
7 EVALAATIONAND F(ITARE DEVELOPMENT ,T
G.J.Strelein, P.H. Biggs and RD. Spencer

7.1 Evaluation

7.1.1 Photographic quatity

Throughout tlle project there have been few problems with
the exposure andprocessing aspects of photographic quality,
though initially there were problems owing to
incompatibility between the photography and anatytical
measurement equipment. These problems related to the
lack of precise fiducials and problems associated with
image distortions causedby the focal-plane shutters in the
Vinten cam eras. Expensive fully calibrated metric carneras
are required to overcome these problems.

There were also some early occurrences ofexcessive im age
motion owing to excessiye speed and large variations in
scale, owing to turbulence and/or insufficient control of
flying height, which made photo-measuement difficult.
These problems have been reduced by using the GpS
receiver to display the ground-speed to the pilot, by using
the radar altimeter to help control flying height wittrin
tighter specifications, andby avoiding turbulent conditions.

Someloss ofclarity was also noticedin the second season's
photography when reseau plates were fitted to the Hasselblad
carneras, which affected focusing but notto the extent that
it affected measurement accuracy.

Photographs were taken in poor light on occasions to
maintain production. One day photography was attempted
with about two eighths cloud tojudge the impact onphoto
quality, but thephotographs taken in shadow were too dark
becausethe Hasselbladcameras were used and they do not
have remote apertue adjustment. This result highlights
the advantage of remote aperture confol on the cameras.

7.1.2 Navigationsystenrs

The GPS navigation system providedaccuratedataon Dlot
localions which tacilirated an eflicient lint between rhe
ground andphoto sarnples and other geographic information.
Theprecision of the plot locations was discussed in S ection
a 1

The main difficulty encountered with the GpS navigation
system was the ayailability ofthe satellites. This restricted
photography to the months of December, Januarv and
February in the tirst season. and lim ired rhe actuel hours ot
the day during which photography could be carried out.
This problem, however, is slowly disappearing as more
NAVSTAR satellites are launched. It is exDected that
within a few years three-dimensional ( i.e.4 sar;ll ites) GpS
navigation will be possible continuously.

The GPS navigator was cheap to run, since no ground
transponders were required, as was the case with the
mlcrowaye systemsusedpreviously within theDepartment.
In addition. rhe positions obmined from the GpS unir were
in latitudes and longitudes rather than coordinates
referenced to local baselines. This made the connection of
photo location data with existing map data yery shaighf
forward.

Once the satellite constellation is complete, then field
crews will be able to use hand-held GpS receivers to
relocate sample plots ttuoughout the year. This will
overcome theproblems experienced in registering theplot
positions with existing printed 1:25 000 scale map sheets.

7.1.3 Photo and ground measurements

Photo measuements are constantly monitored for enors
usrng a combination ofregular field visits by the interpreters,
plus monthly t.rials of height measurements and species
rn terpretatton.

These tests show that the standard error of heisht
mersurementsist 1.7 m ip=Q.63lqernpared with ground
measurements and that species interpretations are correct
85-90percentofthe time. These tests are usedto determine
the average bias in heightestimation foreach intemreterso
lhat lheir measuremenls can be conecled ro sround
standards.

Ground measurements are monitored by regular
remeasurement of a series of four sampleplots. Analysis of
these measurements shows that the variability ofvolume
estimatesbetween assessors ismuch less than the variabilitv
berween plos (Fig. 46 ). Assessmenl of logs is much more
variable compared with standing trees which could be
attributed to the fact that logs are often severely burntand
rotten, making consistent measurements of lensth and
dirmeter more difllcull lhan on slanding rees.

To evaluate the accuracy ofvolume estimations in relation
to actual yields, two trial areas were subjected to intensive
photography at 500 m x 100 m intervals and sround
sampling at 500 m x 500 m inlervals. Th.r..ea.ari beinn
logged lo obtain removal data for comprrison *ith the
sampleestimates.

In the absence of these data, ihe only tests possible are
comparisonsbetweenphoto estimates and groundestimates.
From one cell of photography 1202 photo plots and
100 ground plots (20 groundplots not measured owing to
Iogging). it is evident lhrl lhe estimares of sross bole
volume from photographs undereslimrtes the ground
volume. A variety of factors have been identified as
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Figure 47
Crown broken out of largo votemn.
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Figure 48
effect of crown damage on photographic estimates of volume.
Plot 50363 was affected, tho other three plots were not.
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include tree spacing and height,crown dimensions such as
depth, area, and volume, and measurements for digital
terrain modelling and three-dimensional rnodelling of
trees and stands.

7.3.2 Applications to other forest types

The methods of large-scale aerial photography and
geographically linked processing have the potential to be
applied in many different forest types. Forexample large-
scalephotographyprocedures were developedin Cmada in
mainly coniferous forests, so the methods should be
applicable in pine plantations in Australia. Indeed, Spencer
( 1972) has already demon stratred the potentials for applying
large-scale photography over pine plantations in Victoria.

Thus, the advantages of this inventory system (particularly
locational information and efficiency) prompted
consideration for use in other inventories. The main a.reas
ofapplication would be for inventories in pine planfations,
eucalypt plantations, kani regrowth and karri old-growth.

Measurement ofthe greater heights occurring in karri old-
growth stands may be near the limits of the current
phofographic system geometry (see Section 2.4.2) bnt
should still be achievableby experiencedphoto interpreters.
Because ofsimilar variability in forest type and log defects,
the sampling intensities ofthe twophases would probably
be similar and similar log quality assessment would be
required.

In karri regrowth and other eucalyptplariations, however,
the system is likely to be more accurate and skaighf
forward. With young eucalypfs the height/volume
relationship would be much sfonger, requiring a lower
intensity sample. The lower level of defect and smaller
range of potential products would also mean that the
second phase ground assessment could be made much
simpler and faster.

One problcm in these young eucalypt stands is the high
crown cover densities which both obscure the ground and
create darker conditions below the canopy, both of which
can mate height measurement difficult. Fortunately, there
is little species variation in these stands so that specics
interpretation is not a problem and the canopy can be
overexposed to allow better exposure below the canopy.
The other alternative is to photograph under more limited
fult cloud conditions. These options are currently being
tested.

Thephotomeasurement software does have a simple terrain
model so thatit is notnecessery to see thebase ofeach tree
unless the ground is very uneven. The terrain model could
be developed to handle more uneven surfaces, requiring
ground readings only in open patches to establish the
model. Tree height measurements then only require an
additional reading at the top of each tree.

The secondproblem is where dense understorcy obscures
the ground, thereby maling it difficult to obtain ground
readings. Although this may sometimes be a problem in
karri old-growth, it is almost always a problem in the
regrowth tbrests where the understorey is usually 2 - 5 m
tall, depending on ageand site. Nevertheless, it is possible
to measure heights above the scrub and then to add an
allowance for scrub height to determine total hee heights.

Inpineplantation inventories theheight/volume relationship
should be sfong in stands with similar silviculture, thus
requiring a lower second phase sample. Furthermore, as
plantations are generally more uniform than native forest,
the overall sampling intensity couldbe lower, although this
would usually be negated by rcquirements for higher
prccision.

With current silvicultural practices in pino plantations,
dense canopies would cause measurement problems on
high quality sitesprior to first thinning. Conversely, as the
level ofdefect in pines is relativcly low, the sccondphase
ground measurements could be made very cfficiently.

The wood quality assessment methods developed for the
jarrah inventory hayepotential apptications in other forest
t)?es where the patterns ofutilization arechanging because
ofthedecreasingavailabilityof old-growth resources. The
concepts ffe also applicable to plantations where computer
modcls based on laper functions and minimum diameter
specifications are already used around Australia to predict
graderecoveries. The addition ofother quality data, coyering
factors such as sweep, branching, and forks, ltre merely
extensions to these approaches.

Finally, thelinking ofinventory data with other geographic
data through lie use ofa GPS and acomputerized GIS has
potential application in all forest types. Put simply, GIS
provide forest managers with the tools required for more
powertul and fl exible planning of multiple forest resources.

7.3.3 New Geographic Information System
developments

The incorporation ofinventory datl into the Department's
co{porate database and linking them to thc GIS means that
inventory results need no longer be abcwildering array of
tables.Instead, theresults can be accessed in a form thatis'presentable' and specific to areas relevant to a particular
enqurry.

The inventory system will be made suffi ciently user-friendly
to allow dispersed intenogation at intelligent workstations
in regional offices through the Department's extensive
computing network. With plans for colourplotters at each
regional centre, the GIS components of the system will be
used for the production of high quality resource and
planning maps.
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7.3.6 New applications of large scale
photography and Geographic
Information Systems

The potential applications for this photography are large
- ftom simple stocking counts for regeneration a.nd planting
suveys (e.9. Hall 1984) to more complex measuremerits
and intergetations for evaluating such things as site quality,
growth, logging residues, fuel conditions (e.g. Monis 1970),
species diversity and abundance, habitat characteristics,
conservations values, stream conditions, erosion rates.
Particularly in combination with the analytical machine,
efficient measurement ofmany pararneters in two or thee
dimensions is possible from the large scale photographs.

The linkage and processing of such phot0 data with
geographic areas ushg GIS technology provides apowerful
tool for wider application by resomce planners and
manasers.
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