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ABSTRACT 
 
In Northland totara (Podocapus totara) is clearly abundant on much of the hill 
country pastures, riparian margins and in regenerating indigenous scrub and forest 
areas. Is this potentially a significant timber resource? Prior to this study there was no 
estimate available of the totara resource in Northland. A project to develop a method 
for estimating the resource of totara is part of several initiatives underway by the 
Northland Totara Working Group set up to determine the potential of naturally 
regenerating totara on farmland as a long term sustainable timber resource. 
 
A sampling methodology has been developed using a combination of digital mapping 
technology and forestry inventory methods within a selected study area in Northland. 
The results of this study provide an estimate of the quantity and quality of the existing 
totara resource. Estimates are based on the data collected within the study area.  
Robust statistical testing or an assessment of the methods accuracy has not been 
included in this study. 
 
Prior to commencing the study expectations were that this naturally regenerating 
resource would be highly variable. The results of sample tree measurements show this 
resource is indeed highly variable, with stems per hectare (SPH) ranging from 0 to 
4737 and tree sizes ranging from small seedlings with a diameter (DBH) of less than 1 
cm to large trees with a trunk DBH of 130 cm. Total tree volumes recorded ranged 
from 0 to 249 m3/ha.  
 
The results show the quantity of regenerating totara is relatively large although highly 
variable in spatial distribution. A large proportion of trees are small to medium in 
size. The average quality or tree form is significantly higher in stands either in totara 
dominant stands or within mixture with other species in shrubland and forest areas, 
compared to scattered individual trees in open ‘paddock’ situations, the latter on 
which the resource is often judged. 
 
The characteristics of the resource surveyed in this study suggest that scope exists to 
improve tree quality through silvicultural operations - potentially leading to 
significantly improved quality of recoverable timber. However, implications for 
silvicultural management require further detailed analysis and are part of further work 
being undertaken by the Northland Totara Working Group. 
 
The results indicate that it is possible to assess naturally regenerated totara resources 
in various land cover types, using high resolution aerial photography and the methods 
described in this report. 
 
The resource estimation, points to a significant volume that could be a sustainable 
source of timber. 
 
 
KEYWORDS: Podocarpus totara, Northland, sustainability, resource, management, 
GIS, survey, indigenous, aerial photography, mapping, remote sensing, LCBD2 
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INTRODUCTION 

 
Totara is a light demanding pioneer species that compared with other native 
podocarps grows relatively quickly and produces seed from a young age. It 
germinates and establishes successfully in grazed environments and consequently, the 
extensive conversion of forest to pastoral farming in the past has probably assisted in 
its current proliferation particularly on hill country landscapes and along riparian 
areas (Bergin 2003).  
 
As with a number of other regions in New Zealand, Northland has extensive areas of 
totara regenerating on farmland and amongst second-growth shrubland and forest. The 
Northland Totara Working Group (NTWG) was formed in late 2005 as a result of 
land owner interest in exploring the productive potential of naturally regenerating 
totara on private land in the region. Potential for sustainable management of this 
resource was highlighted by research undertaken by Bergin (2001). The NTWG has 
initiated research into several aspects relating to the sustainable management of 
naturally developing totara on farmland including silviculture requirements and 
developing an inventory method for determining the resource of regenerating totara in 
Northland. Many small stands of totara on private land may cumulatively sum to a 
significant resource at a regional scale. However, the actual extent and quality of this 
resource in Northland had not been assessed. 
  
This study “to develop an inventory method for assessing the naturally regenerating 
totara resource” has been commissioned by Tane’s Tree Trust on behalf of the 
NTWG. Funding has been provided by the ASB Community Trust.  
 
 
 

OBJECTIVE 
 

The aim is to develop a practical method for assessing the current resource of naturally 
regenerating totara on farmland and previously cleared land under private tenure. At least one 
district within the Northland region with regenerating totara was to be surveyed using remote 
sensing methods (digital mapping based on aerial photography) followed by ground-based 
stand assessments. 
 
 
 

METHODOLOGY 
 
Study site 
 
The resource assessment study was carried out in one site within the Far North 
District of Northland, identified as the “Whangaroa Community Study Area” (Fig. 1). 
This 63,675 hectare (ha) study area was defined using Statistics NZ ward boundaries 
of the Mangapa-Matauri Bay and Kaeo areas. The area was reduced to 47,579.3 ha 
when irrelevant landuse or insignificant land-cover classes were excluded. Excluded 
areas comprised government administered reserves/QE II, mangrove, coastal-sands, 
wetlands/water, horticultural land, urban and other small insignificant LCDB2 classes 
e.g short-rotation cropland. (refer to Area excluded in Appendix 1). 
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Figure 1: Location of the Whangaroa Community Study Area, Far North District Council, 
Northland, selected for developing a methodology for determining the resource of naturally-
regenerating totara on farmland. 
 

 
 
As with many other regions in Northland, the Whangaroa Community Study Area has 
typically significant areas of previously-cleared land reverting to shrubland which 
includes totara. The area also includes two farm properties near Kaeo owned by Paul 
Quinlan and Doug Lane where the characteristics of the vegetation cover were known 
from previous work on totara and where there was good local knowledge of the 
vegetation cover and landuse.  
 
Data 
 
A Geographic Information System (GIS) was used to relate a sample of manually 
classified high resolution photography of approximately 0.15 metre ground sample 
distance (GSD) with the comprehensive Land Cover Database (LCDB2). Standard 
plantation forestry inventory methods (Ellis 1997) were used to provide estimates of 
volume and also provided ground truth verification of the mapping classifications. 
 
Two databases have been developed: 

1. A GIS enabling mapping and spatial analysis  
2. A series of spreadsheets used to calculate volumes from the inventory data. 
 

The three main levels of data were used in order of resolution. These were from 
lowest to highest resolution: 
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1. Ministry of the Environment , Land Cover Data Base Version 2 (LCDB2) 
2. Mapping/classification of totara identified on randomly selected high 

resolution aerial photography. 
3. Randomly selected totara inventory plots (located using GPS) 

 
 
Land Cover Data Base 
 
The Land Cover Database (LCDB2) from the Ministry of the Environment (MfE 
2001) was selected as the base map population layer. This is a national GIS dataset 
derived from remote sensing classification of satellite imagery.� “The revised database 
uses Landsat satellite images to identify land cover change. A set of images for the 
country was acquired over the summer of 2001/02” (www.mfe.govt.nz). 
 
Research indicated this was the most current and comprehensive land cover 
description available. The broad generic classes and resolution of this dataset are 
insufficient to accurately identify quantities of any individual tree species such as 
totara. The LCDB2 does however provide a comprehensive base layer to relate with 
higher resolution samples. 
 
An assessment of accuracy of the LCDB2 was not available however an accuracy 
assessment is available for LCDB1, the previous version of this data set and gives a 
general indication of the level of expected accuracy. 
‘ In 2000 the Ministry for the Environment commissioned Forest Research to carry out 
an accuracy assessment of the classification classes used in LCDB1. Land cover was 
evaluated at 17,000 points across the country. Overall map accuracy was estimated at 
93.9% using the simple accuracy percentage statistic. However classification error in 
LCDB1 is being corrected as part of the LCDB2 process and the overall accuracy of 
LCDB1 is expected to improve accordingly.” (MfE 2001). 
 
An LCDB2 accuracy issue relating to boundary registration was observed as a 
misalignment between the underlining orthophoto and the LCDB2 classifications. 
This issue was also noted in the accuracy assessment of LCDB1 as boundary 
misalignment of up to 100m (Dunningham 2000). 
These issues considered, it was decided the LCDB2 was still the best land cover base 
data set available to fulfil the selection criteria of; providing complete coverage and 
being the most current. 
  
Aerial Photography 
 
The vertical digital aerial photography was taken by the author from a fixed wing 
aircraft flying at an approximate height of 2000 feet above ground.  
A total set of 302 high resolution vertical digital photographs were taken during three 
flights in October 2006, January 2007 and May 2007. From this total set, a sub-set of 
58 were selected for mapping representing the; “photo sample coverage” and 
“mapping sample area” as dictated by the studies budget. The photography was taken 
during flight runs generally selected to provide an even spread of the sample coverage 
across the Whangaroa community study area (refer to; ‘Mapping sample area” in, 
Appendix 1).  
 
Two photography flight runs were selected during planning of the October 2006 flight 
specifically to provide photography covering two particular properties, Quinlan’s and 
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Lane’s within the mapping sample area. From these targeted flight runs six 
photographs were manually selected to provide coverage of these properties. In 
general, during flight planning most of the flight runs were loosely targeted to give a 
higher representation of “scrub” type LCDB2 classes; (refer Appendix 1 LCDB 
classes shaded grey). The purpose of the bias toward scrub was to weight or increase 
the proportion the sample of these classes, which were expected to contain the most 
significant totara resource. 
 
The study was split into two phases: Phase I (pilot study) used to refine the method 
and Phase II an extension of Phase I.  
In the initial Phase I , 28 photographs were randomly selected from the October 2006 
and January 2007 flights and added to the initial 6 selected giving a total of 34 
photographs in the pilot study photo sample. In the final Phase II of the study another 
24 images were randomly selected from the May 2007 runs. All of the total 58 digital 
images in the photo sample were digitally rectified to calibrate with the NZTM map 
grid. The rectification process employed was “quadratic polynomial order” requiring  
at least 6 ground control points per image. Ground control was obtained from the Far 
North District Council’s rural medium resolution ortho photography (March 2000). 
The rectified sample images have a ground sample distance (GSD) of approximately 
0.15 metres. This is a similar scale to the high resolution aerial photography typically 
used by local authorities in urban areas. 
The high resolution colour photography forms a key data source to the methodology 
used in the study. Only in images at these high resolutions can the distinctive colour 
and form of totara trees be identified. The standard medium resolution rural 
photograph typically available in archives of local authorities with a GSD of 0.6 -1.2 
is of insufficient quality and resolution to identify totara. (refer to image 3 in 
Appendix 3 for example of high resolution sample image overlaid on medium 
resolution FNDC archive image). 
 
Figure 2: High resolution aerial photograph (image 1320), overlaid on FNDC ortho-photography.  

 



 

 6 

Digital mapping and classification of mapping sample 
 
Digital mapping was carried out on the area covered by the 58 rectified high 
resolution photos (photo sample) to produce the “mapping sample”. This mapping 
sample was stratified according to the prevalence of totara as interpreted from the 
photo sample. The objective of stratification was to gain a better understanding of the 
resource variability and consequently improving the total extrapolated resource 
estimates for the study area. 
Stand boundaries were created as polygons in the GIS using a manual digitizing photo 
interpretation method at a scale of approximately 1:1000. Initially areas on each photo 
which appeared to be “indigenous scrub” (indigenous vegetation cover without 
significant proportions of large remnant trees) were defined as totara stands. These 
totara stands were divided further when areas appeared to have similar visual 
characteristics relative to the prevalence of totara. These areas were grouped into 
stands and assigned a class code (refer to appendix 3 for examples). The stand class 
code was assigned according to the visually apparent size and stocking of totara trees 
(refer Table 1). The key distinguishing features used to identify the presence of totara 
were colour and crown texture. Totara generally has a distinctive kaki colour 
particularly when the crown is dominant within the canopy. With medium and larger 
trees the crown texture also assists in identification. 
Along with stand class the other main species of vegetation apparent during the photo 
interpretation was also recorded  
 
The mapping sample area was divided into three main types; 
 
1. Totara Stands (areas of trees with a totara stand mapping class) 
2. Non-Totara Stands (areas without a totara stand mapping class) 
3. Paddock Tree Points (individual tree locations within the Non-Totara Stand areas) 
 
The totara stand classes were developed based on an initial assessment of 6 photos 
from the photo sample. Totara stands were classified into 11 totara classes (Table 1), 
based on the following two variables; 

1. apparent totara tree size – large, medium, small, 0 = not visible 
2. apparent totara tree stocking – ranging from 0 = very low to 3 = high 
 

Table 1 Totara stand classes 
Class Code Class Description (size, stocking) 

00 no totara visible, very low stocking 
l2 large size, medium stocking 
l3 large size, high stocking 

m0 medium size, very low stocking 
m1 medium size, low stocking 
m2 medium size medium stocking 
m3 medium size high stocking 
s0 small size, very low stocking 
s1 small size, low stocking 
s2 small size medium stocking 
s3 small size high stocking 

(Refer to Appendix 3, for examples of stand mapping and classification) 
 
Areas on the photos which could not be assigned a stand class code became the 
default “Non totara stands” areas and include pasture, plantation forestry and remnant 
indigenous forest. Areas of large indigenous trees (remnants of old-growth forest) 
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were not included in the regenerating resource and were excluded from the stands and 
consequently included in the “Non totara stand” default class. 
 
Paddock trees were defined as individual trees with too low a stocking to be classified 
as a stand. These were mapped as points in the GIS and given a reference number to 
produce the “paddock tree sample”.  
 
Some areas on Lane’s farm were mapped without high resolution aerial photography 
coverage and outside the photo sample area. The reason for this was to meet one of 
the initial project objectives; “the total assessment of an individual farm”. In this case 
the photo sample was substituted with the FNDC 2000 ortho-photography to define 
the broad stand boundaries an additional ground survey was required to define the 
stand classes as it is not possible to define these from the lower resolution 
photography. These additional “Lane’s farm” areas were included in the mapping 
sample. 
 
Figure 3 Example of Mapping and Classification (refer to Appendix 3 for more examples) 
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GIS analysis 
 
GIS overlay analysis was carried out to relate the mapping sample classes to the 
LCDB2 base map classes. 
In essence the GIS analysis process creates a union (join) between two layers:  
 

1. Mapping sample layer 
2. LCDB2 layer 
 

The analysis generates a new “Mapping Sample/LCDB2” layer from the two original 
layers. The original polygons in the mapping sample have effectively been split by the 
polygons in the LCDB2 creating a new layer. The new polygons are a subset of 
polygons from the original layers. These new polygons are classified by both the 
mapping class and the LCDB class and the area in hectares is calculated. These new 
polygon areas are then summarised to produce a “LCDB2 class/Mapping Sample 
Class” matrix for the mapping sample area (refer figure 4). The proportions of 
mapping sample class in each LCDB2 class of this matrix are then extrapolated to the 
study area to produce the “LCDB2 class/ Study Area Mapping Sample Class” matrix 
covering the entire study area. 
 
Figure 4 Mapping Sample overlay analysis with LCDB2 .   
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Inventory and tree assessment 
 
Standard forestry inventory field plots were used within totara stands to provide an 
estimate of volume, stem quality and ground-truth verification of the mapping sample 
classification process. This involved the establishment of circular temporary plots 
from 0.01-0.04 ha in size. Small plots were used in densely stocked stands and larger 
plots used in lower density stands. Plot dimensions were adjusted for slope where 
required. 
  
In the initial Phase I, 15 inventory plots were measured. In the final Phase II of the 
study a further 39 plots were measured. Plot locations were randomly selected from 
within polygon areas classified as totara stands in the mapping sample. All plots were 
randomly selected using a 200 metre grid overlay method, except for plots x1 and x2 
which were manually selected to ensure inclusion in the sample of the mapping 
classes in which these plots are located. (refer Appendix 1 for plot locations). 
 
Plot locations were uploaded as waypoints into a Garmin 76CSx GPS (new receiver, 
with improved under canopy reception) and were used to locate plot centres in the 
field. The inventory plot variables recorded in the field are listed and described in 
Table 2. 
 
Table 2 Plot Variables (Shaded green indicates variables recorded for individual trees except 
when tree has multiple stems from its base) 
Variable code Description 

Date Measurement date 

Slope (deg) Slope (used to determine corrected plot radius) 

Size (ha) Most 0.1 or 0.04 ha (exceptions refer to appendix 4.) 

Plot reference From GPS waypoint 

Tree number Order tree was measured 

DBH (cm) Tree diameter at 1.4 m above ground 

Height (m) Maximum of 4 predominant heights per plot 

Form (class) Subjective assessment of potential log quality (refer tree form) 

Comment Any general observation 

Count Saplings A tally of saplings with DBH > 2cm and < 5 cm 

Count Seedlings A tally of seedlings with DBH <= 2cm 

 
In “non-totara stands” within the mapping sample area a random sample of paddock 
trees was measured for the following variables: DBH (cm), Height (m), Form (class), 
Photo reference, Comment (refer Appendix 5). 
 
For most of the paddock trees sampled a digital photograph was taken. 
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Tree Form 
 
During the inventory tree form was recorded as a subjective assessment of tree shape 
related to: apical dominance, stem straightness and proportional lower branch size. 
The form class was assessed from a wood products perspective relative to log quality. 
Tree form was recorded for almost all trees measured for DBH in both paddock and 
stand trees sampled. A detailed description of the tree form was developed for each 
form class. 
 
Totara were placed into one of five tree form classes: 

1. Excellent 
2. Good 
3. Fair 
4. Poor  
5. Non merchantable 

 
A detailed description of the five classes of tree form is given in Table 3.  
 
Table 3 Tree form class description 
 
Form Class Description and Characteristics/ defects 
 

 
Photography example 

 
Class Code:1 
 
Rating: Excellent 
 
Log lengths: 6+ m  
 
Description: 
Single straight trunk, clear bole or 
only a few small branches or knots, 
no other apparent defects. 
 
Photo #:2490 
 
Tree #: n/a 

 
Class Code:2 
 
Rating: Good 
 
Log lengths: 5-6+ m  
 
Description: 
Single straight lower trunk, but may  
have some small-medium branches 
or knots, and may have heavy branches  
or fork above lower log length.. 
 
Photo #: 1602 
 
Tree #: 35 
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Class Code: 3 
 
Rating: fair 
 
Log lengths: 2.7 - 5+ m  
 
Description: 
Short logs, or multiple logs, 
down-graded by defects such as  
moderate-heavy branching/ knots 
slight sweep, twist or wobble. 
 
Photo #: 1605  
 
Tree #: 38 

 
 
Class Code: 4 
 
Rating: Poor 
 
Log lengths: 1.5 -2.7 m  
 
Description: 
Short recoverable butt log length,  
may have confused grain  
and some knots.. 
 
Photo #: 1583  
 
Tree #: 598 

 
Class Code: 5 
 
Rating: Non-merchantable 
 
Log lengths: <1.5 m  
 
Description: 
No merchantable trunk length. 
May have multiple stems/ heavy branches 
and or forks. N.B. some branches may have  
considerable size. 
 
Photo #: 2502 
 
Tree #: 645 

 
Any other factor affecting tree growth, pattern or health was recorded during field 
work.  
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Tree Volume Function 
 
Currently there is no volume equation available specific to totara, consequently the 
tree volume function for Pole Rimu (Westland) Ellis (1979) was used.  
 
Pole Rimu (Westland)  
V = 0.034275 D2 (H2 / H-1.4) + 5.945143 
 
For trees with multiple stems at the base, each stem volume was calculated 
individually and then the volume of all stems was combined to produce the tree 
volume. 
 
Using the data collected during the field work inventory volumes were calculated for 
each tree with diameter breast height at 1.4 m (DBH) recorded (> 5 cm), these 
individual tree volumes were then combined to give; total tree volume, plot volumes 
and per hectare volumes. 
 
DBH height equations 
 
DBH/ Tree height regression analysis was carried out to estimate height for trees with 
height not measured. Tree heights were combined into 3 form class groups (refer table 
4) 
 
Table 4 Stand trees 2nd order polynomial regression and linear regression for paddock trees 
Group Formula  R2  Value 

Form 1 & 2 H = -0.0063 D2 + 0.6406 D + 1.2806 R2 = 0.8334 

Form 3 H = -0.0009 D2 + 0.2532 D + 5.0707 R2 = 0.7098 

Form 3 & 4 H = -0.0009 D2 + 0.1676 D + 5.6278 R2 = 0.5466 
All Paddock trees  H = 0.0351 D + 9.851 R2 = 0.2061 

 
The regression types and formula were selected to minimize the R2, and used to 
estimate the unmeasured heights. These estimates will tend to be unreliable if 
extrapolated outside the sample data range. 
 
Figure 5 Totara Tree Height /DBH curve by form class group 

Totara Tree Height / DBH Curve by Form Class
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The inventory plot measurements of height and DBH show there is a relationship 
between height and form, with predicted heights at 30 cm, being; 9.8 m, 11.9 m, and 
14.8 m for groups, form 4 & 5, form 3 and form 1 & 2 respectively. 
 
Figure 6 Totara Paddock Tree Height /DBH curve 
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Paddock tree heights had significant variability, particular with diameters less than 45 
cm, consequently the R2 value is low. This is associated with the very poor form of 
some of these paddock trees (refer, figure 6). 
 
The data from the 64 inventory plots was entered into a spreadsheet database. An 
estimate of total tree volume m3 was then calculated for each tree measured in the 
inventory plots and individual paddock trees. These results are summarised with other 
variables. (refer Appendices 5 and 6).  
This per hectare plot summary data was then again summarised by mapping class to 
produce the “Summary Inventory Plot Data” presented in Appendix 2. 
Additional summary variables of interest are also presented in Appendix 2 including; 
 
Mean stems per hectare (SPH) all (includes saplings and seedling) – This includes 
the tally of seedling <2 cm and saplings <= 5 cm which were recorded as part of the 
inventory. 
 
Mean SPH trees (DBH > 5cm) the stocking of trees with DBH measured, and 
volume calculated. The summary stocking values appear to relate to the stocking 
value assigned during the mapping classification.  
 
Mean plot DBH (cm) (DBH > 5 cm) the mean of plot mean DBH. This diameter or 
tree size also appears to relate to the size value assigned during the mapping 
classification. 
 
Mean plot BA (m2/ha) Basal area is a function of both DBH and SPH. Consequently 
these results also appear to correlate with the mapping classification. 
 
Form % , is calculated from the sum of tree volumes which form was recorded (94% 
of trees with measured DBH). The results of this show a spread of form across all 
mapping classes.  
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It is anticipated that this data will be useful for any subsequent resource utilisation and 
analysis studies. 
 
In Appendix 2 the “Mean plot total tree volume” was multiplied with the “Total Area 
(ha)” estimates from the GIS Analysis of the study area to calculate the estimate of 
“Total Volumes (m3)” by mapping sample class for the study area. 
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RESULTS 
 
Mapped area of totara 
 
In total 1226 hectares (ha) were mapped in the mapping sample, within this total, 
444.6 hectares were mapped as totara stands and assigned a sample mapping class 
code. The total “totara stand” portion of the mapping sample is comprised of 253 
stands with a average area of 1.76 ha. Subtracting this portion from the total mapping 
sample gives 781.4 ha remaining of “non-totara stand”. 
 
The largest totara stand mapping classes by area were; 00, s1 and m1 with a total area 
of 287.6 ha or 65% of the total 444.6 ha. (refer to Table 5 for detail). 
 
Using GIS analysis, the mapping sample layer was related to the LCDB2 layer to 
produce the “mapping sample/LCDB2” layer. This process effectively splits the initial 
253 stands into 429 new sub-stands with unique LCDB2 classes. The area of these 
new sub-stands is calculated and summarised to produce the “mapping sample class 
/LCDB2 class” area matrix for the mapping sample area (refer Table 5). 
 
Table 5  Overlay Analysis Matrix of Sample Mapping Class Areas (ha) relative to LCDB2 classes  

  Sample Mapping Classes areas (ha) 

LCDB2 Class 
Name 

Non 
totara 
stand 

00 l2 l3 m0 m1 m2 m3 s0 s1 s2 s3 Total 
area  
mapped 
(ha)  

Afforestation 
(imaged, post 
LCDB 1) 

23.3 2.4                     25.7 

Broadleaved 
Indigenous 
Hardwoods 

15.4 11.3     1.3 10.4 0.6 1.5 0.8 29.6 10.8   81.7 

Deciduous 
Hardwoods 

0.1                       0.1 

Forest 
Harvested 

13.5                       13.5 

Gorse and 
Broom 

9.6 0.5               2.5     12.6 

Grey Scrub 0.3                 0.6     0.8 

High Producing 
Exotic 
Grassland 

474.6 7.0 0.2 0.7 2.5 3.8 5.4 1.3 2.7 7.3 4.7 0.1 510.2 

Indigenous 
Forest 

58.8 29.4   1.1 15.2 15.6 19.8 1.0 0.7 10.4 2.8 8.3 163.0 

Low Producing 
Grassland 

25.5 2.6       0.4 0.8     0.0 0.9 0.2 30.5 

Manuka and or 
Kanuka 

60.7 53.3   0.2 2.8 32.3 19.3 0.3 26.8 52.7 7.3 0.3 256.1 

Pine Forest - 
Closed Canopy 

89.3 0.3 0.2   1.3 11.3 9.2 1.2 0.9 0.5 0.0   114.2 

Pine Forest - 
Open Canopy 

1.3         2.2 0.8     0.1 3.2   7.6 

Surface Mine 9.1 1.0                     10.0 

Total (ha) 781.4 107.8 0.4 2.0 23.0 76.1 55.9 5.2 31.9 103.7 29.8 8.9 1226.0 

 
This “mapping sample/LCDB2” table is then used to extrapolate the sample mapping 
class proportions to the whole study area, providing an estimate of the hectares of 
study area in each sample mapping class.The result of the GIS analysis and 
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extrapolation is presented in Appendix 2 in the section “GIS Analysis, LCDB2 
class/Mapping class (ha)”. 
 
The total mapping sample represents 2.6% of the total 47,579.7 ha study area. 
Table 6 shows the mapping sample proportion of LCDB2 class areas relative to the 
proportion of the LCDB2 class areas for the study area or population. The column 
“Difference in % of Total” shows how well the sample represents the population in 
terms of LCDB2 class area proportions. This is not a test of the accuracy or 
classification quality. 
 
Table 6 Representation LCDB2 classes, Sample vs Study Area (Population) 

 
Mapping 
Sample Study Area  

LCDB2 Class 

Total 
(ha)  

Class 
% of 
Total 

Total 
(ha)  

Class 
% of 
Total 

Difference 
in % of 
Total 

Afforestation (imaged, post LCDB 1) 25.7 2.1% 104.9 0.2% 1.9% 
Broadleaved Indigenous Hardwoods 81.7 6.7% 1787.9 3.8% 2.9% 
Deciduous Hardwoods 0.1 0.0% 4.7 0.0% 0.0% 
Forest Harvested 13.5 1.1% 549.7 1.2% -0.1% 
Gorse and Broom 12.6 1.0% 263.6 0.6% 0.5% 
Grey Scrub 0.8 0.1% 14.7 0.0% 0.0% 
High Producing Exotic Grassland 510.2 41.6% 23507.2 49.4% -7.8% 
Indigenous Forest 163.0 13.3% 8433.8 17.7% -4.4% 
Low Producing Grassland 30.5 2.5% 1145.0 2.4% 0.1% 
Manuka and or Kanuka 256.1 20.9% 8455.6 17.8% 3.1% 
Pine Forest - Closed Canopy 114.2 9.3% 1885.7 4.0% 5.4% 
Pine Forest - Open Canopy 7.6 0.6% 1346.1 2.8% -2.2% 
Surface Mine 10.0 0.8% 80.8 0.2% 0.6% 
Grand Total 1226.0  100% 47579.7 100%  

 
It can be seen in Table 6 that the LCDB2 classes; “High Producing Exotic Grassland” 
and “Indigenous Forest” are under-represented and “Pine Forest - Closed Canopy”, 
“Manuka and or Kanuka” are over-represented. This is likely to be associated with the 
deliberate bias in favouring the “scrub” type classes (shaded grey) introduced during 
the planning and implementation of the photography flight runs. This outcome was 
anticipated. The bias was deliberate, as with limited resources it was considered that 
more value would be gained from a higher representation of the LCDB2 scrub classes 
which were more likely to contain significant resources of totara. 
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Paddock Trees by Form Class Volume m3 
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The total tree volume estimated for stands in the study area was 453,860 m3 (refer 
Appendix 2) and 27,340 m3 for paddock trees. The combined estimate of total study 
volume of totara trees is 481,257 m3. The stand volume is the major proportion of the 
totara resource with approximately 94% of the total and paddock trees comprise just 
6% as shown in Figure 7. 
 
The paddock tree volume was estimated using the measurements of random sample of 
paddock trees. Of the 56 trees measured 9 (16 %) were incorrectly identified from the 
photography as totara but were another species of tree. This error included 7 
kahikatea, 1 rimu and 1 sequoia. A total sample of 658 paddock trees was mapped 
within the mapping sample. A total volume of 27,340 m3 is estimated for paddock 
trees within the study area. (refer to Table 7 and Appendix 5). 
 
Table 7 Estimation of Total Tree Volume (m3) of Paddock Trees within study area 
Number of paddock trees mapped            658  
Estimated actual totara (less 16% mapping class error )           552  
Area (ha) mapped with no totara stands        781.4  
Paddock trees per non-stand (ha)          0.71  
Mean tree volume (m3)          1.25  
Total non stand area (ha)       30,843  
Total tree volume (m3) =       27,340  

(refer to appendix 5 for detail) 
 
Figure 7 Proportion of total volume m3 

Totara Tree Type by Total Volume m3 

Paddock 
Trees

Stands

 
Figure 8 Total Stand Trees m3 by Form   Figure 9 Paddock Trees m3 by Form
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Figures 8 and 9 show the proportion volume in each form class for each totara tree 
type. As expected, the total paddock trees volume has a significantly higher 
proportion of un-merchantable form class 5. In contrast a large proportion of the stand 
volume is comprised of trees with reasonable form classes ranging from 3-1. (refer 
Appendix 2 for detail of stand form % by m3/ha) 
 
A large proportion 79% of the total stand tree volume is accounted for by three stand 
mapping classes; m2, m1 and s2. The actual volumes (m3/ha) of these three mapping 
classes are not particularly high; however they represent a significant area of the 
resource, and consequently a large proportion of the total volume estimate. 
 
Figure 10 Stand Mapping Class Volumes m3 by Tree Form 
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In contrast the mapping class “m3” has a relatively high volume (m3/ha) but 
represents a relatively small proportion of the total resource area. (refer Figure 10). 
This “m3” class is potentially the most immediate source of significant harvestable 
volumes. 
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Figure 11 Number of stems and form by DBH class 
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Figure 11 shows a breakdown of the number of stems in each form class by DBH 
class, for all trees measured in the inventory plots. This chart shows the size of most 
trees is small, with a large proportion less than 30 cm, indicating this is currently an 
immature resource from a wood products perspective. It also shows a large number of 
stems with DBH <= 30 cm with average to poor form indicating there is currently 
significant potential to improve the quality of this resource through silvicultural 
operations. 
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Extrapolation of the study resource estimate 
 
The study area represents approximately 10% of the total Far North District (FNDC) 
and approximately 5% of the Northland Region (Fig. 12). 
A progression of the extrapolation method would be to extrapolate the study results to 
the districts and greater region. While a regional extrapolation was not in the original 
objective it was successfully tested as part of the study. However considering the 
issues highlighted during the review process a conservative approach is to exclude the 
results of this component. It is envisaged that in the future this would be confidently 
achieved with an expansion of the study to include statistical testing, associated 
confidence statements and an assessment of the methods accuracy. 
  
Figure 12 Northland Districts LCDB2 private ownership (refer Appendix 1 for legend) 
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DISCUSSION 
 
A practical method that provides a reasonable estimate of the totara resource in a 
study area has been developed using remote sensing and mapping classes. The method 
is based on the use of aerial photographs at high resolution that are overlayed with the 
MfE land cover database (LCDB2) that covers the country (reference to the MfE 
source). 
 
Based on the Whangaroa Community Study Area, 35 % of privately owned land is 
estimated to have at least some totara. Of this only approximately a quarter 4,419ha 
(9% of the total) is totara with reasonable stocking greater than 300 SPH.  These 
higher stocked classes have 71% of total tree volume (approximately 220,000m3) 
from trees with fair form or better making up approximately half the total volume in 
the study area.. This shows there is a significant proportion of area (26%) with low 
densities of totara making up approximately half the volume of the study area. The 
average diameter is also small relative to merchantable standards with most stems 
DBH less than 30 cm (refer Appendix 2 for detail). 
 
The major proportion of the estimated totara resource is classified in the small to 
medium size class and low stocking class that are likely to respond significantly to 
silvicultural intervention. Thinning and pruning is likely to improve growth rates and 
form and therefore considerably improve the overall volume and quality of totara that 
can be sustainably managed.   
 
With refinement in particular the inclusion of statistical testing including an accuracy 
assessment, the survey method developed here can be applied to any district in 
Northland or indeed other regions in the country. The methods developed should 
provide an estimate of the landcover with totara, some estimate of the stocking and 
tree form of the totara resource, and using volume functions, an estimate of the total 
volume in various cover and tree form categories.  
 
Some issues with mapping 
 
In hindsight the number of mapping classes could be condensed. The mapping class 
variable “size” could be reduced to just 2: medium and small. This is due to difficulty 
with interpretation of size “large”, individual trees are often not apparent, as the forest 
canopy is usually quite tight and large trees appear as one mass. Consequently in the 
current sample, large tree will be often grouped in with medium. Other mapping 
classes with a low prevalence of totara; m0, s0 could be combined with 0,0. The s3 
class could also be combined with mapping class s2. Combining these classes would 
reduce the overall number of mapping classes from 11 to 6 giving a more practical 
group for subjective classification. 
 
During the ground truthing exercise in 2 of the 58 photos some mapping class 
interpretation errors were noted. In the areas where totara was identified and 
mapped/classified from the photography but the ‘ground truthing’ indicated that a 
mis-identification may have occurred as no totara was found on the ground. The 
species that have a similar appearance to totara in the photography and are likely to 
have created confusion in these instances were; 
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1. Possibly either a natural hybridisation between Lophomyrtus obcordata 
(Rohutu) and Lophomyrtus bullata (Ramarama), or alternatively, Coprosma 
crassifolia  

2. Caldcluvia rosaefolia (Makamaka), or alternatively young and vigorous 
Weinmannia silvicola (Towai)    

 
This issue could be reduced by: increasing the time spent classifying at the totara 
identification and class interpretation stage (from the photographs). Another solution 
could be to re-classify the entire sample after the ground truthing. 
 
Miscellaneous Tree Health 
 
While undertaking the field work some concerning observations regarding poor totara 
tree health were also noted. In some isolated areas, particularly in the gorge area of 
the Waiare river and south of Upokorau Farm, die-back of totara trees was noticeable. 
This was often associated with heavy lichen cover on branches and particularly trees 
in a bush environment and relatively tall canopy. Halls totara were also noticeably 
more common in this area. No obvious cause was apparent.  
 
 

CONCLUSION 
 
Although not as yet subjected to rigorous statistical testing, the results demonstrate 
that it is possible to assess naturally regenerating totara resources, using a sample of 
high resolution aerial photography and the methods described in this report. 
 
Reviewing the issues encountered in the practical execution of this study suggests 
some refinements to this methodology could be made to improve the efficiency of 
similar studies on this type of resource in the future. Nevertheless, the data captured in 
this study now provides a valuable body of information to which more can be added. 
 
The results show the totara resource is relatively large and variable, with a large 
proportion of small to medium sized trees and highly variable form. This suggests 
opportunities may exist for silvicultural intervention and management to have 
significant effect on the potentially recoverable timber quality of any future harvests. 
The Northland Totara Working Group are currently establishing thinning and pruning 
plots covering a range of totara stands with small to medium size trees (Bergin 2007).  
 
This estimation, points to a significant total regional resource that could potentially 
become a source of sustainable timber in the not to distant future.  
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