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A VISUAL CUTOVER RESIDUE VOLUME ASSESSMENT 
METHOD 

Introduction 

In 2023 and 2024, Azwood Ltd., a Tasman-based 
bioenergy company, engaged with Tasman 
District Council and Environment Canterbury 
(forest owners), PF Olsen Ltd (forest manager) 
and University of Canterbury to trial the feasibility 
of extracting woody residues from flat cutovers on 
Rabbit Island, Nelson while returning the 
nutritionally valuable fines back to the cutover, 
post-processing (Figure 1). FGR has supported 
the University of Canterbury School of Forestry in 
their work in improved residue management as 
part of the “Te Mahi Ngahere i te Ao Hurihuri – 
Forestry Work in the Modern Age” Primary 
Growth Partnership (PGP). The trials were 
ultimately abandoned due to changes in the 
business environment in 2024, however this 
report details some of the results of the study. 
 

Accurately quantifying the volume of harvest 
residues on a cutover, before retrieval is a difficult 
task. Validating the assessment of harvest 
volumes is even more difficult (Harper & Brown, 
2024). These trials with Azwood Ltd. gave the 
opportunity to test a simplified residue volume 
assessment method. Using this method, a forest 
owner/manager or biomass contractor could gain 
a rough understanding of the total residue volume 
that could be extracted from a cutover, before 
committing machinery and time, and doing so 
without undertaking Line Intersect Sampling.  

 

 
Figure 1: Rabbit Island cutover, as-harvested (foreground), 
and piled for extraction (background). 

More information on the Line Intersect method is 
reported by Harvey & Visser (2022). The question 
posed was “Can a quick, and relatively accurate, 
residue volume assessment of a cutover be 
done, with reference to a set of images of known 
residue volumes?” While the question was posed 
in the business environment of biomass 
extraction, the same question could be focussed 
on assessment of residue volume for compliance 
with the National Environmental Standard for 
Commercial Forestry – Reg. 69 for cutover areas 
on erodible soils (NES-CF, 2017). 

Summary  

In 2023 and 2024, trial areas were established in a Rabbit Island (Tasman region) cutover to test several aspects 
of a residue recovery operation. Measuring the volume of residues on a cutover is time consuming and difficult to 
do, and the true accuracy in the field of methods such as Line Intersect Sampling is as yet unverified in the field. 
Using 0.5ha of cutover, a visual residue volume assessment using high resolution orthophotos was assembled 
and applied on site and in a desktop environment, generating 2500 unique 2x2 m assessments of residue volume. 
These were than randomly subsampled to understand how many small 2x2m assessments might need to be 
made to get a reasonable estimate of the residue volume on a cutover. ‘Reasonable’ might be best defined by the 
user, however as an example this data shows that a user would have had a 68-in-100 chance of yielding an 
estimate within ±11 Oven-dry Tonnes / ha of the mean for a 0.25 ha plot by doing 40 2x2 m onsite assessments, 
which were simply a visual comparison to a set of 6 orthophotos. 

 
Campbell Harvey and Cameron Jones (UC School of Forestry) 
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Method 

Two 0.25 ha trial plots were set up post-harvest 
in Rabbit Island Forest, Stand 6/01 (1995 
planting) in December 2023, (Figure 2).  
 

 
Figure 2: Orthophoto of the two 0.25ha trial plots on Rabbit 
Island, Tasman Top: Plot 1; bottom: Plot 2.  

A total of 344 aerial photos were captured of the 
trial using a 12MP camera onboard a DJI Mavic 
Pro and were subsequently processed into a 
2 cm resolution orthophoto presented in Figure 2 
with Agisoft Metashape. 
 
The plot areas were thoroughly walked and six 
2x2 m subplots were selected and established, 
each representing a residue loading across the 
spectrum in the study area, from nearly bare, 
Code 1, to high residue loading, Code 6 (refer 
Appendix 1). High resolution aerial photos were 
taken of each 2x2 m subplot and later 
transformed into orthophotos for the visual 
comparison matrix. 
 
Each subplot was cut at the edges and material 
extracted to 100% (down to the duff layer; or soil 
where no duff was present) and weighed on site 
in a moist condition. A sample of the material was 
taken from each subplot and oven dried to 
establish the moisture content of the material on 
the day. This enabled the calculation of biomass 
volume in Oven Dry Tonnes per Hectare 
(ODT/ha) that each 2x2 m subplot represented. 
The six plots pictured in the Appendix ranged 
from 2 ODT/ha to 399 ODT/ha. 
 
With a set of six reference images established, 
the plots were walked grid-fashion and each 
2x2 m square was assessed against the 
reference images (Appendix 1) and recorded.  

For each 0.25 ha plot, this generated 625 
assessments. Half codes were used where the 
2x2 m square being assessed did not fit neatly 
into any one criteria. That is, if residues were 
more than a Code 2, but less than Code 3, it was 
recorded as ‘Code 2.5’. This gave 11 possible 
codes between Code 1 and Code 6. 
 
As a comparison against a remote assessment 
method, the orthophoto was divided into the 
same sized segments (see Figure 3) and each of 
the trials was assessed in the same way, but from 
a desktop computer. 
 

 
Figure 3: Subdivision of the orthophoto into 625 cells for 
each trial plot. 

‘Bootstrap’ analysis is the repetitive resampling of 
a dataset, either with or without replacement 
(Chernick, 2011). The statistics for each were 
‘bootstrapped’ and presented in the RStudio 
software package with commonly used libraries 
(tidyverse, ggplot2 etc.). 

Results 

The on-site assessments of residue volume – 
625 observations against the reference images 
(Appendix 1) were resampled without 
replacement to understand what the expected 
volume result would be if an observer was to take 
5, 10, 15, 25… etc. random observations of the 
plot, in lieu of a full assessment (625 observations 
per 0.25 ha). One thousand random resampling 
operations were done for each of 5, 10, 15, 25 
random observations etc. The resulting statistics 
are outlined below. 

On-site Assessment 

Plots 1 and 2 are analysed separately to enable 
comparison. Table 1 is the summary of data from 
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Figure 4 for the on-site observations of Plot 1. 
One thousand replicates of 5 observations 
produces a mean result of 80 ODT/ha, which 
remains constant as the number of observations 
increase progressively up to 445. What changes 
however is the standard deviation (Std. Dev. in 
Table 1). If 5 random observations were made of 
Plot 1, there is approximately a 68-in-100 chance 
of that volume assessment landing within 
±32 ODT/ha (refer to Table 1) of the actual 
(80 ODT/ha). Referring to Figure 4, 1000 
replicates of 5 random observations yielded the 
widest distribution of results, from near zero, to 
over 225 ODT/ha. As the number of observations 
increases, the distribution of expected results 
narrows. With 40 observations there is 
approximately a 68-in-100 chance of that volume 
assessment landing within ±11 ODT/ha of the 
actual; increasing in confidence up to ±2 ODT/ha 
for 445 observations. 
 
Table 1: Statistical outputs of the expected outcomes of 
varying numbers of random 2x2 m on-site observations of 
the cutover Plot 1. 

# of 2x2 m 
Obs. 

Mean 
ODT/ha 

Std. Dev 
ODT/ha 

5 80 32 
10 80 23 
15 80 20 
25 80 14 
40 79 11 
65 80 9 
105 80 6 
170 80 5 
275 80 3 
445 80 2 

 

 
Figure 4: Plot 1 bootstrapped distributions – on-site 
measure. 

The same analysis was applied to Plot 2, on the 
data generated from the on-site assessment. 
Table 2 and Figure 5 are the results of this 
analysis, showing the same trend of increasing 
confidence with increasing numbers of 
observations. The mean volume result from Plot 

2 is lower; 53 ODT/ha versus the 80 ODT/ha 
yielded in Plot 1, likely reflecting a lighter residue 
coverage. 
 
Table 2: Statistical outputs of the expected outcomes of 
varying numbers of random 2x2 m on-site observations of 
the cutover Plot 2. 

# of 2x2 m 
Obs. 

Mean 
ODT/ha 

Std. Dev 
ODT/ha 

5 55 36 
10 53 24 
15 53 19 
25 54 15 
40 53 11 
65 53 9 
105 53 7 
170 53 5 
275 53 4 
445 53 2 

 

 
Figure 5: Plot 2 bootstrapped distributions – on-site 
measure. 

Desktop Measure 

The results of the desktop assessment of Plots 1 
and 2 follow the same format as previous. Table 
3 and Figure 6 represent the bootstrap 
resampling of 625 observations of 2x2 m 
orthophotos of Plot 1. The trend is the same as 
for the on-site observations. The resampled 
observations cluster persistently around the 
mean, with shrinking distribution ranges as the 
number of observations increase. A clear 
difference between on-site and desktop 
observations however is the mean result. On-site 
observations yielded a mean of 80 ODT/ha, while 
desktop observations yielded a mean of 
~68 ODT/ha, a difference of 12 ODT/ha over the 
same plot.
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Table 3: Statistical outputs of the expected outcomes of 
varying numbers of random 2x2 m desktop observations of 
the cutover Plot 1. 

# of 2x2 m 
Obs. 

Mean 
ODT/ha 

Std. Dev 
ODT/ha 

5 69 31 
10 67 23 
15 69 18 
25 68 13 
40 68 11 
65 68 9 
105 68 6 
170 68 5 
275 68 3 
445 68 2 

 

 
Figure 6: Plot 1 bootstrapped distributions – desktop 
measure. 

Table 4 and Figure 7 represent the bootstrap 
resampling of 625 observations of 2x2 m 
orthophotos of Plot 2. The trend is also the same 
as for the on-site observations, and like the 
comparison of desktop and onsite observations 
for Plot 1, Plot 2’s desktop assessment also 
yields a lower mean than for on-site observations: 
59 ODT/ha versus 53 ODT/ha. 
 
Table 4: Statistical outputs of the expected outcomes of 
varying numbers of random 2x2 m desktop observations of 
the cutover Plot 2. 

# of 2x2 m 
Obs. 

Mean 
ODT/ha 

Std. Dev 
ODT/ha 

5 59 27 
10 59 19 
15 59 15 
25 59 12 
40 59 9 
65 59 7 
105 59 5 
170 59 4 
275 59 3 
445 59 2 

 

 

Figure 7: Plot 2 bootstrapped distributions – desktop 
measure. 

Discussion 

The subsampling of these large datasets was a 
useful exercise to show with some confidence the 
result of increasing sampling intensities. 
Standard deviations drop roughly as a negative 
power relationship with the number of 
observations undertaken. While both 5 and 445 
samples represent extreme ends of the spectrum 
(too little and too much) there is clearly a 
threshold that would be appropriate to establish a 
reasonable estimate with acceptable effort. 
 
The time and resource taken to capture, process 
and then assess the orthophotos likely excludes 
the method from being viable for this Rabbit 
Island-based scenario (flat terrain, minimal 
hinderance). If the person was already on site to 
capture the footage, and the hinderance is low, 
why not alternatively ‘walk the block’ and make 
the assessments in the field? Benefits of the 
aerial footage do however include repeatability, 
ability to reconcile, and forming a library of 
images for future automation. The exercise of 
doing the desktop assessment was useful to 
show a comparison with the field-based method, 
given the increasing usage of Unmanned Aerial 
Vehicles (UAVs) in New Zealand plantation 
management (Manning, 2023). As a solution for 
ground-based reconciliation, photos could be 
taken by a ground observer for later review. 
 
A notable variation between the on-site and 
desktop methods is the difference in average 
residue volume estimated. The data captured by 
this study cannot explain which method is correct, 
or by how much each method was wrong as the 
sites were not fully uplifted and weighed. This 
difficult and costly ‘verification’ step is the key to 
understanding whether any one method of 
residue assessment is correct and until a 
structured trial is done that enables this 
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verification step to be completed at scale, all 
volume assessment methodologies are simply 
unproven. This study managed to verify at a small 
scale however, by completely extracting small 
2x2 m subplots for weighing and recording them 
as aerial images in the undisturbed state. Scaling 
this to the large plot level will be difficult, in 
particular for the residue extraction operation that 
Azwood was planning for this stand. A more 
scalable approach may be assessing and only 
targeting the large woody debris on a flat cutover 
– results of which would be more in alignment 
with serving cutover compliance questions 
relating to NES-CF Regulation 69. 
 
A small-scale, but incomplete verification is 
possible with this visual reference method, (not 
undertaken during this study). A series of visual 
assessments may be checked by extracting the 
subplot, after assessment for weighing and 
drying, in the same way the visual references 
were done initially. This may verify the accuracy 
of interpreting the photos against the scene, and 
also better calibrate a user’s eye, but at the 
expense of resource. 

Conclusion 

The volume of residues on a cutover can be 
assessed by reference to a set of coded 
orthophotos, if the volume pictured in the 
reference photos is known. Random sampling of 
a cutover must be done at the right intensity 
however to be reasonably confident in the volume 
estimate obtained. Whatever defines ‘reasonably 
confident’ is up to the user, but the bootstrap 
analysis in this tech note shows the increasing 
confidence, or decreasing range of possible 
results as the number of observations increases, 
up to excessively high observation intensities. 
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Appendix 1: Cutover Residue Volume Visual Reference 

 
Photo scale: 2x2 m 
 

  
Code: 1 - Very low 

Most of surface free of residues 
Mass: approx. 2 ODT/ha 

 
-------------- 

Code: 2 – Low 
Duff layer largely intact. Twigs and small branches 

evident. 
Mass: approx. 31 ODT/ha 

-------------- 

  
Code: 3 – Low/Medium 

Code 2 + some medium branches. 
Mass: approx. 70 ODT/ha 

-------------- 

Code: 4 – Medium 
Code 3 + 1-2 large branches. 

Mass: approx. 85 ODT/ha 
-------------- 

  
Code: 5 – Medium/High 

Code 3 + minor inclusion of stem sections. 
Mass: approx. 206 ODT/ha 

 

Code: 6 – High 
Code 3 + heavy inclusion of stem sections 

Mass: approx. 399 ODT/ha 
 

*ODT = ‘Oven-dry Tonnes’ 


