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Aerial Films for Forest Inventory:
0ptimizing Film Parameters

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

Abstract
Recent crdvances in aerial filnt entttlsiotts and processit'tg
techniques have not been evctluutecl to deterntine their suita-
bilitlr to forest inventorv operatiotrs. Frye blctck-and-v'hite

f i lnts (Kodak's Double-X 2405, Infrctred 2421, and Panotontic-
X 2112: Agfa's Avipltot Pan 200; and l l lord's FPJ) and two
color films (Kodok's Aerocolor 2415, ond Aerochrone Infra-
red 2443 processed os ct positive ctnd os a negative) u,ere
evaluated for their occLracy und user preJ'erence for forestrv
photo interpretotion at o scole of 1:20,000. The block-ond-
r'r,hite filns vvere olso exposed and processecl at three aver-
age gradients (1.0, 1.1, 1.8) except for the Panatontic-X (1.8,
2.0, 2.2) and llford FP3 (1.4 onl1,). Species composition,
crou,n closttt'e, .sle/lrs per hectore, oncl height v,ere exan'tined
collectivelv to deterntine photointerpretation accuracv for
eoch filntloveroge gradieitt contbinrition. Tlte highest' iiter-
pretation accurocies u'ere attained u,hen overage gradients
produced densitonetr ic ronge treosurei l te/t  ts of 0.1L to 0.17
IO.12-ntnt operture) in nixed coniJ'erous-deciduous forest
sfands. The Panatontic-X emulsion achieved the highest in-
terpretation eccLrrocv (83 perr:ent) and Aetocolor 2445 at-
tained the Lowest (68 percent). Interpreter preference was
highest v, i t l t  Aerochronte I.R. 2113 posit ive processing (7.2
on a scale of 1 to ltl) and lou,est vt,ith Aerochrone I.R. 2l4S
negative processing (1.1 on a scctle oJ 1 to 10). Higher inter-
preter prelerence.s n'ere associated with increasing spectral
sensitivitv to the infrared. There u,es no correlation, hov,ever,
betw'een interpreter occuracv ond prel'erence for the 16 aver-
age gradient/filn c:ontbinations. LIsing Panatontic-X filn in
Jorest inventorv entails practical trctdt:-oJfs betv,een gains in
interpretation occLUacv and its requirt:nents for proper expto-
sure. Ponotontic-X is a fine-groined, slov' speed filn utith
nororver exposLrre latitude, nerrow,er photo acquisition win-
dov,s (dav nnd season) relat ive to other panchromatic f i Ims,
ond likelv requires intoge motion conlpensotion for optintal
e.Yposure at a scole of l :ZO,OOO.

Introduction
Conventional aerial photographs continue to be the major
source of remote sensing data used in natural resource as-
sessments despite the miny developmcnts in digital remote
sens ing  (Averv ,  1977;  Meyer  and Wer th ,  1990;  Howard ,
19911 Driscol l ,  1992). Yet the perception exists that digital
remote sensing has rendered aerial photography an outdated
technologv. Aerial photography is ol len viewed as a rela-
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tively stagnant technology 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 f ield. These f i lms have been specif ical lv en-
gineered to address issues such as f i lm speed, spectral sensi-
t ivi tv, resolut ion, and color rendit ion in relat ion to aerial
photographr, (Fent. 1990). One class of these neu,er emul-
sions (the Agta f i lms) wil l  be incorporated in this studv in a
comoarative context r ' r , i th the more establ ished f i lms. In addi-
t ion, signif icant deveJopments in aerial camera technologv
include image r-notion compensation, ienses with better op-
t ics and consequentlv better i l lumination unifbrmitv in the
negative, integrated geoposit ioning systems, and exposure
svstems that combine photo acquisit ion with control led labo-
ratorv f i lm processing (Fent and Polzin, 1986; Zeiss lena,
1990; Zeiss, 1990; Leica, 1992). The forestrv community is a
major user of aerial photographs and can benefi t  substan-
t ial lv from improvements in this technology. Technological
advancements and more specif ic definit ion of aerial photo
quali ty parameters such as spectral sensit ivi ty, average gradi-
ent ' ,  and densitometric range wil l  result in a higher qual i ty
photo product for interpretat ion and mapping (Hall  and Fent,
1 g s 1 ) .

The efl'ects of contrast and film type on forest interpreta-
t ion have been addressed by fensen and Colwell  (19a9), Lo-
see ( t9s t ) ,  Schu l tz  (1951) ,  Meyer  and Mvhre  (1961) ,  Mever
and John (1961) ,  Haack  ( rg0z) ,  and V lcek  (1s72) .  These ear ly
workers establ ished the basic operational parameters relevant
to acquir ing aerial photographic products for forest interpre-
tat icrn. More recent investigations (Kl imes et al. ,  1gB7: Ciesla,
1990;  Hoppus,  1990;  Ha l l  and Fent ,  1991)  have he lped to  re -
f ine the application of f i lm materiais and photo processing
for the analvses of forest cover information.

In the government of Alberta's forest inveuory program,
the optimal f i lm type and contrast in black-and-white proc-
essing have not been defined for forest cover interpretat ion.
Prerr ious investigations that analyzed optimal scales and f i lm

lThe a ' l ,erage gradient  indicates the level  of  contrast  g iven to the f i lm
dur ing development.  An average gradient  of  1.0 wi l l  reproduce the
obir :ct  br ightness range 1:1 on the resul t ing image ( lnternat ional
Standards Organizat ion 7u29, 19BG).  As a general  ru le in medium
scale aer ia l  photographv,  average gradients below 1.0 are typical ly
low contrast ,  r 'a lues between 1.0 and 1.3 are medium contrast ,  val -
ues above 1.3 are high r :ontrast ,  and values above 1.7 are very h igh
contrast .
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types for forest inventory (Si lvacom Ltd., 1987, 19BB) 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 specif icat ions were intended to
serve the topographic mapping community and not the inter-
pret ive f ields such as forestry or agriculture (Fleming, 1983),
and may be inadequate for producing a high-quali ty photo
product for forestry purposes. It is not uncommon, for exam-
ple, for an aerial film to pass densitometric evaluation and
yet be considered of poor quality for forestry photo interpre-
tat ion (Lyseng' and Stade", personal communication). Conse-
quently, improvements in aerial photographs fbr forestry
purposes should be sought in associat ion with the acquisi-
t ion phase, because corrective measures may be insuff icient
or even impossible after procurement (Welch and Halliday,
1975;  F leming,  1983) .

The concept of defining photo specif icat ions for specif ic
applications such as forestry is not new (Plasker and TeSelle,
198B). Many forestry agencies approach the problem of aerial
photography specifications on a trial-and-error basis, often by
adjusting and ref ining the product cr i ter ia according to iudg-
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 specif i-
cations is to assess the inf luence of photo qual i ty on inter-
oretat ion accuracv.^ 

The studv oblective was to determine which of the five
black-and-white and three color aerial film types were most
accurately interpreted and most pref'ened for the interpreta-
t ion of Mixedwood Boreal forest cover types (Rowe, 1972).
The study objective was addressed by answering the follow-
ing questions:

a Does forest interpretat ion accuracv varv between average
gradients and within each black-and-white f i lm?

. Does forest interpretation accuracy diff'er among the five
black-and-white and three color f i lm combinations?

. Does forest interpretation preference differ among films?
a Is there a relat ionship between interpretat ion accuracv and

interpreter preterence'i

Materials and Methods
Study Area
The study area is located 150 km north of Edmonton, Alberta
(National Topographic System map sheets B3 113 and J16)
within the Mixedwood Boreal Forest Region B.1Ba (Rowe,
1.972). 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 composit ion, typical of the boreal forest.
The species in the study included white spruce (Picea glauca

[Moenchl Voss), black spruce (Picea moriano [Mi11.l  B'S.P.),
tamarack (Larix lar icino [Du Roi] K.Koch), jack pine (Pjnus

banksiana Lamb.), white birch (Betula papyrifera Marsh.),
trembling aspen (Populus tremuloides Michx.),  and balsam
poplar (Popu.lus bolsomrf'ero L.).

Aerial Photography
Seven aerial f i lms were selected for analysiso (Table 1). The
Agfa Aviphot PE 200 (nzoo), Kodak Infrared Aerographic
2424 (BWIRI, and Kodak Double-X Aerographic 2405 (DXX)
are extended red or near-infrared sensitive aerial films and
are tvpical of films used in operational fbrest inventories.
the biher black-and-white films evaluated were Ilford FP3
(t lnl),  a true aerial panchromatic emulsion, and Kodak Pana-
tomic-X Aerographic 2412 (PANX), an extremely f ine-grained
high-resolut ion emulsion. The color f i lms evaluated were
Kodak Aerocolor Negative 2445 (CNEG), and Kodak Aero-
chrome Infrared 2443 processed to a posit ive (cnp) and to a
negative (cnN) (Kl imes and Ross, 1993). Both color infrared
products were interpreted on paper prints.

For each of the black-and-white f i lms (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 Bradients for PANX were
considered operational norms for this emulsion (Eastman Ko-
dak, 1992). Al l  f i lms were subjected to sensitometric evalua-
t ion prior to the aerial photo acquisit ion. The appropriate
effective aerial film speed (rars) and average gradients were
derived for each of the black-and-white films and used to
properly expose each f i lm/average gradient combination.
Processing was performed in a Versamat 11C film processor
using Kodak's BB5 chemistry. The CIRP/CIRN infrared balance
( i .e . ,  33)  was normal  (F leming,  1979) .

The aerial photographs were acquired with a Wild RC20
camera and a 152-mm lens at a scale of t :20,000. AII f i lms
except the CNEG were exposed with a Wild 52S-nm cutoff f i l -
ter. The f l ight l ine was repeated to expose each of the 16
film and average gradient combinations (Table 1). The time
and date of the photo acquisit ion, during solar noon and
close to the summer solst ice (10 ]uly), were chosen to mini-
mize the vari.ation of changing solar angle on image contrast.
Photo acquisit ion started aI 11:57 MDT and was f inished at
14:13 MDT, with each f l ight l ine taking approximately eight
minutes to complete. Contrast variat ion was further con-
trolled by printing the black-and-white photos on grade two
photographic paper.

Interpretation Procedure
Fifty polygons were selected fiom the flight line so that each
f i lm type would contain an average distribution of three dif-'a8e

o f of'erent polygons. The allocation of polygons among the films
l.relped in preventing interpreter learning bias. The polygon
sample also provided, fbr each f i lm type, a representation of
forest stand attributes to be assessed. The fbrest attributes in-
cluded species composit ion, crown closure, height, and
stems/hectare. A number from 1to 10 was used to describe
each attr ibute. For example, i f  the interpreted height of a tree
stand in a polygon was 25 m, then a number I would be as-
signed to the height class attr ibute for that polygon (Table 2).

Thirty-eight interpreters from across Canada and the
United States famil iar with the boreal forest were sol ici ted.
Some means of standardization was required to ensure con-
sistency in the interpreters'  approach to the study (Hilborn,
1981). Interpretat ion key stereograms were developed to aid
the interoreters in evaluatine the four forest attributes at a
scale of i :20,000. The aerial prints from each of the 16 f i lm/
average gradient combinations were assembled and identified

ment ion of  t rarkr  namos does not  inplv cndorsement bv the au-

' ]L.  Lvseng, October,  1991, Alberta Environntental  Protect ion,  Timber
Management Branch,  Edmonton,  Alberta.
' 'A.  Stade,  October 1991, Alberta Environmental  Protcct ion,  Qual i ty  

oTht. '
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Posi t ive or ig inals -  EA-5
Negat ive or ig inals -

Modi f ied C-zz
At:ro-Neg Color

only by a letter designation (set A to P). Each photo set con-
tained stereo coverage of the three polygons per f i lm 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 relat ive pref 'erence for forestry in-
terpretat ion from 1 ( low) to 10 (high).

Ground Truth and Interpreter Accuracy
The ground reference information was based on interpreta-
t ion of large-scale. 70-mm (1:500) photographs acquired from
a f ixed-base camera system with Hasselblad MK 70 cameras
(Bradatsch ,  1980;  Spencer  and Ha l l ,  19BB) .  These photos
were acquired during leaf-off condit ions to thr; i l i tate discrim-
ination among hardwood species. A representative descrip-
t ion of the stand was obtained by averaging interpretat ion
infornration of four stereo pairs as sample plots within each
forest polygon.

The confusion error matrix ( i .e.,  contingency table) and
Kappa stat ist ic described by Congalton and Mead (tgB3) can
be used to evaluate the c;orrespondence of an interpreted at-
tr ibute to i ts actual value, and was init ial ly r;onsidered in
this study to compute accuracy. The photo interpretat ion and
ground truth values employed, however, were based on a
ten-point classif icat ion scheme, and the polygons were also
not contigr,rous nor cel lularized over the entire study area.
Consequently, each polygon was unique in size and shape
and or-r ly served to characterize a part icular forest stand. The
process used in this study was to determine the interpreta-
t ion error as either a 0 (correct interpretat ion) or 1 to 10, de-
pending on i ts deviat ion in classes from its r;orrect value. I f

Tnsre 2. FoRESTRv AttRtBUTES AND CLASSIFlcATroll l l l tEnvnL SvsrEv Useo tru
DETERNITNtNG A PoLycoN AccuRncy LlgrL

Sper;ies Crcrwn (llosure Height Stems/Hectart;
Compos i t ion '
Interval Class Inten,al Class Interval Class lntenal Class

crown closure was interpreted as 60 percent ( i .e.,  class 6), for
example, and i ts reference value was 40 percent ( i .e.,  class
4), then the absolute value of the class deviat ion ( interpreted
minus referencej would be an interpretat ion error of two
classes ( i .e.,  20 percent). The average of the class deviat ion
errors (E) for each attribute would provide a measure for the
interpretat ion mean class error of a polygon; that is,

wnere- 
: mean class error.

1, :  interpreted class number,
rR, : reference class number, and
n : number of attr ibutes.

Because each class error represents a 10 percent deviat ion
frorn its actual value, interpretation accuracy percentage
would be computed as 100 (10 - EJ.

The class deviation error and accuracy percentage for
the species attr ibute required a minor adjustment. The class
deviat ion error values were obtained only for those species
that an interpreter identi f ied, or for where the species existed
as verified by the reference data. For example, if the inter-
preter identi f ied 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
fol lows: aspen : 0 { i .e.,  no interpretat ion deviat ion from the
re ference) ,  pop la r :  0 ,  b i rch  -  1  ( i .e . , '10  percent  dev ia t ion) ,
and pine : 1. The values for both birch and pine would be
included in the error calculat ion, because both were identi-
f ied by either the interpreter or the reference data. The class
deviat ion errors were then summed and divided bv the num-
ber of species that were identi f ied either in the int 'erpretat ion
or the reference data. For the example noted, the sum of the
enors would be 2 and the number of species in either the in-
terpretat ion or reference data were 4, result ing in a species
class deviat ion error of O.s ( i .e.,  2 enorsl4 species) or, l ike-
wise, an interpretat ion accuracy of 95 percent. An example
of the complete species composit ion, crown closure, height,
and stems/hectare error calculat ion, along with the mean
r; lass deviat ion crrror and interpretat ion accuracy percentage
for a polygon, is outl ined in Table 3.

Densitometry
A densitometer (X-Rite model 3t0) with a special ly con-
structed aperture diameter of O.t2 mm (standard aperture di-
ameters are between 1 and 3 mm) provided an appropriate
size for measuring tree crown image highlights on the nega-
t ives that were 2 to 7 m in diameter on the ground (Morton
et al. ,  19BG). Density maximums lbr both the coniferous
(Dnax,) and deciduous (Drnax,,) tree species were obtained
on the photographic negatives in a lbrest area common to al l
f i lms in order to determine the density range between the co-nlns rn order to determlne the denslty range between I
niferous and deciduous tree species (defined as Drng,i  ,

forest stand hardwood-softwood species contrast instead

nrlerous and declctuous tree specles (oenned as Lrrng,i  ,
: Drnax,, - Dnax,.). These values represented a measure of

o f
overal l  image contrast. The density range values were ob-
tained to associate f i lm densitometric parameters with inter-
p re ted  accuracy  and pre ference.

Tnslr 1. ArRrnr Ftvs, AveRncr GRnorprurs, nruo Pnocessr r,,tc sysrEt\4s
EvnLunrro.

Aerial Fi lms Average Cradient /Process

Agla Aviphot  200 PE
Kodak Double-X Aerographi t ;  2405
Kodak Inlrared Aerographic 2424
Kodak Panatomic-X Aerographic 2412
Ilford FIr3
Kodak Aerochrome Infrared 2443
Kodak Aerochrome Infrared 2443

Kodak Aerocolor  Negat ivc 2445

1 .00
1 . 0 0
1 . 0 0
1 . 8 0

1 .40
1 . 4 0
1 . 4 0
2 .OO
1 . 4 0

1 . 8 0
1. t to
1 . 8 0
2 . 2 0

7  n  1 1 , - R ' l
L :  L l

i = l  n

1-10"h 1 1-10<'1,
11 -20 'N ,  2  11 -ZO" l ,
21 -30 t ' 1 ,  3  21 -30 ' h
31-4O",1' 4 3'l-401'1,
41,-5O"/,, 5 41-50'1,
5: t -60'2,  i i  51-t i0(x,
61-70"1, 7 61-70(/,
71-80"1, B 71-80"h
81-90'2,  I  B1-90' l )
91 -100 , x ,  10  91 -100 ( { ,

1 0-3nr 1 < 200 1
2  3 .1 -6n  2  2O1-4OO 2
3 t i .1-gm 3 401-600 3
4 9.1*12rn 4 f i0 l -800 4
5  12 .1 -15m 5  801 -1000  5
6  15 .1 -18n l  6  1001 -1200  6
7 18.1-21n1 7 12O1-14OO 7
t l  2 1 . 1 - 2 4 r i  8 1 4 0 1 - 1 6 0 0  u
I 2 4 . 1 - 2 7 r ' t ' t  9 1 6 0 1 - 1 8 0 0  I

' 10  27 .1 -30n r  10  1801  >  10

tThe sper: ics at t r ibute is  t ;onrposed of  Aspen, Poplar ,  Birch,  Tama-
rack,  Fi r ,  Pine,  Black Spruct : ,  and White Sprur; r ; .
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Tnere 3. A NuvrERrcnr ExAMpLE roR CnLcuLqrrnc InrgnpRerlrrorl Accunacv.

Aspen Poplar  Birch Tamarack Fir
Blar;k

Pine spruce
Crown
Closure Height

I'Vhite
spruce Stems/ha.

Interpretation
Reference
(ground truth)
Interpretation
Errors
Error average
for species
Error average
for polygon
Accuracv 7u

3
3

7  +  O  +  7  =  1 4 / 3  s p e c i e s : 4 . 7

4.7 + 1 + 2 + 4 - 1L.7/4attr ibutes - 2.9 class error

Giverr 10'1, classes: 2.9 . 10 = 29% error, 100 2S - 71ok accrlracy

2
3

"I

3
4
I

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 inf luence 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 interpretation accuracy as the response variable was
used to address the f irst and second ouestions of the studv.
The ANCoVA was conducted  us ing  the  Genera l  L inear  Mode l
(CI-rr.l) program within the Statistical Analysis System (SAS
Insti tute Inc., 1985). The data matrix for the f irst question
consisted of average gradients within each of the four black-
and-white f i lms as "treatments" and interDreter resoonses as
" row"  observa t ions .  The da ta  mal r i x  fo r  the  second oues l ion
consisted of the selected average gradient from each of the
black-and-white films yielding the greatest interpretation ac-
curacy percentage, including the I l ford and the three
color-fi lm combinations.

The objective was to determine which aerial f i lms pro-

"A1l  stat is t ical  tests in th is studv were Derformed at  a :  0.05 level  of
siqnificance.

dr-rced 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 mult iple mean comparison test ( Neter et al. ,
1990) was employed. I f  there were no stat ist ical ly signif icant
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
(rs8s) because the f i im mo.st I ikelv to be best is the one nro-
d r r c i n g  t h e  h i g h e s l  m e a n  a c c u r a c y .

Descript ive stat ist ics (mean, standard deviat ion, standard
error) were used to determine interpreter preference confi-
dence intervals for each f i lm type (question 3J. The relat ion-
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 correlat ion coeff icient (Mostel ler
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-
tat ion accuracy. The ANCOVA provided the means to evaluate
differences between interpretation accuracy percentage for
each average gradient within the black-and-white film tvpes.
The aNcova procedure also aided,in determining whetL-er
having interpreters from different geographic regions was a
significant factor in the study.

The average gradient with the highest meal accuraLry
was selected as representing the best contrast within each
black-and-white f i lm (Figure 1). These average gradients cor-
responded to densitometric ranges for the maximum densitv
( i .e . ,  the  h igh l igh ts )  in  the  con i fe rous-dec iduous t ree  s tands
of O.tt  to 0.17 (Table a). These results suggest relat ively 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 significaniin three of the four htin
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

P vdue Aemc) % No SiFficmr Diffeme

0.0001 71.0
0.35 18.3

67.5

0.0190 14.3
0.m 1i .5

70_2

Fih S€letdtu

A2m (1.0) A200 o.0)
A200 (1.4)
[m o.8)

DXX (r.0) DXX O.4)
DXX (r.4)
DXr( 0.8)

Fador

Covdinte

Covdiate

Fador

Coviliite

Covdiab

0.0001
0.0001

0.m26
0.0340

't9.1

12.8
7a.o

-------- -------- BWIR (1.0) BWrR (1.0)
+ B M R 0 4 )

BWIR ( L8)

19.2 -  PANX(1.8) PN(2.2)
81.5 + PANX(2.O)
42.6 PA.I{X (2.2}

Figure 1. ANcovA results for each of the four B&w films
and three average gradients. The three average gradients
are grouped for each fi lm, 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 fi lm type.
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A200,  G :  1 .00
4200,  G :  1 .40
4200,  G =  1 .80
DXX,  C -  1 .OO
DXX,  G :  1 .40
DXX,  G =  1 .80
ILFD,  G -  1 ,40
BWIR,  G =  1 .00
BWIR, C = 1.a0
BWIR,  G :  1 .80
PANX,  G :  1 .80
PANX, G = 2.00
PANX,  G -  2 .20

TnaLE 4. FoResr Srlno DerusrrovrrRy OBTATNED wrrH A 0.12-MM Drnvgten

APERTURE. THT DEIsITy RANGE IS IHE D'FFERENCE BETWEEN THE MAXIMUM

DENSrry  READTNGs (Tnre  Cnowru  HTcHLTGHTS)  oF rHE DEcrDUous AND

Conr r rRous TREE SprcrEs .

Film/Average Graclient

Corri lcrous-Decicl t totrs
Density Range
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Figure 2. ANcovA results for the four e&w fi lms, ILFD,
and the three color f i lms. The fi lms are l isted in de-
creasing order from the most accurately Interpreted
fi lm to the least accurately interpreted fi lm. The ver-
tical bars associate fi lms with no significant differ-
ence.

red f i lm was processed to a posit ive, i t  was the most
preferred film type, but, when it was processed to a negative,
i t  became the least preferred f i lm type (Table 5). This result
was l ikely attr ibutable to interpreter famil iar i ty with one of
the two processing types. The CIRP is a standard product fa-
mil iar to al l  interpreters, which results in set expectat ions of
how a color infrared film portrays the vegetative landscape.
Because the GIRN type is a relatively new approach to color
lR photography, the lack of interpreter familiarity with the
shift in hues may lead to uncertainty, and to the low prefer-
ence ratinq obtained. The true color film (cNrc) was one of
the least aicurate and least preferred, possibly because of its
Iower contrast and lack of infrared sensitivity.

Accuracy (%)

to 75 qo a5

Panatomic - X

Agfa 200

Double - X

llford FPs

C.l.R. Negative

C. l .R.  Posi t ive

B&W I .R.

Color Negative

Conliden@ Interval (Mean) = 95%

Figure 3. Confidence limits for mean interpretation ac-
curacy for each of the eight study emulsions. The
films are l isted in decreasing order, from the most ac-
curately interpreted fi lm to the least accurately inter-
oreted fi lm.
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[ true color, the infrared f i ]ms and ILFD, and the extended red
black-and-white (ntw)) (Figure 2). cNEG fi lm, for example,
was signif icantly lower in interpretat ion accuracy than al l
other films. The swtR, CIRN, cIRp, and tLrl films were not sig-
nificantly different among each other, but their interpretation
accuracy percentages were lower than the extended red Baw
fi lm group and higher than the true color (Figure 2). These
results suggest interpretation accuracy is higher for extended
red f i lms (oxx, nzoo) and lower for f i lms such as IR-sensit ive
CIRN, CIRP, BWIR, true color CN, and true panchromatic ILFD.
Interpretation accuracy results for the negative (ctnN) and
posit ive (ctnp) color infrared processes were also identical
(Figure 3), which suggests that the processing of Kodak Aero-
chrome Infrared 24a3 film to a nesative was not a factor in
fo res l  in te rore ta l  ion .

The hiah accuracy obtained with Panatomic-X, a film
not generally used in forest inventory, and the relatively
poor results obtained with the black-and-white n, a film of-
ten used in vegetative interpretation, warrant some closer
evaluation. Height, crown closure, and stems/hectare are de-
pendent on spatial resolut ion in their interpretat ion and are
more accurately interpreted using a higher spatial resolution
fi lm. Because species composit ion is more dependent on
spectral instead of spatial resolut ion, i t  is more easi ly inter-
preted on infrared films. The other black-and-white films
which were between the Panatomic-X and black-and-white
infrared f i lms with respect to resolut ion, granulari ty, and
spectral sensit ivi ty ( I l ford, 19B2; Agfa-Gevaert,  1990; East-
man Kodak, 1992) were similarly placed in terms of interpre-
tat ion accuracy (Figure 31.

The color negative film rated the iowest in interpretation
accuracy and would seem disadvantageous when used for
forest interpretat ion purposes. I ts spectral sensit ivi ty in-
cludes the visible spectrum from approximately 400 nm to
670 nm (Eastman Kodak, 1992), and is of l i t t le benefi t  for
separating major tree species such as coniferous and decidu-
ous. Color negative f i lms also have lower contrast than black-
and-white or color tR f i lms, which mav have added to the
poor results obtained.

Interpretet Preference
The third study question was to determine whether interpre-
tation preference differed among the fiIms. When color infra-
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enced by average gradient and film spectral sensitivity (Av-
ery, 1,977). Wider spectral f i lm sensit ivi ty increases the tonal
range for aerial scenes of forests and mai<es them more visu-
ally appealing. The trend between higher density range and
higher preference when average gradient is kept constant
(1.a0) (Figure 4) confirms this observation. Interpreter prefer-
ence, therefore, increases as the spectral sensitivitv of ihe
f i lm increases  (F igure  5) .  PANX f i lm 's  modera te  p re fe rence
rating appears associated with i ts equally intermediate spec-
tral sensit ivi ty extension ( i .e.,  72O nm) relat ive to the other
study f i lms.

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 fScott,
1968). Some associat ions were observed, however, between
accuracy and preference of specif ic f i lms (Table 5). Color
negative f i lm was consistently low in both rat ing scales. The
infrared films (except CIRN) ranked high in preference but
were below average in interpretat ion 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,
19Ba). The infrared f i lms were the hiehest in densitometric
tonal and hue dif ferences (Table +), and were, therefore,
most prefened. parux was characterized by below average
preference and high accuracy (Table 5). The density range
for pRNX was moderate relative to the other films (Table a),
which may explain its lower preference rating. The superior
spatial resolution of the eANX would have contributed to its
high interpretat ion accuracy rat ing.

The association of density range with accuracy and den-
sity 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-decidr-rous forest stand is 0.17. When density range
corresponding to highest preference is measured, the value
increases to approximately 0.40 (Figure a). This density
range is also associated with eWIR films for which crown co-
niferous-deciduous highi ights wil l  have maximum contrast.
In defining a densitometric specif icat ion, the f igure associ-
ated with accurate interpretat ion seems to be the soal. I f  a re-
Ia t ionsh ip  be tween in te ip re le r  p re fe rence and in te rpre ta t ion
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 specif icat ions are based largely on inter-
preter preference, results from this studv suggest forest inter-
pretat ion accuracy may be compromised. Several average
Bradients and f i lm types at a scale of 1:20,000 were com-
pared, and interpretat ion accuracy increased when the cho-
sen average gradient/f i lm type produced a densitometric
range of 0.11 to 0.12 within coniferous-deciduous forest
stands. Interpretat ion of photos from pAtrtx, a high resolut ion
fi lm, was higher than from those f l lms of higher spectral sen-
sit ivi t ies.
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No associat ion exists between interpretat ion
accuracy and interpretation preference.

r ,  =  - 0 .05

Cri t ical  value at  a :  0.05 is  0.425 (n:1t i )
Since r .  < O.425, H, ,  is  accepted

An average preference rating was given to PANX despite
its high interpretation accuracy value. Because preference is
highly subjective, those quali t ies of an aerial photograph that
inf luence interpreter judgement should be characterized.
Tone, texture, and color are interpretative properties that in-
f luence an interpreter (Colwell ,  1960). These interpretat ion
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 a&w films at 7.4O average gradient. The
films are ordered from least infrared sensitive (left) to
most infrared sensitive (right).
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Figure 5. Mean interpreter preference rank for each fi lm
and spectral sensitivity of B&w and color f i lms. The fi lms
are ranked from most preferred (top) to least preferred
(bottom) and the horizontal bars are indicative of maxi-
mum spectral sensitivitY.

also be evaluated. Although it is a lower resolving film than
pnNX (Fent, 1991), the Aviphot Pan 50's slightly higher spec-
tral sensitivity and lower cbntrast may be a benefit for forest
inventory.

Previous investigations on the use of high resolution
films have focused piimarily on survey mapping applications
(Fleming et o,1., rge-e; Brindopke and Kolbl, 1€84; Becker,
19BB). These studies support increased use of these once-re-
garded "special application" films such as Kodak's Pana-
t"omic-X and Agfa-J Aviphot 50. Forestry applications using
these films are"nonexist-ent because the technology to use the
films at medium and large scales has not been available'
With improvements in clmera and lens technology, there
should be less reluctance to use these films. With increased
knowledge on the advantages and limitations of aerial films,
the foresi inventory community should find higher benglts
than are presently available wlth more traditional aerial films
presently in use.
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TNew Frequent Tiaueler Benefu.
Members of the USAir Frequent
Tiaveler Program enjoy the fastest
free ticket to the most destinations.
And this year weve introduced
Prioriry Gold Plus, with the most
generous upgrade system in the

sky. And now, USAir

Frequent Tiaveler Program

members will be able to

earn mileage credit on any

British Airways flight worldwide.

Obviously, there's a lot that's

new at USAir. In facr, in the history

of aviation, no other airline has

made so many changes so fast.

And all of it's for you.

For reservations and information

cdl your travel consultant or USAir

n l-800-428-4322.


