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I - PHOTO IffgRPRKTAriOH OF VKHAflOH 

- A Li ta rature Surrey and Analyais 
to Detamloe the OapabUltlti of 
Kxletlng Photo Interpretation 
Techniques of Evaluating Phyeical 
Properties of Vegetation 

Purpose and Scope 

The objective of this study, as stated in VESSE letter dated 

15 April 1957 i> to determine by survey of literature the applicability, 

capabilities and limitation of existing air photo interpretation tech¬ 

niques in determining certain physical properties of vegetation. The 

study concentrates on interpretation of tree and scrub stands with 

emphasis on measurement of trunk diameter and spacing, canopy height 

and coverage, density and height of undergrowth, and type of foliage. 

Quantitative values have been determined in so far as possible. When 

values can be determined only in a relative manner, this has been noted 

and analyzed. Determination of accuracy ef measurements as related to 

scale, photo characteristics, seasonal effects and light condition 

(time of day) is discussed. 

The available literature pertaining to photo interpretation of 

vegeUtion was surveyed and the pertinent data extracted. Literature 

items in related fields were surveyed for all information of value. 

Foreign language literature was included insofar as pcosible. Trans¬ 

lation problems hindered exhaustive review and intelligent evaluation 

of some foreign works. 



1b« largast rolvma of quantitativ« aattrial relating to forest 

photo Interpretation bas b««n eatplled In the past 8 te 12 years. 

Pertinent work don« previously has, for the aost, been veil swarlzed 

and brought together In "Aerial Photographs in Forestry" by Stephen S. 

Spurr. For this reason, unless an itea is of significant interest or 

vas not doeunented by Spurr, the pre-lÇU) literature has not been 

analysed in detail for this report. 

The recent trend in reporting quantitative investigations of 

forest photo interpretation probleas indicates the increased interest 

in, and recognition of, the need for precise photo aeasureatents and 

knowledge of photographic capabilities and llnitatlona. In spite of 

this interest, the significant quantitative work which has been done 

is United in quantity and aoope. No aspect of forest photo interpreta¬ 

tion has been thoroughly investigated quantitatively, and some phases 

have barely been touched. The tests reported in the literature nave 

been perforaed primarily for a specific need or with a specific 

problem in mind. They have been geared to forest industry where the 

prime Interest is economic. The need for large volumes of data to be 

collected in a short period of time for forest inventories and forest 

management practices has stimulated the greatest amount of research 

in the field. Watershed management, soil conservation and recreation 

are also considered important, but, particularly in the development of 

forest photo interpretation techniques, the economic aspect of forest 

resources has been the motivating factor. 

The oriteria used in testing and the methods of analyzing test 

data have varied considerably. Some authors gave detailed descriptions 
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of Mtboda of testing and reducing data, others gave only results. 

Because of this variance, it vas sonet 1ms difficult to evaluate 

the findings reported. An attenpt has been aade to convert all 

findings into terns meaningful to one another vithout losing the 

quantitative values. 

Vegetation and Military Problema 

Vegetation nay directly affect the conduct of military operations 

in a variety of ways: (a) it nay facilitate or Impede the aovcMnt of 

troops and mechanized equipnent; (b) it aay accentuate or conceal 

evidence of military activity} (c) it nay govern the ease of military • 

eonstruction} (d) it aay serve as a source of fuel, food, or construc¬ 

tion material; and (e) it may serve as an aid in gathering terrain 

Intelligence for planning purposes if properly used. Each of these 

five items are of considerable significance to the military effort. 

Whatever the military problem is, the real effects of plant life 

are related to the physical characteristics of the individual species 

both alone and in association stands. Each major class, timber, 

brush, grasses, etc., has certain ways of affecting a military situation. 

For example, among the physical characteristics of individual trees are 

such important influencing items as size, sha;*, diameter of trunk, 

root pattern, crown size and shape, branching habit, and leaf pattern. 

When occurring in stands in association with other trees then the 

physiosd characteristics of the stand predominate and become exceedingly 

Important. Among stand characteristics are such factors as distribu¬ 

tion and density, size and density of stems, crown diameters and 
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alorara, balgtat of trara, taalgbt to lovrat branehab, and the branch¬ 

ing habit, and etaaraetarlatlaa af the undaratory. Info nation auat 

bt obtained about thara Itaaa bafore the real algnlfltanee of In* 

finance san be datazalnad when a epeciflc problaa la preaant. Even 

In deaerte, vtaara vegetation la generally aparee, certain apeelea can 

be of eenaiderable influenae • either beneflolal or detrimental. For 

axraple, certain planta ray provide the only eouree of rater for 

survival purposes while other thorny plants would seriously binder - 

suata as rasa parachuté dropping of troops. 

Many of the physical characteristics of plants and plant associa* 

tlon stands can be observed, measured, and their significance deter¬ 

mined from study of air photos. However, photo refulraaents are vary 

rigid if information of any degree of reliability is to be obtained. 

It is true that almost any scale or type of picture will enable one to 

determine the general vegetation class (grass, brush, timber, barren, 

etc.) and the distribution and areal extent of the stands. Furthermore, 

much can be obtained indirectly which will be of value through analysis 

of the terrain and visible evidences of environmental stresses in an 

area through the study of air photos. However, the'most reliable data 

concerning identity and physical characteristics of any vegetation 

complex will only be possible from photos obtained to rigid specifica¬ 

tions, printed to high quality and which are faithful representations 

of actual conditions. This, than, becomes the first major problem. 

fne second major problem is concerned with methods of getting in¬ 

formation from air photos. In Instances where the physiosd. 
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ebaratterlstioi of vegetation are required, the ^pçoblea beeoaes one quired, the jçoblea 

, else, and, clarity are of prise of waking mesuraient a. Thus, isage, 

isporteace. If the inforsation to be obtained ean only be gotten 

through inference or froei knowledge once identity is learned, then 

the langes on photos must be of such proportions as to reflect the 

necessary associations, between planta and the indicators of environ- 

sent. Here again, quality, scale, and sharpness are laportant but 

to these three is added photo coverage. Thus, to obtain all of the 

necessary infonaation and to the same general degree of reliability 

it la neeeasary to have large scale and good image quality for the 

minute features and smaller scale of good image quality!for gross 

associations - both within a given band width of the spectrum. 

Literature Review and Analysis Report 

The following report represents a partial survey of the literature 

for the purpose of finding out what has been done by various organi¬ 

sations and investigators in the field of photo analysis and photo 

interpretation of vegetation. 

The analysis and evaluation of literature is presented in three 

major sections. The first of these concerns photographic factors of 

film/fliter combinations, scale of photographs, and season and time 

of day. This is followed by a section relating to the physical 

characteristics of¿vegetation and their measurement on air photographs. 

The third section concerns vegetation identification and its signifi¬ 

cance as an indicator of terrain conditions. This section includes a 

discussion of photo interpretation keys. 

\ 
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II. PBDTOOHAPHIC FACTOHS AS TBIT 

AFflCT VEGETATION IMAGES 

The final pieture la the tool used In the Identification and 

ual/als of the vegetation position of the terrain. The quality of 

the pieture determines to e large extent the Information content 

which can be obtained. Hot all users will obtain the sane amount or 

Information as this rests wholly within the province of the 

Interpreter. The pieture must be a faithful representation of the 

terrain gad Its condition at the time of photography. It is diffi¬ 

cult to define what faithfulness of representation actually is as 

there are so many end use perspectives - so many user backgrounds - 

so many variations for Baking pictures. 

It is to be stressed that the final appearance of the terrain 

and particularly the vegetation mantle is the result of a complexity 

of natural situations and how they are sensed or recorded on an 

emulsion designed to utilize a fixed span of the spectrin. Thus, such 

photographia parameters as eaulsion type, mechanism, optical systems 

control the imagery and to a marked degree Its falthfulaeps - but only 

under the conditions operating at the instant of exposure. Added to 
' 7 

this are the factors related to processing and printing which are also 

of Importance but are secondary. 

The following discussion is concerned with three Important 

factors: fila/filter combinations, scale, and season/time of »xmnuTN», 
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lila-yiltf Coablottion 

The selection of the serlsl photographic fila sad filter coablnation 

Is iaportaat for vegetation interpretation purposes. To obtain the 

optlaua inforaatlon froa the photographs it is necessary to have good 

tonal contrasts and laage clarity. These are conditioned by spectral 
f » 

reflectance of the vegetation and spectral sensitivity of the fila. 

Discussion of the reflectance and resolution characteristics of aerial 

filas and the advantages and liaitations of the various film/filter 

combinations have been discussed in many reports (apurr, 1948), 3purr 

h Brown 1946, Manual of Photograanetry). 

The three accepted types of aerial fila are panchromatic, infrared, 

and color. The filters used with panchromatic and Infrared film will 

Influence the resulting tone contrast and image resolution on the photograph 

« 

within the wave length band capabilities of the filter and the eaulsion. 

Panchromatic film produces black and white contact prints which appear 

normal to the eye. Image details are clear and shadows are penetrable 

facilitating tree measurements, determination of shapes and sises for 

identification, and understory estimation. Tone gradations, representing 

the variety of shades of green, are Indistinct however, and most green 

foliage is registered in the same tone. This may hinder distinction of 

forest types. A minus-blue filter used with panchromatic film will mini¬ 

mise base and accentuate tonal differences, however, must be used with 

caution in heavy shadow areas. 

Infrared film registers many tonal variations between trees and, other 

vegetation forms. So fivesAit are easily differentiated from hardwoods. 
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Shadows are dense, often black on Infrared photos. This Is an advantage 

whan an object is to be identified by shadow alona, but a disadvantage 

when shadows obscure detail needed for interpretation. 

Water surfaces photograph black on infrared fila. Moisture differ¬ 

ences in soils can be detected but not quantified. Infrared fila also 

has a greater capacity to penetrate haze so can be used at tiaes when 

haze is too thick for panchromatic fila even with a alnas blue filter, 

filters used with infrared fila are dark red, nedlua red and oinus blue. 

The red filters increase the tonal contrast, but In some instances reduce 

detail clarity, thus, forest types mayke acre clearly distinguished but 

image detail is lost. The minus blue filter used with Infrared fila 

reduces the degree of contrast between tones, but allows for better 

resolution of image detail. 

Color film gives a fairly good color rendition under proper light 

conditions but has a number of disadvantages which limit its use to special 

purpose photography. Proper exposure of the fila Is difficult. It is 

affected by atmospheric haze to a greater extent than the black and white 

films. This Halts its usefulness at smskll scales. Transparencies 

rather than prints aust be used to obtain effective results. 

A number of tests have been performed to determine the best flla/fllter 

combination for local use and for specific interpretation problems. Some 

of test results for specific problems such as tree aeasureoents «má species 

identification are noted elsewhere in the report. 

Analvsle of fllm/fí 1+AV* /»SMSI>«4 + 4 m 4»«*«. __J _ e J M # _ 1 . • 
. a-,-- ¿uwerpi-vtation 

purposes have been reported by Schulte (I951) for Eastern Canada, Young (1953) 



tor mint, Jensen end Colvell (1949) for Californie, and Spurr end Brown 

(194é) for seotlons of Bastero United Stetes. 

Schulte (1951) stated: "In order to sake a coegparetlre study of 

three kinds of file used In aerial photography, panchroaatlc, infrared and 

color, it is necessary that the saae subjects be photographed in identical 

kinds cf caseras, and at the saae time and place. This Insures equality 

0^ factors that affect the photographic results." 

Siaultaneous Portography, using the three fila types was obtained 
? 

at 1:7,200 scale in the Val David, ^uebec area. Schulte presented details 

relating to photography, weather, vegetation, and geography of the area. 

He discussed in detail and in layaans language, the properties of infrared, 

panchromatic, and color filas, vegetation as a photographic subject, and 

regetation on aerial photograph* specifically. He drew general conclusions 

about the various filas and presented a key based on the photos taken for 

his study. He neglected, however, to present any pertinent data or analysis 

of results of the study. The general conclusions were: (l) For recognising 

plant species in Eastern Cauda, infrared photos (89A Filter) are preferable 

to either color or panchroaatlc (Unus blue filter). (2) Color and pan- 

chroaatic film* are about equal when used for species identification. (3) 

Color photography would be useful when spring and fall color differences • 

are foremost among the identifying factors. (4) Panchromatic film had 

better detail for interpretation of low shrubs, grass, rocks, soils, and 

cultural features. It was also superior for estimating forest density. 

Spurr and Brown (l<ik6) exami «nÆ a nal *r*v U»._» M 
* * - * —--*»/ «.s.**. Aimuc irum 

various film/filter combinations in Naine, Massachusetts, Quebec, North 
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Carolina and Alabaaa. Infrared film vas used with Wratten 89A, 25, 12 

(■inus blue) filters. A minus blue filter vas used with the panchronatic 

fila. Infrared fila, used In ooablnation with any of three filters, gave 

better results than panchromatic photos for species differentiation. 

Color photography was not as satisfactory as Infrared, but when properly 

exposed vas superior to panchromatic photographs. In 1¡he northern forests 

(spruce-fir region) the trees characteristically occur In mixtures and 

could not be recognised except on relatively large scale photos. The 

Central lev England vhlte-plne hardvood forest types could be distinguished 

on the Infrared photos, and some hardvood subdivisions could be identified. 

On the North Carolina Coast cypress and cedar vere identifiable on the 

infrared fils, all forest types vere recognisable and the hardvoods could 

be differentiated by topographic position. In Southern Alabama panchromatic 

fila vas valuable In differentiating forest types, but species vlthln types 

vere not identifiable. The infrared photos are useful In classifying the 

southern pines Into age groups - the older trees photographed In darker 

tones. The panchromatic film produced excellent photos in all cases, and 

these vere found to be preferable to infrared for tree and stand measurements. 

The Schulte (1951) and Spurr and Brovra (IJké) reports, concern the 

generally accepted statement that in Eastern Canada, northeastern United 

States and Lake States region, vhere differentiation of conifers and 

hardvoods is of primary interest, infrared is the preferred film type. 

The most frequently specified filter is minus blue. A number of recent 

publications (Carov 1955> Young 1955) indicate a trend favoring the pan- 

chromatic-minus blue film/filter combination. According to Young (1955) 
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th«r* Is no loogsr the need for sharp contrast between conifers and hard¬ 

woods because »any foresters hart becosw skilled in photo interpretation 

and can differentiate the types with less contrast. The panchromatic fila 

with alnus blue filter provides better detail and nore inforaatlon can be 

extracted froa the photos. 

The Jensen-Colwell (ipb$) study on panchroaatic versus Infrared 

photography in California was based primarily on the speeyic need of the 

California forest survey. Five aajor aspects of forest photo interpretation 

were considered) (l) vegetation-cover and land use, (2) age class, (3) 

density, (¼) timber cropland, and.(5) species identification. The pan¬ 

chromatic ninua-blue photography had a definite total advantage over the 

infrared sinus blue. For scsm specific uses, however, the infrared fila/ 

filter ecablnatlon was superior. Panchroe»tic fila with a green filter 

was tested also. For the nost part it compared to the panchroaatic-minus 

blue. Where there was a difference, it favored the minus blue filter. 

The literature review indicated the general acceptance of the pan- 

chresmtic/ainus blue ecablnatlon throughout the west. Pope (personal 

coBBunication) and Savage (1955) explain that distinctions between conifers 

is important, rather than between conifers and hardwoods as in the northeast. 

An experienced interpreter ea¿ sake accurate type differentiation*,shadow 

detail is not lost and species identification by crown detail ia possible. 

Jensen and Colwell (19^9) suggest also, that west coaat photography io 

usually taken when the grass is yellow or brown and appears light in tone 

ou the panchroaatic rila. On Infrared fila the grass Is the same tone as 

many of the trees and shrubs. In the east where grass is usually green 

12 



during the photo season, it viU contrast aora flarorably to other 

vegetation on infrared ftla. 

Color Photography, when «»pared to panchromatic and infrared, has 

not proven to have sufficient advantage over the others to be used in 

l«*ge areas or for general photo interpretation purposes. Por photo 

Measurements it has little or no advantage over panchromatic film at 

the same scale. Great hopes were expressed for use of color film in 

•pecies identification, but Pope (1957) found that the differentiation 

in green tones at scales smaller than 1:8,000 were no more distinct than 

gray tones on panchromatic types. At scales larger than 1:8,000, the 

detail of tree structure and crown shape were sufficient to identify 

trees on the handier and less expensive panchromatic photos. Color 

photography may be useful in identification of type, and specie, during 

spring and fall coloration periods, but no comparitlve tests were 

reported. 

The most significant use of color aerial photography for a special 

purpose va. reported by Wear and Lauterbach (1955) in the Pacific North- 

east. Color photos were employed to advantage in location and count of 

beetle-killed Douglas fir trees. Analysis of the cost/time/accuracy 

data indicated that the possibility of using color for other specialised 

purposes should be investigated. One relevant suggestion pertained to 

the potentialities of color photos for locating fallen trees, and snaga, 

and studying understory conditions. 

T“C ox using spectrophotoraaetric characteristics of 

vegetation as a means of identification on infrared and color film has 
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b«« MBtlOMd frtfitttly la tba llttratur*. Colvtll U956) umA 

•P*8tPojh®t«attrlo yroftrtlM ef fam «rov» to dotoet üsooood fiolAo 

bgr Mr&al yfcetognfkjr. Hlodlojr «ad ftdth (1957) MMMod tho roflootaaoo 

of alao spool00 of ooalftrs la British ColmhU» fhsy fonad «ido varis- 

ticas la roflootoaeo vlthia « spoolosf rolstlvoly saall difforoaoo saôag 

spoolos, sad striklsg diffsronoos with a nhonto la olovatloa. laprovod 

Infrarod fila with a lon*»r tonal ranfs would bo noodad for aors aoourato 

idontlfloatioa by this aoaas. 

Taitlaftoa (1953) pola tod out that thoro is so dlroot ralatloaahlp 

botvsoB spootrophotoaotrl0 oharaetorlstios of vogotatloa photographod sad 

those of tho dyos foralag tho laags oa color photography. O'Bolll (1953) 

usod color filters rolatod to tho spectral proportlos of both tho vofstatlon 

and tho dyos la color fila la sobo of his studios. Ho reported sobo success 

with both typos of filters, but no conclusive evidence was presented. 

Very few studios have been reported pertaining to toots on uso of 

various photo papers in photo Interpretation. The advantages of glossy 

prints for obtaining aanlaua detail sad ssad-aatte prints for field uso 

have boon neatlonod frequently In tho literature. The only tost results 

reported; however, wore by Meyer (1957) and Meyer sad Trantov (1957). la 

tho preliminary tests, Moyer printed 6 different wtulsIon-surface-tone 

combinations from one set of negatives. Parallax aeasurcaents and'tree 

counts were made. Ho slgnlfflcant difference was found in accuracy of 

parallax aeasurements on any of the papers. The tree count proved mors 

accurate on glossy paper vlth warn (brown) tones. The soae paper/tone 

combination was preferred by the interpreters from a personal standpoint. 

They reported a ladt of eye fatigue and a feeling of confidence that Images 
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wer® clear and well defined. The prellalaary teats were followed by testa 

on dull finish paper to ascertain the effects of warn thrown) and cold 

(blue-black) tones on lange quality. Fron these tests Nsyer and Trantow 

concluded that cold tone prints produced significantly better results, 

and sone of the dull surface papers were superior to others. These Halted 

tests suggest that further Investigation would be worthwhile. 

Young's (1953) filn/®<»le studies included the use of positive tr»"fp- 

arenc*a» for tree count accuracy In Maine. He found no significant diff¬ 

erences In accuracy between the transparencies, Infrared and color film 

used. Howlett and Carasua (19^9)> however, stated that positive transp¬ 

arencies are preferable to glossy prints particularly If testing for amount 

of detail available from photography using different filters, emulsions 

and lens. 

Scale Factors-Image 

Spurr (I9W) has adequately summarized the value of various aerial 

photographic scales for forestry purposes (p.50-52). The normal range of 

photographic scales for vegetation Interpretation purposes is from 1:2k,000 

to 1:5,000. A scale of 1:15,8k0 Is accepted as the Ideal scale for all¬ 

round forestry work. Investigations of scale limits for specific purposes 

have concentrated on these scales. 

Resolution of photographic detail and capacity of the human eye will 

Huit the size of an object which can be measured. Resolution of most 

aereal camera film types Is greater than the capacity of the human eye, but 

the effect of Image movement, photo processing and tonal contrast, etc. 

seldom parmit máximum resolution. The photo Interpretation literature 

contains no evidence that absolute values for any tree measurement can be 

fixed at any scale. 
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Test results and analysis of data relating to scale and photo¬ 

graphic aeasureaents are often reported in relative or eapirical terns. 

Where fairly definitive limits have been established, the conditioning 

factors aay render applicability to other areas, regional or problemati- 

cal, inadvisable. * - 

Aerial photographic scale is determined by the flying height of 

the airplane and focal length of the casiera. The photogrametric 

principles of these factors are discussted in the of Photograa- 

aetry and other standard references. Both focal length and flying 

height are individual factors affecting aspects of photo interpretation 

of vegetation. These are discussed in the sections concerned. 

A discussion of airplanes, caaeras, lens systeas and aounts, and 

other physical equlpnent used in procurring aerial photography is not 

included here. The following statement, however, is of relevent 

interest: "There is no optimum focus of the aerial camera lens system. 

First decide on smallest photo image desired to be discerned individual¬ 

ly. If lens is focused for aaximua clarity of this sice (scale of photo¬ 

graphy having been specified) smaller images would not be individually 

discernible. Large images would be discernible, though note' - 

sharpness." (Colwell 195h). 

Sources of error in making any photographic measurement are many. 

The testing and data analysis methods varied, and there was little 

consistency in form of presenting results. These factors make it diffi¬ 

cult to estimate the validity of the results of the various tests, 

either individually or comparatively. 
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m*r. the «.Jor purpoee of teet. were not eoneemed vlth the 

•(«1. factor directly, an atte.pt w, »de to dedo« approxtat. ecale- 

■eaeurewnt Halte. It 1. eaphaelted that theee Halte are dr.»» fre. 

the literature reporte. They are the apparent Halte. 

Croun dleaeter. a. eaall a. h feet t. aeaeured on 1,18,000 

photographe, ae eaall ae 5 feet on 1,28,000 photographe. T»e dHuneter 

«1... detemlnatlon 1. the extent of accuracy to be expected at .«11 

acal.., however. Crown dleaeter. can be con.l.tently clae.lfled to 

within 5-foot cue*, on 1,20,000, 3-foot cl..„. at l, 15,880, Md 2-foot 

cl..«, at 1,12,000 .cale (Spun- 1958). At 1,12,000 «cele, the .tc.dard 

error of vl.lble crown dlMeter ae..ureaent for hardwood tree. 1. ,,«1 

to 3 to 8 feet (Worley «d Keyer 1955). Conifer tree, with aall crovns 

(under 10 feet In dl««t.r) can be aeaeured to within a foot on 1:1,200 

.=.1« photo., but at 1,7,200 .cal. they cannot be raaeured accurately. 

Cm» dleaeter aeaeureaent accuracy will mere.« with lucre.« In seal.. 

Crown cover can be eetlaated to within 10» accuracy on .cales a, 

aatll a. 1:20,000. At 1:12,000 .cale hardwood croun cover can be mea- 

•ured within 5», «d 10» .hould be the «axial» error (Keyer «d Worley 

1955). At 1,7,200 conifer crown cover can be «..ured within 1», but 

the average error will be higher, 9»-10». At 1,1,200 .cale error of 

conifer crown rover .ea.ure«nt. can be lower ttaur 1», but will .v,rag, 

approxlaately 5» (Losee 1953). Accuracy of crown cover eetlaaten will 

inore.« with « mere.« In scale, «d will vary with epeclee. „0 te.te 

of relative accuracy of crown cover «..ureaent. of different .pecle, 

vere found. 
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Tret crown count accuracy increases with incroase in scale. At 

* given scale accuracy will vary with stand density and species. 

Increase in accuracy between 1:15,8^ and 1:3,500 .cale will be about 

200. Extrapolating fron graphs, it appears that at 1:2,000 scale 850 

of all trees can be counted, at 1:15,800 about kOi of the trees can be 

counted, but the count aay be sslow as 20, depending on species coaposi- 

tion and density of the stand (Young 1953). A scale of 1:10,000 is the 
at 

■allest allowable scalVwhich trees should be counted if any approach 

to accurate total is desired. 

The relation between accuracy of tree height aeasurement and photo 

scale is controversial. latest findings indicate accuracy of height 

aeasuroments do not depend upon scale within the nonsal range of scales 

(1:20,000 - 1:5,000). Tree heights can be measured within 10 feet of 

actual tree height on good quality photos. By coaputing the scale to 

correct for differences in elevation within the photo, conifer height 

measurements can be aade to within 3-4 feet, hardwoods can be measured 

to within 2.4 feet. 

Diameter of stem measurements will be affected by scale as they 

are computed from crown diameter or crown cover measurements and tree 

height measurements. The accuracy of crown measurements increase with 

scale. Thus, it can be assumed that diameter computations will increase 

in accuracy with increased scale. Foresters use the DBH measurement to 

compute timber volume. The literature contains some information on 

accuracy or volume PAt.imn+iac ««/<« •» 4 __ mm. , 
~ -. lue accuracy or DBH 

measurements was not discussed, however, and the relationship between 
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accuracy of height - crown - volume measurements has not been deter¬ 

mined . 

Scale of photography is eignifieant in identification of tree 

species. (Usable scales will vary with local forest conditions.) On 

1:20,000 scale photos species Identification is limited to 20)( at the 

most. Increasing the scale to 1:15,000 will result in insignificant 

increase in identification accuracy. Between 1:20,000 and 1:10,000, 

however, there is a significant increase in accuracy of species identi¬ 

fication for western coniferous forests. At 1:5,000 78-90)( of the 

mature trees, and 20 to 30)( of the immature trees can be identified 

(extrapolated from graphs by Pope 1957). In eastern Canada and north¬ 

eastern United States, particularly in dense stands, larger scales are 

needed for individual species identification. It was found that 1:2,000 

is the smallest usable scale for identification (Schutte 1951). 

Prom the standpoint of making measurements alone, it is deterained 

that 1:20,000 is the smallest scale. A scale 1:10,000 would provide 

significant Increase in accuracy for measurement and identification 

values combined and would appear to be the smallest scale advisable for 

computations of forest dimensions for military operations. 

Some low altitude continuous strip photography was tested by 

Mignery (1951) and Rogers (1952). The accuracy of measurements made 

on these large scale photos was not much better than on conventional 

smaller scale photos. Improvement in interpretation techniques and 

use of a longer foc»i length were suggested as possible means of im¬ 

proving some strip photos for special purposes. 
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Season and Tit of D*y 

Opt lain ttae condition*, both seasonal and diurnal, for obtaining 

aerial photography for interpretation purposes depend upon geographic 

location and interpretation objectives. No records were found in the 

literature reporting tests to detemlne time factors relating to 

photography, either in teras of optima period or naxlnum span of tiae. 

frequent mention is aade of tiae of day in teras of the sun altitude 

(for example -photography should be taken when the sun is at least 

3-1/2 hours above the horizon). 

Increase in altitude and latitude will increase tbs problems 

associated with obtaining photography. The Manual of Photogrssaetry 

covers the general problems adequately and includes a solar altitude 

diagran for determining duration of the minimal solar altitude of 30* 

for any part of the U. S. at any tiae of the year. 

Andrews (19½) briefly described the problems of obtaining photo¬ 

graphy In & northern latitude at high altitudes. In northern British 

Columbia, effective flying weather consists of the 4 months from June 

through September with an average of 26 flying days during that time. 

There is usually snow cover extending into June; and even in June 

there are only 6 midday hours when photography is possible. Fog fre¬ 

quently remains in the valleys until midday, and cumulus clouds begin 

building up at midday. 

In specifying photography for tree height measurements by the 

«Vtarinv nua+h/Nd f Q▼*«*•-*• 1 OliA \ 4«« 
- ---- -- •«»W ,w t •*«**•«**»** «*«***%»** **4 W«fe4 
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morning or late afternoon shadows would be too long to measure 

accurately) taken <t midday, shadows nay be too short. Most satis« 

factory measurements can be made when the shadow Is within 50* of 

the height of the tree. The frequent reference to the use of shadows 

for measuring and identification purposes and the general lack of data 

suggest additional research pertaining to limits of interpretating in 

relation to time of day would be valuable and interesting. 

Reference to preference for seasonal photography is abundant but 

definitive limits again have not been set. The variables encountered 

in seasonal factors are numerous. Season of photography is usually 

determined by a combination of location, forest type and interpretation 

objective. As Colwell (122) stated "Requirements sure so variable 

in this respect as to defy the making of broad generalisations." 

8purr (19½) and Colwell have discussed the advantages and dis¬ 

advantages of each of the four seasons for various photo interpretation 

purposes. A manber of additional references include preference for 

seasonal photography for various reasons. Where conclusions regarding 

seasonal photography have been pertinent to the objectives of the 

report, they have been included in the tabulations accompanying each 

section. 

It is interesting to note that a 1950 Air Force Report stated 

the need for a basic tabulation of positive and negative information 

obtainable from air photos at each season of the year. The same 

report suggested a study "...based on aerial photography of a given 

area at time intervals during a given day..." to study variability of 
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liage characteristics due to sun angle and quality of light - 

particularly in color fill« No reports of this type are available in 

easily obtainable literature, and no references to such studies vers 

found in the Department of Defense Project Cards or other government 

agency listings. 

Several reports dealing with seasonal aspects of fara crops are 

included in the bibliography. These were interesting in their objec- 

tives and approach (Boesch -195$>Brunnsclan illsr -1957, Goodman -195^, 

and Goodfellov -1955 )• The BrunnschvdLler report concluded that for 

recognition of agricultural patterns in Switzerland, no single flight 

date is best; each of the months can be ideal for specific interpreta¬ 

tion purposes. The most interesting item in the Ooodaan report related 

to the development of a densitometer for measuring gray tones of a known 

item whose tone would remain constant throughout the seasons, as for 

example a roof top. The relation of changing tones of crop vegetation 

to the constant item provided a comparison to compensate for lack of 

uniform tones due to film emulsion, processing, etc. 
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III PHYSICAL CHARACTERISTICS 
07 VE0RATI0E FROM AIRPH0T08 

The aoet direct end often e&eleit inforaatlon which can be obtained 

froa airphoto» about vegetation is that pertaining to the physical charac 

teristlcs. These are the measurable itens - those which can be seen 

directly, which can be described, and which can be neasured. Included 

are tree heights, stand heights, crown diameter, crown closure, and area 

covered by a stand« There are sone indirect neasurements which can be 

made« These Include diameter and density of the stems and tho character 

of the understory. A variety of instruments are available for accom¬ 

plishing these tasks. Their use is pointed out in the following 

discussion. 

Direct Measurements 

Tree height measurements. Tree height measurements are important 

to foresters as timber volume is related to tree height and stem diameter 

Foresters, therefore, have made considerable investigation in the field 

of accurate tree height measurement on aerial photographs. Studies on 

both single or individual tree height measurement and over-all stand 

height measurements have been reported in the literature. 

Tree heights may be estimated on single photos or on stereo-pairs 

if the Interpreter has an intimate knowledge of the area and of the 

characteristics of the native vegetation. To accurately measure tree 

heights, on aerial photographs, there are three basic methods: (l) 

direct measurement of displacement on single photos, (2) the parallax 
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■ethod, and (3) the ihadotr aethod. Spurr (IjW-i) and the Poreatry 

Handbook (I956) describe and dlacusa these sethods, their advantages 

and liaitatlone, and the factors affecting the accuracy of tree height 

aeasurenents. 

The application and usefulness of the first aethod is so liaited 

as to be of adnor laportanee. It finds usefhll application in instances 

where stereo-coverage is not available as on the end photo of a run. 

To aeasure tree heights by the displacement aethod the displacement 

formula is used; 

A _ fa or h * dH 
r ** H r ! 

where; h . height of tree in feet ' 

d : length of tree iaage in Inches 

r : distance fToa top of tree to nadir point in inches 
H ■ height of plane above tree in feet, 1 

The nature of displacement aeasurenents requires an oblique view 

of the tree which is possible only near the border of vertical photos. 

Both the tip of the tree and the base oust be observable. This also 

requires good resolution,of the tree top, which is difficult or impossible 
I 

ior trees with tapering crowns, particularly on small scale photos. This 

method Is also usable on large scale obliques provided the tilt angla or 

position of the nadir point is known or can be estimated. Large scale 

photos are also necessary for accurate measurements for if the measurable 

displacement is small, accurate measurements are doubtful. Ho further 

discussion or reports of experimental or statistical analysis, etc. were 

found ln tue liternture pertaining to the displacement measurement aethod. 
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The »hadovr acthod of aeaeurlng tree heights on airphoto» was 

originally developed and described by Canadian foresters (Seely-1942) 

•nd the aethod has been more extensively used in Canada and Northeastern 

United States than elsewhere. The shadow aethod requires computation of 

angle of the sun at the tiae of photography and utilises the formula : 

h • LtanX 

where h , height of tree in feet 
L s length of shadow in feet 

X • angle of elevation of sun in degrees 

Conversion charts or graphs for converting shadow length to tree heights 

must be constructed. According to Rogers (I949-I) such graphs may be 

prepared for any area and are necessary only for each 2 degrees of 

latitude for satisfactory accuracy. Johnson (1954) stated that when 

•tnnds into 10 ft. height classes on photos at a scale of 

1»15,040, the errors due to distance from the correct latitude and 

longtitude of an area with a 20 mile radius were small enough to disregard. 

Tiae of day of photography, date, longitude and latitude and scale of 

photography must be known for the sun angle computations. Spurr (1948-1), 

Seeley (1942), and Rogers (1949-1) give detailed instructions for 

computing the sun angles and include a number of conversion graphs. This 

method of determing tree height is simple and rapid once the sun angle 

has been computed and conversion graphs constructed. The usefulness of 

the method is not questioned for large inventory projects where a 

contiguous area is covered by hundreds or thousands of photographs. It is 

not efficient, however, for spot checking or for computing heights on 

occasional projects when relatively few photos are used. 

*5 



The major limitation» of the shadow method are: Shadows must be 

neither too short nor too long. The slope of ground affects length of 

shadows and will affect accuracy of measurements unless adjustments are 

»ade. Shadows wst fall on open ground (only those near clearings in 

the forest or at the edges may be measured accurately). The base of the 

tree must be risible. It is often obscured by anow, other vegetation or 

it's own foliage, etc. 

A number of specific experiments using the shadow method of trie 

height measurements have been reported. Rogers (I9H9-I) reported studies 

of white pine, northern hardwood and spruce-fir forest in the northeastern 

United States. On 1:20,000 photos, an experienced Interpreter can 

estimate tree heights within 7 feet 2 out of 3 times. (250 men were 

trained in the method). 

A. J. Nash (1949) conducted experiments at the Valcartier Forest 

Experiment Station in Canada. Both vertical and oblique photos were used 

and the photography was taken in the winter when hardwoods were leafless 

and a snow cover was present. Nash concluded that the differences between 

interpreters' were insignificant. A standard error of estimate of ¿ 2.2 

feet was obtained on the verticals, and i 2.3 feet on the obliques. The 

sources of error were slope of ground, snow depth calculations, measuring 

devices, interferring tree crowns, imperfections of photographic resolution, 

penumbration, scale inaccuracies and change due to growth between photo 

date and interpretation date. 

Direct measurement of tree heights by the parallax method is 

applicable under a larger variety of conditions than the shadow method, 

2C 



I 

I 

.aí d«,«!,«« of „„ÜUX v,a«e device. Cm .l^llned «„ 

mrf'rraC.* 111 —«r«> «d converted to tree n.1^ u.lng 

the ■t&ndArd parallax fornulaj h - HdP 

p7“dP 

tree height neunrenent. «d te.t. of their .ocnrnqr have received 

»ore attention In fore.t photo Interpretation literature ttan mo.t other 

aapectn. Thl. 1. pmlcularly true of „cntltatlv. report, of aea.ur.bl. 

«• on air photo». Spurr. (I9W-1) the Fore.try Handbook (I956) Avery 

(W5T) and other, have de.crlb.d the parallax nethod «.d dl.cu..ed 

wring Inetruaent. need. The Manual of Photograjawtry (I952) al»o 

ej^laln. parallax and parallax neMurlng nethod., 

ln.tru».nt. for neMurlng tree height, by parallw rang, fro. .1.,1. 

wedge, to large expen.lve »chine, .uch a. the Stereoplanlgraph. Spurr 

Md Brown (1916) have de.crlbed .o.t of the.. ln.truae»t.. The general 

coneenau. of opinion 1. that tie .tnpl.r «d .peedler vedge-type device, 

will give .atl.factorlly accurate height ....urenent. for fore.try 

Parpo.,,. Test, »de of tree height ..uure»ut. In v«yl„g geographic^ 

a°d tm,t - tra' r'glor“ that the wedge v.. » .ccur.t, „ y,, 

b«-. Moea.ner, et n (I950) working In the Centrn H„d»ood. of the 

midwest md Moeaaner md Roger. In the Rocky Mountain« (I957), Johnson 

(1958) In Tennessee, md Worley md tandl, (195k) i„ the Uplmd Oak 

For«.ta of Pennsylvania arrived at thl. conclu.lon. A »re collet, 11« 

with details of result. 1. Included In the 'tabulation of tree height 

literature. 

A pamphlet published recently bv Moeaaner —^ ^_ ftoc?\ 
.— “**a • \xyjij aumaritee 

Investigation, of tree height meMurement. by pareil« during the pan 

twelve year.. It include, detailed In.tructlon. for u.e of th. paraUax 

wedge, graph, md table, for «ding computation conver.lon., and a 
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•uanary of relative coat and accuracy of the method, aa veil aa an 

untabulated report of teata made using the wedge. Some of the major 

concluaiona were: 

1. Any parallax problem can be visualised aa a problem in 

triangulation with a baae line defined by the two camera stations and 

angles represented by the parallax difference of the tip and base of 

the tree to be measured. Basic formulas may be solved by use of graphs 

or tables. (The graphs and tables in the report are for normally 

encountered scales and parallax differences). 

2. Flying height of the photo plans affects parallax 

computation accuracy at low flying heights over rough topography. When 

flying height exceeds 4,000 feet both graphic and tabular techniques 

produce satisfactory measurements on trees of all heights. Reducing 

the flying height from 13,500 feet to 2,000 feet increased the standard 

error of estimate from 0.7' to I.9' for trees less than 100 feet high. 

Axelson (1956), testing accuracy of forest measurements in Sweden at 

different scales, found errors due to difference in flying altitude. 
(1:16,500 to- 

In these tests the scales 1:33,800) were varied by flying at different 

altitudes, using one camera/film combination. The test measurements 

were made on 1:15,000 scale enlargements of all negatives. No comparable 

studies were found in U. S. literature. 

3. Adjustment for elevation differences is important. These 

can be made by using graphs or tables. When elevations varied from 
of 

-543 to /636 feet from mean datum the standard error/ estimate for tree 

helghis was 10.ò feet without adjustment for elevation. This was reduced 

to 3 to 4 feet when elevation adjustments were made. 
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4. The accuracy of staple vedges is comparable to that of the 

more expensive, complex instruaents. This is to he expected since the 

wedge Is calibrated In 0.00(2 inch (0.05 nm) divisions; this corresponds 

to about the ainimua unit of depth of perception for nost individuals. * 

Therefore, the Halting factor is the interpreter's depth perception and 

the addition of finer calibrations Is not likely to increase accuracy. 

Johnson (1958) suggests that in addition to the human limit of 

parallax perception, wedge oeasurements will be as accurate as those 

made with a bar because the wedge involves a minimum of lateral motion 

over the surface of the photo, so the effect of instrument tilt is 

negligible. Worley and Landis (195^) checked tree height measurements 

using both the Harvard wedge and the Abrams Academy Height Finder (Bar). 

The results indicated a higher degree of accuracy with the wedge. The 

authors mentioned three possible factors for error source: (l) the 

sloping line of dots on the wedge may form a better reference for 

Judging tree top readings than a single dot; (2) the particular bars 

used may have been affected by a systematic error, and (3) errors may 

have been due to instrument-interpreter combination rather than instrument 

alone. The interpreters using the wedge did not use the bar, and vice 

versa. 

¡The factors affecting accuracy of tree height measurements include 

photo characteristics, vegetation and environmental characteristics and 

personal or interpreter factors. Perhaps the most controversial photo¬ 

graphic characteristic affecting tree height measurements is that of 

scale. Until the past fe*» ¿curb It waa generally accepted that accuracy 

of measurements increased with increase in scale. Several recent 

♦For substantiation of this statsaunt ass: Johnson, E. W., 1957, 
Tht liait of parallax perception, Pho to grämet ric Engineering, 
vol. 23, no. 5, p. 933-93*. 
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investigation», however, indicate that photo scale is not a significant 

factor in errors on the scale ranges normally used in forestry. 

Spurr ( 1948-1 ) stated that, accuracy of tree height nessurestents 

is directly proportional to scale provided other variables remain 

constant. Citing testa perforned at the Harvard forest, he reported 

the average error of individual tree height aeasureaents by parallax 

wedge «are 3 feet at 1:6,000, 6 feet at 1:12,000, and 9 feet at 1:18,000. 

Tests made by lessee (1953) in Canada also indicated an increase in 

accuracy at a larger scale. Both Pope (1957) and Johnson (1958) working 

independently in Oregon (conifer stand) and Tennessee (primarily hard¬ 

woods) respectively, concluded that scale was not a significant factor. 

The range of scales used in the two tests were similar, 1:20,000 to 

1:2,590 in the former, 1:20,000 to 1:5,000 in the latter. As focal 

length is a function of seals, it is interesting to note the difference 

in lens used. The Tennessee photos were made yith an 8.25* FL camera. 

A 12" FL was used for the Oregon photos except for the 1:2,500 for 

which a 24" lens was used. Pope commented that in order to reduce 

excessive parallax, it was necessary to increase the overlap from the 

usual 60# to 75-80#. 

Another recent study by Axelson (I956) in Sweden reported no 

significant errors in tree height measurements on photos ranging in 

scale from 1:33,800 to 1:16,500. Rogers (1952) found large Sonne 

strip photos unsatisfactory for tree height measurements also. The 

nature of Sonne strip photography explains these inaccuracies. These 

tree studies would indicate that within the range of 1:30,000 - 1:5,000 

seal« is not significant when measuring by the parallax method. No 
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recent reporte of teete memeuring by ehedow method hare been found, so 

the eiTor/scale relationship are inconclusive. Hash (1949) did state 

that one contributing factor to success of tree height neasureoents vas 

the large scale (1:6,900) of the photos used. 

Focal length will affect tree height accuracy measurements in 

factors other than scale. With modern photo planes and camera equipment, 

tip and tilt are generally considered to be minor problems. However, 

both Pope (1957) and Axelson (I956) bave mentioned the effect of tip and 

tilt on tree height measurement accuracy due to focal length used. Pope 

points out evidence that it is a major source of error on large scale 

photos where the 24 inch lens was used. A 3° tilt along the line of 

flight with a 6 inch lens results in errors of about 9jt, but this 

increases to about 1% with a 24 inch lens. 

In discussing focal length as related to parallax measurements 

Moessner (1955) pointed out that using a 6 inch camera, photos of 

1:4,000 scale would have a factor of about 0.6 foot elevation change 

per 0.001 inch parallax difference; using an 8.25 inch focal length camera 

photos at 1:20,000 scale would have a 4.5 feet change for each 0.001 

parallax difference, which would result in spot heights with an error of 

estimate approximately seven times as great. 

It is obvious then, that for tree height measurements by the 

parallax method, accuracy will be higher with a shorter focal length 

camera. For the shadow method, however, the opposite is the case, 

according to Spurr (1948-1). This is explained by the fact that tree 

snadowj can be measured more accurately when the tree top is displaced 
tres 

the least and the/base more likely to be centered under the crown. For a 
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81'« .«1. th, pl«,. Vin ny high« ^th a longer n c««, «,d the 

higher the flying height, the 1... dlnpleoe»,« 0f to,, top. ,th,r 

°n ^ “'hThcy of tree height «Mûrement, by the 

•hadov method were found. 

The other photographic characteristic affecting height measurement 

accuracy 1. that of film. In most forest areas standard high-speed pan- 

chromatic film with a light yellow filter will result In photos with 

great clearness of detail. Hodified inft.a.red ^ a Ught yeUov ^ 

i. practically a. useful (Spurr I9W-I). Infrared film with a medium 

or dark red filter will produce extremes of tone resulting in loss of 

detail particularly In shadows, and in the dark conifer crowns. Saaml 

(1953), however, found that slightly more accurate result, could be had 

by using positive transparencies of Infra-red photos (red filter) than 

from the send-matte prints. Accuracy was still low for Individual 

measurements and result, were considered Inconclusive as readings of 

only one interpreter were Involved. In the Pacific northwest Pope (I957Ï 

found no significant difference between panchromatic and color film for 

tree height measurements by parallax. 

The character of vegetation, both individual epeclee, «,d type of 

forest couple* will affect accuracy of height measurements. Tall trees 

With tapering crovns are the greatest culprits, ».rrov tree croan, viu 

not resolve on photos. Minian, sis. of object, that can be seen on photo, 

at various scales are: 

3 ft. at 1:20,000 
2.5 feet at 1:16,000 
2 feet at 1í12¿000 
1 foot at 1:6,000 
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4É—Spurr (1948-1) haf constructed a table for "Corrections of Tree 

Height to Compensate for Lack of Resolution" (page 236). 

In addition to the problem of tapering crowns, large crowns may 

obstruct the view of the tree base, thus making accurate measurement 

difficult. Various aspects of tree shadows will affect measurements 

by both parallax and shadow method. Clear, well-defined shadows, of 

course,are necessary for good shadow measurements. Overabundance of 

dense shadows may ebstruct determination of ground points for either 

method. Rogers (1949-1) has clearly presented shadow problems caused 

by vegetation and topography. Both Rogers (1949-1) and Pope (1957) 

stress the importance of brush and grass as ground obsuring factors. 

Samni (1953) and Worley and Landis (1954) found indications that 

accuracy of tree height measurement decreased with lacrease of tree 

height. These results were presented as a trend noticed in test 

analysis and both authors stressed that further investigation was 

necessary to substantiate or repudiate the findings. 

The character of the forest itself, will determine whether openings 

can be found where ground level can be determined. Thus, the density of 

the stand and the amount and character of undergrowth are important. 

Young (1953) found the spruce-fir stands in northern Maine too dense to 

obtain either tree height or crown diameter measurements on photos with 

scales ranging from 1j15,040 to 1:3,500> 

Worley and Landis (1954) reported that analysis of tests indicate 

little difference in accuracy of individual measurements of forest grown 

and open trees. However, in measuring stand height versus individual 
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tree height, the test results Indicate that the fomer are more accurately 

■easured than the later (Johnson 1956, Worley 4 Landis 1953 * Axelson I956). 

Johnson (1956) accounts for this by the fact that stands contain a variety 

of crown shapes, each of which contributes a different bias In determining 

average stand height. In the averaging operation, a certain amount of 

compensation takes place and bias Is reduced. 

Although the character of a forest will affect accuracy of measure¬ 

ments, Noessner (1955) contends that conifers and hardwoods can be 

measured with equal accuracy. He states that: — generally easy to 

determine top of dense flat-topped crowns common to hardwoods, but much 

more difficult to see and measure the ground line. The same effects 

occur in dense evenaged stands of conifers where tips resolve but few 

holes can be found through which to match ground level. On the other 

hand, tip of crowns in opes conifer stands are hard to define but 

ground level is usually quite obvious. One condition tends to compensate 

the other ." 

Topography has its affect upon tree height measurements. The 

primary problem concerns the difference of scale found within a photo 

where considerable change of elveation occurs. To compute an actual 

height from photo measurements, the "true scale" of the pnoto at the 

site of the tree must be known. This Is true for either parallax method 

or shadow method. A number of publications give conversion tables for 

correcting scales, and have been included in the tabulated reports. 

Uneven ground is not always determinable under a forest growth and the 

geueral tendency is to underestimate nelght of trees In depressions and 

overestimate those on knolls or ridges. Length of shadows will be 

influenced by the slope on which it falls and this must be taken into 
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consideration when measuring by the shadow method (Rogers 19^9-1)• 

Tree height measurements, then, will be more accurate, and 

certainly easier to obtain in areas of level terrain. Ooodspecd (19^9) 

has devised a method for converting parallax differences into tree 

heights using a parallax wedge and alignment chart readings to solve a 

modified parallax formula. This method is apparently satisfactory for 

use in a relatively flat country (designed for use in Iowa) where the 

difference in datum elevation and tree base elevation is insignificant. 

The alignment chart is constructed for readings on 1:15,000 - 1:25,000 

photos taken with an 8.25 focal length camera. It can be used for 

photos at the same scales taken with different focal lengths by simple 

conversion of chaurt readings. 

Time of day of photography has little effect on height measurements 

when using the parallax method. It is important, however, for shadow 

method measurements, particularly in extreme latitudes. If shadows are 

too long or too short, accuracy will be difficult to obtain particularly 

in hilly areas. The most satisfactory measurements are obtained when 

the shadow length is within 50^ of the height of the tree (Spurr 1948-1). 

Tree height measurement accuracy may be affected by wind movement 

of the tree top. This was mentioned by both Pope (1957) anh Axelson 

(1956)• Pope noted evidence of this where tree shadows appeared to be 

floating above the ground. He noted that while it is probably neither 

frequent nor serious, it was interesting to consider as it is not 

generally (if ever) mentioned in photo Interpretation literature. 

Axelson, evidently discovered similar effects of wind motion independently 

in his studies in Sweden. 
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Method of aeuureaent and perional or interpreter factors are the 

other Iteas affecting tree height measurement accuracy. 

3purr (1948-1) Indicates that the parallax method is more accurate 

than the shadow method. In tests in the Harvard forest he found that 

parallax measurements had about half the standard deviation when compared 

with ground measurements as did the shadow method measurements. The 

preference for the parallax method throughout the United States would 

indicate it has some merit. Most reports of tests made, however, were 
between parallax instruments rather than between methods. 

Some Canadian agencies prefer the shadow method. However, little 

has been found regarding the accuracy. MacAndrews (1955) stated that 

in the Forestry Branch (of Canadian Department of northern Affairs and 

natural Resources) the parallax method was seldom used because of the 

Urne involved. Johnson (1954) suggested the shadow method could be useful 

— in flat country — for those unable to use the parallax method. 

Spurr (1948-1) points out that more skill is needed for the parallax 

method, but familarity with the area is more important in the shadow 

method as slight errors in judgement will effect readings to a greater 

degree. 

Accuracy of height measurements by either method depends upon the 

ability of the observer to evaluate such factors as effect of slope, 

brush, size of crown, and variations in ground level. Foresters per¬ 

forming tests on accuracy of height measurements concluded that the 

interpreter is one of the greatest factor*. 

In analyzing data for effect of scale on tree height measurements 

and comparison of accuracy of the wedge versus the bar, Johnson (1958) 
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noted a "vildnee*" tendency In one Interpreter. Speculating on thla he 

suggested the possibility of psychological reaction toward making measure¬ 

ments for a test such as set up rather than measurements made under daily 

vork conditions. 

Worley and Meyer (199$) stated that: ”Zt is only possible to 

ascertain the relative consistency of photo measurements betveen and 

within different interpreters." Pope (1957) la concluding that errors 

depend more on individual interpreters than scale or film type, stated: 

"Variation from Interpreter to interpreter emphasizes importance of this 

link in the P I chain and it points up the danger of drawing conclusions 

from the results of one interpreter. ... More must be learned about this 

human element... and how to obtain more consistent results with him." 

Tree Crown Measurements. Three elements of the forest canopy, or 

crown cover can be measured directly on photographs - crown diameter, 

crown closure (proportion of an area covered by tree crowns) and number 

of trees. Crown closure and crown diameter have direct application to 

such military activities as weapons firing and concealment. They are of 

further Importance indirectly in that they indicate the unmeasurable 

factors of stem site and density, which are significant when considering 
dsnslty 

troop or vehicle movement or trafficability problems. Crown count,or/will 

give an indication of number of trees found in a apecific area, thus 

indicating obstacle density. 

Crown closure measurements can be made using transparent grid 

devices or crown density scales (Spurr-19^-1), Moessner (-1949-$, and 

Worley and Meyer -1955) • Spurr expresses a preference for tne density 
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■cale as It Is «ore rapid and dots simulât« tree crown size at a given 

scale. Worley and Meyer found the dot grid more satisfactory than the 

density scale but difference in results were not significant. They 

believe, however, the dot grid has more potentiality for refinement and 

will net more precise closure estimates. 

Worley and Meyer, (1955), lessee (1953), and Tryon, Hale and Young 

(1955) suggest methods of implementing the dot grid system. Moessner, 

(19^9-1) and Spurn (I9W-I) Indicate that crown closure or density can 

be consistently estimated to within lO^t accuracy for scales as small as 

1:20,000. Tests made by Worley and Meyer (I955) had the same results. 

They stated: crown cover estimates may be affected by systematic 

errors of 5 to 10 percent. Lossee (1953) reported tests of crown density 

measurements on large scale photos (1:1,200 and 1:7,200) resulted in 

errors ranging from -36.3 to /27.3 percent for 12 different forest types. 

Averages were: for 1:7,200 scale -1.¾ 9-9* at O.95 probability and for 

1:1,200 scale, -0.3^ ¿ 5*5^ at 0.95 probability. 

One of the important problems inherent in estimating crown closure 

is that of small openings in the stand. Small openings may not resolve 

on small scale photos, openings may be overlooked by interpreter. This 

may be partially remedied by viewing the photos in reverse "stereo" so 

ttíe openings will stand up as elevations. Shadows may hide or completely 

obscure openings. Spurr (19^-1) states that: "- a safe rule is to 

assume that the shaded part of the tree is equal in size to the lighted 

portion and that the shadow beyond this area lies over an opening." 

(Spurr, P. 211) Trees of varying heights within a stand will cause shadow 
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problems as veil as add to the difficulty of determining understory and 

overstory closure percentages. This may be of importance in determining 

the ratio of different sice stems in a forest. 

A grown count of the actual number of tree crowns visible on a given 

area will indícate the relative density of tree trunks to be encountered. 

When used in conjunction with other factors auch as height, species, and 

site conditions, the size of the stems may also be estimated. One of 

the most important factors to remember in considering tree crdWn counts, 

is the principle of resolution of the image. For example, a tree must 

have a crown diameter of at least 2 feet to resolve on photos at 

1:12,000 scale, and 4 feet at 1:20,000. Because of this factor most 

airphoto crown counts will be low. It is obvious that the larger the 

•cale, thjfoore accurate will be the crov^count. The shape of the 

individual crown will affect the distinctness of its photo image, 

therefore, accuracy of crown count will vary with apecies. 

Spurr (1948-1) has discussed a number of tree count tests performed 

between I925 and 1948. While these are interesting, and some have been 

listed in the bibliography, they need not be detailed here. Recent 

improvements in films, cameras, photo-processing equipment, and methods 

of interpretation have made more accurate tree counts possible. Meyer 

(1955 and Meyer and Trantow (1957) have worked with various photo paper 

emulsiom; and tones to determine the effect upon clarity of the photo 

image. Using 1:15,840 scale fall panchromatic photos they concluded 

that glossy paper witn a warm tone (brown) gave best results, both in 
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accuracy and interpreter aatiaAction. In teeting the cold (blue-black) 

▼eraua vam tone* on ••mi-aatte paper, the cold tone* produced significantly 

Bore accurate results. 

Toung (1953) tested the accuracy of tree counts on aerial photography 

of the spruce-fir forests in Maine. Infirared fila and color film with a 

minus blue filter were used. Black and white prints and positive tran¬ 

sparencies were made from the infrared negatives. All three media were 

used at scales from 1:15,8h0 to 1:3,500. The test data indicated no 

significant Increase in tree count accuracy on the three media. There 

was, however, a significant increase in accuracy with increase in photo 

scale. Increase in scale from 1:15,840 to 1:3,500, Increased count 

accuracy by about 20 percent. Toung also noted that tree count accuracy 

was reduced with increased stand density. 

A number of methods or devices developed for simplifying the tree 

counting process have been reported. Most of these consist of templates 

or spot-lighting" devices which enable an interpreter to keep count 

more rapidly or avoid duplication in counting. Most are useful in any 

interpretation process where dots are to be counted as in area estimation. 

Thornton's (1954) dot counting aid is the only device reported which was 

statistically tested. His results indicated a faster dot counting rate 

when using a specially designed template. Bo tests or arguments between 

devices were found. 

When counting tree crowns to determine number of stems per a unit 

area, differences in elevation must be kept in mind. The change in photo 

scale with dlff-r-n In sal Avro* 4 rsv* « »«»4 ,- _ „a * v - », .-««.w.« «v#* «hxXecu vue ueunivy or 

number of stems per area if correction is not made. Spurr (1948-1) has 
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adequately and clearly covered the procedure for converting for elevation 

(p. 2U-219). - - _ 

Determination of ateo density can be made by either the crown closure 

or crown count measureoents. The choice of method to use will generally ue 

determined by the factors listed as follows! 

Crown Closure Crown Count 

Medium and Small photo Scale Medium or large photo scaJ.e 

Uniform stand height and density Heterogenlous Stand 

Individual crowna not distinct Individual crowns stand out 

Middle-age and dense timber Overmature timber and open stands 

Crown diameter measurements can be valuable in themselves for such 

military problems as weapons firing. There is a significant correlation 

between crown diameter and stem sise (DBB)* Stem sise can not be 

measured directly on- alrphotos and the crown diameter measurement is the 

most valuable photo indicator of stem size. Measurement of crown diameters 

as visible on air photos can be made using any micrometer measuring device. 

The micrometer or shadow wedge and the dot type scale are most commonly 

used. Losee (1953) reported using a parallax bar with the fixed mark 

removed for obtaining crown diameters on large scale Canadian photos. 

Discussion of crown diameter measurements in Russian literature indicate 

they use a parallax bar or stereo-micrometer device, and Axelson (I956) 

used a parallax bar in Swedish tests. 

The wedges and dot type scales are simple to use and construct and 

facilitate rapid interpretation. Wedges have been constructed for use 

with some photo scales which read directly into crown widths. The 

"Diameter at breast height • 4.5' from ground. 
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majority of UMd are th* Bultl-purpos« shadov v«df*a. Th«M art 

(ra&uatad la thouaaadtha of an Inch on tha photo and auat ha oonrtrtad 

Into actual crovn dlaMtar by usa of conraralon tabla» or by ooaputatlon. 

Tha dot-tyya »oala ImrolT». «aparlioa of tha ttaa crown on tha photo- 

graph with dots of warlous »Isas on a t«plata or tnnsparaat owarlay. 

Accuracy of crown dlaaatar maasuraaanta dapands upon seala and 

quality of photos and Skill of tha Intarpratar. Factor» Influanclng 

acourata maanursMat» includa Intarloeàing branchas and ovarlapping 

crown». Múltipla st« trass, ara not alwsy» dlscornabla. Only that part 

of tha crown obsarrabla fron ahora can ha naasurad. Shadows nay ha 

alstakan for part of tha crown, or thay nay naak out a amallar crown. 

Äall, thin branchas will not rasolra, particularly at aaallar sosias. 

Crowns at photo adgas will ba aaaggaratad - tha»» should ba naasurad 

at right anglas to tha radial lina fron principia point to tha tras. 

Irragularly shaped crowns causa inaeourata aeasuransnts. Tha disasters of 

thasa should ba naasurad in savaral directions and averaged. It la difficult 

to match a dot-soala drei» precisely to an Irragularly shaped crown 

and cholea batwaan two la sonatinas arbitrary. Tha wedge linas merging 

with tree edges nay causa inaccuracies in reading disasters on this typ» 

scale. Difference» In elevation auat ba kept In Bind In converting photo 

naasuraaant to actual crown dlaaatar sisa. Difference fron basa of tree 

to top Is not Important on snail seals photos, but would ba on large 

scale photos (Roggars 1952). 

Most reports on crown dlaaatar aeasumaents state laval of accuracy 

In general tarns. Spurr (19^6-1) mentioned that tests in tha Harvard 
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Foreit indicate. crovn» can be consistently classified to within 

2-foot classes at ltl2,000, 3-foot classes at 1«15,840, and 5-foot classes 

at 1:20,000 .n Detailed results of crovn disaster accuracy tests were 

reported by Lossee (1953) Jensen (1948) and Worley and Meyer (1955). 

lessee reported on results in a primarily coniferous area in Canada, 

using large scale photos. The largest crown diaaeter in the test area 

were under 10 feet, therefore even on large scale photography, the results 

were not satisfactory. At 1:1200 scale the average error was -0.09' ¿ 0.33' 

with a probability of 0.9/. Crowns were too saall to aeasure at 1:7200 

scale. 

Both Jensen and Worley and Meyer reported good results when testing 

accuracy of diaaeter measureaents in the Central Hardwood Forest. Jensen's 

tests were on small scale photos, 1:18,000 to 1:22,000, and Worley and 

Meyers on medium scale, 1:12,000, photos. They disagreed, however on the 

method of measurement. Conclusions reached from the two reports Indicate 

that the dot-typs scale is perferable for measureaents on small scale photos, 

as the saall photo image of crowns at these scale blend with the merging 

lines of the wedge on the medium scale photos, however, the wedge gave more 

accurate results due to difficulty of matching circles on the dot-scale 

with Irregularly shaped crowns, particularly in open grown stsmds. Neither 

report indicated a serious difference in results from one instrument to 

another. 

Jensen's report includes a chart for converting photo measurements, 

in thousandths of an inch, to actual crown width for photography at scales 

1:18,000, 1:19,000, 1:20,000, 1:21,000, and 1:22,000. The conversion table 
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I 

I 

should be used with a tolerance for interpolation. A photo measurement ¡ 
I 

of 2.$ thousandths of an inch is converted as a h-foot crown width on all 

but the smallest scale. 
i 

Volume tables in a report by N. J. Ferree (1953) »ay also be used to 

make such conversions. The photo measurements are in hundredths of inches 

and scales includsdrange from 1:12,000 • 1:24,000. These volume tables 
a number of 

further convert to stem size (DBH) foj/ forest types and sites. 

Correlation between crown diameter and diameter at breast height is 

reiterated throughout forest photo interpretation literature, but quan- 
I 

tltative data is scarce. The ratio of CD to DBH differs between species 

and within species, between age and forest site conditions. No single 
I 

I 

or simple formula for converting crown diameter to DBH is possible. 

Spun* (1952) states: — a rough rule of thumb, approximately true 

for middle-diameter classes of eastern American species, is that the stem 

diameter in Inches is equal to three quarters the crown diameter in feet. 

For Pacific Coast species, the rule of thumb is that stem diameter in 

inches is equal to the crown diameters in feet." Such a statement gives , 

little hope for precise and accurate values. To be precise, the ratio 

must be computed for each set of forest conditions. | 

Foresters use the CD/DBH measurements primarily for obtaining timber 

volume estimates. The measurements are statistically converted to volume 

tables which infrequently include both the measured crown diameter value 

and the corresponding computed stem diameter (DBH). The 24 volume tables 

Included in Ferree's report do contain both values and a number of other 

volume tables may be used by interpolating data or computing "in reverse." 
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Although Mrial >oluae tobies m such are not of prtosry Interest In 

this study, Spun* (1952) discussion in Chapters 11 and 12 oi/tobles, their 

construction,accuracy and us%writs a special note. 

Tabulations of results of crown disaster neasureaents, as found in the 

literature, are not for single trees, but for plots or stands of trees. 

If stea sise of single or Individual trees is desired, the standard error 

of single tree estiaate will be higher than the results would Indicate. 

Crown diaaeter measurement tests hare been performed on photography 
Store was 

of varying scales by different persons, /little aentlon of difference in 

film-filter combinations, or other photographic criteria. The Jensen 

and Worley and Meyer reports were primarily testing of measuring devices 

and aethods, and checking on expected accuracy of volumes obtained by 

using the aethods. Worley and Meyer maintain that on 1:12,000 scale photos, 

there is no significant difference in accuracy of crown measurements for 

different types of trees (hardwood and soft woods) nor for trees of different 

sises. They also point out that visible crown diameters as depicted on 

aerial photos cannot be checked by ground measurements, therefore, relative 

accuracy muet be determined by analysis of variations in interpreter 

differences. 

Pope's (1957) studies in the Pacific N rthwest indicate the most 

thorough treatment of forest airphoto measurements at varying scales and 

with different films. However, analysis of crown measurement data has not 

been published as yet. 

Stereo-viewing is important for all crown measurements. In estimat¬ 

ing crown closure, it is important for detecting small openings, understory, 

etc. For crown count, stereo-vision can aid in separating trees, one from 
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the otheç/ deteming multiple aten clumps. In crown dianeter measurements 

in« 

the stereo-view is necessary to avoid exaggerat/ diameter of any crown not 

directly on the principle point of the photo. 

Area Measurement. The measurement of areas may be made directly on 

aerial photographs. Area is important to the Interpretation of vegetation 

on air photos as related to trafflcability and other military problems, 

where it concerns number of stems or crowns per unit area. The vegetation 

does not determine the area measurements, however, and thorough instructions 

and discussion of area measurements are available in such publications and 

the Manual of Photogrammetry (1952), Aerial Photographs in Forestry 

(Spurr 1948-1) and various military air photo interpretation manuals. 

For these reasons determination of areas will not be discussed further in 

this report. 

Indirect Measurements. 

From the measurements obtainable on air photos other measurements 

may be computed or obtained through correlation. Foresters have made a 

number of studies to determine methods of accurately computing stem 

diameter, basal area, stand density, stem form, stem quality, and tree 

and stand volumes. Of these only stem diameter and stand density need to 

be considered in detail and these have been discussed under crown and 

height measurements. Basal area is the sum of the space occupied by stems 

at breast height. It is useful in computing stand volume and stand density. 

As the military problem hare considered is concerned with size and number 

of trees per unit area stand basad area computations, are extraneous. 

Basal arec for individual trees is computed using the formula BA = d 



( 

where BA ; basal area la square feet 

d z •ten dlaaeter ln laches. 

DBH, In Itself, Is an Indication of the tree site, and the crown closure 

or crown count measurements should give a satisfactory density measursstent 

.for oxlr purposes. Stem-form and stem quality are factors used In estimating 

volumes. They are derived from the other factors of interest, but are not 

otherwise pertinent. 
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IV. VEGETATION IDENTIFICATION AND ITS SIGNIFICANCE 

AS AN INDICATOR OF TERRAIN CONDITIONS 

Ecological science has established that the sature plant ccnaunity 

when undisturbed by nan is an excellent indicator of the environmental 

conditions. The vegetation in an area provides a single expression into 

which are integrated all of the significant physical, chemical and bio¬ 

logical factors brought to bear upon it. The fully developed plant com¬ 

munity is in equilibrium! with the prevailing combination of factors 

operating largely by way of climate and soil. Vegetation expresses the 

environmental complex better than would the data derived from any com¬ 

bination of recording instruments. It is not presently known how to 

integrate the various physical measurements into one meaningful expres¬ 

sion that gives each factor its proper weight and still represents the 

resultant of all environmental influences. 

General Factors 

Influences which control the natural distribution of vegetation 

are many and interlocking. Growing plants vary considerably in their 

requirements of the basic environmental factors of heat, light, water, 

and nutrients. Some species are capable of surviving under a wide 

range of conditions while others are more exacting in their demands. 

Within a region, local climatic conditions vary considerably through 

variations in slope angle and aspect. Thus, vegetation established 

on a particular site is governed by strictly local conditions. The 

already intricate problem can be complicated further by such natural 
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dl aturbine#s as fires or by activities of man such as logging Optra* 

tloas. 

Th# vegetative cover that exists on a particular site today is 

not necessarily the seat as It vas naoy years ago, nor vill it neces* 

sarlly reaaln permanently. In order to employ plant cover as a soil 

indicator in an area, It Is Important that the air photo Interpreter 

realise that vegetative composition may he constantly changing through 

the natural processes of plant succession. The ever changing vegeta* 

tlve cover may or may not be the climax, or ultimate cover type for 

an area In which the balance has been upset. A knowledge of the 

ecological habits of the various species encountered at different re¬ 

storation stages vill make it possible to make differentiations in 

vegetative cover which are not readily apparent. 

Species Identification: 

The complexity of vegetation occurrence and distribution nay cause 

an air photo interpreter with little or no knowledge of the botanical 

sciences to shy away from using plant cover as an indicator of surface 

mantle types and conditions. Positive Identification of tree species 

ip probably the most desirable and difficult infonnation to extract 

from air photos. Few quantitative tests have been reported in this 

field but much qualitative infoimatlon is available. It is widely ac¬ 

knowledged that to identify and interpret vegetation on aerial photos 

it is necessary to have a general knowledge of the area concerned and 

the ecological relationships therein. The photo interpreter should be 

given background training dealing with the geography, geology, and 
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plant ecology of the specific areas in which he is to sake his 

Interpretation!. Evidence to support this theorem any be found 

in the "short course" in regional geography which accompanies most 

vegetation keys. In fact« the importance of site and vegetation 

associations for identifying vegetation on air photos is a contri¬ 

buting factor to the development of keys. As 8purr (19W) states, 

"few hard and fast rules can be laid down. Considerable training 

and experience are necessary." 

Features of the individual tree which affect identification are 

shape and texture of crown, tone of foliage and seasonal changes, 

and shape of shadows (or shape of tree in oblique view). Other physi¬ 

cal factors include site classification (soils, drainage, topography) 

and knowledge of forest associations and successions. Photographic 

factors affecting species identification include scale, film and 

filter combination and season of photography. Most of the reports 

dealing with species identification refer to photographic factors in 

general terns, usually stating a local preference for panchromatic, 

infrared or seasonal photography according to forest types and/or 

purpose of photography. Schulte (1951) stated that in Eastern n*™*» 

and Northeastern United States scales ot 1:2,000 or larger are neces¬ 

sary for recognising single species in mixed stands, and further, that 

panchromatic is superior to infrared because at larger scales crown 

texture detail is more important than tone. Schulte investigated the 

use of panchromatic, infrared, and color film in the study of plant 

distribution and drew a number of interesting aonclusions. Results, 
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te««Ttr, vert bated on a pereonal analyele of tbe three types of fila 

and no quantitative data vera presented. 

Young (1953) found it impossible to Identify individuel species 

on 1:3,500 scale photos in Naine, and Kelsh (19*»3) vas unable to identi¬ 

fy rubber trees on large scale photos in the Jbsason region. Density of 

forest cover vas the major factor in both cases, with the characteristics 

of the rubber tree itself an additional problan in the latter. 

Seale/fila/fliter tests perfomed in California by Jensen and 

Oolvell (1949) indicated that for species identification panchrouatic 

vith ainus-blue filter vas generally preferable, and there vas only 
# 

slight advantage of 1:15,000 scale over 1:20,000. The total nissber of 

identifiable tree species vas greater on the panchroaatlc ainus-blue 

I eoatbinatlon than infrared ainus-blue, while the opposite vas true for 

brush and chaparral. Fbr specific species or species groups, the best 

filter/fila combination varied also. For exaaple, on the infrared minus- 

blue combination, California black oak could be separated from the other 

species. On the panchromatic fila, it could be separated from only some 

of the others. Also, while nore chaparral species were identifiable on 

the infrared photos, the most significant indicator, chemise, vas «ore 

easily identifiable on the panchromatic fila. Identification of the tree 

species vas limited to mature trees in all cases. Advantage of the 

1:15,000 scale added only to the number of species identifiable. Sugar 

pine became partly separable from ponderosa pine (on pMchromatic film) 

by virtue of definition of its branching habit. Psrchirssatic film vith 

a green filter was also used on the 1:15,000 photos, and found to differ 
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very little fron the penchroaatic »laus-blue coebInetion. Where e 

slight difference ves found, it ves negetlve• 

The aost recent species Identlfioetion teste reported vere those 

published by Pope (1957) for the Peeific northwest. He found no signi¬ 

ficant difference in species identificetion betveen interpreters or 

between file types (penehroeetic end color). Differentiating tones on 

the color film vere indistinct at the snaller scales. The vegetation 

was as easily identifiable by crovn shape end texture on the large 

scale panchromatic photos. Thus, there vas no significant advantage 

of using color film over panchromatic types. There vas a great dif¬ 

ference in species identification between mature and immature timber 

and significant difference between scales. Twenty per cent identifica¬ 

tion vas the most that could be obtained on 1:20,000 scale photos. 

There was a substantial increase in accuracy of species identification 

betveen 1:20,000 and 1:10,000, and an indication of increase in accura¬ 

cy with even larger scales. Pope also noted that 1:500 scale photos 

taken with a 12 inch lens (using an image motion compensating magazine) 

were excellent for identifying small trees, shrubs and brush. 

No quantitative tests were reported on use of color film versus 

panchromatic specifically for identification of individual hardwood 

species. Seely (I9V7) suggested that variation in glossiness of broad¬ 

leaved foliage may provide a means of species differentiation on color 

photography. 
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The fUa/fllter combinations bo at satisfactory for species 

identification will rary according to location and vegeti.tlon types. 

8eae differentiation between hardwood and conifer stands can be aade 

on scales smaller than 1:20,000. A scale of 1:20,000 Is considered 

the smallest scale at which broad forest classification can be aade. 

In some areas a few individual species can be identified on 1:20,000 

photos. At 1:15,000 species identification is not Increased consider* 

ably over that possible with scales of 1:20,000, but indications are 

that between 1:20,000 and 1:10,000 there is a significant increase in 

accuracy. The proportion of increase is unknown and will probably 

vary with complexity and number of species in the forest. 

As previously stated, most of the literature pertaining to 

species identification is based on descriptions of vegetation and 

vegetation associations and their relation to topographic position 

and site requirements. These are found in reports on forest inventory 

methods, manuals, and keys. They usually include a description of 

photo appearance in terns of tone and texture, shape and shadows, and 

some supporting ecological data. Spurr (l9tôj), for instance, Includes 

description of the major species and species associations in each of 

the major forest regions of the United States (Spruce«fir Region, 

Bastem White Pine Region, Central Hardwoods, Southern Pine Region, 

and Western Forest Region). In reporting a specific forest inventory 

in Eastern Canada, Lossee (1955) described photo identification 

_ „ — A. — S _ ▲ S « _ M ^ V. ^ MW* WM • M M k. M M A* M M .8 M *W m «V* 4 ^ M M W% WM • A M A ^ M 
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Jack pine, white and red pine, and other soft wood« and standi of 

white birch-aspen, aaple, yellow birch, beech and other hardwoods. 

Moat of the truly definitire narrative deaeriptiena have bean 

included in the KEY section tabulations. Statenents froa aoae addi- 

tional reports are included because they are unique rather t1**" for 

their species identification value. 

Photo Interpretation Keys 

The unanimous opinion of photo interpreters (either contacted In 

person or through literature review) is that keys are valuable aids but 

cannot be expected to replace personnel trained in both photo interpreta¬ 

tion and the field for which the key was constructed (forestry, agri¬ 

culture, geology, etc.). The opinions vary, however, on the degree of 

key usefulness. 

Construction of vegetation keys has been adequately discussed by 

Colwell (±952-3), O'Neill (1953), Siaontaechi, et al (1955) and 

Stone (19W). The two major considerations in key oenstruction are 

purpose for which the key is to be used and type of key to be eonetructed. 

Contents of the key, or objects to be keyed-out are detenained by the 

purpose for which it is to be organised. 

Broadview Research and leveloiaent (1957) performed tests to evalu¬ 

ate photo interpretation keys and to determine the need for keys in the 

Armed Forces. A vegetation key was used as representative of a key for 

natural features. In 

wtm 4/%** A**«**! «««»d «««« «•. \ 
—4.WAAO « \X/ 

over a selective key, 

reporting test results, OiLancle (1957) drew three 

Hi elimination (dionotomoue) key has no value 

(2) keys must be logically organized and 
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(3) inexperienced interpreters might be trained to do as well in 

identifying men-—da objects as experienced interpreters« but in 

identification of natural features, general experience and train¬ 

ing Is valuable. 

Colwell (19½) suggests that vegetation —y directly affect the 

conduct of & military operation in four major ways: (a) it may 

facilitate or impede the movement of troops and mechanized equipment; 

(b) it may accentuate or conceal evidence of military activity) (c) 

it ®®y govern the case of military construction) and (d) it may serve 

as a source of fuel, food, or construction material. Ordinarily a 

vegetation type should not be keyed-out in a military photo interpreta¬ 

tion key unless it signifies a special condition in terms of one of 

these four considerations of particular terrain conditions and/or types. 

If a key is to be used solely for terrain analysis the considera¬ 

tions of significance become even more restrictive. The terrain 

analyst must not overlook the indirect significance of some kinds of 

vegetation as indicator species of particular terrain types and/or 

conditions. Vegetation as a terrain indicator becomes useful only 

after the salient features of the vegetation pattern have been set 

forth in a systematic fashion. Colwell (1953) suggests four component 

parts to a vegetation key: (a) vegetation site factors; (b) stereo¬ 

grams of vegetation types; (c) a dichotomous method of considering 

identifying characteristics of the vegetation; and (d) the ground con¬ 

ditions likely to be encountered in each vegetation type. Elements a. 

b, and d are photographic representations. 
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Because of the vast numbers of possibilities of constructing keys 

for each scale, fila/fliter combinations, etc., the roluaes needed 

for a complete set of keys for all types of vegetation and/or vegeta¬ 

tion regions, are impracticable. Therefore, the factors most valuable 

to an interpreter must be weighed and the keys constructed accordingly. 

Discussion of existing keys will be limited to those vegetation keys 

for use in traffinability and related military problems. 

According to Colwell (Manual of Photognansetry, p. 553), a photo 

interpretation key should be designed to aid interpreters in rapid and 

accurate identification of objects from a study of their photographic 

images, and ideally, a key should contain word descriptions and Illus¬ 

trative examples. Unfortunately, very few vegetation keys meet these 

standards. By far, the large percentage of keys are verbosely descrip¬ 

tive, with too few illustrations. They tend to read more like a text 

book in regional environment than an identifioation key, thus impeding 

the "rapid and accurate" identification of objects or conditions. Key 

authors or key constructors are not entirely to blame for this. There 

are a number of contributing factors. First, it la universally aecspted 

that a good interpreter must be familiar with, or have a background 

which will enable him to interpret in the area under consideration. 

Many authors of keys, then, are attempting to provide the background. 

Also, the combination of variables possible in a field as dynamic as 

vegetation, preclude a simple and consistant tabular keying out of 

c»0u oyeeiee, or condition, hr. William £. Powers (1952-I953), in 
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preparing land form keys under an ONR contract fomd that the same 

method of preparing keys In tvo different geographic areas vas unsat¬ 

isfactory. Be points out the following: "the areas (Lake Michigan 

Region) analysed were presumed to be dominated by glaolal land fora 

features of nunerous distinctive types, and the small sise of many 

of these permitted Individual land foras to be analysed and identified 

through a fixed procedure based on the presence or absence of exact 

criteria. Such a method is not veil adapted to the Montana Great 

Plains ares.... Bere the land fora types do not, in general, consist 

of Individual foras different from those surrounding them, but rather 

are grouped in extensive areas in which many individual features 

collectively comprise the land fora type." Differences are exhibited 

in vegetation types, too, and a key organized for one type may not be 

suitable for another. 

One of the earliest vegetation keys for photo interpretation 

purposes vas that prepared by Oolvell for the Tropical Pacific Area. 

This key has frequently been used as an example. It is concise, 

definitive, and easy to use. If all photo interpretation vegetation 

keys could be of this caliber and usefulness, the problem of keys 

would be minor. However, (l) the key was constructed by an expert 

in photo interpretation and in forestry (k) the Tropical Pacific Area, 

while it has an abundance of species variables, is predictable in 

types of vegetation to be found on varying sites. Seasonal variations 

are practically negligible, and vegetation types readily distinguish¬ 

able. Some of the same criteria apply to Polar and Sub-polar regions. 
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tiw** *r*M# Maaooal variations aay be of greater laportanee( but 

th* nvÉber of sped*« Is aore Halted. In other words, It Is «asler 

to prepare a vegetation and vegetation association key In regions of 

•^tieae ellaatie reglaes. The aid-latitude forests contain In a 

greater nuaber of variables - species, site conditions, seasonal vari¬ 

ations and the combined effects of one upon the other. It Is difficult 

to construct elimination keys combining the brevity and completeness of 

the Tropical Faeifle Key. 

0. A. Choate (1957) has published an annotated list of vegetation 

keys which contain a brief description of aost of the readily available 

keys. They vary from one page elimination keys to lengthy, descriptive 

touts. Most of the keys prepared under contract to Department of Defense 

agencies contain volume of Information relative to purpose end scope of 

the contract and descriptions of the methods used, cholee of areas and 

photos, etc., which are not always directly pertinent to the key itself. 

In many Instances, condensing ths Information In these reports to usable 

key fom would be of great service to Interpretation. Another drawback 

to these "contract keys" Is the Halted distribution assigned to thsa. 

The contractors were generally required to furnish a specific nvmber of 

copies, usually In a quantity wall enough to prepare a mimeographed 

report and paste in photo ooples of the illustrations. Copies of these 

keys aay be obtained, but they will be photostatic copies and the Illus¬ 

trations practically useless. Quality reproduction aust be a prime 

consideration if usable keys are to be made available. Fren in the 
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better or "eliek paper” publications, illustrations exhibit loss of 

clarity through reproduction processes. 

The non-contract keys are those prepared by Forest Service 

agencies for photo Identification of species or forest types In 

specific regions. These include Moessner'sIftereograas illustrating 

Forest Sites"(19^9)> which consists of a series of aerial and ground 

®^e*,eo“view8, with no textural description. At the other extreme of 

key types Is "Key to Forest Types in the Vicinity of Lansing, Michi¬ 

gan when using Panchromatic 1:20,000 photos taken in June and Septem¬ 

ber" by Chase, which Is an elimination key with no illustrations. 

Stereograms have been prepared by K. E. Moessner for both Central 

States (19^9) and Intermountain (1956) Forest Experiment Stations. 

The Central States hardwood area booklet contains seven stereograms, 

Illustrating forest types based on topographic position and soil type. 

The information included is excellent, but due to the fact that the 

stereograms have oeen reproduced lithographically much of the detail 

is last, and use for aid in identifying or classifying similar areas 

is limited. The l8 stereograms prepared for the Internountain area 

are of better quality as they are printed on glossy photo paper and 

are probably first generation prints. In addition to the usual views 

they include a number of horizontal ground stereograms illustrating 

points on the verticals. This combination is helpful in detenaining 

traffieability problems as is the slope information printed on each 

stereogiia. Saba pertinent to soils are not included, thus limiting 

the value. Stereograms such as these could be valuable used as 
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illustrative Material in «ore informative elimination or selective 

key*. Aa published they are more like tempting appetisers. The 

aaouat of useful data is not complete on either set. 

One of the best all around keys found is "Boreal Fringe Areas 

of Ifcrsh and Swampland” prepared at the Uhiversity of ninmtv# (195¾). 

This key was eonstruoted to Include pertinent descriptive material 

with well chosen illustrations. Vinter and sumser conditions are 

treated exhaustively with docuaented references to the trafficability 

and other conditions important to military operations. 

The keys surveyed are tabulated on the following pages. These 

tabulations detail information relative to geographic areas, film/fliter 

and soale specifications, species or conditions keyed, and condensed 

comments. 

A large number of literature items not published as keys contain 

excellent descriptions of the photo appearance of vegetation. These 

can be extracted and used as key-type material helpful in species or 

vegetation association identification. Without exception, these items 

include site factors as part of the identifying criteria. The most 

Important are included in the key tabulations. 

A few keys prepared for other purposes oontain vegetation informa¬ 

tion of value in trafficability studies. Most useful of these is 

"Olaoial Landforms and Associated Landform Patterns in the Lake Michigan 

Region and Comparable Areas" (Powers, 1952). 

the majority of keys have been prepared for the more 

easily keyed vegetation regions. They are more numerous for tropical 
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and arctic areas than elsewhere. Within the United States keys are 

available for such northern latitude areas as Sorthern Minnesota, 

Wiseonsin and Maine. Keys to western Mountain areas are fewer, and 

only one was found for southeastern United States. 
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▼ DISCUSSIOII 

A significant btglnalnc hn* bssn nsd« tonnrd dstsmlning ths 

quantitat1rs lüdts of atrial photographs. Thtrt 1s auch ytt to bs 

dont. Tht Invtitlgâtions to data point out arana of study «bars 

furthar quantltatlra rasaarch nay prora valuablt and artas vhara rt- 

flntaant of Intarpratatlon tachniquas, and/or Inprortatnt in photo 

quality art ntctssary. Äs valúas so far datsralnad hart ratal tad frcm 

soatttrad tasts by various parsons or agtadas rlth no coordination of 

sativods, prooaduras, or prasantatlon of data. 

furthar rasaarch in all phases of photo intarpratatlon of raga* 

tat!on is considerad desirable. Sana subject areas aerit asqphasls as 

they hart not bean treated thoroughly, if at all. An Investigation of 

tint Halts for diurnal photography, has not bean parforaad (to our 

knovladge). An analysis Is naadad of hov auch and vhat kind of infor¬ 

mation can ba obtained fron photos taken at various tines during the day, 

and In relation to length of time fron the optlaua. Testing of photo¬ 

graphic papers and aaulslons could ba profitable in addition to continued 

research on filas and filters. Evaluation of undarstory conditions Is 

an aspect of vegetation which has been treated prlaarlly in a quali¬ 

tative manner - quantitative data are needed. 

Photo intarpratatlon literature contains aany references to 

vegetation in relation to military problems. Movement of personnel and 

equipment, protective cover and camouflage, and avaiiaöiilty of sub¬ 

sistence »pd construction resources are treated with varying degrees of 

thoroughness. However, no direct or specific mention was found relating 
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vegetation to the problème of veapona and mleele firing. Hie character 

of the foreat canopy, the alza, ahape and denalty of tree arovne, the 

alte and apaelng of tree a tema, tree height and underetoxy are all 

Important liana to conalder In relation to the veapona and nlaalle 

aapect of military operatlana. Foreatera have been concerned vlth tree 

height and crown meaaurcncnta and apeciea identification for foreat 

aanagnaent and Inventory purpoeea. Reaulta of their reaearch can be 

applied to military problema, but additional reaearch nuat be performed 

to obtain aatlafactory meaaurementa for efficient military Interpretation. 

Detenainatlon of tree heighta, crown diameter, crown denalty, and tree 

count have been conal&ered more thoroughly than diameter and apaelng 

of atama, and crown ahape. 

Ruaalan literature Indicatea a recent Intereat In meaaurementa of 

height of tree to videat part of the crown and crown height. No mention 

of auch meaaurementa vaa found elaevhere in the literature review, yet 

auch meaaurementa could add al golf leant Information relative to crown 

ahape and depth of canopy. They could alao aid in apeciea identification. 

The Information obtainable from aerial photographe, qualitative and 

quantitative, dependa upon a combination of the factora of photographic 
e 

quality, geographic location, and the photo Interpreter. Of theae, the 

interpreter la probably the moat Important and the leaat controllable. 

The nature of vegetation and Ite relation to ellaate, eolia, and 

topography preclude« a definitive, eyatamatlc claaeification of air 

photo technique« and eetabliehmant of a act procedure for coaeieteat photo 

Interpretation of vegetation. 
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Um «lutltatlT*, qu*llt*tÍTt and taon asp*eta of photo 

IntorparrUtiOB wrroat further r«Mareh, as follow: 

1. ftaro 1« aa ohrloua nood for a ayatanatle, tostlag 

jrogrm to datozalao tha liai ta aad accuracy of photographie aeaeuro 

■aata. 

2. Aero la a need for field and photo atudy of vegetation in 

relation to Its surroundings to correlate tha ground conditions with 

the photographie representation, and to bettor Identify vegetation 

speelea. 

3. There la a need for bettor understanding of the huaan elenent 

in relation to photo interpretation problena. 
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I 
aia««w «urro w wwtfg ma 

rxLH-nun-acAUi 

i 

8<w: tof (1957) 

tffet of ylMt« Mal« on aoooracy of fmotry NMkfNMot. 

yi]ji-«oal« -flltr : 

TiaetaTOMtle 1:20,000 
Ha. & Color 1:10,000 

115,000 
1:2,500 
1:500 

«M Photo 
2k" & 12a lOBMO 
24" & 12" 1«M0 
2k" & 12" lonooo 
12" i 2k" I0BM0 r/motion 

ooapoMotor 

a—olto: 

9m lorfoot ntlofhctory 00010,11010( 0 12" l«no and with 60fi 
oworlop, mo 1:10,000. Whon tho ororlop woo loorooood to 8Qt, « 
••hit of 1:5,000 WM ootioffcetory. Whoa aood la ooajunotloa with 
0 action cflfcaoctor, tho 12" loao 90TO oaoolloat multo ot 0 
coolo of 1:500, for areno of «hört Toactntlon (haruoh graoooo) whoro 
oaom pnrnllcK lo not n jrohlon. with n 24" loao, uonhlo photoo 
wore obtnlaod at a oaalo of 1:2,000. Uhdcr thoao ooadltioaa hoaowar, 
Icago action io aoro ot a Halting factor than la parallax. 

i 

Source: Johnson (1958) 

If feet of Photographic ooale an proclolon of im Hel(ht Moaouraooato. 

Plla-ocale -filter : 

fhachrcaatie 1:20,000 Vratten A25 
1:15,000 " " 
1:10,000 " " 

1:5,000 

Deed an P56 Kolrehlld Chacra with a 11 of 8.25 Inoheo. 

Remito : 

error in tree height 
mtffß) moi 

* 
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maomiwr wajam ro HPiogRAPP otes 

riLM-yiMBR-sqm 

Source: Càthniic Unlrerilty (1993) 

yil»-e«lo -filter i 

(a) Itechreaatle 1:3600 A 
1:3600 0 
1:2400 0 
1:1200 0 

(b) Color 1:3600 
1:2400 
1:1200 

Study area: 

Woodstock, Nov York > White Pixie Plantation. 

Nssults: 

Ability to detondno the extent of browning Increased as the 
seale increased reaching a ixl of 50^ for jan-eaulalons and 
99^ for color disions. 

Tila-ecale -filter : 

(a) Ruiohroaatic 1:13,840 A&Q 
1:7900 A&O 
1:4800 A&O 

(b) Infrared: sai as for pan film. 

Study area» 

Beauaont, Texas, 1990. Southern Pine, hardwood. 

Results: 

Infrared awl si ans are not suitable tar detecting brnenlntr of 
foliage. Tbs panchromatic emulsions with an A filter offer the best 
combinations. 
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iwowtAnar islatxyi to photoœupht tyrb 

TSMSSS&SËë 
8ourc«j Sdmi te (1951) 

FiUHMaU-filWr 

(a) FMirtr—tio T, «00 Wr»tt« Ko. 12 
(Kotok MMfnphl« 8ufr r XX) 

(b) lafMuraâ 1:7, «00 Vxmtttt «0. Ô9A 
(iMak Aaro Infrared) 

(e) Celer 1:7,100 Spécial, eade 
for fila (Kelak Bttaohrow Aere) 

Study areai 

Vkl DarlA, Quebec, Canada 

Reeulte¡ 

Fer recognlelae pleat epeclea Ufrare* is preferable: color and 
paaohrcaatle about equU; eeUe aheuld be 1:1,000 or leas. 

Qammui 

The report iacluded no quantitative data and 00 analysis of the 
specific photos used for the study. 

\ 
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DEFORMATION RELATIVE TO PHOTOdRAPHY TYPES 

FIIM-FILBER-SCALB 

Sourett V«ur and Dilvorth (1955) and Waar and Lauterback (1955) 

Fllj^Flltar-Soala : 

Color (Atrial Bctachrane) 1:7,200 
1:6,000 

Study aroa: 

Oregon - Dou glu fir foraata 

Roaulta: 

Flald and photo counta of daad trooa art highly and conalatantly 
correlated. Color ia auptrlor to panchroaatic at tha 2 porcant lerel. 
Twice u aany arrora vara nada on panchronatlo photo* u color. 
Intarprating color fila waa tvlca u fut aa panchromatic. 

Comment*: 

Theae atudlaa vara conducted to datemine accuracy of color and 
panchromatic photography for eatimatlng Intact damage to tlahar, ud 
to coapajf# coat* of photo method with ground aurveya. For thl* special 
purpoa* color photography proved uaeful and economical. 

% 
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1. 

gpgwwBHiHimn» » mauma 

Tkornton (195¼) 

âtíSSSSi* AB't 17m4 M «a ofwrlajr to old 1b 
iot oMBtlac (oroo oitimtoo). an« roport loalaéM 
di toil* for oonotruotloB ood um. 

2. Bouroo: Joumb (19½) 

Ät-typo Sflolo. UMl to MOMOO troo crown dioartor« 
lu onrlol photoo. 

0°IIIIW**< luutruBont 1* ronr—onioil 1b proforoaoo to tho 
|OTOl 1 ot vodco for crom dl—tor —aur—ato ob 
—iU ooolo photoo. 

3« Souroo: Moossnor (1949-I) 

Daotru—Bt: Groom Baaoltgr aoalo. ftla la o oooporlaon aoolo 
to oatlmto orovB doaaltloa ou photo* of li20.000 

I iodlo. Raport laeludoa dotolla for coaatructlan 
and um. 

On—rtat Bo toat Informtlon 

4. Seoir co ; Mooaaaor (1936-3) 
t 

toatr—nt: temlloK Wade*. Chn aaoaur« o parulloz dlfltM— 
to I.06 Inchoa. 

(y—nt*: Thla vadea la Intondod far um ob photo* of mub- 
4o1—a uraoa and aLthough dMigaod for rortlaal 
eovor—, 1t eoB ho uaod ou lov obliqua*. \ ¡ 

I 
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nsiBwnKrs 

3we«; 

iMtnuwnt; 

Spuret: 

Lmtru—nt; 

On—uf : 

Souret; 

Inttr—nt: 

Cocmenta : 

Sourcei 

Inetru—at: 

Cotent» : 

Source: 

Inetrueent; 

Pnniiiian»; ; 

*>*M»*r (1950-2) 

Stereogrea. Dm1«m4 for tralalac 
per—ae; la the u»e of the Mrallox Wedge* 

Qoodspeed (19^9) 

tolla* Ooarerelon. All«—at Chert, feed frr 
ooorerting Ihrellex Wedge reeding» into tree height*. 

Ä1» chert vea designed tor lam end 1» Halted to 
er— of lerei torreia. Tb» erren la chert reedi ne 
ere within the reage of erre* frofoaatly aede ln 
atteapting to reed the wedge t* 0.001". 

Moeseaer (1957-I) 

Frosted t«aplate. Thl» toaplete he» the effect of 
epot lightlag e study area on an aerial photograph. 

Instruction for making and using the toaplete 
Included. 

Hutchison (19½) 

Alignment guide. This guide aids la aligning stereo- 
pairs for optimum viewing and accurate measureaents. 

Instructions for construction end use of the guide 
are included. 

Moessner (19^9-3) 

Slope Seale. This scale pexalts aeasur—nt of slope 
percent regardless of line of flight. Designed for 
use with 1:20,000 scale photos. Directions for 
using are included. 

-5---S 'the seal« indicated naan two nHires of the 
individual measurements aide using the scale should be 
within f Ik percent of the field aeesureaent. 



10. flouro» I KoMcnor (1955-I) 

InPtru—nti 8oalp-protr»otor. Imo truant do »1 good to Muuro 
ilotuoM and tfooa pal to dPtmdM aoolt ob air 
pkoto« raaglaf from 1:19,500 to 1:81,500. 
iBBtruetlona for um inoludod. 

Co—nf : Ao curacy of aoala drt« xml nation« »ill b* lov In % 
aroaa of rougb taxr&in. 

11. Sourcat Moaaanar (195^-1) 

Inatru—nt ; 8cal«-nrotrmctor«. Protractor abo»« (Moaaanar 
19$3~1) radaalgnad for um In aountalnoua country. 
Hutm basic «calas: 1:10,000, 1:15,000 and 
1:80,000 ooYcr alaratlon dlffaraneas of 8,000 to 
3,000 f*«t fro« that of datua plana. Instruction» 
for um Included. 

Co—nts: Accuracy of anglas and distances »easured vlll 
▼ary vlth amount of elevation change and distance 
from canter of photo. 
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INFORMATION RELATED TO PHYSICAL CHARACTERISTICS 

CROWN DENSITY 

Source: Worley and Meyer (1955) 

Scale used: 

1:12,000 

Flla/fUter/caaera: 

Infrared with minus blue filter. 

Area/speclee studied: 

Pennsylvania - upland oak. 

Crown diameters: 

Variation from 10 to 100 ft. 

Testing information: 

There were 93 plots of 13 acres each. Three interpreters measured 
each plot twice with dot count scale and crown density scale using lens 
stereoscope. 

Results sud accuracy: 

Accidental error (standard error of a given interpreter from one 
measurement to another) was found to be 9-5Í by dot grid and 10. Ml t>y 
density scale. Standard error of averages due to accidental errors of 
measurement was found to be tO.73. The crown cover estimates may be 
affected by systematic error of 5 to 10^. The use of the dot grid 
method is better suited for developing refined techniques to reduce 
the systematic errors to a maximim of 
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IHFONATION RELATED TO PHYSICAL CHARACTERISTICS 

CROWN DIAMETER 

So arc«: Lose« 0-953) 

Seales used: 

(a) 1:7200 
(b) 1:12,000 

Fila/f ilt«r/caaera: 

(a) 9*9 with 6 inch'lens, Rfcnchroaatlo, April. 
(b) 9*9 with 2U Inch lena, Panchromatic, April. 

Area/species studied: 

(a) and (b) Boreal forests, softwoods, 
Part Arthur, 12 types - not listed by name. 

120 miles northwest of 

Crown diameters In stands: 

(a) and (b) vary from 5.3 to 9.8 ft. 

Ifcatlnq Infonaatlon: 

....M - HO, 80, 50 years. Measured crown 
models with parallax bar. Made 30 measurements In each 

forest type. Error reduced to less than 55t in any type. 
I 

Results and accuracy: 

0.95.^ 1:1#200 *ver»«e error - 0.0UÍ 0.33 ft. with probability of 

(b) 1:7,200 Instrumental errors In measurement and personal factors 
were too great for accurate measurements. 

Comments: 

Comparison of field and photographic 
diameters. See Table 5, p 760* 

measurement of average crown 
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arommo« mjaa to htoical chahachristicb 

«DW PIAMBKR 

SourMi Worl*y and Meyvr (19¾) 

Üml* Wd: 

Ills,000 

bfxmrtd, 8.25 fooal length, minus bims filter. 

Area/specle» studied: 

Mixed hardwoods (oak), Pennsylvania. 

fbstlng Inforwatlons 

Thirty-six trees were measured twice by three Interpreters, each 
«•lag two devices (wedge and dot-type scale). A total of ^32 measure¬ 
ments. 

Mesulte and accuracy: 

, ïh#p# ''•r® 00 significant errors for differences In forest types 
(hardwoods or softwoods) or sise of crowns. The standard error of 
visible crown diameters made by single observer is efual to 3 or h ft. 
with either a wedge or a transparency. The wedge Is free of systematic 
errors. The dot seale may lead to systematic errors of 1 to 2 feet. 
The standard error of averages is io.h ft. 

fli—entai 

Because of more consistency of readings, the wedge is proferoble. 

n is 
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IHTOHMATIOH HBLAT1VB TO PHYSICAL CHARACTKRI8TIC8 

CHOtfH DIAMETER 

Souret: laih (19^9) 

Seales used: 

» 1:6,600 
M 1:7,000 

nia/f liter/oaswra: 

Trlaetrogon obliques and verticals of high quality. February 
photos vlth snow on the ground. 

Test data: 

Test location In Valcartler Forest, Canada. Speoles Included: 
spruoe (white and black), balsa* fir, white pine, white cedar, white 
cla, white birch, yellow birch, cherry, and tasaran. Seas telephone 
poles were aeaaured. A total of 113 aeasureaents were nude on verti¬ 
cals and 117 on obliques. The crown widths were Measured with 
Dcmlnlon Forest Service Photo Aid Ho. 69 (special version of pole 
scale). Hardwood dleaeters were osiitted as not representative with¬ 
out foliage. 

Accuracy and results: ^ 

0a verticals the crown widths were aeaaured by shadow aethod to 
a standard error of aeasureaent of ±1.8 feet. On obliques the error 
was ±2.2 feet. Greater accuracy was obtained on the verticals than 
on the obliques. Regression line graphs are Included in the report. 
There is no discussion of crown disaster factors as such, however, 
pesMSbratlon of shadows is discussed. 
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rreOntAriO» RILATD TO PHYSICAL C8ARACTKRI8TIC8 

chowi PiAimm 

Somit» uwd: 

Store«] Jensen 0.9½) 

(m) 1:18,000 
(b) lt22,000 

Fila/filtw/e»—m: 

So speelfleatlon» given. 

Aree/apeele» studied; 

Centrei hmrdvoods. 

Crown dlsaeter» studied: 

Vmrlatlons fron 1» to 55 ft. 

Testing Information: 

There were 168 sew tinker plots, 
soele and tree crown wedge. 

Results and accuracy: 

Three interpreters used dot-type 

Slightly greater consistency for dot-type scale than for wedge. 

OoHsents: 

The report covers tests for use of different «ensuring devices. A 

Wl“‘* {" PiOtO CMC »IdÎh. 

TÉ» 



UTOMAxIOI WCLATP TO PHYSICAL CHARACTKRIBTIC8 

TUP OWT - TwrwHvrr 

Sourct: Young (1953) 

Seal# a uMd: 

1:15,840 
1:12,000 
1:10,000 
1:7,500 
1:5^000 
1:3,500 

film/f lltor/era: 

Infrared with nlnua blue and color with proper correction filtere. 
Black and white poeitire tranaparenclee were aade froa infrared negatives. 
Photee obtained during September during noon periodo at week interrale. 

Meeting inforeatlon: 

There were 14 plote of l/4 acre each. Single flight linee flown. 
Studiee made ueing light table and binocular mirror etereoscope. 

Aceuracy and reeulte: 

The total height and crown width of individual treea could not be 
meaaured because of stand density. As species could not be completely 
differentiated, they were grouped into forest types which could. There 
were no significant differences between fila/filter combination for ae- 
euracy of tree counts by specie groups. As stand density increases, the 
tree count accuracy decreases. A scale reduction from 1:3500 to 1:15.840 
reduced accuracy of count by 30} in both spruce-fir and pine-hemlock 
groups. The spruee-fir density was based on all times in the plot be¬ 
cause of the shade toleranee of these species. The pine-hemlock density 
i*s measured in terms of numbers of these speeles per plot. They were 
distinct enough to be separated from other speeles on the photo. 

Comments: 

The author concluded that with existing film/filter combinations 
and air photo scales ecsannly used, forest measurement# are limited to 
the forestand as the unit of measurement. The accuracy of the count 
mmÿ ué xuflueuced by species. 

*(in area concerned) 
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mFOEMATIOH HELAIlYB 10 PHYSICAL CHARACT8RI8TIC8 

TREK HEIGHTS 

Source: Pape (1937) 

Scale» used: 

(al 

(c] 
(A) 
(e 

1:20,000 
1:10,000 
1:5,000 
1:2,500 
1:500 

Method ugeA: 

Parallax 

FlW filter/cañera: 

PanchroMitle 
i, (e), (4) 2¾ Inch len» for color and panchromatic 

lei 12 Inch lens with laage notion control naga*lne 

Test data: 

Natur« and Innatur« stand» In Pacific Borthwest, ranging fron 
50 - 250 ft. high (average 150 ft.). Three Interpreters were used. 

Accuracy and results: 

Standard error of estimate shown in graph font. Error ranged 
fron 8* on color at 1:5,000 to ifi* on panchronatic °ne 
interpreter. The most Important conclusion stated that no signifi- 
eant overall relationship between height neaBurenent error» and 
either photo scale and film type. The error magnitude depends on the 
individual interpreter. 

Comment»: 

Hine possible sources of error were listed as follow»: 11) errors of instrument and interpreter 
2} photo scale déterminâtion 
3) altitude differences between camera stations 
In failure of tree tip resolution 
5) wind motion of tree top 

(6) tree crowns obscuring the ground Í7) brush obscuring the ground 
8) false stereo 

d»4 w* «s«*A 14;. 
——   ■ 
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mroiXATIOW RSLATIYI TO PHYSICAL CHARACTERISTICS 

TRUE HEIGHTS 

Source: Rogers (19^6) 

Seele« need: 

(*) 1:10,000 (rerietlon) 
(¾) 1:48,000 (TEPletion) 

Method u«od« 

Perelle» 

riLe/f liter/oeaere: 

Verlety of caseres iu ell »eesons for reage of «celes 10,000 to 

48,000. 

Teat dete: 

Hortbern berdvood, oek, spruce, 
There ves no specific test program, 
tiens of photography. 

fir, vhite pine (diversified). 
A vedge ves used on ell varia- 

Aecurecy end results: 

By using sieple conversion, it was found that tree heights 
(individual) could he aearured to within 10 feet, two tiaee out of 

three on 1:20,000 scale photos end to within 5 f#tt of J*“ 8t*^ 
average, two out of three thaes. An Inportent graph shoving tree^ 
hei3T iQ feet by photo scale, parallax and changefor each 
O 001 inch of is contained in the report. Scale ranges loZ £?,£> nXoOO With fr» 2.2 » 5-2 lach., for 
8.25 inch F. L. photos. 

Ca—isnts; 

The report gives lucid instructions for orienting photos and 
stersosoope, orienting and reading the wedge, and 3 aethoda of con¬ 
verting readings to tree heights. The 3 nethods are: 

1 - simple conversion - ignoring corrsctions 
2 - averagt parallax and average scale 
3 - elevation corrections between datum and tree base. 



UTOBMATIOH RKATIYE TO PHYSICAL C1ARACTKRI8TICS 

TRO HEIQgPS 

Scala s uMd: 

Source: Lowe (19)3) 

(a) 1:1,200 
(b) 1:7,200 April, snow on ground. 

nia/filter/o—era: 

Method ueed: 

Parallwi 

(a) Planning cbm re with 2k inch lens on 9 x 9 fomet. 
(h) Six inch lens. 

Test data: 

boreeTâLÎT* » 120 *Ue# «»rthwest of Port Arthur in 
typa> of vere studied. Measurements 

involved bk single trees end 12 stands. 

Accuracy and results: 

The superiority of large scale vas demonstrated by shorter time 
and lover standard of error. Errors were as follows: 

(1) Stand measurements for 
1:7,200 -0.6 ft. Í2.1 (O.95 prob.) 
1:1,200 Í2.1 ft. Í0.5 (O.95 preb.) 

(2) Individual measursMnts for 
1:1,200 -1.5 ft. to +1.8 ft. 
1:7*200 +10 ft. to +16 ft. 
The error = -I3 ft. small scale and -0.1 ft. large scale. 

Coseunts: 

At blae of report preparation, muiviauai uree measurements were 
not completed. They were made to test correction factor to account 
for snow depth, lack of resolution, and personal equation. It vas 
pointed out that personal correction for interpreter must be negative. 
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ippwmoi Burxm id physical ciaiuct«w^^ 

JBSBS 

teure«: Huh (19^) 

teal*« u—d» 

fti aj 1:6,600 
1:7,000 

FUa/filter/ owwra: 

Method ii—A¡ 

Shadev 

Te«t data: 
t 

The area tested was la the Valearfeler Ifcrest, cuada. The «Mel*, 
laeluded sprue«, «hit« aad blaek baissa, pin«, t^amTwhlJ^JÎ! 1 
rtlt. .1. »MU ^11« M»l, «4 .Lïîr SÎÎ12Î2.Î^’ 
■ade on telephone poles» Measu^Mit« «mm_-«- TTï*^*11"* «ere 

Mds SÄT; 00 f •1*dow teeter of t waeTil^rTertl. (i/100 lnoh tros obsdon p#r k #%# w^d«w»\ — - vue 

SoT?;«^M btó4rwi^# n-Ä * •“t»! portion,*U**, 
acMLíi¿Ilf^^\<%?\iaUrpnUr9 *•* (1 ter graphs and 2 fer eoaparlsoas). Statist leal esapvtatlons Inrolred regression analysis 

Aeearaey and resalta: 

was JíTíJS0'' ter T.rtleals, the standard error of estimate 
S; 12,5 for th# °th*r interpréter. The standard error of «stüMte based on obligues was found to be: +2 i ft 
for one interpreter, Î2.1», and Í2.6 for tbs others. »«3 ft. 

^»ere was no discussion on the rertlcals eoapared to oblioues. 
tewewer, a series of suggested error sources are listed as follows: 

1 

2 
3 
« 

« 
5 
6 
7 
8 

ground slope - field oheoks resulted la errors 
topographie dlffereaoes on slopes. 
•nowfail depth necessitated addition of 3 feet 
■ensuring devices calibrated to 10 feet 
interfering erowns obscured the base of troes, 
resolving power, 
shadow penuabratioa. 
growth tine lapse between photo date and check 
Soale Inaccuracies. 

of 3 feet on 

to reading. 
4 Vt+AobiaAl «4.4 — ^ %»a,waa • 

date. 
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IHFOïKATIOlt KKLKFTTÊ TO PHYSICAL OmUCTBlianCB 

THm BIOBfg 

Sourot: Worlty and Landi• (195^) 

8—la» a—d: MHkêA mrti 

1:18,000 Parallaa 

m»/mtT/o—mi 

Infrarad with alnui bin* filter during tb* mamar. 

Test data: 

Study vat an upland oak araa in Rranoylvania aonoioting of 3-oii« 
elaiaoa of hardwood, and eoalfaro («>J»0. k0-60, ovor 60 ft.), ftour 
intarpratora vara used (2 iradga, 2 -bar). Bash aada two sota of 

anta. 

Analyais and raaulta: 

para was littlo or no diffaranea in orror batvaan opan grown and 
ÎnPlüî.E0Wn trM ayataaatie anon 
in baigkt aaaauraaanta vara grantor for eonifara than for hardwoods and 
greatar for largo traas than for amll tress, ma m—n»» --- 
■ora aoeurata than tha bar. The standard error of baigkt mimraaant 
aada by axparianead intarpretor Mounted to about 8-10 feat for this 
type photography. 

Oanawnts: 

Errors nay be explained by lack of resolution of detail in tha 
pointed conifer crown«. The parallax wedge aoouraoy nay be because of 

^°^1®vin*! (1) »loping line of dots nay fom a batter reference 
for Judging tree top readings tb^a single dot. (2) Particular bars 
nay hare been affected by a syräKtle error. (#) irrer nay be due to 
tha interpreter-instruaent cadbiaatlon rather than instruaent alone. 

. A^r5*ctlon shoving "feet to be added to true heights for 
1:12,000 is shown. Tabulations and derivations are also shown. 



<► 
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gppFMAnoi mjarm to phtbical GHAiucgaiaTics 

fHn HIIQTO 

SoU» UB«d: 

a) 1:20,000 
b) 1:15,000 
e) 1:10,000 
id) 1:5,000 

nWflltr/ waera: 

All obtained using Iteebzuaatie with Vrattcn 25 filter in Fair- 
child 756 ceaera, 8.25 iach lens, on 6.66 x 6.92 inch fomat. 

test data: 

Tennessee location. The stand consisted of open grown trees - 
sweet gua, ela, yellow poplar, red aaple, sugar aaple, white oak, 
pecan. Virginia pine, syeaaore, red oak, and red cedar. Trees ranged 
froa W to 70 feet. Fourteen trees were each measured twice by two 
interpreters on each of k scales. Instruments used were Abrams con¬ 
tour finder and UBF8 wedge. 

Results and accuracy: 

Both inetnasents yielded similar results. Irror in tree height 
measurements is not associated with photo scale in the 1:15,000 -;o 
1:20,000 range. The error is associated with some tree characteristic, 
probably crown shape (species). Error is also associated with the 
interpreter. It also may be related to the tree height. 

Coaments: 

The report presents a thorough statistical analysis and method 
of data reduction. Fables of analysis of variance and errors in 
tree height measurements for parallax bar and wedge are included. 
There are no simplified standard error of estimate tables. 

Source: Johnson (195$) 

19k9 Photos 
19k9 photos 
19to Photos 
19k9 photos 

Method used: 

Parallax 
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ggpatATIO« RgUTIYI TO PHYSICAL CHARAOT8RI8TIC8 

TWBt HEIQHBB 

Sourec: Saaal (193¾) 

ggfra ^ UrthMu-ii 

1j9>600 

yUji/fUtr/c«—im: 

Zofrared with Vo. 25 filter uaing 12 inoh f. L. 

Arwa and «ptoiwg: 

Naasaohusetts 

Teating data: 

BsiltlTe tranoparanoita and aaal-aatta prints were used. Ten 
■eaauraaaiita were riMe on eash of W trees for both transparencies 
and seal-aatte prints by one interpreter. 

He suit s and Aoemmoy: 

Report presents results graphically. It was found that the aean 
dieiatlon increased with the tree height on both prints and trans¬ 
parencies using parallax. An increase in coefficient of variation to 
a an Tiam of 12)1 at 1:9^600 scales was noted. The standard deviation 
and percentage of variation ccaputed indicate height neasureaent with¬ 
in a eenslstency of Î2l»0 for positive prints. The variations for 
transparencies are 2 to less. Transparencies gave better results. 

Os—entsi 

(toe possible explanation of error nay be an instrmented error 
resulting frcei increased nuabor of nienxaeter turns for taller trees. 
The aethods are perhaps accurate enough for tlaber cruise but not for 
precise work or for volase de teruination, since only one interpreter 
was used, the findings are not conclusive. 
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«SUSSES 

tour««» NoMaMr aaà Itoam 

tothot «—Ai 

ParallAx 

gc«l«i tt—j» 

13»500 ft fljrlac altitud« 
8,000 ft fljriaf altitud« 

fl Wfllfr/oaura » 

torallam of 2 and 4 iaeh«a ' 

T«it data» 
O' 

TMtlag ooafutatlon of height« by parallax uainx tabular 
«4 fomula taehnlqu««. i6 tr««i - y> Jol60f«ït. ' 

Accuracy «ad r««ulta» 

;««5* Ä.S'Ä 

«“îTî^cÏÏfî.Sîïî1 •rror 40 yk f^0^riîiiii*ï!ÎiîL t£ft* 

ita: 

.. to»ort laclud«* graphs «ad charts for graphlo sad tabular t^üni«... 

S^liTruír Zr?UO* 5 f0n,Ul*' “* “Sl. or sud« rul«, and glyos savings ln tla« data. —«■»«• us« 

i 

Ö5 

«d 



--—j 

THP HPCBT8 

Sour««! Roftn (19^) 

§yiU Mffe. Mrthot «Má» 

lit0,000 8h«4«v 

Ho data. 

Toot datai 

Hot glvoa. 

Aaeuraay and rtoaltoi 

*xf«rl«n«o4 portoao oaa «otlaato trto htighta within 7 foot two tlaoo 

out of throo. 

Cnnuta; 

Artlolo ineludoo dlroetiono for oonwortlng shadow lengths to troo 

heights, direction for coaputlng tlae of photo exposure, aid to date 

interpolation on graphs, directions for computing tóale» 

8« 
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mfoamtip» mtrm to fhybical omucgmigicB 

ma map - BÏADB 

lMi>» o—d: 

1:80,000 

riWfmtr/MBMim! 

Sature«: Mommmr, 

a) 
bi 

9*9 Bmmr 
9x9 Winter 
7*9 Suaner 

19^9 
19^6 
19**0 

Area and epeelet: 

Outrai hastooods, South«re indiana. 

mM. a—A: 

Parallax 

jMtlng datas 

Oaing three Interpreters as follows: 

38 stands * 19A9 
37 stands - 19½ 
18 stands - 1940 

»suits and accuracy: 

The results are shown on standard error bases for all stands as 
follows: 

Mean 
Derlation 

ft. 
5.85 
9.05 
9.I7 

Standard 
Error 

^.95 
ÍO.85 
H.90 

Aggregate 
Deviation i 

•1.8 
-5.5 
•9.9 

Mean Ooef. 
of Yarlanee 
-JÍ1 
10.86Í1.00 
15.15Î1.40 
14.8 ^2.69 

Other laportant observations inelude the following. It Is la- 
portant to consider the growth factor between the date of photos and 
the date of aaesuroaents. Sumer photos produce better r«suits as 
the leafless hardwood crowns are nearly invisible in winter chotos. 
A asao deviation of 5 • 7 feet can be expected on good quality sua* 
Mr photos. Considering the 1946 and 1909 photos there was no 
appreciable difference in Man deviation between saw tlaber and «il 
stands, for 1940 photos, the sean for saw timber was 6.7 and for 
all stands 9*2. As parallax readings are angular measurements, longer 
base will give better results (limited). 
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IMFOBMATIOH RELATIVE TO PHYSICAL CHARACTERISTICS 

TREE HEIGHT - STAUB 

Source: Hoeeuer (1955) 

/• 
V». 

Seules used; Hette* u—At 

(a) 1:20,000 with 8.25 r.L. Parallax 
(b) 1:28,000 with 3*25 P.L. 
(c) 1:31,500 with 6.00 P.L (enlarged fro« 1:40,000) 

Pila/filter/esaers: 

No data. 

Area and »peciea: 

Conifer stands in Rooky Mountains (Southern areas of high relief 
Idaho). Included Engl earn spruce, lodgepole pine, Juniper, aspen, non 
caanereial hardwoods. Study aade in areas with 1,500 feet elevation 
differences. Stands 20-90 feet high. 

Testing data: 

One interpreter studied 19, 15, 24 stands. 

Results and accuracy: 

The results are shown on standard error bases for all stands: 

Mear. 
Deviation 
feet 

Standard 
Error 

Mean Coef. 
of Variance 

Í 
7.8 
4.0 
7»1 

10.7 O.81 
5.1 0.94 

10.8 0.74 

Stand heights can be estimated about as well fron parallax mea- 
aureaents on air photos as from a few Abney level readings in the 
field. If elevation corrections are made, average stand heights can 
be estimated on air photos in Rocky Mountains, as accurately as in 
level areas of the east. The level of dense, flat-topped esowns is 
easy to determine (hardwood and dense even aged conifers) but diffi¬ 
cult to see the ground line. On open conifers, the tip is iifficult 
to resolve but the ground line is easily seen. 



1 
t IIFOBMATIOH WCMIIVg TO 3PECI88 nWTIFICATIOII 

Source: Pope (1957) 

Seule« used: 

(a) 1:20,000 
(b) 1:10,000 
(c) 1:5,000 
jd) 1:2,500 
(e) 1:500 

FUje/filter/ceaerm: 

Í») Panchroaatlc 
b), (c), (d) Color end panchroaatlc 
e) 12 Inch with laage motion control — 

Area «ad apeóle«: 

Pacific Northwest, mature and Immature stands. 

Procedure«: 

i 
i 

S 

I 

Used three interpreters, visual comparison«. 

Results and accuracy: 

The measure of accuracy held to percentage cf trees correctly 
identified. This is shove graphically - not tabular. At 1:20,000 
scale it vas found that 20)( of the «pedes could be identified cor¬ 
rectly. At other scales, there was no significant difference in¬ 
accuracy of species identification between interpreters or films. 
Between mature and immature stands, there was a significant dif¬ 
ference (78-90)1 - mature and 38-50^ • immature). A substantial ac¬ 
curacy increase was noted between 1:20,000 and 1:10,000 to a signi¬ 
ficant level of 10)(j not at the 5)( level. 

Ooamrent«: 

The characteristic: shape and branching pattem of mature trees 
as compared to lack of this for immature trees probably accounts for 
soeu» differences. It may be that species identification discrepancies 
exist between color and panchromatic emulsions because of the relative 
1 MMi CFA st m m V « a j v ^ _ « « 
-w--X-—N- w»we wAwi 1 ¿.¿mm wuM »jLvwmFß ueuoü ¿Arger 

apertures are required for proper exposure. Further, color rendition 
at medium to small scales are affected by many more variables »>>»n 
feet larger scales. 
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gromnoi ■ojinvE n mmaioM on 
aicaowMWB •» mimunoi tth 

flMmi n*9 and Dtony (1950) 

towt tw and eor>r: 

» **“•*•• ï^watad and naa-fbraatad araM vara atadlad. 
vagatatlan types iaelodad vazai balsas poplar ^ lodes pola pise, blaok 
•pruM (bo* typa)f black sprues (slopes), white spruoe, alpine fir, 
warf blreh and vlllov, in auakags, grasslands, sadga, alpine aeadov 
types and alpine tundra* 

Ksy baslsi 

The report presents a discussion of photo interpretation of the 
terrain along the Alaska Highway. Special eaphasls is giren to*black 
and white spruoe as Indicators. The key Includes other aspeóte such 
as tone, vegetation borders, and texture of forested and non-forasted 

0—ntai 

the repbrt contain 1; stereo.triplet type Illustrations which are 
aaooqaaled by detailed description of terrain, vegetation, soils 
and traffloablllty. • ' 



J gpMMAf ion mjsvn to ncartAfioi ma 

pigwycw - fummoi m 

Soxirett BMwrs (l9Jt) 

Ar» «ad typt oovn 

Uk« Michigan Region (minóle, Michigan, Vlseonaln). A total of 
fifteen land foma were keyed. 

Photo data? 

Photo typee vary. Socle atudlea baaed prlaarily on 3.2$ lachea 
per alia. 

Key baala» 

Thle la a key for the photo Identification of glacial load foma 
of the lake Michigan Region. The key la primarily baaed on land feme • 
vegetation la aeeondary. 

0—anta» 

The illustration* In thla report are excellent. Bach iteau aa 
vegetation and traffloablllty are mentioned aa being pertinent to the 
particular land foma. 

t 

\ 
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IHFOBMATIOH RELATIVE TO VSQBTATIOH KEYS 

DicaoTQHous - mmATioi type 

Source: Catkolle Uuiv«r»ity (1953) 

Arta and type cover: 

Subarctic Mountains in tbs Sabanal Valley, Canada» The area eon»* 
tained aspen, white spruce, blaek spruce, serub birch, alders, willow, 
reindeer boss, and Tundra coaplex. 

* Photo data: 

Saall seals sumser photography. 

Key basis: 

One key Is based primarily on height of vegetation as detenalned 
by parallax using stereopairs. Texture is hardly discernible. A 
second key is concerned with the use of trails, strsaas, and 
ridges for detemining the routes of access to an area by walking. 

OB—ents: 

Plates for these two keys and additional infomation regarding 
interpretation of vegetation on photos and related trafficaoility 
notes are included in Part III of the report. Also included are notes 
on bed rock. Excellent quality air photo and ground photo illustra¬ 
tions are included. The photos are 1:¿0,000 RCAF, panchromatic 
predominately. Some photos are infrared. 
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o 
's*- nrommoi murm n TionAtioi nrs 

Diqofacw • njmmiM roi 

'—] 

i 

Source: CitkeHe UalTcreltor (1953) 

ÍS2LHL&BÍJ22Z 
Northen Vlseoneln. Included wert ■orehlia&s, lovlende, brush, 

naeip hardwoods, aspen, white birch, northern hardvdSd, scrub oak, 
Jhek pine and white pine. 

K»*0 «»tai 
» 

Seales used were It 17,000 and 1i15,M0. The photos were obtained 
using Infrared with alaue blue filter. 

SaÜS£L£< 
The report covert a key for identifying the kinds of vegetation 

fraa stereo-infrared photographs. Ibe key is baeed on indicator plants 
(table presented in the introduction). 

OasBiintst 

Individual species were not "keyed out” in the key text. The key 
refers to illustrations appearing ah plates in Part IV. Relationships 
between tree height and crown dlaaeter to stea sise are shown. The 
keys are well dooueented. Boas work by Edward Stergerwaldt also in- 
eluded. 

I 

! 
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nrOlWATIOH HKLATIVg TO YEOTTATIOM OTS 

DICHOfOMOUB - BJMHATIOl TTF8 

Source: Cathelie Oalverelty (I953) 

Area type end coren 

Chesapeake Bay, Maryland. 

Photo data: 

Psnchroaatlc air photos at a scale of 1:17,000 were obtained. 
Sooe ground photos were also obtained. 

Key basis: 

The report presents an experlaental system of keys for the inter¬ 
pretation of vegetation using aerial photographs. The aethod is 
presented in two technical reports. The first sttty includes keys 
developed for six seasons based on species identification. The second 
report stresses land foras and related vegetation. 
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iiFCMKtticB mjam to ora
BXCTOJOMOCT - Ttw

Souraa: Yum (1999)

Atm Ma ^ro* eenrmrt
■atozml ferMt ud Mbeo «y*elM la 1hl«M.

AklM, OMMMeyiaria, pl»M* kariMato, aai k
fkto data!

NodiflaA lafnrad ^ttnetogn^, liao,OM)>l>9,000 Mala.

Kay kaaiai
Ilwta tai^, araM aaA tastava, teaa hal^ aai tafa^aflde 

alta uaaA ta UaatUy afaelM. lo illaatiaUau.
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Vtotor itotM li7,)00, iMhmMUe.

»or
r air

Mr (fella«a) mA Vlatar (aM-f*Ua«a) muom fwr w 
tto K wrM. rkm altolnaU— kagr to TMtoaUoo la ^nttimA \v • 

AMagrl^^va kagr (grawai aad fkato upaiiaaii) of tka TagatoUaa tgryaa
Ir. tto

A •, toliaw fakllaatlaa toiah 1aa)aAaa Alaeuaaiwi af fiqrslaal aaA 
kialacl'wl wnlrawMato, awa«a aaA toga, tiaaagartaUoB aaA 
aaMai~Uaa to toa araa aa a toala, flaa a AatollaA dlaauaal-aa of 
faetoM for aaak of tha faar araaa. It ta waU arpnlaaA, tofazaaUaa 

a aaaallaat aaXaaUaa af lUaatamUaaa. ika kaat 
aavl

^ »
II
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aBwaagroi 88LA»!?» to ntmw ms 

MWUfTOT 

Sowro*: Rmmts (1953) 

Am 9mA Xm ooreri 

M»oUi». 3hl* »tuáy m» lladtsd to loaéftm In * irf gmonlaaA 
anrglnnl to (Inclntod pialan «ai Include« «uah ÿgrslognphle typM 
M upland and mllcy plain* and aroaloa rut-'créa. 

Ihoto data: 

Aerial photos arc at a seal* of 2 lachea to a alia. The rap ft 
la also Illustrated with stereo-ground photas» 

Mar haslB> 

This Is priaarlly a laadfom key with reartatlen Included as an 
indicator of soil typo, terrain, moisture, etc. 

1 

I 
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mmumm muon to mstm* me 

Mgaam 
Swore«: Càthelle U«lT«relty (1993) 

oggaLL 

9m atttAjr «M oaaAiatad la laswnw Oauntj, Hnaylmal*. Spaolta 
•taAl«A included: «kite oak, ocxuboak, hoalook, larch, black -#ruoo 
aad othor aixte bartend «tenda. 

fhto data: 

9m study «as oanAaeted using panobrcaatle photos at a seal« of 
I:l6,t00 (Mésete flraa 15,^). 

Key baala: 

9m key ooaslats of photos accompanied by descrlptiTS notes. 
fff» are not "keyed sat.” Äert are notes on trafficability coodi- 
tlOBS. 

0 
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t oroaMWi wwnw io wwww« n» 
HcscBimn 

Oawreti Catlollo UBiTtnltjr (1153) 

Am ana typ« oortri 

Ä« study «M eoadne ë\ In Ouak-la Onuaty, Mansylmla. Sj*ci** 
Indudad oui, humlock, r*4 mple, and «la. 

Iht» data: 

9m study «aa onadnof A ualag otllfia aaâ rsrtloal jaaakmatls 
flMtos (USDA photos - WA - 1952) at a soais of 1 «17,000 (roAuooA ÍMM 
1i15,800). \ 

Koy basis ; 

Äs report Is oonoomsd with tórrala latorprttation la oak MV an to 
forests. The key oeasists of photo eauplot aoosapanlod by aarfiaal 
notes. 

Ths use of paaehroaatlc flla^urlnc ths flail if strossod. 

10? 
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¡amœsjBtimjLamesiLœ 
S22SB 

—ir—¡ cfctlitlle OaiT«r*ity (1953) 

êasJaLsssuæi 
Tb» rtudjr «M ——Miad U Boul—r Ommtj, Oal—*do. S—el— 

t—lMial, p—ü— yl—, —tt—vooá, Má —»tel» Hm—y. 

atadla« «ara yagft—d — yuahra—tle phot— at a «calé of 
Itl9>to0 (axüarcad firm 106,600). 

I 
Ska rapert aaaan tarrain condition« 1» M—i pina forarta and 

g—land«. 9m kay o—«1st« af pbet— «arrylac natation« aan—paatad 
ty «kart taxt d«sarlptl—. Ineludad «ara «aah itasf m (round e—di- 
tim», «atar a^pply, tra—1, and concaal—nt. 

t 
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mmiM muon v> mmwm 0X8 
rntaamn 

amuro»: Catholic UhlTvriity .(1993) 

mim 

mint. A Hnijr of tk* v«IatloMhl9 k>tw—a Mil uA Taptaiiw 
la tha aorthan half af tha «tata «hieb la yrlaarlly a apnwa-fip 
vtflaa. 

fhata dita: 

Scala af ltl$,M0. A jMehroaatle —laioo with a ataña bina 
filter «aa tha yrafhtgaA oaahlnatiaa. 

ig.Jagli! 

fhia hay uaaa aafataUon (if idntiflahla aa tha yhato) aa aa 
iaAioator ot alta ar tarrain caaAitioaa. Ihr aaamie: fora ataaia 
af «hita fina alvaqra inálaata a ríala« af aaiarhrnah. la quaatita* 
ti«« lafonactlaa la laalniaá. Iha rayort Aaaa «aatala a tharaa^ 
üaoaaalaa af apaclaa aai/ar aaaaelatlaa asá tha ir rola aa laü catara. 
Ala« laclnhaá ara eaaaata raprdiac aaila, aalatara, undarhruah, 
raad hall Alna aatarlala aaá Influença of fira aaá logyln<. lafamatloa 
proridai hy H. S. Tous«. 

1<A 
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gwwmnqr wuiiyi to ngwAnoi nrs 

MOCTro - «BiCTCTi ^ 

■mtmi U. 8. Axmy (ifkk) 

iaLaáJmjssm 
^ _****** ar*e* í01^ ***** iMluá* zmln ferMt, «Mliuout 

ÍÜr# Hü*? ^ÎT^' ^ f*rMt» pMslaaá, 
2«!?ÎL!Ï.eMï!rlÂ* Cultista erop« laoluA» rubï*r; 

”T?'V"» ““]? ^rÉ*“> wà baauM, tM, soff««, nifir mm. 
pUijr rlM ud otkcr. 

i.»,srs rft.sí*1 ^ urtu*,i- ««i* « «»ui »o«-i«. 

, T•?tftl*, w* «ïiMMttrlitl« of voll-irmlaod «r«M, tmur araaa 
^ •»« «i«-*- »—«four 

f ^ ” ft»«1» —1—d «, MrtrlW««, 
•J“**1 ••••«»tlo», vltlbllitjr uà ooMoolMttt. ■nrwiiL mm af 
fj-yfy. U—r — ft™—, WfH>—r Mi «TOUM oMdltl—a, Ut 
iî^2r^iS SSi o««-»•»«•‘ft-»»«« *«»«! 

1 

^ T1“0? ****** ««tttioM ln rolatlon to rofotetlOB Is 
la l> í*®*1*1 t«ms. Th» U. 8. tory "Pacific 

UadforM sad ▼•fatatloa" is frotabl/ «as 1er to um. 

i 
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IHFOWIATKMí VELàSllt TO WftmATIOH KEfS 

meqiiwni 

•ouro«! FnMUMáVM* (19») 

Arwt «ad tan« ortr» 

north Bon«o - SIzUob r«fVUt&on tyfM in als grwp 
Silt Uh tor •«■»! Nufrooo, Riyo-Hla, Blaoá ooMtol forost. 
Tmaitloonl forwrtt OMuorlna frlnfo» nlhon«, ooootal yoAu< 

aa& othor hooah «oatUtlM. 
Tnlmná forwt, inlMái Urp trmmU dlytwooarf, aiMá («r 

mHm) canm, —*11 croon, tnlMO 
foroot oaá sinilnr growth. 

Inland foroot, llabl« to floods large crown, nlaod crown, «nil 
crown. 

Cultivation: Eotatoo and pornanont nativo cultivation, shift lag 
cultivation and asaoelatod ooeond growth. 

Cleared landi Herbaceous growth and Lalang, drained, and 
herbaooous growth. Habla to flood. 

Photo data: 

RAF 1:30,000 to 1:2%000 täten over a seven-year period. 

K«y baaio: 

lach vegetation typo described. Factors Included in description 
arc location, alto, soil and water conditions, anal coctaat, and c a nasal c 
usos. Conditions ooldsa poxwdt good photo flying weather so photos vary 
in quaHty. The 16 végétation types oaa be detailed only on hitfi quality 
photos. Thor« is no detailed knowledge of the coaposltion ef the nixed 
coastal forest. 

Report includes only a few illustrations. 

1QÉ 
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to mmmm mt 
gagggg 

SourMt U. I. Bsvtl fhotogrRfhlc Interpretation Cantar (1950) 

.liai; 

¿££JffiâJi2£US2S£: 
Alaaka • Nutfug and aarah la Taiga area«, and Tundra la true 

arrtle area«. 

Photo tota» 

Not giran. 

5fiüas& 
DlaeuMlan of vegetation aa it Indicates or reflect* pexaafroat 

condition«. VcÄtation cover-type tabla (faga 3M la adapted fron 
Stoeeklar (19^). 

Prlnary purpose of report 1« analyal« of froaaa ground. Vegetation 
la laolulad aa one of the factor* ahlch aan be uaed to aaaljr** freien 
ground condition/: fron aerial photo*. 
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9 ' aBWWIWI WLWW » un» nr» 

ernsm 

S—rot» NMSBMr (19^4.) 

Am *i>à Xyy otmri 

9m «t«4ar «u yrfMf—t la th* OwrtMd lar4woo4 .'ifLm (uaglMiat«4) 
•f XUlaolt, EMtMlqr, Chl«, aiiA JUMMurl. laeluAtd wri upluà hu4- 
«MA» mA botmiMA taaHMoA*. 

agBjaai 
Ä» •riglml jhtUgnfhy ooatiafi of 1:20,000 photo seolo. 

flttoTM nor« oalorp« to 1:15,800 acolo. 

fho royort jroooota «toroo-gma illuatmtlai foroat altoa. 9m 
flmt^ffoa oro hoooá 00 tayopoihle alto oad aoll íOetora. feo* 
atoraagfoo la oaoaopooloA hjr aaeh loto oa foroat typo# «olí, loaotioo, 
loto, acola, oal yorollok. Profila» ahoolag ragatotloD onl topagroshr 
oao loolulod. Oartolo rolotlaoahlpa fr a tapón aoila, ragatotlco apoalaa 
tal Irolaoga oro llaoitaaol. tha faollty la good. 
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TWKM/ttlCK HlLiglYl TO VKBTATIOi OÏS 

KBaOClUNi 

Sour««: Ho—w (If#-*) 

A—tr-Má —rt 

TU stoly ms oaaduetoá U th« «dt« Mmr «ai Am— iatl«ml 
foTMts «f Colorado. InoluáoA mr« mjor eo—ri»1«1 spsai««, slsm, 
Md slM olsssss. 

Fhot« doto: 

Tm soalM mr« us«4: 

(a) 1:18,000 
M l:tj,000 

K«r —1«» 

Ta« km 1« tollt around osablMd mrtloal and horlaoatal st«r«o- 
yalrs* ito «twroo-falr« am ama«to «uoh ttot toth alr aadjfouná 
Yl«m oM to «tediad frm asm storaoscoj« sto u». «ach IllMtratlm 

jiisi m—tn i data Md |kjrsl«il 4o««rlftlm of tto formt. 
Imeludad er« dato, almUm, looatlm, ««alo, FL, «od tos«. 
FOMtatloa data laeludM sf««l«s, class, tolgfat, crem dlMStar, DM, 

slof«, uadorgrovth aad aay «ttor slt« data. 

I 
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armuaim nuam to tmbatioi nra 
hwocumb 

teure«! Hmmbmt (19$6) 

(a 

(e, 

JaoB.ffrys 
léate i (Mm f^art—ital Foraat) 
Colarate: (tea Juma Ferait) 
South laketat ^laak Billa) 
teaéaraaa, Pin« 

Fhat» teta» 

(a) 1:10,000 to ltV.300 
(b) fc (a) lift),000 Narlahla) 

Bar baalat 

39 oteMaaá rartioal aaá horlawfeal ataraofrau, aaeh of ahlek 
Includca photo Aata, location, Including alrratloa, brlaf daaorlptlaa, 
and ladl cation of aail, ai ta and a«« olaao. 

Cunta > 

Similar to teaaaaar (1956-t). 

no 
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