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Aerial Films for Forest Inventory:
Optimizing Film Parameters

L. Fent, R.J. Hall, and R.K. Nesbhy

Abstract

Recent advances in aerial film emulsions and processing
techniques have not been evaluated to determine their suita-
bility to forest inventory operations. Five black-and-white
films (Kodak’s Double-X 2405, Infrared 2424, and Panatomic-
X 2412; Agfa’s Aviphot Pan 200: and Ilford’s FP3) and two
color films (Kodak’s Aerocolor 2445, and Aerochrome Infra-
red 2443 processed as a positive and as a negative) were
evaluated for their accuracy and user preference for forestry
photo interpretation at a scale of 1:20.000. The black-and-
white films were also exposed and processed at three aver-
age gradients (1.0, 1.4, 1.8) except for the Panatomic-X (1.8,
2.0, 2.2) and liford FP3 (1.4 only). Species composition,
crown closure, stems per hectare, and height were examined
collectively to determine photointerpretation accuracy for
each film/average gradient combination. The highest inter-
pretation accuracies were attained when average gradients
produced densitometric range measurements of 0.11 to 0.17
(0.12-mm aperture] in mixed coniferous-deciduous forest
stands. The Panatomic-X emulsion achieved the highest in-
terpretation accuracy (83 percent) and Aerocolor 2445 at-
tained the lowest (68 percent). Interpreter preference was
highest with Aerochrome LR, 2443 positive processing (7.2
on a scale of 1 to 10) and lowest with Aerochrome LR. 2443
negative processing (4.1 on a scale of 1 to 10). Higher inter-
preter preferences were associated with increasing spectral
sensitivitv to the infrared. There was no correlation, however,
between interpreter accuracy and preference for the 16 aver-
age gradient/film combinations. Using Panatomic-X film in
forest inventory entails practical trade-offs between gains in
interpretation accuracy and its requirements for proper expo-
sure. Panatomic-X is a fine-grained, slow speed film with
narrower exposure latitude, narrower photo acquisition win-
dows (day and season) relative to other panchromatic films,
and likely requires image motion compensation for optimal
exposure at a scale of 1:20.000.

Introduction

Conventional aerial ]Jlmlo;_,mph-, continue to be the major
source of remote sensing data used in natural resource as-
sessments despite the many developments in digital remote
sensing (Avery, 1977; Mmm and Werth, 1990; Iluwmcl
1991; Driscoll, 1992). Yet the perception exists that digital
remote sensing has rendered aerial photography an outdated
technology. Aerial photography is often viewed as a rela-
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tivelv stagnant technologv with no major improvements fore-
seen (Leckie, 1990). During the past decade, however, there
have been no fewer than eight new emulsions appearing in
the aerial photo field. These films have been specifically en-
gineered to address issues such as film speed, spectral sensi-
tivity, resolution, and color rendition in relation to aerial
photography (Fent, 1990). One class of these newer emul-
sions (the Agfa films) will be incorporated in this study in a
comparative context with the more established films. In addi-
tion, significant developments in aerial camera technology
include image motion compensation, lenses with better op-
tics and consequently better illumination uniformity in the
negative, integrated geopositioning svstems, and exposure
svstems that ¢ combine photo acquisition with controlled labo-
ratory film processing (Fent and Polzin, 1986; Zeiss Jena.
1990; Zeiss, 1990; Leica, 1992). The forestry community is a
major user of aerial photographs and can benefit substan-
tially from improvements in this technology. Technological
advancements and more specific definition of aerial photo
quality parameters such as spectral sensitivity, average gradi-
ent', and densitometric range will result in a higher qudllt\
photo product for interpretation and mapping {Hdli and Fent,
1991),

The effects of contrast and film type on forest interpreta-
tion have been addressed by Jensen and Colwell (1949), Lo-
see (1951), Schultz (1951), MC_\ er and Mvhre (1961). Mever
and John (1961), Haack (1962), and Vlcek (1972). These early
workers established the basic operational parameters relevant
to acquiring aerial photographic products for forest interpre-
tation. More recent investigations (Klimes et al., 1987; Ciesla,
1990; Hoppus, 1990; Hall and Fent, 1991) have helped to re-
fine the application of film materials and photo processing
for the analyses of forest cover information.

In the government of Alberta’s forest inventory program,
the optimal film type and contrast in black-and-white proc-
essing have not been defined for forest cover interpretation.
Previous investigations that analyzed optimal scales and film

"The average gradient indicates the level of contrast given to the film
during development. An average gradient of 1.0 will reproduce the
object brightness range 1:1 on the resulting image (International
Standards Organization 7829, 1986). As a general rule in medium
scale aerial photography, average gradients below 1.0 are typically
low contrast, values between 1.0 and 1.3 are medium contrast, val-
ues above 1.3 are high contrast, and values above 1.7 are very high
contrast.
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types for forest inventory (Silvacom Ltd., 1987, 1988) pro-
duced results that were inconclusive or contradictory due to
the effects of varying solar angles, average gradients, and pa-
per printing grades on image contrast. Aerial photographs ac-
quired for forest inventory usually employ the general
specifications defined by the Interdepartmental Committee
on Air Survey (1982). These specifications were intended to
serve the topographic mapping community and not the inter-
pretive fields such as forestry or agriculture (Fleming, 1983),
and may be inadequate for producing a high-quality photo
product for forestry purposes. It is not uncommon, for exam-
ple, for an aerial film to pass densitometric evaluation and
vet be considered of poor quality for forestry photo interpre-
tation (Lyseng® and Stade’, personal communication). Conse-
quently, improvements in aerial photographs for forestry
purposes should be sought in association with the acquisi-
tion phase, because corrective measures may be insufficient
or even impossible after procurement (Welch and Halliday,
1975; Fleming, 1983).

The concept of defining photo specifications for specific
applications such as forestry is not new (Plasker and TeSelle,
1988). Many forestry agencies approach the problem of aerial
photography specifications on a trial-and-error basis, often by
adjusting and refining the product criteria according to judg-
ments from agency interpreters. Although specifications
based on a subjective factor such as preference may help to
derive meaningful information from the aerial photograph, a
more appropriate process for determining operational specifi-
cations is to assess the influence of photo quality on inter-
pretation accuracy.

The study objective was to determine which of the five
black-and-white and three color aerial film types were most
accurately interpreted and most preferred for the interpreta-
tion of Mixedwood Boreal forest cover types (Rowe, 1972).
The study objective was addressed by answering the follow-
ing questions:

® Does forest interpretation accuracy vary between average

gradients and within each black-and-white film?

® Does forest interpretation accuracy differ among the five

black-and-white and three color film combinations?

® Does forest interpretation preference differ among films?

® [s there a relationship between interpretation accuracy and

interpreter preference?

Materials and Methods

Study Area

The study area is located 150 km north of Edmonton, Alberta
(National Topographic System map sheets 83 113 and ]16)
within the Mixedwood Boreal Forest Region B.18a (Rowe,
1972). A flight line 60 km in length was flown over an area
that exhibited a considerable diversity of cover types exem-
plified by varying stand heights, crown closure, stems per
hectare, and species composition, typical of the boreal forest.
The species in the study included white spruce (Picea glauca
[Moench] Voss), black spruce (Picea mariana [Mill.] B.S.P.),
tamarack (Larix laricina [Du Roi] K.Koch), jack pine (Pinus
banksiana Lamb.), white birch (Betula papyrifera Marsh.),
trembling aspen (Populus tremuloides Michx.), and balsam
poplar (Populus balsamifera L.).

“L. Lvseng, October, 1991, Alberta Environmental Protection, Timber
Management Branch, Edmonton, Alberta.

'A. Stade, October 1991, Alberta Environmental Protection, Quality
Control Unit, Edmonton, Alberta.
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Aerial Photography

Seven aerial films were selected for analysis' (Table 1). The
Agfa Aviphot PE 200 (A200), Kodak Infrared Aerographic
2424 (BWIR), and Kodak Double-X Aerographic 2405 (DXX)
are extended red or near-infrared sensitive aerial films and
are typical of films used in operational forest inventories,
The other black-and-white films evaluated were Ilford FP3
(ILFD), a true aerial panchromatic emulsion, and Kodak Pana-
tomic-X Aerographic 2412 (PANX), an extremely fine-grained
high-resolution emulsion. The color films evaluated were
Kodak Aerocolor Negative 2445 (CNEG), and Kodak Aero-
chrome Infrared 2443 processed to a positive (CIRP) and to a
negative (CIRN) (Klimes and Ross, 1993). Both color infrared
products were interpreted on paper prints.

For each of the black-and-white films (except ILFD), three
average gradients were chosen that represented typical low-,
medium-, and high-contrast processing for forestry assess-
ments (Table 1). The high average gradients for PANX were
considered operational norms for this emulsion (Eastman Ko-
dak, 1992). All films were subjected to sensitometric evalua-
tion prior to the aerial photo acquisition. The appropriate
effective aerial film speed (EAFS) and average gradients were
derived for each of the black-and-white films and used to
properly expose each film/average gradient combination.
Processing was performed in a Versamat 11C film processor
using Kodak's 885 chemistry. The CIRP/CIRN infrared balance
(i.e., 33) was normal (Fleming, 1979).

The aerial photographs were acquired with a Wild RC20
camera and a 152-mm lens at a scale of 1:20,000. All films
except the CNEG were exposed with a Wild 525-nm cutoff fil-
ter. The flight line was repeated to expose each of the 16
film and average gradient combinations (Table 1). The time
and date of the photo acquisition, during solar noon and
close to the summer solstice (10 July), were chosen to mini-
mize the variation of changing solar angle on image contrast.
Photo acquisition started at 11:57 MDT and was finished at
14:13 MDT, with each flight line taking approximately eight
minutes to complete. Contrast variation was further con-
trolled by printing the black-and-white photos on grade two
photographic paper.

Interpretation Procedure
Fifty polygons were selected from the flight line so that each
film type would contain an average distribution of three dif-
ferent polvgons. The allocation of polvgons among the films
helped in preventing interpreter learning bias. The polygon
sample also provided, for each film type, a representation of
forest stand attributes to be assessed. The forest attributes in-
cluded species composition, crown closure, height, and
stems/hectare. A number from 1 to 10 was used to describe
each attribute. For example, if the interpreted height of a tree
stand in a polygon was 25 m, then a number 9 would be as-
signed to the height class attribute for that polygon (Table 2).
Thirty-eight interpreters from across Canada and the
United States familiar with the boreal forest were solicited.
Some means of standardization was required to ensure con-
sistency in the interpreters’ approach to the study (Hilborn,
1981). Interpretation key stereograms were developed to aid
the interpreters in evaluating the four forest attributes at a
scale of 1:20,000. The aerial prints from each of the 16 film/
average gradient combinations were assembled and identified

“The mention of trade names does not imply endorsement by the au-
thors.
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TaBLE 1. AeriaL FILMS, AVERAGE GRADIENTS, AND PROCESSING SYSTEMS
EvALUATED.

Aerial Films Average Gradient/Process

Agfa Aviphot 200 PE 1.00 1.40 1.80
Kodak Double-X Aerographic 2405 1.00 1.40 1.80
Kodak Infrared Aerographic 2424 1.00 1.40 1.80
Kodak Panatomic-X Aerographic 2412 1.80 2.00 2.20
Hford FP3 1.40

Kodak Aerochrome Infrared 2443
Kodak Aerochrome Infrared 2443

Positive originals - EA-5
Negative originals -
Modified C-22

Kodak Aerocolor Negative 2445 Aero-Neg Color

only by a letter designation (set A to P). Each photo set con-
tained stereo coverage of the three polygons per film combi-
nation. The interpreters were asked to interpret the four
forestry attributes for each polygon (Table 2), and to rate the
photo sets in terms of their relative preference for forestry in-
terpretation from 1 (low) to 10 (high).

Ground Truth and Interpreter Accuracy

The ground reference information was based on interpreta-
tion of large-scale, 70-mm (1:500) photographs acquired from
a fixed-base camera system with Hasselblad MK 70 cameras
(Bradatsch, 1980; Spencer and Hall, 1988). These photos
were acquired during leaf-off conditions to facilitate discrim-
ination among hardwood species. A representative descrip-
tion of the stand was obtained by averaging interpretation
information of four stereo pairs as sample plots within each
forest polvgon.

The confusion error matrix (i.e., contingency table) and
Kappa statistic described by Congalton and Mead (1983) can
be used to evaluate the correspondence of an interpreted at-
tribute to its actual value, and was initially considered in
this study to compute accuracy. The photo interpretation and
ground truth values employed, however, were based on a
ten-point classification scheme, and the polvgons were also
not contiguous nor cellularized over the entire study area.
Consequently, each polygon was unique in size and shape
and only served to characterize a particular forest stand. The
process used in this study was to determine the interpreta-
tion error as either a 0 (correct interpretation) or 1 to 10, de-
pending on its deviation in classes from its correct value. If

TaBLE 2. FORESTRY ATTRIBUTES AND CLASSIFICATION INTERVAL SYSTEM USED IN

DETERMINING A POLYGON ACCURACY LABEL.

Species Crown Closure Height Stems/Hectare

Composition’

Interval Class Interval Class Interval Class Interval Class

1-10% 1 1-10% 1 0=3m < 200 1
11-20% 2 11-20% 2 3.1-6m 2 201-400 2
21-30% 3 21-30% 3 6.1-9m 3 401-600 5 1
31-40% 4 31-40% 4 9.1-12m 4 GOT-800 4
41-50% 5 41-50% 5 12.1-15m 5 801-1000 5
51-60% [§ 51-60% 6 15.1-18m 6 1001-1200 ]
61-70"% 7 6B1-70% 7 18.1-21m 7 1201-1400 7
71-80% 8 71-80% 8 21.1-24m g 1401-1600
81-90% 49 81-90% 9 24.1-27m 9 1601-1800 9

91-100% 10 91-100% 10 27.1-30m 10 1801 = 10

"The species attribute is composed of Aspen, Poplar, Birch, Tama-
rack. Fir, Pine, Black Spruce, and White Spruce.
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crown closure was interpreted as 60 percent (i.e., class 6), for
example, and its reference value was 40 percent (i.e., class
4), then the absolute value of the class deviation (interpreted
minus reference] would be an interpretation error of two
classes (i.e., 20 percent). The average of the class deviation
errors (E) for each attribute would provide a measure for the
interpretation mean class error of a polvgon: that is,

[

7 - Z |1, — R,
TS n
where
E = mean class error,
I, = interpreted class number,
R = reference class number, and
n = number of attributes.

Because each class error represents a 10 percent deviation
from its actual value, interpretation accuracy percentage
would be computed as 100 — (10 » E).

The class deviation error and accuracy percentage for
the species attribute required a minor adjustment. The class
deviation error values were obtained only for those species
that an interpreter identified, or for where the species existed
as verified by the reference data. For example, if the inter-
preter identified coverage of aspen as class 6 (i.e., 60 percent
of the stand consisted of aspen), poplar as class 3 (i.e., 30
percent of the stand consisted of poplar), and birch as class 1
{i.e., 10 percent of the stand consisted of birch), while the
reference data described aspen as class 6, poplar as class 3,
and pine as class 1, then error values would be assigned as
follows: aspen = 0 (i.e., no interpretation deviation from the
reference), p(lpfar = 0, birch = 1 (i.e.. 10 percent deviation),
and pine = 1. The values for both birch and pine would be
included in the error calculation, because both were identi-
fied by either the interpreter or the reference data. The class
deviation errors were then summed and divided by the num-
ber of species that were identified either in the interpretation
or the reference data. For the example noted, the sum of the
errors would be 2 and the number of species in either the in-
terpretation or reference data were 4, resulting in a species
class deviation error of 0.5 (i.e., 2 errors/4 species) or, like-
wise. an interpretation accuracy of 95 percent. An example
of the complete species composition, crown closure, height,
and stems/hectare error calculation, along with the mean
class deviation error and interpretation accuracy percentage
for a polygon, is outlined in Table 3.

Densitometry
A densitometer (X-Rite model 310) with a specially con-
structed aperture diameter of 0.12 mm (standard aperture di-
ameters are between 1 and 3 mm) provided an appropriate
size for measuring tree crown image highlights on the nega-
tives that were 2 to 7 m in diameter on the ground (Morton
el al., 1986). Densily maximums for both the coniferous
(Dmax,) and deciduous (Dmax ) tree species were obtained
on the photographic negatives in a forest area common to all
films in order to determine the density range between the co-
niferous and deciduous tree species (defined as Drng,, |

= Dmax, — Dmax ). These values represented a measure of
forest stand hardwood-softwood species contrast instead of
overall image contrasl. The density range values were ob-
tained to associate film densitometric parameters with inter-
preted accuracy and preference.
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TaBLe 3. A NUMERICAL EXAMPLE FOR CALCULATING INTERPRETATION ACCURACY.

Black White Crown
Aspen Poplar Birch Tamarack Fir Pine spruce spruce Closure Height Stems/ha.

Interpretation 3 7 2 1 4
Reference 7 3 3 3 8
(ground truth)

Interpretation 7 0 7 1 2 -
Errors

Error average 7+ 0+ 7 = 14/3 species = 4.7 1 2 4

for species
Error average
for polygon
Accuracy %

47+1+2+4

11.7/4 attributes = 2.9 class error

Given 10% classes: 2.9 * 10 = 29% error, 100 — 29 = 71% accuracy

Statistical Analysis
An analysis of variance design is appropriate for comparing
the influence of film/average gradient combinations on inter-
preter performance. Although the training stereograms were
helpful in ensuring consistency, a potential influence on in-
terpreter performance existed because of the interpreters’ ge-
ographic origin. A one-way analysis of covariance® (ANCOVA)
with interpreter geographic location as the covariate and av-
erage interprelation accuracy as the response variable was
used to address the first and second questions of the study.
The ANCOVA was conducted using the General Linear Model
(GLM) program within the Statistical Analysis System (SAS
Institute Inc., 1985). The data matrix for the first question
consisted of average gradients within each of the four black-
and-white films as “treatments” and interpreter responses as
“row” observations. The data matrix for the second question
consisted of the selected average gradient from each of the
black-and-white films yielding the greatest interpretation ac-
curacy percentage, including the Ilford and the three
color-film combinations.

The objective was to determine which aerial films pro-

“All statistical tests in this study were performed at @ = 0.05 level of
significance.

Source Pvalue  Accuracy % No Sigmificant Difference Films Selected film
Factor 0.0001 797 AZ00 (1.0) A200 (1.0)
Covariate 0.0003 728 l A200 (1.4)

TR0 AZ00 (1.8)
Factor 0.0001 710 DXX (1L0) DXX(1.4)
Covariate 0.3596 783 | DXX (1.4)

61.5 DXX (L)
Factor 00190 743 —T BWIR (1.0) BWIR (1.0)
Covariate 0,064 735 BWIR (1.4

702 BWIR (1 8)
Factor 0.0026 792 T PANX (1.8) PANX (22)
Covariate 0.0340 BlS PANX (2.0)

B2.6 PANX 22)

Figure 1. ANCOVA resuits for each of the four B&W films
and three average gradients. The three average gradients
are grouped for each film, and no significant difference
between the average gradients of a film type is denoted
by the vertical bar connector. The average gradient with
the highest interpreted accuracy percentage is selected
as the best choice within each film type.
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duced the smallest interpreter error and, therefore, the most
accurate interpretation of forest attributes overall. If there
were significant differences between the “‘treatments,” then
the Bonferroni multiple mean comparison test ( Neter et al.,
1990) was employed. If there were no statistically significant
differences between films, then the film with the greatest in-
terpretation accuracy was selected to be the best film. This
approach is similar to that advocated by Mize and Schultz
(1985) because the film most likely to be best is the one pro-
ducing the highest mean accuracy.

Descriptive statistics (mean, standard deviation, standard
error) were used to determine interpreter preference confi-
dence intervals for each film tvpe (question 3). The relation-
ship between interpreter accuracy and preference (question
4) was determined by ranking the film/average gradient com-
binations by interpreter accuracy and preference, and by
computing Spearman’s rank correlation coefficient (Mosteller
and Rourke, 1973).

Results and Discussion

Interpretation Accuracy and Average Gradient

The first question in this study was to determine if a change
in average gradient produced significant changes in interpre-
tation accuracy. The ANCOVA provided the means to evaluate
differences between interpretation accuracy percentage for
each average gradient within the black-and-white film types.
The ANCOVA procedure also aided in determining whether
having interpreters from different geographic regions was a
significant factor in the study.

The average gradient with the highest mean accuracy
was selected as representing the best contrast within each
black-and-white film (Figure 1). These average gradients cor-
responded to densitometric ranges for the maximum density
(i.e., the highlights) in the coniferous-deciduous tree stands
of 0.11 to 0.17 (Table 4). These results suggest relatively low
density differences between coniferous and deciduous crown
highlight measurement result in higher interpretation accu-
racy. The covariate term (grouping the interpretation by geo-
graphical location) was significant in three of the four film
types (Figure 1). The ANCOVA model was therefore appropri-
ate for this study.

Interpretation Accuracy and Film Type

The second question was to determine if interpretation accu-
racy differed among the five black-and-white and three color
films. The four film/average gradients selected in question 1
were grouped with ILFD and the color films. Significant dif-
ferences between films defined distinct groups of film types

PE&RS
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TaLe 4. ForesT STanDp DEnsITOMETRY OBTAINED WITH A 0.12-MM DIAMETER
ApeRTURE, THE DENSITY RANGE 1S THE DIFFERENCE BETWEEN THE MAXIMUM — i ARSI No Siguificant Film
DensiTY READINGS (TREE CROWN HIGHLIGHTS) OF THE DECIDUOUS AND
ConFErOUS TREE SPECIES. Comparison Differences
Coniferous-Deciduous it Panatomic-X
Density Range |
Film/Average Gradient [ {Dmax, — Dmax,) | 79.7 Agfa 200
A200, G = 1.00 0.15 783 | Double-X
A200, G = 1.40 0.22 Factor 0.0001 I
A200,G = 1.80 0.38 76.1 Tiford FP3
DXX, G = 1.00 0.03 |
DXX, G = 1.40 0.11 Covar, 0.0001 74.5 CLR neg.
DXX, G = 1.80 0.11 |
ILFD, G = 1.40 0.10 744 CLR. pos.
BWIR, G = 1.00 0.17 I
BWIR, G = 1.40 0.39 74.3 B&W LR.
BWIR, G = 1.80 0.55
PANX, G = 1.80 0.11 67.6 Color neg.
PANX, G = 2.00 0.15
PANX, G = 2.20 0.17 Figure 2. AnNCOVA results for the four Baw films, ILFD,
and the three color films. The films are listed in de-
creasing order from the most accurately interpreted

(true color, the infrared films and 1LFD, and the extended red him to the Ieastlacculrate!y Imterpre@ed‘ fllm‘ Th_e var-
black-and-white (B&w)) (Figure 2). CNEG film, for example, tical bars associate films with no significant differ-
was significantly lower in interpretation accuracy than all anee.

other films. The BWIR, CIRN, CIRP, and ILFD films were not sig-
nificantly different among each other, but their interpretation
accuracy percentages were lower than the extended red B&w
film group and higher than the true color (Figure 2). These
results suggest interpretation accuracy is higher for extended
red films (DXX, A200) and lower for films such as IR-sensitive
CIRN, CIRP, BWIR, lrue color CN, and true panchromatic ILFD.
Interpretation accuracy results for the negative (CIRN]) and
positive (CIRP) color infrared processes were also identical
(Figure 3), which suggests that the processing of Kodak Aero-
chrome Infrared 2443 film to a negative was not a factor in
forest interpretation.

The high accuracy obtained with Panatomic-X, a film
not generally used in forest inventory, and the relatively
poor results obtained with the black-and-white IR, a film of-
ten used in vegetative interpretation, warrant some closer
evaluation. Height, crown closure, and stems/hectare are de-
pendent on spatial resolution in their interpretation and are
more accurately interpreted using a higher spatial resolution
film. Because species composition is more dependent on
spectral instead of spatial resolution, it is more easily inter-
preted on infrared films. The other black-and-white films
which were between the Panatomic-X and black-and-white
infrared films with respect to resolution, granularity, and
spectral sensitivity ( Hford, 1982; Agfa-Gevaert, 1990; East-
man Kodak, 1992) were similarly placed in terms of interpre-
tation accuracy (Figure 3).

The color negative film rated the lowest in interpretation
accuracy and would seem disadvantageous when used for
forest interpretation purposes. Its spectral sensitivity in-
cludes the visible spectrum from approximately 400 nm to
670 nm (Eastman Kodak, 1992), and is of little benefit for
separating major tree species such as coniferous and decidu-
ous. Color negative films also have lower contrast than black-
and-white or color IR films, which may have added to the
poor results obtained.

Interpreter Preference
The third study question was to determine whether interpre-
tation preference differed among the films. When color infra-
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red film was processed to a positive, it was the most
preferred film type. but, when it was processed to a negative,
it became the least preferred film type (Table 5). This result
was likely attributable to interpreter familiarity with one of
the two processing types. The CIRP is a standard product fa-
miliar to all interpreters, which results in set expectations of
how a color infrared film portrays the vegetative landscape.
Because the CIRN type is a relatively new approach to color
IR photography, the lack of interpreter familiarity with the
shift in hues may lead to uncertainty, and to the low prefer-
ence rating obtained. The true color film (CNEG) was one of
the least accurate and least preferred, possibly because of its
lower contrast and lack of infrared sensitivity.

Accuracy (%)
65 o 75 L] a5

Panatomic - X —
Agfa 200 p—
Double - X —
liford FP3 —
C.L.R. Negative —
C.L.R. Positive —
B&W I.R. —
Color Negative —

Confidence Interval {(Mean) = 95%

Figure 3. Confidence limits for mean interpretation ac-
curacy for each of the eight study emulsions. The
films are listed in decreasing order, from the most ac-
curately interpreted film to the least accurately inter-
preted film.
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TaBLE 5. MEAN INTERPRETER ACCURACY AND PREFERENCE VALUES ARE
ASSOCIATED WITH THE RANKED ACCURACY AND PREFERENCE VALUES. SPEARMAN'S
CoRRELATION COEFFICIENT (R.) IS DERIVED FOR THE RANKED DATA AND TESTED
AGAINST THE NULL HYPOTHESIS OF NO CORRELATION,

Film Preference

(Average Preference  Standard  Accuracy Preference Accuracy
Gradient] Mean Value Deviation Percentage Rank Rank
PANX (2.2)  5.974 1.71 82.6 7 1
PANX (2.0) 4.974 1.68 81.5 13 2
AZ200 (1.0) 5.811 1.44 79.7 8 3
PANX (1.8) 5.767 1.70 79.2 10 4
DXX (1.4) 6.263 1.41 78.3 5 5
A200 (1.8) 5.789 1.47 78.0 9 6
ILFD (1.4) 4.810 1.72 76.1 14 7
CIRN 4.135 1.86 74.5 16 8
CIRP 7.079 2.26 74.4 1 9
BWIR (1.0) 6.105 1.60 74.3 6 10
BWIR (1.4) 6.526 1.51 73.5 4 11
AZ200 (1.4) 6.553 1.41 72.8 3 12
DXX (1.0) 5.684 1.70 71.0 11 13
BWIR (1.8) 6.632 1.46 70.2 2 14
CNEG 4.216 1.97 67.6 15 15
DXX (1.8) 5.370 1.66 67.5 12 16

Null Hypothesis H,: No association exists between interpretation
accuracy and interpretation preference.

r, = —0.05

Critical value at a = 0.05 is 0.425 (n=16)

Since r, < 0.425, H, is accepted

An average preference rating was given to PANX despite
its high interpretation accuracy value. Because preference is
highly subjective, those qualities of an aerial photograph that
influence interpreter judgement should be characterized.
Tone, texture, and color are interpretative properties that in-
fluence an interpreter (Colwell, 1960). These interpretation
attributes are highly contingent on contrast, and are influ-
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Figure 4. The densitometric range as measured on the
negatives and mean interpreter preference ranks are as-
sociated for Baw films at 1.40 average gradient. The
films are ordered from least infrared sensitive (left) to
most infrared sensitive (right).

286

enced by average gradient and film spectral sensitivity (Av-
ery, 1977). Wider spectral tilm sensitivity increases the tonal
range for aerial scenes of forests and makes them more visu-
ally appealing. The trend between higher density range and
higher preference when average gradient is kept constant
(1.40) (Figure 4) confirms this observation. Interpreter prefer-
ence, therefore, increases as the spectral sensitivity of the
film increases (Figure 5). PANX film's moderate preference
rating appears associated with its equally intermediate spec-
tral sensitivity extension (i.e., 720 nm) relative to the other
study films.

Interpretation Accuracy and Preference

The fourth question led to computing the relationship be-
tween interpretation accuracy and interpretation preference.
The Spearman’s rank correlation coefficient between accu-
racy and preference is —0.05 (Table 5). This suggests that no
relationship exists between interpreter preference and inter-
preter accuracy, and is contrary to a previous study (Scott,
1968). Some associalions were observed, however, between
accuracy and preference of specific films (Table 5). Color
negative film was consistently low in both rating scales. The
infrared films (except CIRN) ranked high in preference but
were below average in interpretation accuracy (Table 5). This
suggests interpreter bias for tonal detail rather than for sharp-
ness, because an interpreter’s perception of image tonal char-
acteristics is a factor in preferential judgements (Pfenninger,
1984). The infrared films were the highest in densitometric
tonal and hue differences (Table 4), and were, therefore,
most preferred. PANX was characterized by below average
preference and high accuracy (Table 5). The density range
for PANX was moderate relative to the other films (Table 4),
which may explain its lower preference rating. The superior
spatial resolution of the PANX would have contributed to its
high interpretation accuracy rating.

The association of density range with accuracy and den-
sitv range with preference suggests further differences in
how photointerpreters evaluate aerial photographs (Figure 4).
The density range corresponding to the highest accuracy of
interpretation and measured for crown highlights in the co-
niferous-deciduous forest stand is 0.17. When density range
corresponding to highest preference is measured, the value
increases to approximately 0.40 (Figure 4). This density
range is also associated with BWIR films for which crown co-
niferous-deciduous highlights will have maximum contrast.
In defining a densitometric specification, the figure associ-
ated with accurate interpretation seems to be the goal. If a re-
lationship between interpreter preference and interpretation
speed suggests significant cost-benefit advantages, then the
density range associated with highest preference should also
be considered.

Conclusions

Because many forest inventory decisions regarding aerial film
use and contrast specifications are based largely on inter-
preter preference, results from this study suggest forest inter-
pretation accuracy may be compromised. Several average
gradients and film types at a scale of 1:20,000 were com-
pared, and interpretation accuracy increased when the cho-
sen average gradient/film type produced a densitometric
range of 0.11 to 0.17 within coniferous-deciduous forest
stands. Interpretation of photos from PANX, a high resolution
film, was higher than from those films of higher spectral sen-
sitivities.
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Figure 5. Mean interpreter preference rank for each film
and spectral sensitivity of B&w and color films. The films
are ranked from most preferred (top) to least preferred
(bottom) and the horizontal bars are indicative of maxi-
mum spectral sensitivity.

Although PANX was the most accurately interpreted film,
it has not been used for forestry assessments in the boreal
forest. Film speed, image motion, solar hot spots, and length
of photo day and season must be considered when using this
film. Its slow film speed, for example, requires longer shutter
speeds for proper exposure, and this increases image motion.
A slow film speed also requires more light for proper expo-
sure, and reduces the available time for aerial photo acquisi-
tion during the day and flying season. The speed problem is
a concern for the large and medium scales at which forest in-
ventory photographs are often acquired. A forward motion
compensation (FMC) camera compensates for slow shutter
speeds while maintaining image sharpness, and is highly rec-
ommended if PANX is to be used. An FMC camera also allows
photo acquisition in lower light level conditions when slow
shutter speeds are necessary to maintain proper exposure.

The PANX's relatively high inherent film contrast will
emphasize the solar hot-spot, which is practically uninter-
pretable and difficult to compensate for during printing. High
contrast negatives with a solar hot-spot place extreme de-
mands on the photo laboratory printing process and, conse-
quently, on the interpreter’s ability to see detail in the
affected area. Solutions include avoiding the solar hot-spot’s
incursion, or lowering the contrast of the images to achieve
more uniform contrast. Exposure errors are also more likely
because the film’s higher contrast reduces the exposure lati-
tude.

PANX exhibited the best average accuracy for the four
forestry attributes. If the accuracy of these attributes were as-
sessed independently, then PANX would only rate best for
crown closure. PANX's ranking for species composition,
stems/hectare, and height was found to be second, second,
and third, respectively.

PANX was included in the study as a film with unique
high resolution characteristics for comparison with films nor-
mally used in forest inventory. If its resolution is favorable
for forest inventory, as this study suggests, then the Agfa
Aviphot Pan 50, Agfa’s higher resolution alternative, should
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also be evaluated. Although it is a lower resolving film than

PANX (Fent, 1991), the Aviphot Pan 50s slightly higher spec-
tral sensitivity and lower contrast may be a benefit for forest

inventory.

Previous investigations on the use of high resolution
films have focused primarily on survey mapping applications
(Fleming et al., 1983; Brindopke and Kolbl, 1984; Becker,
1988). These studies support increased use of these once-re-
garded “special application” films such as Kodak’s Pana-
tomic-X and Agfa's Aviphot 50. Forestry applications using
these films are nonexistent because the technology to use the
films at medium and large scales has not been available.
With improvements in camera and lens technology, there
should be less reluctance to use these films. With increased
knowledge on the advantages and limitations of aerial films,
the forest inventory community should find higher benefits
than are presently available with more traditional aerial films
presently in use.
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