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The purpose of this study was to investigate the use of a multi-

sta.ge with probability proportional to size (FPS) sampling design using

aerial photography to sample coniferous regeneration on clearcuts.

To date, aerial photography has not proven to be as economical

(because of the high cost of specialized photography required) or

accurate as a ground survey. Double sampling with regression using

aerial photography and limited field measurements did improve the

accuracy. A large land area was inventoried using three scales of

aerial photography (1: 60, 000, l:Z0, 000 and 1:5, 000) in the multi-

stage sampling design, picking PPS samples and using double sampling

with regression between the largest scale of photography and the field

checked plots. For single clearcuts or small areas, the overall cost

was excessively high due to specialized photography requirements.

Using a multi-stage PPS sample design, an inventory of 67, 989 acres



of clearcuts was accomplished at a total cost of $2, 875. 00 or only

4. 2 cents per acre, which is relatively inexpensive.

This survey was only an inventory of the coniferous regeneration

and did not show the actual Location of the clearcuts with the various

stocking conditions. This information is useful to management

personnel making management poLicy decisions, but is of Little use to

the field forester. However, aerial photography can be useful to

foresters in the field for mapping coniferous regeneration into broad

classifications (stocked, non-stocked and questionable).
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MULTI-STAGE REGENERATION SURVEY OF CONIFEROUS
REGENERATION ON CLEARCUTS IN

WESTERN OREGON

I. INTRODUCTION

It is generally agreed by those in the forestry community that

satisfactory regeneration is basic to sound forest management.

Adequate regeneration is one of the factors which determine the

success or failure of forest management. From this it can be inferred

that the methods used in assessing regeneration must be sound and

well understood if the results obtained are to be useful for interpret-

ing the regeneration effort (Allen, Griffith and Kerr, 1951).

Forest land owners and managers have to be more responsible

than ever before about the manner in which the forest lands are

managed. With todays needs and the speculation of lumber shortages

again arising, the manner in which forests are being managed is being

examined and watched closer than any time in the past by the govern-

ment and concerned citizens groups. Establishment of a new forest

arid growth of trees is critical for continued timber production.

Oregon has had a Forest Conservation Act since 194Z which

established regeneration standards. The need for good regeneration

'is even more prevalent today with the wood suppliers in the United

States unable to meet the demands of the users. Regeneration was

one of the principle categories of emphasis in the new Oregon Forest
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Practices Act of 1972. This law put pressure on the land owner to

insure good regeneration on recently cut forest lands.

Assessing regeneration success or failure is the reason behind

a regeneration survey. To do this for a particular piece of land, the

usual procedure is for the forester to take a field sample.

The use of aerial photography could make the task of surveying

regeneration easier and possibly cheaper. In addition, aerial

photography can provide other distinct advantages such as an overview

of the area, showing seedling distribution, stocking density, type of

vegetation and density of vegetation. Also the aerial photography will

provide a permanent record of the area for later comparison.

There are two possible ways in which aerial photography can be

used to assess regeneration. It can be used to make a map of stocking

Levels or to actually count the individual trees, if a large enough scale

of photography is used.

Mapping regeneration into non-stocked, unders tocked, stocked

and overstocked categories using aerial photography has been done

successfully in the Pacific Northwest and the results found useful

(Bernstein, 1970).

Tree count results, however, have been variable. Bernstein

(1972) among others, has concluded that direct tree counts from

aerial photos are impractical. He does suggest that double sampling

could be used to increase the accuracy of photo tree counts, but this
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would have to be for extensive areas, since double sampling would not

be practical for a single plantation or clearcut, because of the high

cost of the photography. It seems there should be a high enough

correlation between field and photo tree counts to warrant a combined

photo and field sampling with regression.

If a large area is to be examined it might prove useful to use

two or more scales of photography. The entire area could be photo-

graphed at a small scale and sample areas chosen to be rephoto-

graphed at a larger scale. The largest scale of photography combined

with field measured plots, would be used for double sampling. In

this manner a rather extensive area could be surveyed. The possi-

bi].ity of such a system was the primary objective of the study.

In addition, the desirable range of scales of photography which

are best suited for a multi-stage regeneration survey and the size of

coniferous seedlings that can be detected on these scales were also

studied. To be able to do this, recognition features which could be

used as keys for identifying and detecting coniferous regeneration

were examined and developed. Finally some assessment of the

regeneration success on various ownerships (federal, state and

private) were compared and contrasted.



II. LITERATURE REVIEW

Regeneration Surveys

Ground Surveys

The principle reason for undertaking regeneration surveys is to

determine if the number of trees present is adequate to reforest the

area in question and if the distribution is adequate to fully utilize the

area. Lf either is lacking, the area needs further reforestation

efforts. Since regeneration surveys are usually conducted when trees

aresmall, they are usually accomplished by ground surveys. There

are several approaches to ground surveys. Some of these are trees

per acre by fixed plot, vertical line polyareal and stocked-quadrat.

The latter method is superior to the other methods which measure

trees per acre, because it considers not only the number of trees per

acre but, more importantly, it considers the distribution of the trees.

The stocked-quadrat method is based on the assumption that an

area is divided into plots of such size that one established seedling or

tree in that plot will fully utilize the plot at maturity and that the

percentage of plots stocked, regardless of the total number of seedlings

per acre, indicates the proportion of land being utilized by tree growth

(Ha.Lg, 1931). Using the stocked-quadrat method does not stress the

number of trees per unit area, but is influenced more by the
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distribution of the individual trees eliminating the compensatory

effect of light and heavy stocking of different sections of the same area

(Allen, Griffith and Kerr, 1951). This is an improvement over

recording trees per acre which tells nothing about distribution.

The size of quadrat chosen is rather important for determination

of percent stocking of an area. The most common plot sizes are the

mu-acre (one thousandth of an acre) and four mil -acre with the latter

being predominant, especially, in the Pacific Northwest. The

quadrat size should be determined by the species, site condition and

what the management objective is for the area in question (Allen,

Griffith and Kerr, 1951). To determine the plot size for the stocked-

quadrat method, one might work backwards. First determine the

minimum number of trees desired at maturity of a particular species

that would fully stock that particular site. If part of the management

plan was to have one or more silviculture treatments, such as thin-

ning, more trees would be required earlier in the rotation which

changes the plot size to be used in the regeneration survey.

Efforts have been made to convert stocked-quadrats to trees per

acre. Bever (1949) developed such tables for Douglas-fir (Pseudotsuga

menziesii Mirb.) Franco) because there was a need to convert from

stocked-quadrat to number of trees per acre, since the requirements

of the Forest Conservation Act of 1942 were given in trees per acre.

The standard for making these curves was that the data used were
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from areas with 300 established live seedlings per acre which were

sufficiently spaced for normal growth and development and 100 of

which were well distributed over the acre. Welliner (1940), working

with natural reproduction of western white pine (Pinus monticola

Dougi. ) found similar curves for western white pine converting

stocked -quadrat to trees per acre unapplicable, especially for stands

over 15 years of age.

Aerial Photo Surveys

Aerial photography has the possibility of vastly improving

regeneration surveys and reducing the cost for large areas. By using

aerial photography one has an overview of the total area of concern.

The tree distribution, topography and associated vegetation can be

viewed if full utilization is made of the photography.

Swantje (1957) reported that an experienced interpreter with high

quality aerial photography of 1:15, 840 scale can detect two- to three-

foot high coniferous regeneration and delineate areas as to fully

stocked, partially stocked or non-stocked. At the same time the

interpreter can provide a description of the area. However,

Bernstein (197Z) reports that conventional resource photography

(1: 12, 000 to 1:15,840 scale) generally has been found to be unsatis-

factory for mapping of coniferous restocking. Foresters in the

Pacific Northwest have successfully used 1:5, 000 to 1:6, 000 scale



panchromatic photography taken in April for mapping restocking

areas as to understocked, stocked or overstocked.

Bernstein (1972) also reports that the U. S. Forest Service

recently used 1:2, 000 to 1:3, 000 scale color prints to survey planta-

tions and brush field rehabilitation areas on the Oregon coast. This

color photography was significantly better than smaller scale pan-

chromatic photography for identification of stocked and major brush

areas.

Delineation of different stocking areas has been reasonably

successful on aerial photography, but tree count results have proved

to be variable. A study was made on the Tillamook Burn area of

Northwestern Oregon using Ektachrome Aero and Ektachrome Aero

Infrared taken in April (Smith, 1964). The photographs used were

1:1,000, 1:3, 000 and 1:5, 000 scale without stereo coverage. The trees

ranged in size from one to four and one-half feet high. As might be

expected, the best results were obtained using the 1:1, 000 scale

Ektachrome Infrared on the older plantations, with the accuracy of

the tree counts of the younger trees being very low. Smith reported,

however, that Ektachrome Infrared photography produced more errors

due to overcounts caused by counting other evergreen species, such as

salal (Gaultheria shallon Pursh) and swordferni (Polystichum munitum

cka u 1 f) Pr e si).

A possible shortcoming of earlier studies has been the reluctance

7
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to use stereo coverage because of the increased film cost. Actually,

the increased film cost is relatively small, since much of the basic

cost is the flying time of the aircraft. Slow cycling cameras and

slow film speeds are other factors which have caused problems in

obtaining stereo coverage at large scales. The use of a smaller,

slower aircraft or a helicopter would rectify this problem.

Bernstein (1970) conducted a study in southern Oregon using

Ektachrome MS Aerographic, a color negative from which color and

black and white prints can be produced. The photography was flown

with a helicopter at scales of 1:500 and 1: 1, 000 with stereo coverage.

The results seemed to indicate that this difference in scale had little

effect on the accuracy of the results. The color prints seemed to

produce better results, but not significantly better. The presence of

brush seemed to be the factor that most influenced accuracy even

though the photography was taken in early spring. Heavy brush and

the presence of other vegetation misinterpreted as trees caused the

most erratic results while areas of light brush cover produced the

most accurate results even for areas with smaller seedlings. Corre-

lation coefficients between the field and photo tree counts of Bern-

stein's study are shown in Table 1. Bernstein concludes that under

the conditions tested, direct reproduction count from aerial photo-

graphy is impractical.



plots heights cover B B&W

*Significant at the 5% level.

Significant at the 1% level.

Table 1. Correlation coefficient.
No. of Tree Vegetative

A r e a

Photo scale 1:1 000

Single
color

Stereo
color

1 9 6"1' Heavy fern 784* 897** 670* 101
2 10 1-2' Heavy fern 864** 753* 742* 845**
3 10 10-12' Grass and

light fern 742* 833** 895** 847**
4 8 8-10' Moderate brush 144 373 262 323
5 10 2-3' Heavy brush 097 223 073 191
6 10 3-6' Heavy brush 695* 828** 621 622
7 10 13-15 Heavy brush 661* 415 430 789**

Photo scale 1:5 00

1 7 6"-l' Heavy fern 540 348 550 533
2 7 1-2' Heavy fern 729* 516 654 437
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Double sampling with regression might reasonably produce more

accurate tree counts. In Bernstein's (1970) study there was a wide

disparity between actual field and photo counts but a close correlation

indicating double sampling might be useful. A double sampling

scheme in plantation areas should produce a tree count accuracy

higher than direct photo counts. But, since a portion of the plots

have to be visited on the ground, it might be just as economical to do

the whole survey on the ground once in the general area. A double

sample in plantations might give less accuracy at greater costs than

a straight ground survey. However, it is possible that a reforestation

survey with aerial photographs and double sampling would be useful

in surveys of extensive areas and for those areas which are partially

inaccessible (Bernstein, 1970). This presents the possibility of

conducting a regeneration survey for large areas such as an entire

national forest. Such a survey might be done using two or more

scales of aerial photography as the different stages in a multi-stage

sampling scheme. Then at the last stage a double sample could be

done between the photo and field plots. The main objective of multi-

stage sampling is to estimate the population as accurately as a single

stage sample and do it less expensively. This is done by taking

subsampl.es of the primary samples, with the expectation that the

subsamples precisely estimate the sample of which it is a part.



Photography

In most cases, when inventorying any natural resource from

aerial photography, the type of resource and the objective of the

inventory will dictate the optimum time, scale and type of film that

are best for obtaining the most reliable results.

Scale

The importance of scale should be intuitively obvious for identi-

fication of objects on aerial photography. Small scale photography

provides the viewer an overall view of the area, but its use makes it

harder to distinguish and identify small objects. (The closer one is to

an object, generally, the easier it is to identify it. ) Bernstein

(1970), however, found that in going from 1:1, 000 to 1:500 scale

photography, interpreters had a tendency to 'see too much, " that is,

the interpreters were misidentifying objects because of the larger

scale.

Stereo coverage is generally an aid to an interpreter in identify-

ing objects on aerial photography, since he is able to view the image

in three dimensions. But the difficulty of obtaining stereo coverage

irzcreases as the scale becomes larger. There are two principle

reasons for this. One is the cycling time of the camera. If the

camera cannot advance the film fast enough, the next photograph of the

11
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flight line cannot be taken to obtain the stereo coverage required. The

other problem deals with the capabilities of the aircraft used. The

aircraft must be able to fly low enough to obtain the desired scale and

slow enough so there is no image motion on the photograph. Wear

(1973), using a KA-2 military camera mounted in a small, light

aircraft, was able to obtain high quality, large scale color infrared

transpa.rencies. The main reason was the capabilities of the camera

used. The KA-2 camera has a 12-inch lens with a rapidyne shutter

which has a maximum shutter speed of 1/750th of a second. Using

this camera and 2443 Aero Ektachrome film he obtained 1:4, 000 scale

aerial photography and claims to have the capability of obtaining

1:500 scale photography.

Time

The information to be derived from the photography will generally

dictate the time of year the photography is flown, Winter photography

has the advantage of having all the deciduous vegetation without leaves,

and therefore evergreens and the ground are more easily detected.

On the other hand, winter photography has the disadvantage of longer

shadows and there is the possibility of snow covering the vegetation.

The length of the shadows of the seedlings would not be much of a

hinderance when dealing with young coniferous regeneration. The

trees would not be large enough to cast shadows that would obscure
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adjacent trees. In fact, the shadows might be an aid in picking out the

coniferous regeneration.

When inventorying young coniferous vegetation, summer photo-

graphy is not good since many times brush will interfere with the

detection of the young coniferous regeneration. Olson and Good

(1962) concluded that spring and fall photography is better than mid-

summer photography for distinguishing trees and vegetation by their

tonal differences.

Film

There are a number of different types of film available for use

for aerial photography. Each film has its advantages and disadvan-

tages depending on the species composition, cover density, vigor

and objective of the inventory.

It is reported that 200 different tones of gray are discernible

to the human eye but P. Kourtz reports, 'there are only about 14

usable gray shades of film available for human interpreters" (as

cited by Murtha, 1972). This fact reduces the effectiveness of pan-

chromatic film for use in distinguishing different plants and plant

communities on aerial photography (Carneggie, Roberts and Colwell,

1966).

Aerographic infrared (modified infrared) film is sensitive to

longerwave1engths than panchromatic film. A prime reason for
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using modified infrared film is low reflectance of conifers and the

high reflectance of hardwoods. Conifers usually photograph dark

gray to black, while deciduous trees photograph in varying degrees of

white to gray. Unfortunately, young stands of softwoods and hardwoods

and brightly lit conifer tree tips photograph with much the same light

tone (Hegg, 1967).

Aerial Ektachrome (color) film is considered more useful than

panchromatic for distinguishing a wider variety of vegetation because

of the large number of hues available. The true color is more pleas-

ing and natural to the eye. The only difficulty of this film is obtaining

the true color because of the improper exposure, film development or

filter selection (Carneggie, Roberts and Colwell, 1966).

Ekta Aero Infrared (false color) film combines the advantages

of visible and near-infrared bands into one film producing a better

image. The image is sharper because the shorter wavelengths are

cut out, generally by a filter, and the longer wavelengths of the infra-

red portion of the electromagnetic spectrum produce a sharper image.

Shorter wavelengths are scattered by haze and dust producing an

inferior image. Consequently false color film is better than the other

films discussed in identifying and mapping plant communities and soil

types (Carneggie, Roberts and Colwell, 1966), When identifying young

coniferous regeneration there is some difficulty even on Ekta Aero

Infrared film. Because of the high infrared reflection, coniferous
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reproduction can be confused with brush, particularly when the

former is emerging from beneath the latter. Such reproduction is

only distinguished on large scale photography where the tips of the

emerging conifers can be seen. It is this very condition that resulted

in major errors in mapping cover boundaries on high altitude photo-

graphy (Pettinger, 1969).

Sampling

The basic objective of any sampling design is to select from a

population a sample that can be used to describe the original popula-

tion at an acceptable level of precision and at a cost less than that of

complete inventory.

A sampling method which has worked well when sampling

natural resources is probability proportional to size (PPS) sampling.

PPS sampling was first presented by Hansen and Hurwitz (1943).

Selection with PPS means that, on the average, a pri-
mary sampling unit (psu), which is, for example, 5 times as
large as another will be in the sample 5 times as frequently
as the other psu. It might appear at first, that this would
introduce a bias in the sample result with some psus over-
represented and others under-represented- -and it would,
in fact, if no special attention were given to the varying
probabilities in the estimating procedures (Hansen,
Hurwitz and Madow, 1953, p. 342).

An advantage gained by the use of PPS sampling is:

The gains reflect both decreases in the sampling variance
and the elimination of the bias which arises when the
primary units are drawn with equal probabilities (Hansen and
Httrwitz, 1943, p. 352).
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Briefly, PPS sampling is accomplished as follows:

List a quick subjective estimate of the size of each unit in the

population.

Select, based on the probability proportional to size, from the

list the sample units to be more accurately measured.

Make a more precise measurement of the selected sample units

to allow accurate determination of the value being estimated.

The relationship of the predicted and actual value determines

any advantages gained by using PPS sampling.

The potential benefit of selecting samples with PPS
sampling depends on the relationship between each unit's
predicted and actual value, If these two variables are
nearly proportional and highly correlated, the variance of
the estimator becomes very small (Langley, 1971, p. 123).

"Sampling with PPS has found its principal use in surveys

which employ subsampling (Cochran, 1963, p. 251). In some

sampling designs it is more economical to use a sampling technique

known as subsampling, which is sampling from a unit which is itself

a sample. Subsampling is also known by the name of two-stage

sampling because the sample is taken in two steps (Cochran, 1963,

p. 270). This type of sampling can be carried further into any

namber of stages with further subsamples of a previous sample or

subsample with the end result being a multi-stage sampling design.

Thezi if the samples are chosen with PPS sampling, the sampling

design is called a multi-stage PPS sample
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Multi-stage sampling is useful when used in conjunction with

eria1 photography. The population can be photographed with

satellite or high altitude imagery of a small scale and then each

successive stage photographed at a larger scale giving more informa-

ti.or until eventually accurate measurements are taken on the ground

of a very small portion of the original population.

This particular sample design can be used when inven-
toryirig almost any wildland resource including timber,
forage, water and snow, depending upon the resource being
inventoried and its distribution (homogeneous or clustered).
A mosaic can be partitioned into squares of arbitrary size,
perhaps one or two miles on a side. These squares than
become the population from which the primary units are
selected. The resource is delineated on the entire mosaic
and the proportion of each square occupied by it is estimated
by the interpreter. The primary samples are selected with
probability proportional to the prediction with the use of
random numbers (Pettinger etal. , 1969, p. 5-10).

Langley (1969, 1971) used this method to predict the volume of

timber in such large areas as the central Sierra Nevadas of

Ca.lifornia and the Mississippi Valley. He found the method to be

easy to use, operationally efficient and provided for a greater pro-

portion of the work to be carried out in areas of higher value without

biasing estimates.



III. THE STUDY

Location

The study area is located west of the summit of the Coast Range

of Western Oregon from approximately Waldport in the North, to

Coos Bay in the South (Figure 1). The total area of the study is

approximately 382, 380 acres located in a strip 8. 15 miles wide and

73. 35 miles long, with the western edge of the study area five to

seven mites from the Oregon coast.

Description

The area is topographically mature with steep mountain slopes

and sharp ridges. The geologic history is influenced primarily by the

past fluctuating sea level, resulting in vast depositions under marine

conditions. The Tyee formation, largely composed of rhythmically

bedded, tuffaceous and milaceous sandstone, makes up the largest

portion of this area of the Coast Range. During the Pliocene epoch

there were no new depositions with rapid erosion being the principle

activity during this period (Franklin and Dyrness, 1969).

The soils are primarily a result of the geologic history. On

steep, smooth mountain slopes the soil tends to be shallow, stony,

loam textured. Soils derived from the sandstone colluvium occupy

uteven benchy slopes that are unstable. On the broad ridge tops the

soils tend to be deep (Franklin and Dyrness, 1969).

18
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The climate is primarily a maritime one with mild tempera-

tiires, prolonged cloudy periods and muted extremes and little diurnal

fluctuations (6° to 10°C). The precipitation averages from 1, 700 to

3,000 mil,limeters (67 to 118 inches), falling mainly from October to

March with the summer months being relatively dry. However, in

the study area rainfall is not a limiting factor for regeneration

survival, brush competition tends to be the more limiting factor

(Franklin and Dyrness, 1969).

The major tree species of this area are western hemlock

(Tsuga heterophylla Raf. Sarg. ), western red cedar (Thuja plicata

Dorm) and Douglas-fir with the latter being the most predominant.

Hardwoods are not common except on disturbed sites or in special

habitats. When hardwoods do occur red alder (Alnus rubra Bong.

and bigleaf maple (Acer macrophylum Pursh) are the most common.

The major shrub species and lesser vegetation are vine maple (Acer

circiriatum Pursh), swordfern, and Oregon grape (Berberis nervosa

Pursh). On disturbed sites, such as clearcuts, thimbleberry (Rubus

parviflorus Nutt. ), blackberry (Rubus sp. ), red huckleberry

(Vaccinium parvifolium Smith), salal, brackenfern (Pteridium

aquilinum(L.) Kuhn var. pubescens Underw. ), Pacific rhododendron

(Rhododendron macrophyllum D. Don), and salmonberry (Rubus

spectabilis Pursh. ) are found.

20



Photography

Scale

Three scales of aerial photography were used, 1:60, 000,

1:20, 000 and 1:5, 000. The 1:60, 000 scale aerial photography was

made available through the Oregon State University School of Oceario-

graphy. This photography was flown by National Aeronautics and

Space Administration (NASA) in cooperation with their earth resources

space program. Both the 1:20, 000 and 1:5, 000 scale photography

were flown by H. G. Chickeririg, Jr. , Consulting Photogrammetrist,

Inc. of Eugene, Oregon using a Zeiss camera with an 8. 5 inch lens.

The 1:60, 000 scale photography consisted of nine photos which

covered the entire study area without stereo coverage which was not

available. Both the 1:20, 000 and 1:5, 000 scale photography were

flown so that the sample plots were covered by stereo triplets, the

sample plot being covered by the middle photo with the two end

photos for stereo viewing.

Time

The 1:60, 000 scale photography was taken in the summer of

1969. The 1:20, 000 scale photography was flown on August 23, 1971.

The deciduous vegetation was in full leaf, therefore obscuring the

coniferous regeneration in some cas&s. The 1:5, 000 scale photography

21
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was flown on May 1, 1972. At the time of this photography the

deciduous hardwoods were just beginning to leaf out making this

photography much better for identifying the coniferous regeneration.

Unfortunately, the evergreen vegetation (salal, swordferri, Oregon

grape, rhododendron and certain species of blackberry) still created

problems in properly identifying the coniferous regeneration.

Film

All three scales of photography were taken with Ektachrome

IriLrared Aero film, from which transparencies with a 9 x 9 inch

ormat were produced. It was felt that this type of film would be best

or separating the young coniferous regeneration in the clearcuts from

the associated broad leaved vegetation.

Procedure

For each of the nine 1:60, 000 scale transparencies all visible

clearcuts were delineated on frosted acetate overlays. The recent

clearcuts, those that had just been cut or burned (three to four years

old) were classed as new clearcuts and not considered further in the

study - - the reason being that these new clearcuts would have no

regeneration or the seedlings would be so small that they would not be

seen on the aerial photographs. Each of the nine overlays was next

divided into 16 square plots (Figure 2), making a total of 144 plots for
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2, 655 a :re plot

166 acre subplot

Figure 2. Diagram showing how plots and subplots were chosen and
how portions of clearcuts (shaded) were assigned to plots.

the nine photographs, each plot being approximately 2. 04 miles

square or about 2, 655 acres.

Using an electric dot counter with a grid intensity of 100 dots

per square inch, a dot count was obtained for the old clearcuts in

each of the 144 plots. In the instances where a plot subtended a

portion of a clearcut only the portion of the clearcut in that plot was

included. Using the appropriate conversion factor the dot count was

converted to total clearcut acreage for each of the 144 plots.

It was felt that there might be some differences due to ownership

23
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of the amount of regeneration on cutover land. With this possibility

in mind, the 144 plots were stratified into three ownerships, federal,

state and private. Realizing that the ownerships did not follow the

plot boundaries, each plot was put in the stratum that made up the

majority of the ownership for that plot,

Sample plots were chosen using probability proportional to

clearcut area (PPS) with a random start sampling technique for each

of the three strata. Therefore plots with the greatest amount of

clearcut acreage had the higher probability of being chosen and more

acreage with probable regeneration would be sampled. A total of 22

sample plots were chosen from the 144 plots with 15 in the federal-

owned stratum, five in the private-owned stratum and two in the state-

owned stratum.

When the 1:20, 000 photography was obtained the plot boundaries

(2, 04 by 2. 04 miles) were located and delineated on acetate overlays.

The classification of clearcut areas changed in some cases on the

1:20, 000 scale photography as compared to the original delineation of

the same plot on the 1:60, 000 scale photography. The diUerences

were due to missed clearcuts on the 1:60, 000 scale that were too small

to see well or due to incorrect interpretation on the 1:6 0, 000 scale

photography of pastures and other agricultural land as clearcuts.

Using the 1:20, 000 scale photography and a 4. 5 power Old Deift

stereoscope an attempt was made to determine the average number of
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trees per acre and the average crown diameter of the regeneration

for each of the clearcuts on the 22 plots.

Originally it was believed that the above interpretation performed

on the 1:20, 000 scale photography would be used to select the subplots

for the next stage. However, since it was felt that this interpretation

missed much of the smaller regeneration, PPS sampling using clear

cut acreage was used once again to select subplots for the next stage.

Each of the plots at 1:20, 000 scale photography was divided into

16 square subplots (Figure 2) . 51 by . 51 miles or approximately

166 acres. There were a total of 352 plots on the 1:20, 000 scale

photography. These 352 plots were broken down into the three

original strata--32 in the state, 80 in the private and 240 in the

federal stratum. Using the same electric dot counter, the acreage of

clearcuts was then determined for each of the 352 plots, Then using

PPS sampling with a random start, subsamples for each stratum

were chosen. A total of 13 subplots were chosen with two in the state,

three in the private, and eight in the federal stratum. These 13 sub-

plots were then photographed at 1:5, 000 scale.

When the 1:5, 000 scale photography was obtained, the 13 plot

boundaries were marked on overlays and the clearcut areas deline-

ated. As on the 1:20, 000 scale photography, there were some slight

clearcut acreage differences on the 1:5, 000 scale photography due to

misinterpretation on the 1:20, 000 scale.
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A grid was made for the 1:5, 000 scale photography so that each

grid square represented approximately one-fortieth of an acre on the

ground. One-fortieth acre was felt to be the most appropriate size,

a smaller plot would be too small to get good tree counts on the photo

and a larger plot would be too cumbersome in the field. Random

one-fortieth acre plots were chosen so that approximately 100 plots

would fall within the 1:5, 000 scale plot boundaries. A tree count

was made and recorded for each of the one-fortieth acre plots that

fell in a clearcut area, using an Old Delft 4. 5 power stereoscope and

a 7 power monoscope over a light table.

On the 13 plots of the 1:5, 000 scale photography a total of 44

one-fortieth acre plots were chosen to be double sampled on the photos

and on the ground. The criteria for choosing these plots were

accessibility, ease of location on the photos and in the field, a range

of brush types and densities, and a wide range of number of trees per

plot. A tree count was made by two interpreters for each of the 44

plots from the photos. Then the exact same 44 plots were located

in the field and a tree count made. In situations where two or more

trees were growing in a clump only one tree was recorded. On the

photos this would most probably appear as one tree and also at some

tirne in the future it is likely that only one tree would occupy the space.

In the field the tree counts were separated into three height classes,

under two feet, two to six feet, and from six feet to a maximum of
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20 feet. This was done to later determine how small a seedling

could accurately be identified on the aerial photos. Using the photo

and field counts, a regression equation was calculated to correct all

the random one-fortieth acre photo plot counts.

Finally each clearcut on the 1:5, 000 scale photography was

stratified into well, medium, thin and sparse stocking classes as

follows:

Well - 450 trees per acre and over
Medium - 250 to 449 trees per acre
Thin - 150 to 249 trees per acre
Sparse - 0 to 149 trees per acre

This is primarily the way the Oregon State Department of Forestry

classifies its regeneration stocking classes. The only exception is

the sparse stocking class, which in this case was made to include all

areas falling below the minimum requirements set by the section on

regeneration of the Oregon Forest Practices Act of 1972 for the region

in which the study area is located.

The clearcuts were stratified by first computing the acres of

clearcuts in each of the three stratum (state, federal, and large

private). Then the proportion of the random one-fortieth acre plots

that fell in a particular stocking class were used to calculate the pro-

portion of the total clearcut acreage by ownership in each of the stock-

ing classes.



28

The total clearcut acreage for each of the three ownership

strata was expanded for the study area. Adjustments were then made

(Appendix III) for the misinterpretation of ownerships and also for the

addition of another ownership, small private. The small, private

ciassification was added because it was felt the regeneration on this

ownership was significantly inferior to the original three ownerships

and the results should reflect this. At the same time the adjustments

were made for ownerships, the acreage of each of the stocking classes

in the ownerships was computed.

Analysis

Tree Count

Upon analysis of the tree counts for the 44 one-fortieth acre,

dovble sampled plots, there appeared to be a direct relationship

between the field and photo tree counts. For any given plot when the

field count was low the photo count was low and when the field count

was high the photo count was also high. However, plots with very

high field counts appeared to be undercounted on the photo. Therefore

a second degree equation was used in a stepwise regression program

using the photo tree count and the photo tree count squared as the two

independent variables. The squared term of this equation turned out

to be nonsignificant and the linear model was used to adjust the photo



tree counts. The photo counts were converted to trees per acre by

multiplying by 40.

Area

Because the acreage of clearcuts was adjusted at each scale of

photography, an adjusted total acreage of clearcuts had to be calculated

for each stratum. This new total acreage of clearcuts had to be

calculated taking into account the fact that the samples were chosen

by PPS for two stages.

Langley (1971) used a single formula that can be used for cal-

culating total area for any number of stages and with variable

probability. This formula for calculating area for two stages with

variable probability is:

where,

a..
1.3

Pu

C..
1.3

n.
1

Pu

mA= -
rn i=l

ri.

j=1 Pij

acres clearcut on th 1:5, 000 scale plot

thprobability of selecting ij plot: c..
13

predicted acres of clearcuts of th
plot on 1:20, 000 scale photography

number of plots in uth 1:20, 000 scale plot

probability of selecting th plot:
M

c / c.
' i=1

/
j=1
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= predicted acres of clearcuts of plot on 1:20, 000
scale photography

m = number of plots chosen from 1:60, 000 scale photography

Using this formula the total acres of clearcuts were calculated

for each stratum.

These totals were corrected to adjust for the way the 144 plots

on the 1:60, 000 scale photography were stratified into the three

ownerships. As previously mentioned, a plot was assigned to the

stratum which constituted the largest portion of that plot. Therefore,

a plot may have been assigned to the federal stratum but still have

included some land that was in state ownership. Also adjustments

had to be made for allocation of the additional ownerships, small

private. Finally, each ownership was further subdivided into four

stocking classes, well, medium, thin and sparse. The proportion of

each of the stocking classes in each of the ownerships was calculated

and multiplied by the adjusted total clearcut acreage (see Appendix

III for sample calculations).
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IV. RESULTS AND CONCLUSIONS

Area Analysis

The study area had a total area of approximately 382, 380

acres. Considering clearcuts 3 to 20 years old, there are 67, 989

acres or 17. 8 percent in this category. It is interesting to note that

this is approximately a one percent cut per year.

The total adjusted clearcut acreage for each of the ownerships

and each of the stocking classes within the ownerships is shown in

Table 2. Examination of the clearcut acreage breakdown and the

percentages of Table 2 points out some interesting results. The

total clearcut acreage by ownership would, of course, depend a great

deal on where the study area was located and the totals show that

there is a reasonable equal distribution between the large private,

state and federal ownerships. The small private ownership, however,

makes up a significantly greater proportion of the clearcut acreage

than any of the other three ownerships. At first this fact appeared

to be unrealistic, that this ownership should have more area than

any of the other three in clearcuts. Each of the other ownerships

has a greater total land area within the study area. However, in this

study only the clearcut area is being considered. Even though there

is a smaller proportion of the total area in small private ownership,

a high percentage of this land has been cut over--a significantly
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Ta.ble 2. Total number of acres of clearcuts, their percentages and
average number of trees per acre by ownership and
stocking class.

Stocking % of % of Average no.
Owners hip A c r e sclass total ownership trees /acre
Federal Well 3,053 4. 5 19. 8 591

Medium 4, 460 6. 5 28. 8 344
Thin 2,699 4.0 17.5 198
Sparse 5, 235 7. 7 33. 9 82

Total 15, 447 22. 7 100. 0

State Well 1, 401 2. 1 8. 5 478
Medium 5, 827 8. 6 35. 6 253
Thin 4, 929 7. 2 30. 1 193
Sparse 4, 229 6. 2 25. 8 78

Total 16, 392 24. 1 100. 0

Large Well 1, 707 2. 5 10. 7 592
private Medium 2, 080 3. 1 13. 1 301

Thin 3, 399 5. 0 21. 4 206
Sparse 8, 696 12, 8 54. 7 75

Total 15, 882 23. 4 100. 0

Small Well 0 0. 0 0. 0 0

private Medium 381 0. 6 1. 9 326
Thin 1, 380 2. 0 6. 8 191
Sparse 18, 507 27. 2 91. 3 74

Total 20, 268 29. 8 100. 0

Total. 67, 989 100. 0



higher percentage than has been cut over on the three other owner-

ships.

A look at the percentage in each of the stocking classes, by

ownership, is the easiest way to compare the stocking between owner-

ships. The most striking result is the amount of small private land

that falls in the sparse stocking class, 91. 3 percent. This is a

significantly large amount of cut over land that does not meet the

minimum requirements of the Oregon Forest Practices Act of 1972--

150 trees per acre in the northwest region or 100 trees per acre in the

southwest region. The data indicate that little or no reforestation

efforts have been attempted on this category of land. Based on field

observation, most of the regeneration that is present appears to be

natural. This amounts to 18, 507 acres (27. 2 percent) of the clearcut

land wlthin the study area that need reforestation. It is on this land

that an increased effort should be made to establish and maintain a

productive forest. It is in some ways unfortunate that the Oregon

Forest Practices Act does not affect holdings of less than 11 acres,

since in many cases these are the size of units that make up the land

that falls in the lower stocking classes.

On examination of the other three ownerships, there seems to be

a large portion of the clearcut land that falls in the sparse stocking

class (less than 150 trees per acre). Because of the sampling scheme

thesparsely stocked portion of an otherwise adequately stocked
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clearcut is included in the sparse stocking totals. These areas

would include clearcut edges, gullies, stream bottoms and other

areas of poor reproduction.

Even for the type of ownership where it is known that there is a

definite regeneration effort there is still a significant amount of cut

over land that still does not meet the minimum requirements. It is

true that a percentage of this uriderstocked land may never have or

ever will maintain coniferous regeneration. Deep ravine bottoms

arid stream channels were probably covered by alder or some other

brush species before the area was clearcut and will retain the same

vegetative cover. Even when allowance is made for these areas,

there is still a significant portion of clearcut land that is not being

fully utilized.

The public agencies (federal and state) appear to do a

better job of reforesting the total cut over land. Photo analysis and

ground inspection of the plots of the different ownerships gave evi-

dence that the public agencies put forth a greater effort in planting

and brush control than do the large private land ownerships. This is

partially substantiated by the results which show the large private

lands have a higher proportion of their lands in poorer stocking

classes.

The federal lands which have adequate stocking tend to be

heavily stocked with approximately 50 percent of the cut over land
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averaging Z50 or more trees per acre, On state lands the adequately

stocked areas are primarily in the thin and medium stocking classes,

while the large private lands with adequate stocking tend to be more

in the thin stocking class. These relationships may indicate the

stocking objectives of each of these ownership classes. It may be

that the philosophies of each differ as to the desired stocking levels.

On federal land the policy appears to lean toward high stocking levels,

on large private lands the policy seems to be to have just sufficient

stocking levels and the state-owned land is somewhere between.

Actually, the economically optimum level of stocking has not

been scientifically determined. This optimum may fall in the thin

category (for other than natural reproduction), if well distributed.

Table 3 shows the percent standard error of the total acreage

for the three original ownership strata. These are the percent

standard errors due to the "blow-up" methods using the multi-stage

sampling formula. The standard errors are within reasonable limits

except for the private stratum. This high percent standard error is

partially explained by the small sample size. But the principle

reason for such a high error was a gross error in the classification

on clearcuts on the 1:60, 000 scale photography for one plot. When

the same plot was examined on the l:Z0, 000 scale photography it was

discovered that a large amount of agricultural pasture land had been
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classed as clearcut on the 1:60, 000 scale photography and had to be

reclassified on the 1:20, 000 scale photography.

Table 3. Percent standard error of acreage.

Table 3 also shows the percent standard error (column 4) due to

adjusting the total acres (see Appendix IV for calculation procedure).

These adjustments were due to the addition of the small private

ownership and for the manner in which the stratification was done on

the 1:60, 000 scale photography for the original three ownerships,

where land of one ownership could be put in another ownership stratum

because of the way the plots were subdivided.

The results of this study give some indication of the reforesta-

tion efforts for approximately the past 20 years. A major conclusion

already stressed is the lack of reforestation programs on small private

lands. However, there is room for improvement on all types of

ownership. This study shows that, of the clearcut areas sampled,

approximately 50 percent (mostly in small private ownership) should

have higher stocking levels to conform to the Oregon Forest Practices

Act.

Area estimates % Standard errorOwnership Unadjusted Adjusted Unadjusted Adjusted
(acres) (acres) area area

Federal 26, 573. 2 15, 447 4. 05 4. 47

State 14, 790, 5 16, 392 10. 74 5. 67

Private 26, 625. 3 15, 882 35. 5 12. 69
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Since this land in the study area had been cut before the

enactment of the Forest Practices Act, the new act does not affect it,

This study may be timely and used as an indicator of reforestation

before the implementation of the Forest Practices Act, A similar

study in the future that considers only those clearcuts made following

the implementation of the Forest Practices Act would give an indica-

tion of the effect of the act,

Tree Count Analysis

Table 4 shows the linear regression equations for the 44 double

sampled tree count plots. As the table shows, there are three equa-

tions for both interpreters. The three equations are for the total

photo tree counts against the field tree counts for the three height

designations--six feet and over, two feet and over, and total field

tree count.

From the equations and the graphs of the equations (see

Appendix VI), conclusions may be made as to the height of tree that

can be identified on the photography used. For the six foot and over

height class both interpreters overcourited the trees on the photo.

The overcounts could be accounted for in two ways --either the

interpreters were counting vegetation other than coniferous regenera-

tion or they were seeing trees less than six feet in height. Further

examination of the relation of photo and field tree counts of specific



Over 6 ft.
Over 2 ft.

Total

Interpreter No. 2

1

Table 4, JRegression equations, correlation coefficients arid standard deviations of
double sampled tree count plots.

Height class

Interpreter No.

Regression equation Correlation
coefficient

Standard
deviation

y -0. 046 + 0. 850 (x) 683 3. 344
y 1. 374 + 1. 143 (x) 826 2.897
y 1. 832 + 1. 265 (x) 831 3. 120

Over 6 ft. y ± 1. 010 (x) 030
Over 2 ft. y ± 1. 047 (x) 703

Total y ± 1. 231 (x) 729Lf'LT9O z
1769

OLczo-
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plots gives more evidence that the interpreters were identifying

trees less than six feet in height.

Examination of the regression equations for the other two height

classes shows that both interpreters undercounted. Since the tree

count was low for the two foot and over height class, this might lead

one to assume that the height of tree that can be accurately and

consistently identified, on this particular photography, is between

two and six feet. As would be expected and as shown by the regres-

sion equations, the shorter the tree included in the field tree count,

the more the photo tree counts are under the field counts. This is

shown in the regression equations by the increased intercept and

slope change with the different height classes.

The above relationships can also be seen in Table 5 which shows

the total and average unadjusted tree counts for each of the field

height classes for both interpreters. The average field count for

trees six feet and over is less than the average photo tree count for

either interpreter. (But for the other two height classes, the average

field count is more than both photo tree counts. ) This reaffirms the

earlier statement that for the photography used, most of the trees

six feet and over can be identified. Trees less than six feet were not

identified accurately or consistently as shown by the lower photo

counts when the shorter trees were included in the field counts.
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Table 5. Total arid average unadjusted tree counts of double
sampled plots.

Field tree count Photo tree count
Over Over Interpreter InterpreterTotal6 ft. 2 ft. no. 1 no. 2

The correlation coefficients and standard deviations for the 44

double sampled tree count plots are shown in Table 4 for all three

height classes and for both interpreters. It was expected that the

best correlation and greatest precision would be obtained between the

photo tree count and the field tree count for trees two feet and over.

Part of the basis for this has already been discussed. It is believed

that the shortest tree that can be accurately and consistently identified

is between two and six feet tall for the photography used; therefore, it

seems fair to conclude that the best correlation coefficient for

regression would be for the same height class. This was true for the

one interpreter but completely the reverse for the second. In fact,

there is no relationship of correlation coefficients and the standard

deviations between the two interpeters.

Since the total number of coniferous trees was of concern for

determining regeneration, this was the regression equation used to

esUmate total regeneration. Using the linear regression equation for

the first interpreter, the adjusted total number of trees for the random

Total 186 319 368 227 225

Average 4. 23 7. 25 8. 36 5. 16 5. 11
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one-fortieth acre plots was calculated. These random plots were

later used to calculate the acreage of each stocking class.

For this study double sampling with regression exploits the

fact that there is a relationship between tree counts on the ground,

which are the most expensive, but most accurate, and tree counts on

the photos, which are less accurate but cheaper. Therefore, it seems

apparent that to use both, the accurate field information with the

information from the many less expensive photo plots would be an

efftcient method of sampling. The efficiency is dependent on two

main variables, the cost ratio of field and photo plots and degree of

correlation between the field and photo measured plots.

Double sampling for this study was found to be less efficient

than a simple field survey. This is just considering the clearcuts

on the 1:5, 000 scale photography and not the clearcut acreage for

the entire study area. The efficiency was determined using the best

correlation coefficient, . 831, a calculated photo plot cost of 85 cents

per acre, and U. S. Forest Service figures for field costs, $1. 75

per acre (see Appendix V for calculations). It should be pointed out,

however, that the U.S. Forest Service field cost was for 4-milacre

plots which are slightly cheaper than the one-fortieth acre plots we

used. Even with the most optimistic cost figures, a correlation

coefficient of . 90 (see Appendix V for calculations) or better would be

required to achieve the same efficiency as a ground survey.
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The principle reason for the relatively low efficiency of the

double sampling method is the relatively low field to photo plot cost

ratio. The photo plot cost is high, primarily because of the high cost

of the specialized photography. The required photography for a

regeneration survey has specific requirements that general resource

photography does not meet. The photography must be taken at certain

times of the year, using color or color infrared film and at a scale

that is larger than required in most natural resource photography. If

another use could be made of this photography and thus this other use

absorbsome of the photography acquisition costs then this method

would be more efficient since the photo interpretation costs were low

compared to the field plot costs.

The use of aerial photography can provide some information that

is not availab&e or not easily available from a standard ground survey.

Aerial photography gives an overview of the survey area and shows the

distribution pattern of the regeneration. This is valuable in deter-

mining areas that need additional regeneration efforts.

As Bernstein (1970) stated and with evidence from this study,

double sampling with regression of regeneration in single clearcuts

or plantations is less efficient than a standard ground cruise. In

fact, even for extensive areas, double sampling does not appear to be

efficient because of the high cost of the special photography. But

oub&e sampling with regression in conjunction with a multi-stage
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sampling scheme may prove to be an efficient method for inventorying

large areas such as an entire national forest, For example, this

study included 67, 989 acres of clearcuts with a total cost of about

$2, 875. 00 or 4. 2 cents per acre. This was merely an inventory

which indicated the acres of regeneration in the various stocking

classes designated and is useful for people concerned with making

policy and management decisions. Such an inventory, however, would

not pinpoint the areas that need additional regeneration, except for

few areas covered by the 1:5, 000 photography.

.t the present time, aerial photography can provide useful

information for the forest manager. Aerial photography can be used

to map coniferous regeneration into definitely well stocked, definitely

understocked and questionable areas. The definitely stocked areas

need no attention, the definitely uriderstocked areas need additional

reforestation, and the questionable areas need field examination.

This is the type of information that is of value to the field forester.

This type of information could also be useful in other ways. Aerial

photographs of advanced reproduction (15 to 20 years old) would be

helpful to find areas in need of pre-commercial thinning.

--"Includes the cost of photography, photo interpretation, field mea-
surements and computer time but not the cost which would be
classified as research.



V. DISCUSSION AND RECOMMENDATIONS

natural resource is examined on aerial photo-

number of factors that affect the interpreters

and accurately examine arid analyze that which is

This is particularly true where the natural
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Whenever any

graphy, there are a

ability to thoroughly

being i,nterpreted.

resource j.s young coniferous regeneration. Some of the factors that

affect the interpreters ability to identify the coniferous regeneration

have been mentioned.

The scale of the photography will greatly affect the ability to

detect objects on the aerial photographs. Figures 3 and 4 show the effect

of the three scales of photography used. The same area is shown on

all three scales of photography. The 1:60, 000 scale photograph

(Figure 3a) merely gives an overview of the size and number of clear-

cuts but no reproduction can be distinguished. In Figure 3b, the

l;20, 000 scale photography, some reproduction, at least some of the

larger trees, can be detected. However, in Figure 4, the largest

scale photography used in this study, the greatest amount of detail is

shown and it is the best for identifying regeneration. The fact that the

1:5, 000 scale photography can be viewed in stereo (Figure 4) demon-

strates that stereo viewing is beneficial for photo interpretation.

Along with scale, the size of the object being interpreted on

aerial photography is important to the identification of objects on



(a) 1:60, 000 scale

(b) 1:20, 000 scale

Fi.gure 3. Example of the same area for two of the scales of
photography used.
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Figure 4. Stereogram of the same area shown in Figure 3 but at a
scale of 1:5,000.
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Figure 5. Eight- to 10-foot-high Douglas-fir regeneration.

Figure 6. Four- to 5-foot-high Douglas-fir regeneration.
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pinkish-red tone. For younger coniferous vegetation the contrast in

tone is less than with the mature conifers, The younger the coniferous

vegetation, the lighter the red tone appears. That is, the younger the

coniferous vegetation, the closer the tone is to that of the broadleaf

vegetation.

With most public and private agencies interested in establishing

a new forest on recently cut over land, many of these lands are being

hand planted. This hand planting produces a signature (clue) that

makes it easier for a photo interpreter to locate, identify and count

regeneration. This signature is the planting rows which show up

quite well on aerial photography (Figure 4). The planting row signa-

ture is not a sure thing, however, and must be used with caution.

There are instances where other vegetation may appear in rows and

lead to errors in identification of coniferous seedlings.

Figure 8 shows a clearcut with both young Douglas-fir and

swordfern. When viewed on the aerial photography the swordfern,

an evergreen, appeared to be in planting rows with the Douglas-fir.

This almost led to a large overcount for this area. But upon close

examination and comparison with other areas, it was noted that some

of what appeared to be Douglas-fir seedlings had a somewhat different

tone, a more orange-brownish tone, Later field examination revealed

that those images with an orange-brownish tone were swordfern and

appeared in rows when viewed from a distance. This tone was a result



Figure 8. Ground truth of Douglas-fir reproduction and
swordfern together.
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of the previous years leaves (fronds) which were dead, brown, and

flattened on the ground underneath the live green plant. So in this

case another signature, that of tonal differences, helped prevent

making a gross error of overcounting the coniferous regeneration.

Probably the most critical factor in identifying coniferous

regeneration from aerial photography is the presence of associated

species, including type, amount. and size, These associated species

may partially or fully obscure the coniferous reroduction.

If the photography is flown at the right time of the year, some,

but not all, of the problems can be eliminated. If the photography is

flown at the time of the year when the deciduous species are, without

leaves and before such species as bracken fern sprout, then the brush

will not interfere. The 1:20, 000 scale photography used was taken

in August so naturally the brush hid the smaller regeneration. The

1:5,000 scale photography was flown on May 1; even this was not as

early as desired but weather conditions prevented an earlier flight.

The bracken fern, thimbleberry, salmonberry and blackberry had

not yet leafed out. Ground truths later in the summer revealed that

much of the regeneration would have been masked by the above

vegetation. Some of the other deciduous hardwoods such as red alder

and vine maple had just started to leaf out and in some cases had

enough density to mask seedlings underneath.

Slope and particularly aspect greatly affect the amount and type
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of vegetation present and therefore indirectly affect the ability to

identify coniferous reproduction. Since the study area was on the

west side of the summit of the Coast Range and close to the coast,

moisture is more than sufficient for growth and thus increases the

competition from brush. Most clearcuts are burned before planting

to remove debris and reduce the brush competition factor. As a rule,

the best and hottest burns are on the south slopes, since the debris

there is drier. The better burn reduces the brush problem. It was

generally noted when doing the photo interpretation that this fact held

and that, when or if coniferous reproduction was present on north

aspects, it was more difficult or impossible to see.

Brush density and height are critical factors, if not the most

critical, in identifying and counting the coniferous seedlings. If the

brush is low, sparse and there is a contrasting backgro'ind, the

regeneration has a better chance of being distinguished than if the

reverse is true. This is the conclusion that Bernstein (1970) reached

in plantations in the Rogue River National Forest in Oregon. He was

able to get good correlation between photo and field tree counts when

the brush was sparse but not as good a correlation when the brush

was heavy.

In situations where the brush is heavier, the height of the

regenerati,on is important. In Figure 9 the brush is heavy, but the

tips of the Douglas-fir regeneration show through thebrtsh enough



Figure 9. Douglas -fir reproduction em erging above brush.

Figure 10. Douglas-fir seedling obscured by brash,
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to be distinguished on the aerial photography. However the Douglas-

fir seedling inFigure 10 would be hard to distinguish since its height is

barely equal to that of the associated brush.

In some cases, the height of the seedling may not be as

important as its crown diameter. It is important that the seedling

have enough mass to reflect sufficient energy to be clearly seen on

the photography. Therefore, a 4-foot-high hemlock may not be as

easily identified as a 2.-foot, broad crowned Douglas-fir.

The species of the associated brush is also important,

especially its reflective characteristics when using color infrared

photography. Most of the deciduous hardwoods reflect light on color

inraredfilm in some pinkish color. However, some of the evergreen

shrubs such as huckleberry and rhododendron show up on color infra-

red film very close to the same tone as young coniferous regenera-

tion. This may cause errors when counting young conifers when they

are mixed with certain species.

When doing any aerial photo interpretation there are certain

signatures and criteria that are useful in evaluating the photography

and the information on the photography. Each of the signatures and

criteria must be realized, understood and used properly to make full

use of the information contained on the photography.



VI. SUMMARY

Successful regeneration of clearcuts is basic to any good forest

management plan. To assess the status of regeneration it must be

examined in some sort of survey as inexpensively, quickly and

accurately as possible. Aerial photography would seem, at first, to

meet these criteria. In fact, the use of aerial photography has been

investigated for use in surveying regeneration. But aerial photography

alone has not proven to be as accurate as ground surveys for tree

counts, nor has it been inexpensive. The high expense is due to the

specialized photography necessary to get satisfactory results and

also to the great number of large scale photographs required to cover

an extensive area.

This study was designed to investigate the use of a multi-stage

with probability proportional to size (PPS) sampling design to sample

coniferous regeneration on clearcuts. With different scales of aerial

photography a multi-stage sampling design, picking PPS samples,

and using double sampling with regression in the last stage (field

checked photo plots), a large land area was inventoried using three

scales (1:60,000, 1:20,000 and 1:5,000) of color infrared positive

transparencies. The small scale 1:60, 000 photography covered the

entire study area of 382, 380 acres. Using PPS sampling, samples

were selected for photographing at 1:20, 000 and by the same
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procedure subsamples were chosen and photographed at the 1:5, 000

scale. Finally, double sampling with regression was done for tree

counts between plots on the large scale photography (1:5, 000) and the

ground. The correlation coefficients between photo and ground

measured plots were . 831 and . 747 for two experienced photo inter-

pr e te r s.

From this study it was reaffirmed that direct tree counts from

aerial photography are not accurate. Double sampling with regression

for tree counts for single clearcuts or small areas is not as feasible

as a standard ground survey. This is due mainly to the high cost of

specialized photography (large scale color or color infrared)

required. If part of the cost of the photography can be partially

absorbed by some other use, then double sampling with regression for

tree counts on small areas would be feasible, However, even when

considering high photography costs, double sampling with regression

in conjunction with multi-stage sampling appears to have some

practicality when an extensive area is involved. With this technique,

an extensive area can be inventoried for regeneration accurately and

less expensively than if the same area were inventoried on the ground.

For this study the total cost of photography, interpretation and field

work was $Z, 875, 00 for the 67, 989 acres of clearcuts or 4. 2 cents

per acre. Such an inventory would not be very useful to the forest

manager who wants to know exactly where the areas are that need
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additional reforestation efforts. But such results would be very

beneficial to the management personnel who are making policy

decisions that affect overall management objectives.

Large scale aerial photography does have some prospective

uses for the forest manager concerned with regeneration management.

Regeneration areas can be mapped on aerial photos into fully stocked,

understocked, or questionable areas, thus reducing some of his field

work arid at the same time provide him with a permanent record of the

area. Aerial photos might also be useful when working with advanced

reproduction to evaluate and plan precommercial thinnings.

The study area was stratified into ownerships (federal, state

and large private, with small private added later). Estimates of

the number of acres for the stocking classes (well, medium, thin and

sparse) within the ownership classes were made. These percent

estimates are shown in Table 6.

Table 6. Percent of total clearcut acres by stocking and ownership
clas ses.

aThS includes some land on which it is not necessarily desirable or
possible to have coniferous regeneration, i. e., stream bottoms k

Ownership Stocking class
TotalWell Medium Thin Sparsea

Federal 4. 5 6. 5 4. 0 7. 7 22. 7
State 2. 1 8. 6 7. 2 6. 2 24. 1
Large

private 2. 5 3. 1 5. 0 12. 8 23. 4
Small

private 0 0.6 2.0 27.2 29. 8

Total 9. 1 18. 8 18. 2 53. 9 100. 0
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APPENDIX I

FIELD AND PHOTO TREE COUNTS

61

P1st
Field Photo

Less than
2 ft.

2-6
ft.

Over
6 ft.

Over
2 ft. Total Interp. Iriterp.

No. 1 No. 2

2 - IA
1 1 10 0 10 11 7 4
2 0 0 0 0 0 1 0

3 1 1 1 2 3 2 1

4 2 0 0 0 2 1 1

5 0 3 6 9 9 6 5

4-1
1 4 6 0 6 10 8 3

2 4 8 0 8 12 8 8

3 0 9 0 9 9 4 6

4 0 7 0 7 7 7 6
5 0 2 0 2 2 0 0

6 2 6 0 6 8 4 4

5-1
1 0 16 2 18 18 11 6

2 0 16 2 18 18 7 2

3 0 5 0 5 5 0 2

4 0 3 0 3 3 0 2

5 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0

10-2
0 6 8 14 14 12 8

2 6 2 12 14 20 12 13

3 2 4 7 11 13 8 10

4 6 7 4 11 17 6 6

5 1 1 5 6 7 5 6

6 0 2 8 10 10 8 8

7 2 2 11 13 15 10 9



Appendix I. (Continued)
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Plot
Field Photo

Less than
2 ft.

2-6
ft.

Over
6 ft.

Over
2 ft.

Total Interp. Interp.
No. 1 No. 2

il-i
1 1 0 14 14 15 12 10

2 0 0 13 13 13 12 12

11-2
1 0 i 5 6 6 6 6

2 2 1 8 9 11 6 8

3 1 1 7 8 9 6 9

4 3 1 8 9 12 6 9

5 4 3 4 7 11 4 9

6 1 2 6 8 9 8 7

16-2
1 0 0 4 4 4 3 4
2 1 3 6 9 10 3 4

3 0 1 5 6 6 6 6

4 0 0 6 6 6 2 5

5 0 0 19 19 19 8 7

6 1 0 5 5 6 4 4

19-i
1 0 3 3 6 6 2 4

2 2 0 2 2 4 1 3

3 1 0 1 1 2 5 2

4 0 1 2 3 3 3 2

5 0 0 1 1 1 2 2

6 1 0 1 1 2 1 2



APPENDIX II

ACREAGE BY OWNERSHIP AND STOCKING CLASS BEFORE ADJUSTMENTS

1:5, 000 ScaLe photography

0. Small private Large private State Federal

413.0 164.0 184.0 346.0

S

a
C
5
o

0

-

a

a
00

o-
H

a

0
C

a
H

a

a a

0

a
C

H

a,

a a

0

a
C

H

a

a a

0
,- C
a

H

a

Private

State

Federal

Totals

26,

14,

26,

67,

625. 3

790. 5

573. 2

989.0 1,

275.0

180. 0

652. 0

107.0

0

0

0

0

0 0

0

0 7. 5

83.0

9. 3 18. 7

330.0

9. 3 26.2

0

75.

302.

377.

5

0

5

17.

0

0

17.

6

6

21. 5

164.

0

0

0

0

21.5

35.

0

0

0

35.

1

1

89.

0

0

89.

8

8

2. 7

13. 9

0

16.6

36.

27.

0

64.

7 31. 3

87. 0

7 23. 1

97.0

0

0

4 54.4

16.

32.

0

48.

3

3

6

2.

0

68.

71.

7

5

2

13. 3 5.

24. 0

0 0

0

77. 7 53.

322.0

91.0 59.

3

7

0

2. 7

0

122. 1

124. 8



EXAMPLE:

1. Probability of medium stocked federal land:

13. 31126, 625. 31 [ 0 ][14, 790. si [ 77. 7{26, 573.2
[275. Oft67, 989. oJ + L180. oJ[67, 989. oJ + L652. oJL67, 989.0

= 0. 0656

!1Data taken from Appendix II.

APPENDIX III

SAMPLE CALCULATIONS FOR READJUSTING ACREAGE

R
5) ri

i= 1

n

E
i= 1

64

Total Total
1:5, 000
Federal 1:5, 000 Small

adjus ted 1:5, 000 medium private
Original acres I photo acrys/ stocked thin stocked
ownerships s tratum! stratum acresJ-! acres-Li"

Private 26, 625. 3 275. 0 13. 3 0

State 14, 790. 5 180. 0 0 7. 5

Federal 26,573.2 652. 0 77. 7 18. 7

Total 67, 989. 0 1, 107.0 91.0 26. 2

S =

S =

R =

where:

n = number of strata
clearcut acres of stocking class within strata in sample
total clearcut acres in strata for sample
total number of clearcut acres in strata for study area

ER = total number of clearcut acres in study area
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Acres of medium stocked federal land in study area (probability
x total acres):

(0. 0656) x (67, 989. 0) 4, 460 Acres

Probability of thin stocked small private land:

1 0 1rz6, 6Z5. 31 1 7. 1 [14, 790. 5 18. 71r26, 573.21
[275. ojL67, 989. 0] + L180. 01167, 989. oJ + 1652 oj [67, 989. oj

= 0. 0203

Acres of thin stocked small private land in study area:
(0. 0203) x (67, 989. 0) = 1, 380 Acres



APPENDIX IV

STANDARD ERROR CALCULATIONS

Standard error due to 'blow-up method:
Federal and Private stratum:

where:

n = number of plots chosen from
photography for stratum

= number of plots chosen from
photography for stratum

= probability of selecting th plot

= probability of selecting uth plot

V(Y) = ()
n

i=1

n(n - 1)

Standard error due to adjustment:

A EP

P (1-P
S. S.

1

1 n
1

r -%

fl i(y../p..) - y,j
n.(n. - 1)j=l 1 1

1:60, 000 scale

1:20, 000 scale

PiPs
+

1

- (P.P
N

where:

A = total clearcut acres
= proportion each statum is of total clearcut area

66

/ n
V(Y)=

i= 1

State stratum:

= estimated number of clearcut acres of plot of stratum

'ij
= estimated number of clearcut acres of th plot of stratum

Y = total number of clearcut acres for stratum

pi

Pu
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= proportion of stratum that was classed in the stratum and
i. was actually in the stratum on 1:5, 000 scale photography

= number acres in stratum on 1:5, 000 scale (unadjusted)

N = total population- - in this case the total clearcut acres



efficiency

cost of field plot
cost of photo plot

correlation coefficient
therefore:

1 =

APPENDIX V

EFFICIENCY AND REQUIRED CORRELATION
COEFFICIENT CALCULATIONS

(c Ic
f p

[,J
2 2(lr ) (c Ic ) + rifp

E
(1.75/.85)

[ (1 .832) (1. 75/. 85) + .8312

E = .77

Using the same formula, the same cost figures and an efficiency
of one (that is the double sampling is just as efficient as a ground
cruise) and solving for the correlation coefficient (r), a figure of
approximately . 90 is calculated. Therefore, for double sampling
to be more efficient a. correlation coefficient of greater than . 90

would be needed.

(1. 75/. 85)

{
(1r2) (1. 75/. 85) r]

r . 90

68

where:

E =

Cf =

c =

r =
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Appendix Figure 1. Graph showing relationship of total tree count on
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