1�16.7�58��7�63�276.7�0.0�74.4�69.5�24��8�49�210.8�0.0�33.3�44.0�38��9�49�169.7�0.0�17.8�32.2�52��10�18�92.9�0.0�20.4�26.1�64��11�8�73.5�0.0�25.2�30.5�101��12�19�315.1�0.0�56.9�78.0�66��13�6�133.4�0.0�41.3�49.9�127��14�1�53.8�53.8�53.8����15�4�31.4�0.0�17.3�14.4�133��16�15�73.6�0.0�16.9�23.0�75��17�5�54.1�0.0�21.2�23.9�140��18�35�206.9�0.0�55.1�63.0�39��19�105�178.7�0.0�35.0�36.5�20��20�85�167.8�0.0�24.1�36.3�32��21�19�52.2�0.0�16.7�17.8�51��22�39�98.0�0.0�19.5�27.8�46��23�107�228.6�0.0�34.6�41.7�23��24�42�161.8�0.0�24.0�35.1�45��25�39�204.3�0.0�55.0�45.5�27��26�91�175.7�0.0�33.6�40.3�25��27�88�95.7�0.0�15.7�20.5�28��28�35�218.2�0.0�31.1�44.4�49��29�39�53.2�0.0�11.7�15.7�44��30�79�156.1�0.0�18.8�29.0�35��31�18�72.6�0.0�15.5�20.7�66��

�Table 18. Total standing volume of all high value products, Lower North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�18�295.9�0.0�69.8�79.5�57��2�12�66.0�0.0�39.9�20.5�33��3�22�105.9�0.0�27.4�28.1�45��4�19�46.2�0.0�15.7�13.8�42��5�21�68.8�0.0�15.3�20.1�60��6�28�99.9�0.0�24.5�23.4�37��7�63�373.8�0.0�111.2�80.7�18��8�49�254.5�0.0�61.2�61.0�29��9�49�187.7�0.0�40.7�41.4�29��10�18�175.5�4.0�57.9�49.0�42��11�8�127.2�0.0�37.6�45.5�101��12�19�323.9�0.0�70.1�78.1�54��13�6�133.4�0.0�44.5�48.7�115��14�1�70.2�70.2�70.2����15�4�31.4�0.0�18.3�14.0�121��16�15�89.1�0.0�26.1�26.0�55��17�5�61.3�0.0�25.9�25.8�124��18�35�234.4�0.0�73.0�73.4�35��19�105�181.8�0.0�45.2�40.5�17��20�85�212.6�0.0�36.8�40.3�24��21�19�107.5�0.0�35.0�22.9�31��22�39�120.9�0.0�27.7�31.9�37��23�107�232.9�0.0�43.3�44.5�20��24�42�182.8�0.0�31.9�40.3�39��25�39�250.3�7.1�80.4�50.6�20��26�91�201.2�0.0�46.9�47.5�21��27�88�101.3�0.0�30.1�25.2�18��28�35�245.1�0.0�53.2�51.1�33��29�39�75.0�0.0�22.5�19.4�28��30�79�174.7�0.0�27.0�34.2�28��31�18�107.1�0.0�26.3�31.2�59��

�Table 19. Total standing volUme of low value products, Lower North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�18�34.4�0.0�6.0�9.1�75��2�12�136.3�0.0�27.4�38.3�89��3�22�52.6�0.0�11.7�17.6�67��4�19�21.3�0.0�3.7�6.5�85��5�21�18.5�0.0�2.1�4.4�95��6�28�97.3�0.0�15.6�23.7�59��7�63�130.8�0.0�15.0�22.9�38��8�49�100.3�0.0�19.2�22.4�34��9�49�153.2�0.0�15.4�26.5�49��10�18�52.8�0.0�8.9�15.2�85��11�8�58.2�0.0�23.0�18.0�65��12�19�86.8�0.0�27.5�29.3�51��13�6�117.8�6.2�41.2�40.3�103��14�1�48.9�48.9�48.9����15�4�24.5�0.0�9.3�10.6�180��16�15�80.2�0.0�35.1�24.9�39��17�5�51.8�0.0�26.6�22.3�104��18�35�122.3�0.0�21.2�26.5�43��19�105�210.8�0.0�38.5�43.4�22��20�85�172.6�0.0�33.7�32.6�21��21�19�35.2�0.0�11.3�11.5�49��22�39�77.7�0.0�22.0�21.0�31��23�107�179.5�0.0�30.4�32.2�20��24�42�82.8�0.0�26.4�24.3�29��25�39�94.9�0.0�16.0�24.3�49��26�91�152.4�0.0�25.4�28.8�24��27�88�104.8�0.0�19.2�22.9�25��28�35�49.5�0.0�10.4�12.2�40��29�39�116.3�0.0�18.7�23.8�41��30�79�98.0�0.0�22.9�24.8�24��31�18�57.8�0.0�17.5�19.8�56��

�Table 20. Total standing volume of pulp, Lower North East CRA Region



Stratum�n�Max�Min�Average�SD�PLE��1�18�203.8�14.8�55.3�42.5�38��2�12�241.3�11.1�81.6�63.1�49��3�22�226.8�5.5�63.6�49.5�34��4�19�101.8�5.1�40.1�28.5�34��5�21�187.7�8.5�48.7�41.1�38��6�28�299.3�0.0�91.7�68.6�29��7�63�221.3�0.0�67.3�44.7�17��8�49�169.5�0.0�65.1�41.4�18��9�49�169.2�0.0�80.1�40.6�15��10�18�135.3�17.8�74.1�34.3�23��11�8�271.6�21.4�73.3�82.6�94��12�19�140.9�0.0�57.0�45.6�39��13�6�265.6�8.0�115.0�100.4�92��14�1�141.8�141.8�141.8����15�4�137.9�47.2�72.1�43.9�97��16�15�288.7�5.9�128.5�90.4�39��17�5�293.6�45.8�161.1�89.5�69��18�35�242.9�4.2�80.7�55.6�24��19�105�263.1�0.0�71.7�56.7�15��20�85�191.5�0.0�80.5�42.5�11��21�19�107.6�26.5�60.3�27.6�22��22�39�131.8�9.8�57.4�31.7�18��23�107�420.5�12.0�119.5�82.9�13��24�42�255.1�0.0�99.6�63.1�20��25�39�230.3�0.0�54.6�47.4�28��26�91�202.8�0.0�68.7�50.1�15��27�88�253.3�0.0�70.4�47.7�14��28�35�143.2�3.7�61.5�33.4�19��29�39�142.6�5.2�57.4�34.2�19��30�79�285.4�0.0�103.0�63.2�14��31�18�174.7�16.5�92.3�40.3�22��

�Figure 3. Effect of number of sample points on PLE, total volume in Lower North East CRA Region
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Figure 4. Effect of number of sample points on PLE, volume of all high value products, in Lower North East CRA Region
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�Table 21. Total standing volume, hardwood plantations



Stratum�n�Max�Min�Average�SD�PLE��1�20�463.0�0.0�204.5�144.4�33��2�20�358.2�55.5�178.9�96.9�25��3�20�307.8�0.0�129.5�99.7�36��4�20�431.5�0.0�138.2�117.1�40��5�20�532.1�0.0�117.4�142.1�57��6�20�636.6�0.0�228.9�182.9�37��7�20�962.1�0.0�301.3�230.2�36��8�20�329.7�10.4�137.9�86.6�29��9�20�406.2�0.0�166.8�113.3�32��10�20�337.7�0.0�156.4�86.2�26��11�20�329.4�0.0�119.8�89.3�35��12�20�617.7�0.0�155.4�167.6�51��13�20�303.6�0.0�89.7�88.9�46��14�20�405.7�27.4�248.2�116.7�22��15�20�525.3�0.0�190.9�127.2�31��16�20�296.9�0.0�182.8�72.0�18��17�20�547.4�4.6�212.6�146.2�32��18�20�349.0�0.0�166.2�88.2�25��19�20�507.9�0.0�222.6�145.5�31��20�20�378.1�0.0�189.4�125.2�31��21�20�461.5�0.0�226.7�122.9�25��22�20�504.0�0.0�188.3�134.2�33��23�20�402.1�0.0�175.4�101.9�27��24�20�355.8�0.0�201.5�89.8�21��25�20�269.7�0.0�166.2�75.9�21��26�20�279.8�0.0�146.8�70.5�22��27�20�286.1�0.0�116.7�87.6�35��28�20�525.8�0.0�155.7�140.4�42��29�20�406.3�7.9�214.6�110.2�24��30�20�257.7�117.8�182.1�39.1�10��31�20�350.8�0.0�170.8�93.2�26��32�20�645.0�0.0�233.1�148.9�30��33�20�541.0�49.3�251.7�118.6�22��34�20�270.7�0.0�80.6�81.2�47��35�20�437.9�0.0�184.5�133.8�34��36�20�321.2�0.0�131.9�109.6�39��37�20�472.4�0.0�235.5�119.9�24��38�20�279.1�0.0�67.3�80.2�56��39�20�348.0�0.0�129.3�98.8�36��40�20�388.2�0.0�154.0�128.2�39��41�20�248.6�0.0�109.5�58.2�25��42�20�314.7�0.0�143.7�99.0�32��43�20�428.5�0.0�89.5�114.6�60��44�20�406.5�0.0�164.7�109.4�31��45�20�380.1�0.0�179.8�95.4�25��46�20�463.0�0.0�158.8�121.3�36��47�20�317.0�0.0�120.5�84.4�33��48�20�263.0�0.0�116.7�105.0�42��49�20�291.9�0.0�115.9�95.0�38��

�Table 22. Total standing merchantable volume, hardwood plantations



Stratum�n�Max�Min�Average�SD�PLE��1�20�453.1�0.0�200.5�141.7�33��2�20�355.6�55.5�176.2�95.4�25��3�20�307.8�0.0�127.6�99.0�36��4�20�416.3�0.0�134.1�113.8�40��5�20�532.1�0.0�115.1�140.9�57��6�20�629.5�0.0�224.5�180.0�38��7�20�949.2�0.0�267.0�228.1�40��8�20�319.9�0.0�130.4�86.7�31��9�20�406.2�0.0�160.1�113.2�33��10�20�329.3�0.0�146.3�84.1�27��11�20�329.4�0.0�110.4�84.5�36��12�20�617.7�0.0�152.4�166.9�51��13�20�303.6�0.0�82.0�87.9�50��14�20�387.0�27.4�245.7�115.2�22��15�20�521.9�0.0�188.4�127.6�32��16�20�290.8�0.0�180.7�70.9�18��17�20�547.4�0.0�208.5�146.9�33��18�20�334.1�0.0�158.9�88.1�26��19�20�499.0�0.0�217.9�143.7�31��20�20�378.1�0.0�185.3�123.1�31��21�20�452.4�0.0�221.1�122.5�26��22�20�500.0�0.0�186.6�133.5�33��23�20�394.3�0.0�169.6�101.7�28��24�20�331.2�0.0�191.9�85.4�21��25�20�263.5�0.0�160.5�75.3�22��26�20�279.8�0.0�141.3�68.4�23��27�20�275.2�0.0�108.3�83.3�36��28�20�511.6�0.0�154.2�137.7�42��29�20�402.4�7.9�212.8�108.7�24��30�20�257.7�117.8�181.1�38.8�10��31�20�350.8�0.0�167.4�92.3�26��32�20�642.0�0.0�223.8�145.9�31��33�20�516.8�39.3�243.4�116.3�22��34�20�268.5�0.0�74.4�79.8�50��35�20�385.0�0.0�175.7�126.3�34��36�20�319.2�0.0�125.9�107.2�40��37�20�460.9�0.0�227.0�115.8�24��38�20�270.9�0.0�61.6�77.9�59��39�20�348.0�0.0�117.2�97.9�39��40�20�386.9�0.0�151.4�127.1�39��41�20�242.2�0.0�104.7�58.4�26��42�20�273.8�0.0�137.6�91.9�31��43�20�419.4�0.0�87.1�112.7�61��44�20�406.5�0.0�158.7�108.0�32��45�20�361.1�0.0�175.1�93.0�25��46�20�450.2�0.0�156.4�119.3�36��47�20�300.2�0.0�115.0�82.4�34��48�20�252.6�0.0�111.7�101.4�42��49�20�289.4�0.0�109.2�92.1�39��

�Table 23. Total standing large high value volume, hardwood plantations



Stratum�n�Max�Min�Average�SD�PLE��1�20�158.0�0.0�34.8�51.2�69��2�20�57.4�0.0�16.9�17.4�48��3�20�69.8�0.0�4.8�16.4�160��4�20�54.7�0.0�5.4�14.8�129��5�20�161.9�0.0�17.1�45.2�124��6�20�174.7�0.0�23.5�41.0�82��7�20�130.3�0.0�13.7�32.5�111��8�20�67.9�0.0�8.0�18.8�109��9�20�82.0�0.0�8.2�23.4�133��10�20�0.0�0.0�0.0�0.0���11�20�14.2�0.0�0.7�3.2�209��12�20�408.9�0.0�42.7�103.1�113��13�20�174.4�0.0�9.8�39.0�186��14�20�218.2�0.0�83.0�57.1�32��15�20�274.8�0.0�32.5�64.7�93��16�20�62.5�0.0�10.3�19.0�86��17�20�191.5�0.0�31.5�46.2�69��18�20�73.7�0.0�4.9�17.1�162��19�20�139.1�0.0�25.5�36.0�66��20�20�148.8�0.0�26.8�44.0�77��21�20�93.2�0.0�15.0�29.2�91��22�20�210.6�0.0�32.6�48.9�70��23�20�44.3�0.0�4.7�12.1�120��24�20�49.9�0.0�4.6�14.1�145��25�20�15.3�0.0�0.8�3.4�209��26�20�13.4�0.0�0.7�3.0�209��27�20�0.0�0.0�0.0�0.0���28�20�117.1�0.0�27.8�39.5�66��29�20�133.0�0.0�45.2�41.0�42��30�20�86.5�0.0�20.5�21.7�50��31�20�80.4�0.0�16.3�23.5�68��32�20�274.0�0.0�25.8�64.8�117��33�20�117.8�0.0�9.7�27.1�131��34�20�36.8�0.0�3.1�9.8�147��35�20�72.0�0.0�13.9�23.6�80��36�20�26.7�0.0�1.3�6.0�209��37�20�121.5�0.0�7.3�27.5�175��38�20�79.1�0.0�4.0�17.7�209��39�20�136.3�0.0�20.1�44.8�104��40�20�146.9�0.0�28.2�39.0�65��41�20�31.4�0.0�3.0�8.1�124��42�20�18.3�0.0�0.9�4.1�209��43�20�64.5�0.0�11.2�22.2�93��44�20�189.1�0.0�16.7�43.5�122��45�20�78.9�0.0�9.5�20.2�100��46�20�79.5�0.0�8.9�19.6�103��47�20�13.9�0.0�0.7�3.1�209��48�20�53.2�0.0�4.0�13.0�153��49�20�0.0�0.0�0.0�0.0���

�Table 24. Total standing volume of all high value products, hardwood plantations



Stratum�n�Max�Min�Average�SD�PLE��1�20�320.20�0.0�121.73�103.38�40��2�20�217.40�32.6�97.08�57.52�28��3�20�166.70�0.0�61.39�59.23�45��4�20�214.50�0.0�60.34�53.62�42��5�20�369.40�0.0�65.37�95.79�69��6�20�327.10�0.0�122.03�105.81�41��7�20�358.70�0.0�111.17�99.86�42��8�20�219.20�0.0�56.28�65.75�55��9�20�258.40�0.0�73.39�73.46�47��10�20�108.80�0.0�48.57�38.25�37��11�20�113.20�0.0�37.28�36.29�46��12�20�433.00�0.0�80.30�112.25�65��13�20�192.20�0.0�33.16�55.21�78��14�20�277.60�13.2�163.14�81.44�23��15�20�349.40�0.0�117.71�90.51�36��16�20�196.00�0.0�104.29�53.30�24��17�20�353.80�0.0�126.52�98.81�37��18�20�165.40�0.0�76.03�54.05�33��19�20�346.70�0.0�121.15�94.89�37��20�20�249.10�0.0�109.03�82.43�35��21�20�226.90�0.0�111.11�72.03�30��22�20�322.00�0.0�104.52�77.99�35��23�20�213.60�0.0�75.81�60.11�37��24�20�159.30�0.0�65.43�47.98�34��25�20�158.80�0.0�58.18�47.46�38��26�20�134.30�0.0�42.35�32.79�36��27�20�132.10�0.0�35.21�41.57�55��28�20�330.30�0.0�94.86�90.52�45��29�20�331.70�1.4�146.59�84.84�27��30�20�162.70�58.1�120.93�30.23�12��31�20�212.70�0.0�95.88�57.60�28��32�20�439.30�0.0�109.86�97.59�42��33�20�266.70�11.2�116.36�79.62�32��34�20�171.30�0.0�22.15�42.07�89��35�20�169.60�0.0�83.62�60.19�34��36�20�162.10�0.0�44.47�52.81�56��37�20�222.90�0.0�94.08�64.53�32��38�20�161.30�0.0�17.38�38.56�104��39�20�224.20�0.0�52.43�72.08�64��40�20�260.00�0.0�94.93�82.92�41��41�20�122.20�0.0�47.83�36.55�36��42�20�148.50�0.0�56.14�45.83�38��43�20�282.80�0.0�43.85�69.75�74��44�20�249.40�0.0�81.20�69.01�40��45�20�235.10�0.0�94.92�65.79�32��46�20�209.20�0.0�80.28�60.82�35��47�20�116.90�0.0�45.55�37.46�38��48�20�143.40�0.0�48.17�45.87�45��49�20�121.90�0.0�25.23�37.14�69��

�Table 25. Total standing volume low value products, hardwood plantations



Stratum�n�Max�Min�Average�SD�PLE��1�20�40.3�0.0�4.1�11.0�125��2�20�21.6�0.0�2.0�5.4�127��3�20�0.0�0.0�0.0�0.0���4�20�178.8�0.0�9.6�39.9�195��5�20�35.2�0.0�4.5�11.0�116��6�20�16.4�0.0�1.4�4.4�147��7�20�41.6�0.0�2.7�9.6�164��8�20�0.0�0.0�0.0�0.0���9�20�15.8�0.0�1.3�4.1�148��10�20�0.0�0.0�0.0�0.0���11�20�0.0�0.0�0.0�0.0���12�20�78.0�0.0�8.0�19.7�116��13�20�37.6�0.0�1.9�8.4�209��14�20�44.8�0.0�6.5�11.9�86��15�20�43.4�0.0�3.6�10.4�136��16�20�0.0�0.0�0.0�0.0���17�20�15.2�0.0�1.4�4.4�145��18�20�12.9�0.0�0.6�2.9�209��19�20�25.4�0.0�2.7�7.2�123��20�20�17.3�0.0�0.9�3.9�209��21�20�35.8�0.0�2.5�8.5�158��22�20�49.4�0.0�3.1�11.3�168��23�20�0.0�0.0�0.0�0.0���24�20�15.4�0.0�1.3�4.1�147��25�20�0.0�0.0�0.0�0.0���26�20�0.0�0.0�0.0�0.0���27�20�14.1�0.0�0.7�3.2�209��28�20�18.6�0.0�2.1�5.2�118��29�20�9.2�0.0�1.9�2.7�67��30�20�9.5�0.0�1.4�2.9�95��31�20�14.0�0.0�1.5�3.6�112��32�20�23.7�0.0�1.7�5.7�156��33�20�12.9�0.0�0.6�2.9�209��34�20�14.1�0.0�0.7�3.2�209��35�20�13.0�0.0�1.8�4.3�115��36�20�11.3�0.0�0.6�2.5�209��37�20�37.6�0.0�1.9�8.4�209��38�20�18.4�0.0�0.9�4.1�209��39�20�23.2�0.0�2.6�6.7�121��40�20�31.7�0.0�1.9�7.1�174��41�20�0.0�0.0�0.0�0.0���42�20�18.5�0.0�1.8�5.7�144��43�20�38.3�0.0�1.9�8.6�209��44�20�32.8�0.0�1.6�7.3�209��45�20�23.0�0.0�1.2�5.1�209��46�20�32.7�0.0�2.8�7.8�134��47�20�17.2�0.0�0.9�3.8�209��48�20�12.1�0.0�0.6�2.7�209��49�20�19.4�0.0�1.0�4.3�209��

�Table 26. Total standing pulp volume, hardwood plantations



Stratum�n�Max�Min�Average�SD�PLE��1�20�135.0�0.0�61.9�41.9�32��2�20�148.3�15.4�62.8�41.9�31��3�20�133.2�0.0�57.2�43.9�36��4�20�140.4�0.0�52.7�39.1�35��5�20�157.4�0.0�37.3�42.0�53��6�20�267.1�0.0�82.3�69.6�40��7�20�585.2�0.0�122.2�129.0�49��8�20�96.2�0.0�62.7�30.7�23��9�20�160.8�0.0�71.2�48.3�32��10�20�195.4�0.0�80.4�48.3�28��11�20�164.5�0.0�60.6�47.9�37��12�20�153.7�0.0�51.6�48.9�44��13�20�134.8�0.0�39.6�42.1�50��14�20�124.0�7.9�59.5�32.9�26��15�20�114.7�0.0�56.2�35.6�30��16�20�156.5�0.0�64.1�40.7�30��17�20�218.7�0.0�65.3�52.1�37��18�20�162.0�0.0�69.2�42.4�29��19�20�149.5�0.0�79.3�49.2�29��20�20�137.8�0.0�62.5�46.5�35��21�20�160.2�0.0�89.5�49.6�26��22�20�202.5�0.0�66.7�53.2�37��23�20�168.7�0.0�79.9�44.1�26��24�20�237.9�0.0�105.6�55.1�24��25�20�138.9�0.0�86.9�38.8�21��26�20�149.7�0.0�84.9�39.4�22��27�20�125.4�0.0�61.6�39.5�30��28�20�165.4�0.0�48.0�45.1�44��29�20�115.3�5.5�54.7�29.6�25��30�20�84.0�31.1�48.8�15.6�15��31�20�124.4�0.0�57.9�32.5�26��32�20�167.6�0.0�88.8�46.6�25��33�20�212.8�24.1�107.2�45.9�20��34�20�121.2�0.0�44.1�40.8�43��35�20�187.5�0.0�73.5�58.7�37��36�20�134.3�0.0�69.9�53.9�36��37�20�192.0�0.0�109.1�49.1�21��38�20�114.5�0.0�36.0�40.5�53��39�20�139.2�0.0�49.7�35.1�33��40�20�119.7�0.0�46.2�36.9�37��41�20�149.2�0.0�49.6�31.3�30��42�20�202.3�0.0�66.7�59.7�42��43�20�130.2�0.0�34.1�40.9�56��44�20�139.9�0.0�63.0�41.7�31��45�20�123.6�0.0�66.4�31.7�22��46�20�209.0�0.0�59.7�52.4�41��47�20�168.9�0.0�57.3�46.3�38��48�20�154.5�0.0�53.4�52.6�46��49�20�201.3�0.0�69.3�55.6�38��

��

appendix a - Field procedures for eucalypt plantation – marvl inventory

��

appendix b - marvl system analysis

��

appendix c - strategic inventory – field manual��appendix d - strategic inventory project auditing methodology outline

��appendix e - strategic inventory Audit report (une and lne)
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� Category A plantations are those plantations which are suitable for immediate accreditation under the Timber Plantations (Harvest Guarantee) Act 1996. Category B plantations are plantations for which more intensive field investigation is needed before accreditation can be obtained.

� Probable limit of error (PLE) is the confidence interval, expressed as a percentage of the mean. It is a convenient name for an established statistical concept, not a new statistic.
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