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ABSTRACT 

Vegetative cover in three physiognomic classes (trees, shrubs, 

and grasses) was estimated from large-scale color aerial photographs 

using nine dot grids of three dot distributions (regular, clustered, 

and random) and three dot densities (50, 100, and 200 dots per photo 

area). These estimates were compared through regression analyses 

to ground sampled values of cover obtained from line intercept 

measurements. Using any dot grid, tree cover was estimated within 

+ 15%, shrub cover within + 8% and grass cover within + 15% of estimate 

means in 95 out of 100 cases. Dot distribution patterns had little 

effect on the precision of estimates. Higher dot densities yielded 

more precise estimates than lower dot densities, in general. Time 

to interpret increased with increasing dot density and complexity of 

distribution patterns, regular being the least complex and random 

being the most complex. 
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INTRODUCTION 

Characterization of vegetation is important in most resource 

management activities. Vegetation functions as animal forage, wildlife 

cover, a soil forming factor, erosion control, fuelwood and timber 

source, plant disease vector, and as a source of aesthetic enjoyment. 

Aerial photography may be used to study vegetation under adverse topo

graphic conditions, provide permanent records of study areas, and 

as a means to reduce labor-intensive field excursions. Thus, there 

is an ongoing need to refine and develop methods used in photointer-

pretation. 

The purpose of this research was to evaluate nine different 

dot grids and their usefulness in estimating vegetative cover from 

large-scale (1:170 to 1:740) color aerial photographs. Criteria 

used in this evaluation were: 1) time to interpret; 2) precision 

of cover estimates; and 3) accuracy of estimates when compared to 

ground measurements of cover obtained from line intercept transects. 

Dot grids were designed using three distribution patterns (regular, 

clustered, and random) and three dot densities (50, 100, and 200 dots 

per print area). Vegetative cover was divided into three physio

gnomic classes: trees, shrubs, and grasses. 
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LITERATURE REVIEW 

Remote sensing applications to resource management, including 

the use of conventional photography, were reviewed by Aldrich (1979). 

He defined large-scale photography as that which encompasses scales 

between about 1:500 and 1:12,000. Most aerial photography has been 

used as an aid in mapping and classifying large areas of vegetation 

into categories such as extent of vegetative damage (Aldrich and 

Heller, 1969; Murtha, 1974) or quality of wildlife habitat (Greentree 

and Aldrich, 1976; Cuplin, 1981). McLean (1972) used aerial photo

graphs to stratify non-forest and forest areas and, thus, increased 

the efficiency of sampling to estimate timber volumes. Heintz, 

Lewis, and Waller (1979) used aerial photos (approximate scale 1:2800) 

to delineate different soil and vegetation patterns; thus, reducing 

sample plots needed for production studies. 

Efforts to identify plant species on aerial photos have 

been undertaken for trees, shrubs, and grasses (Sayn-Wittgenstein, 

1959; Carneggie and Reppert, 1969; Driscoll and Coleman, 1974). 

Important considerations here include season of photography (which 

may affect phenological differences), photo scale, and sun angle when 

photographs were taken. 

Less research has been undertaken where actual measurements 

have been taken directly from photos. Most of the studies such as this 

dealt with timber volume estimates from measurements made on individual 

2 
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trees from photos (Losee, 1953; Aldred and Kippen, 1967; Sayn-Wittgen-

stein and Aldred, 1967). Aldred and Kippen (1967) used a 100 and 400 

dot/in^ grid to estimate crown cover. Tree height and diameter breast 

height (when possible) were measured using stereo pairs of photos at a 

scale of about 1:1,200. These photo variables were related to timber 

volumes measured in test plots so that volume tables could be formulated. 

The authors concluded that the volume of mixed coniferous forests could 

be estimated within 15% of actual volume 95% of the time using large-

scale aerial photographs. They found that the accuracy of crown area 

estimates was difficult to assess due to innaccuracy of ground measure

ments. In addition, small trees under larger trees were not detected 

on photographs adding a bias of about 4%. Avery (1958, 1959) reported 

standard errors of 2 to 3 feet when crown diameter was measured on 

stereo pairs (approximate scales 1:650 to 1:1,250). 

West and Goodall (1971) and Braun (1974) used large-scale 

photos to estimate several vegetation parameters. Braun (1974) found 

that photo estimates yielded large underestimates of density and 

dominance in a Sonoran desertscrub community in southern Arizona. 

She estimated dominance (cover) by converting the average of two 

photo measured diameters of individual plants to area on color and 

color infra-red photos (approzimate scale 1:1000). The vertical pro

jection of cover seen on the photos did not correspond well with cover 

from line intercept transects measured on the ground. Aggregation of 

individuals and overlapping canopies were cited as possible causes for 

underestimates from photographs. 
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The line intercept method (Canfield, 1941) has been especially 

useful in measuring the crown cover of shrubs and trees with fairly 

uniform crown densities (Mueller-Dombois and Ellenberg, 1974). 

Kinsinger, Eckert, and Currie (1960) found the line intercept method 

the most accurate in measuring shrub crown cover when compared to 

several other methods. Line intercepts are difficult to obtain for 

vegetation above several meters in height, unless special sighting de

vices are used. 

Estimates of cover from large-scale color aerial photographs 

theoretically are possible. Welch (1972) found that high-contrast 

targets 0.1 meter in diameter could be detected and measured at scales 

of 1:2,500 or larger. 

Over the last ten to twenty years, the advantages and dis

advantages of 35 mm camera formats for aerial photos have been widely 

discussed (Clegg and Scherz, 1975; Rea and Ashley, 1977; Dunford, 

Slaymaker and Smith, in review). Overall versatility, low cost of 

equipment, film and development, and availability of accessories are 

advantages over larger formats. Disadvantages include lack of a 

vacuum system to assure focal plane flatness, lack of data recording 

systems on the image (i.e. date of exposure, agency or company, flight 

line number), and the need for more exposures to cover the same ground 

area (when flight levels and focal lengths of lenses are held constant). 



METHODS 

' Study Area 

The aerial photography and ground sampled data used in the 

research described here were collected in the Canelo Hills, southeast 

of Tucson, Arizona (Figure 1). The study "area, consisting of four 

unique sites, ranges in elevation from about 1540 m (5050 ft) to 1620 m 

(5300 ft) and is within the Coronado National Forest Boundaries. 

Precipitation measurements recorded over a 50-year period at the 

community of Canelo indicate an average annual precipitation of about 

43 cm (17 inches), more than 60% of this falling between July and 

September. An average of 13 cm (5 inches) of snow falls in winter 

months but usually melts soon after it strikes the ground. Daytime 

temperatures are highest during late June, but rarely exceed 100 F 

and almost always dip back to the fifties by early morning. Winters 

are cool with daytime high temperatures in the fifties and sixties 

and nighttime lows dipping into the low twenties (Sellers and Hill, 

1974). 

Site 1, north of the Black Oak Cemetery, is situated on soils 

of the Tortugas Association (shallow, rocky soils) formed on Cretaceous 

limestone. Sites 2, 3, and 4, found near the road to Canelo Pass and 

the turnoff to Fort Huachuca, are on soils of the Casto-Martinez-Canelo 

Association (deep gravelly, moderately fine to very fine textures) 

derived from Quaternary silts, sands, and gravels (Wilson, Moore, and 

O'Haire, 1960; Richardson, 1971). 
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Vegetation and cultural history of the Sonoita and Fort 

Huachuca area have been reported by interpretation of modern and 

archival photo pairs (Hastings and Turner, 1965). While southern 

Arizona underwent a destructive period of overgrazing and drought in 

the late 1800's, the Canelo Hills Study Area retains a wide variety 

of native grasses and shrubs despite continued heavy grazing in some 

locations. The dominant species found at the four study sites are 

listed in Table 1. Although the data collected in this study were 

compared at the physiognomic level, some plants were recognizable at 

generic and specific levels. 

Photo Acquisition 

After marking the ground with 61 cm (24 inch) wide butcher 

paper at opposite ends of a 100 m flight line, photos were taken at 

three approximate heights above the ground: 120 m (400 ft), 

215 m (700 ft), and 305 m (1000 ft) at each of the four study sites. 

A Canon F1 35 mm camera with a 135 mm telephoto lens was used to ob

tain the exposures used in this research. It was placed in a Fairchild 

231 aerial camera mount fitted in the belly port of a Cessna 206 air

craft. Photography was obtained in late September, 1981. 

The film used was 35 mm Kodak 5247 natural color film (ASA 100). 

Natural color film was used in this study for several reasons. Color 

positive film is commonly available for purchase and readily processed. 

It is hoped that the techniques described in this paper can be applied 

in situations where more elaborate techniques and processes are 

unavailable or prohibitively expensive. Normal human eyes are 
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Table 1. List of dominant species found at Canelo Hills Study Area 
and approximate recognition levels on aerial photographs. 

X = minimum level of recognition 
x = recognizable in some cases 

Site Approx. Dominant Species Physiognfamic Genus Species 
Elev. Class 

1 5050 ft Juniperus deppeana X X X 

Quercus arizonica X X X 

Q. emoryi X X X 

Arctostaphylos pungens X 
Cowania mexicana X 
Fouqueria splendens X X 

Bouteloua curtipendula X 
B. eriopoda X 
Hilaria belangeri X 

2 5100 ft Juniperus deppeana X X 

Quercus arizonica X X X 

p. emoryi X X X 

Arctostaphylos pungens X X 

Mimosa spp. X X 

Rhus trilobata X 
Aristida divaricata X 
Bouteloua curtipendula X 
B. hirsuta X 
Muhlenbergia emersleyi X X 

3 5300 ft Juniperus deppeana X X 

Quercus arizonica X X X 

Q. emoryi X X X 

Arctostaphylos pungens X 
Rhus choriophylla X 
Bouteloua curtipendula X 
B. hirsuta X 
Eragrostis intermedia X 
Schyzachyrium sp. X 

4 5100 ft Juniperus deppeana X X 

Quercus arizonica X X X 

Q. emoryi X X X 

Mimosa spp. X X 

Aristida spp. 
Bothriochloa barbinodis X 
Bouteloua curtipendula X 
B. gracilis X 
B. hirsuta X 
Eragrostis intermedia X 
Lycurus phleoides X 
Muhlenbergia emersleyi X X 

Schyzachyrium sp. X 
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reported to see 1000 times as many tints and shades of color as 

tints and shades of gray found on black and white films (Ray and 

Fischer, 1957). 

Negatives were obtained through machine processing of the 

film and subsequently were enlarged to 9 X 13 cm X 5 inch) prints. 

To facilitate ease in handling and to eliminate some peripheral distor

tion, the center 7% X llh cm area of each print was used to define ground 

plots and for subsequent photointerpretation. 

Ground Data Collection 

During October and November of 1981, vegetative cover was 

measured at the Canelo Hills Study Area using the following procedures. 

Location on the ground was found using the large-scale prints. A base

line was marked off corresponding to one edge of the print. Five tran

sects of 20 m length were then spaced evenly along and perpendicular to 

the baseline. At the largest scales, the 20 m transect on the ground 

spanned the long dimension of the print. At the smallest scales, the 

baseline/transect arrangement did not cover the full area of the print. 

In any event, this line transect was the same for each photograph 

and was intended to characterize the plot's vegetation as objectively 

as possible. 

Each transect was pinpointed as closely as resolution would 

allow on an acetate overlay attached to the print. Plant intercepts 

along the line were recorded by species to the nearest 2 cm. Plant 

canopies above 2 m were measured with a vertically held pole. 



Overlap was recorded so that cover values greater than 100% theoretically 

were possible. 

Intercepts were totalled for each species. Overlapping canopies 

were subtracted, giving priority to species in the following decreasing 

order: trees, shrubs, and grasses. Intercepts were totalled within 

physiognomic class and divided by 20 m to obtain percent cover values. 

The results for the five transects were then averaged so an overall 

charcterization of the photo defined plot was available. These average 

cover values are listed in Table 2 along with calculated print scales. 

Print scales were obtained by taking the average of transects 

from a photo's marked overlay and solving for X, as shown below: 

Scale = .JL 
X where, 

X = avg. photo mm 1 mm 
Avg. ground m 1000 m 

Dot Grid Design 

Dot grids of three distribution patterns and three dot densities 

were drafted to fit the X 11% cm working size of the color prints. 

This resulted in nine different dot grid designs (Figures 2, 3, and 4). 

Regular distributions of 50, 100, and 200 dots were created by spacing 

dots at equidistant intervals over the photo area. Clustered distri

butions resulted from proportional allocation of dots into 2 cm X 2 cm 

squares over the photo area. Dots within each 4 cm^ cell were placed 

according to one randomly generated pattern. This cell design was 

described by Norton-Griffiths, Hart, and Parton (1982) on large-scale 

photographs used to determine land use patterns and concentration 

of various cultural features in east Africa. Using a random numbers 
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Table 2. Approximate above ground flight levels, photo print scales, 
and vegetative cover as measured by line intercept transects 
(corrected for overlap). 

Site AGL Photo Print Vegetative Cover (%) 
ft Scale Trees Shrubs Grasses 

1 400 1:171 5.7 15.4 15.6 
700 1:385 23»6 9.2 12.2 
1000 1:526 4.6 19.2 9.0 

2 400 1:282 1.1 25.6 5.5 
700 1:476 18.3 22.5 7.0 
1000 1:741 13.9 0.8 11.3 

3 400 1:308 29.5 0.1 4.3 
700 1:476 61.9 0.1 3.7 
1000 1:645 50.3 0.6 3.4 

4 400 1:253 9.8 6.1 22.3 
700 1:444 18.4 5.8 23.4 
1000 1:667 26»0 2.2 14.3 
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I CM 

Figure 2. Regular distribution dot grids. Top-50, middle-100, 
bottom-200. 



Figure 3. 
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Clustered distribution dot grids. Top-50, middle-lOO, 
bottom-200. 
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Figure 4. Random distribution dot grids. Top-50, middle-100 
bottom-200. 



table, coordinates were generated so that 50, 100, and 200 dots could 

be placed randomly on a 10 line per cm grid for the random design. The 

dot grids, drafted on translucent paper, were reproduced as trans

parent diazochrome overlays. Each dot had a diameter of about 1 mm. 

Photointerpretation 

Vegetative cover on the 12 color prints described above was 

estimated using the nine dot grids. A print was taped to a flat surface 

under fluorescent light. Dot grids were taped over the print in the 

following sequence (where RE = regular, CL = clustered, and RA = random) 

RE 50, RE 100, RE 200, CL 50, CL 100, CL 200, RA 50, RA 100, and RA 200. 

This cycle was repeated for each of the 12 prints; then the entire pro

cedure was repeated 4 more times. Each dot on a given grid was record

ed as having overlain one of the following categories: trees, shrubs, 

grasses, bare ground, or shadow. Tallies for each grid trial were 

recorded using a push-button lab counter and then transcribed to a 

data form. The time for each dot grid trial was recorded to the nearest 

second. 

One interpreter performed all dot grid estimates of cover over 

a two month period (540 trials). No more than about 60 individual 

dot grid trials could be undertaken on any given day before eye fatigue 

and inattentiveness began to degrade the quality of photointerpretation. 
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Statistical Analysis 

Statistical analysis treated two general sets of information: 

photointerpretation times and cover estimates. Within these categories 

several comparisons were made. Time to photointerpret each print was 

averaged for each of the dot grid types. Dot grid estimates of cover 

were converted to percentages within each cover class. All cover class 

percentages for a trial totaled 100%. Cover estimates of the five 

trials (replications) were then averaged for each dot grid method and 

cover class. 

Comparison of dot grid cover estimates of trees, shrubs, and 

grasses with ground sampled data was made using correlation and re

gression options in the Statistical Package for the Social Sciences 

(SPSS) (Nie et al., 1975). 

Using averaged dot grid cover estimates as the dependent 

variable (y) and average line transect cover measurements as the inde

pendent variable (x) the following statistics were generated: 

r^ coefficient of determination 

SDe standard deviation of the estimate 

a y-intercept 

b slope or regression coefficient 

SDa standard deviation of y-intercept 

SD^ standard deviation of slope 

A regression analysis was performed for each of the nine dot grids 

(methods) and each of the three cover classes (trees, shrubs, and 

grasses). 
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Confidence intervals at P = .90, P = .95, and P = .99 were 

calculated for y-intercepts and slopes using respective standard de

viations and t-statistics (where n-2 = 10 degrees of freedom). 

These confidence intervals facilitate an understanding of how precise 

the different methods are and how close (accurate) they are to the 

theoretical values of zero for y-intercept and one for slope. 

Finally, using the following equation, variability of the 

dot grid estimates was : obtained. 

This equation is based on the Taylor expansion, adapted from Kendall 

and Stuart (1977). For each physiognomic class, there existed a 

range of cover values measured by line transects. Selected y-values 

used in the above equation were set at approximately 25%, 50%, and 75% 

of this range. For example, ground cover values for trees ranged from 

about 1% to 70%; thus, y-values of 15% (- .25(70%)), 35% (= .50(70%)), 

and 50% (* .75(70%)) were selected as test values in the above equation. 

where S* = standard deviation of predicted ground 
cover 

y = selected test value 

other variables as defined above 



RESULTS 

Several criteria were used to decide which dot grid methods 

were best to estimate vegetative cover on large-scale aerial photo

graphs. The first criterion was photointerpretation time. As was 

expected, interpretation time increased with increasing dot density 

and distribution complexity (Figure 5). Regular patterns were easier 

to classify because the observer could trace the rows of dots unaided 

and not lose track. Clustered patterns were slightly more difficult 

and required the use of a straightedge to keep one's place, but still 

had a regular feature within the grid. For random patterns, the in

terpreter occasionally came up short or classified a few more dots 

than actually existed on the overlay. A straightedge was also handy 

here for keeping one's place on the random dot grid. The absolute 

photointerpretation times are likely to vary a great deal among inter

preters, but the time relationship among methods are expected to remain 

constant. 

The other three criteria to evaluate dot grids were proximity 

of experimental slope, b, to one (where photo cover estimates are 

perfectly and positively related to ground measurements), proximity 

of experimental y-intercept, a, to zero, and S£, an index of estimate 

variance. These criteria will be discussed for each physiognomic class. 

18 
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Tree Cover 

In general, all methods exhibit a regression coeffiicient,b, 

less than one (Figure 6). That is, as cover of trees increases on 

the ground, dot grids appear to underestimate that cover. No method 

yielded a slope of one in more than 90 out of 100 cases. The methods 

yielded slopes of about 0.7 in most cases. The y-intercept values 

for all methods are expected to exceed zero by about 5 to 10% in most 

cases (Figure 7). Underestimates of tree cover at higher ground cover 

values might be explained by several phenomena. As tree cover increases, 

the likelihood of canopy overlap (among trees and other classes) in

creases. Photos depict a vertical projection of cover and do not take 

into account the layering of canopies that may be measured during ground 

sampling. Overlap between trees occurred on one half of the twelve 

sites, but the total percent difference between "projected" cover and 

"uncorrected" cover was only 9.2% with no more than 7% overlap occurring 

at any one site. Projected cover was used in the ground data set, so 

this phenomenon isn't likely to explain differences between ground samp

ling and photo estimates. 

Tree cover estimates from dot grids and measurements from 

line intercepts may vary from one another for an unexpected reason. 

Contrary to the assumption that the ground data are "true", or the best 

estimates of cover, line intercepts might be innappropriate for the 

cover measurements. Aldred and Kippen (p.423, 1967) found that 

"...accuracy of crown area measurements could not be evaluated easily 

because crown area cannot be accurately determined on the ground." 
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They used a line intercept approach similar to that used for this 

research. The inadequacy of the line transect to measure tree cover 

seems to provide a partial explanation for observed differences in 

photo estimates of tree cover and ground sampled values. One would 

expect that the largest and most visibly distinct objects on the 

photo would be the easiest and most consistent to sample. 

As photoestimates of cover increased, standard deviations 

of predicted cover also increased (Figure 8). Most methods yielded 

S* between 7 and 12%0 That is, for most methods, an estimate of tree 

cover would be within 25% of the estimate mean in 95 out of 100 cases. 

Shrub Cover 

Estimated shrub cover for nearly all methods included a 

slope equal to one and a y-intercept equal to zero in the range of 

values found in 90 out of 100 cases (Figures 9 and 10). Regular and 

random distribution methods yielded estimated means very close to 

ground measured means. 

Standard deviations of predicted cover, SA, were very low 

for shrub cover when compared to those values obtained for tree cover 

(Figure 11). All methods yielded estimates of cover within + 10% 

of the estimated mean in 95 out of 100 cases. Dot densities of 100 

yield the lowest SA and densities of 50 dots gave higher SA, although 

the differences in percent cover deviation were not significant. No 

clear advantage is evident for one distribution pattern over 

another. 
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Figure 8. Calculated standard deviations of estimates versus 
selected values of tree cover estimates. 
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One shrub species, Cowania mexicana, was almost always ident

ifiable to the species level because of its divaricately branched growth 

habit. Its color also contrasted sharply with the gray-white calcar

eous soil on which it is often found. Large shrubs like Arctostaphylos 

pungens and Rhus choriophylla reflected greens that might be confused 

with tree species of juniper and oak, but shadow patterns usually help

ed separate the two physiognomic classes. 

Shrub cover estimates in this research were closer to ground 

sampled values than similar photo estimates found in the work of 

Warren et al. (in review). These differences call to attention an 

important factor in photointerpretation of plant communities. The 

phenological stage of a plant species affects its discernability on 

a photograph. Most shrubs reported by Warren et al. were leafless 

when photographed in late September, a dry season in southern Arizona. 

These species, Acacia greggii, A. constricta, Mimosa biuncifera, and 

M. dysocarpa, visually blended with cured grasses or could be confused 

with several species of cacti present. Shrubs at the Canelo Hills 

sites, however, were either in leaf or large enough in area to be 

distinctive on the large-scale photographs. Deciduous species at the 

Canelo Hills sites were a minor component of the vegetation. 

Grass Cover 

While the nine dot grid methods used to estimate shrub cover 

yielded relatively precise and accurate estimates of the mean, y-inter-

cept, and regression coefficient, the same methods used to estimate 

grass cover were less precise. 
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Grasses usually cast no sharp shadows and often were similar 

in color to the soil. Grasses usually had the highest density (indi

viduals per given area) and were the most likely to be covered by 

trees or shrubs when compared to other physiognomic classes. Most 

grass cover consisted of stoloniferous species such as Hilaria belangeri 

and less distinctive bunchgrasses such as Eragrostis intermedia, 

Bouteloua spp., and Lycurus phleoides. Thus, during photointerpreta-

tion, dots classified as grass hits were done so on the basis of an 

undefined, but distinguishable tone and/or texture. Few grass species 

were visible as individuals on photographs of the scale used in this 

research. Some individuals of Muhlenbergia emersleyi were discern-

able, but these contributed a small fraction to total grass cover. 

All confidence intervals for regression of photo estimates to 

ground measurement of grasses encompassed the theoretical slope of one, 

but were imprecise due to large standard deviations used in the calcu

lations (Figure 12). Y-intercepts, on the average, were about 5% 

above the expected value of zero (Figure 13). Predicted standard 

deviations of estimates ranged from about 2 to 10% for all methods 

(Figure 14). Therefore, any given method would yield cover estimates 

within + 20% of the mean estimate in 95 out of 100 cases. If we 

choose among methods selectively we can decrease this expected range 

of experimental values. Use of a random 50 or 100 dot grid held 

estimates within about + 5% of the estimate mean in 95 out of 100 cases. 
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DISCUSSION 

The problem of estimating vegetative cover from photographs 

is put into proper perspective by discussing errors and/or biases 

found with dot grid analysis and other methods. 

Microdensitometry and density slicing characterize the optical 

densities of photographic images. The results are related to differ

ent plant communities, genera, and management practices. This tech

nique was evaluated at various photo scales (1:800 to 1:139,000) using 

color infra-red film (Driscoll, Reppert, and Heller, 1974). While 

results are objectively collected through the use of elaborate optical 

systems, disadvantages include the need to select favorable seasons 

of growth and photo scale, minimization of shadows on the image, 

correlating optical densities with appropriate classification schemes, 

and access to the proper optical equipment. The first three disadvan

tages are shared by visual estimates and dot grid estimates. Visual 

estimates of cover can be useful and rapidly obtained, but replication 

and error calculation are difficult to obtain. Line transects taken 

directly on the photos are replicable, but involve more photointer-

pretation time to measure tiny intercepts.than dot grids. Dot grids 

require little time and can be performed with a plastic overlay, photo

graph, tape, light source, data form, pencil, and interpreter. Dot 

grids can be visually tiring and there are interpreter differences, 

but these disadvantages are also found with visual estimates and 

photo line transects. Limitations common to all methods include 
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insufficient uniformity of vegetation on a given photograph, poor color 

quality, and poor resolution due to film and paper development and 

enlargement pratices. 

One weakness of photinterpretation in general is that it may 

not characterize all vegetation of interest as in the case of obscured 

understory. For example, an average of about 25% of all grasses were 

found beneath trees or shrubs. This represents about 4% of all vegeta

tion in this study. This grass may be of greater interest than the 

percentage indicates because of its potential contribution to total 

forage production. During the course of ground sampling, this under

story, if pertinent to the needs of the project, should be examined 

and characterized so the bias can be taken into account. 

The results thus far described did not conclude that any 

particular dot grid was better than any other. During the course of 

data analysis and evaluation, specific questions arose: How well 

did the line transects characterize the photo-defined study plots? 

Can sampling intensity of point methods and line methods be quantified 

and compared? How did the different ground sampling intensities of 

line transects affect the precision of dot grid estimates? 

Line transects as used to characterize vegetation on photo-

defined plots posed two problems in the research described here. Line 

transect measurements became less reliable as crown intercepts be

came less easy to measure, as with some tree crowns, and the same 

amount of line transect data (100 m total) were recorded per photo-

defined area although absolute photo areas varied. While knowing 

that the larger scale photos were more intensively and uniformly 



35 

sampled than smaller scale photos, the differences are difficult to 

express. One could describe sampling intensity in terms of line tran

sect length per photo area, but the spatial arrangement of lines is 

also important. If lines of equal length were spaced evenly apart 

(in absolute terms) on all photos, one could calculate an index of 

sampling intensity by taking an approximate area covered by transects 

and dividing by photo area. (For example, five 20 m transects spaced 

4 m apart would cover an area of about 20 m X 16 m or 320 m^. Division 

of 320 m^ by photo areas would yield indices of sampling intensity.) 

However, in this research, spaces between transects were variable 

among photos. Spaces between the 20 m transects were determined by 

dividing a baseline into four equal parts. The baseline length, in 

turn, was dependent on the photo scale. 

Dot grid sampling intensity can be expressed in terms of 

dots per photo area or dots per ground area. In practical terms it 

is difficult to adjust dot grid sampling intensity on a per ground 

area basis without designing individual dot grids for particular 

scales or projecting transparencies of aerial photos (or dot grids) 

to appropriate scales. The latter practice may yield results influenc

ed by resolution changes. 

Although the sampling intensities of these methods, dot and 

line, are difficult to quantify and compare in absolute terms, one 

can further study the effect of different ground sampling intensities 

on dot grid estimates in the following manner. In general, line 

transects and dot grids as used in this study sampled more common 
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area on larger scale photographs. At smaller scales, line transects 

sampled relatively less of the total photo-defined area than the dot 

grids. Therefore, the twelve prints used in this research were divid

ed into three classes based on approximate above ground flight levels 

(Table 2). Regression analyses were performed as described previous

ly for each of the three photo classes independently. It was as if 

the original experiment was divided into three distinct smaller ex

periments. Standard deviations of estimated cover, S£, were calculated 

as before and are presented in Table 3 using one selected y-value 

representative of cover values found on the ground. It was hoped that 

the differences in S£ for different dot grids would be observed more 

easily once the confounding effect of scale, and thus, ground sampling 

intensity, was removed0 

Conclusions from Table 3 were as follows: 1) Increasing 

dot density over photo area tended to result in lower S« values for 

all cover and scale classes. 2) The distribution patterns of dots 

seemed to have little overall effect on S£ values. 3) Tree cover 

was best estimated using dot grids on large-scale photographs where 

the area covered by line transects and dot grids most closely corre

sponded. This was not surprising since the same large, rather distinct 

individuals were being sampled. 4) For shrubs, however, there was a 

weak tendency for decreasing S£ with smaller scale classes. Shrub 

cover may have been slightly more uniform and more easily determined 

on these smaller scale photos because of greater contrast with herba

ceous cover and more shadow patterns for comparative purposes. 



Table 3. Standard deviations of cover estimates by dot grid 
method, physiognomic class and photo scale class. 

Scale Physiognomic Class 
Dot Class Trees Shrubs Grasses 
Grid (AGL) •C

-
o
 
o
 

700 1000 400 700 1000 400 700 1000 

RE 50 2.6 17.1 20.6 6.4 3.1 3.6 15.4 0.5 7.6 
RE 100 3.0 9.0 4.2 3.7 3.7 1.2 7.2 6.7 17.9 
RE 200 4.1 7.9 4.3 1.4 3.9 1.9 4.3 5.2 8.7 

X RE 3.2 11.3 9.7 3.8 3.6 2.2 9.0 4.1 11.4 

CL 50 3.5 13.4 15.7 3.4 5.5 1.9 6.2 4.2 6.5 
CL 100 4.1 9.3 11.6 3.4 3» 7 1.1 8.6 5.8 9.7 
CL 200 2.8 7.7 4.2 2.5 3.3 1.8 7.7 4.7 8.7 

X CL 3.5 10.7 10.5 3.1 4.2 1.6 7.5 4.9 8.3 

RA 50 3.4 11.9 25.3 7.6 3.6 2.0 3.4 12.1 6.8 
RA 100 2.8 7.3 9.9 7.9 2.5 3.5 3.5 4.1 1.2 
RA 200 4.0 7.7 9.1 5.9 3.8 1.5 3.6 0.8 5.7 

X RA 3.4 9.0 14.8 7.1 3.3 2.3 3.5 5.7 4.6 

X 50 dots 3.2 14.1 20.5 5.8 4.1 2.5 8.3 5.6 7.0 

X 100 dots 3.3 8o5 8.6 5.0 3.3 1.9 6.4 5.5 9.6 

X 200 dots 3.6 7.8 9.9 3.3 3.7 1.7 5.2 3.6 1.1 

where SA =\ 
x 

(SDE)2 + (SDA)2 

b2 

(y-a)2 (SD, )2 

selected median y-values are: y 
Jtrees 

V Jshrubs 

y 
grasses 

= 35% 

= 15% 

= 20% 



5) For grass cover estimates, scale cover class did not influence 

the expected deviation of estimates in any consistent manner. 



CONCLUSIONS 

The following can be concluded based on the results of 

this research: 

1„ Time to interpret increased with increasing dot density 

and complexity of distribution, regular being the least complex and 

random being the most complex. 

2. Where obscured understory is of interest to the invest

igator, efforts to characterize it should be undertaken during ground 

sampling. This is an inherent bias in photointerpretation where over

lapping canopies occur. 

3» To evaluate different methods (dot grids), comparison 

data (ground sampling) and experimental data should be taken from 

the same population (ground area). 

4. Higher dot densities yield more precise estimates of cover 

than lower dot densities, in general. 

5. Dot distribution patterns on dot grids had little, if 

any, effect on precision or accuracy of cover estimates. Regular 

distributions were the fastest and least frustrating for the inter

preter. 

6. The dot grid methods described here are expected to 

yield estimates of tree cover within about + 15% of the estimate 

mean in 95 out of 100 cases. 
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7. Shrub cover can be 

estimate mean in 95 out of 100 

8. Grass cover can be 

estimate mean in 95 out of 100 

estimated within about + 8% of the 

cases. 

estimated within about + 15% of the 

cases. 
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