RN RITEYER Yy

Alken,S.G., P.R. Newroth, and I. Wile. 1979. The Biology
of Canadian Weeds. 34. Myriophyllum spicatum L.
Canadian J. Plant Science 59:201-215.

Perguson,E.L., Jorde, and J.J. Sease. 1981. Use of 35mm
color aerial photography to acquire mallard sex ratio
data. Photogrammetric Engineering and Remote Sensing.
vol 47. no.6. June 1981. pp. 823-827.

Hardt, F.W., G. Hodgson and G.F. Mikol. 1983. Draft
manuscript. Saratoga Lake diagnostic-feasibility study
and management plan. September 1983.

Heinen, Joel T. and R. Mead. 1981. Inventory of wildlife
habitat from color aerial photography for Cobb Island,
virginia. In: Proceedings of the Eighth Biennial
workshop on Color Aerial Photography in the Plant
sci.en;:eli Amer. Soc. Photogrammetry. Falls Church, VA.
PpP. 39-44.

Martin, et al. 1951. American wildlife and plants. Dover
Publications. New York.

Mead, R.A. and P.T. Gammon. 1981. Mapping wetlands using
orthophotoquads and 35mm aerial photographs.
Photogrammetric Engineering and Remote Sensing. Vol.
47. no. 5. May 1981. pp. 649-652.

Meyer, M. and P. Grumstrup. 1978. Operating manual for
the Montana 35mm aerial photography system. 2nd
revision. IAFHERSL Research report 78-1. University of
Minnesota.

Meyer, M., N. Miller and R. Hackett. 1981. Application of
35mm aerial photography to forest land use change
analysis in the Upper Peninsula of Michigan. IAFHERSL
Research Report 81-2. University of Minnesota.

Spencer, R.D. 1978. Map intensification from small format
aerial photography. Photogrammetric Engineering and
Remote Sensing. Vol 44. no.6. June 1978.
pp 697-707.

This file was created by scanning the printed publication.
Errors identified by the software have been corrected;
however, some errors may remain.

PRELININARY RESULTS FRON A METHOD TO UPDATE
TIMBER RESOURCE STATISTICS IN NORTH CAROLINA

By
Glenn P. Catts »
Noel D. Cost s |
Raymond L. Czaplewski »
Paul W. Snook %

Proposed Outlet: 11th Biennial Workshop of Color Aerial Photography
in the Plant Sciences, April 27-May 1, 1987.

1
s Members of the Multiresource Inventory Techniques Project, Rocky
Mountain Forest and Range Experiment Station, USDA Forest Service,
Fort Collins, 0D 80526 ’

s Member of the Southeastern Forest Inventory Analysis Unit,
Southeastern Forest Experiment Statidn, USDA Forest Service,
Asheville, NC .

BIOGRAPHICAL SKETCH -

The principal author began his higher education as a physical
geographer. Contact with graduate faculty engaged in remote sensing
and years of work experience in custom photofinishing, led to a
career choice involved in the itoring of natural resources.
Following a graduate degree in Forestry, the author began working for
the Multiresource Inventory Techniques Project of the USDA Forest
Service, with wpo- he 18 currently employed.

[ ABS‘TRACT

t
Forest Inventory and Analysis units of the USDA Forest Service
produce timber resource statistics every 8 to 10 years. MNidcycle
surveys are often performed to update inventory estimates. This ,
requires timely identification of forest lands. There are several
kinds of remotely sepsed data that are suitable for this purpose.
Medium scale color infrared aerial photography has the spatial
resolution necessary to locate and identify forest lands undergoing
transition. This study examines the land cover and timber resource
acreage classification results produced by the photointerpretation of
111, 1,000 acre plots in North Carolina {maged on 1:12,000 scale
color infrared aerial photography acquired in November of 1985. The
results are compared with timber resource statistics produced by the
Southeastern Forest Inventory and Analysis unit in 19683. There is a
high degree of agreement between the two data sources in the majority
of categories. The discrepancies, hovever, may prove to contain much

useful and timely information.
1

INTRODUCT ION /

Continual periodic inventory provides an information basis for meking
decisions regarding the use or yeplenishment of renewable resources.
The Forest Service was first directed to undertake periodic
nationwide surveys of timber resources by the McSweeny - McNary Act
of 1928, and more recently by the Forest and Rangeland Renewable
Resources Planning Act of 1976.
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_ ~The Southeastern Forest Inventory and Analysis (SE FIA) unit is
responsible for producing a statistically reliable inventory of
timber resources in the five States of the southeastern U.S. every 8
to 10 years. Required data are collected from permanent field survey
plots with a sample size sufficient to produce State and regional
estimates of the timber resource base. These surveys provide
reltable tnformation regarding the status of the timber resource at
the date of inventory. but subsequent changes in land cover/land use
rapidly outdate the results. Gathering and compiling these data are
time-consuming, and limit the frequency of full field surveys.
Desire for more frequent updates on the status of the timber resource
has generated pressure to accelerate the survey cycle to every 6
years. !

Procedures to monitor recent hm.-vest. regeneration, and land cover
change through time, are needed. Such procedures must be rapid.
reltfable, repeatable, compatible with current SE FIA procedures. and
implementable at a reasonable cost.

OBJECTIVE

Remote sensing meets many of the needs identified above in the
inventory of natural resources. The overall study considers
interpretation of remotely sensed data of a variety of scales in an
extensive sampling framework. The long-term objective is to
integrate routinely available remotely sensed data that iwill provide
timber resource acreage data for updating SE FIA field survey
statistics. This paper discusses the overall proposed method., and
then focuses on the results obtained from the interpretation of one
source of i{nformation: medium scale color infrared aerial

photography. |
SELECTION OF REMOTELY SENSED DATA

b
Several sources of remotely sensed data would be periodically
available for use in estimates of acreages undergoing harvest,
regeneration, or other land cover change. Options include National
High Altitude Photography (NHAP), digital or analog Landsat satellite
imagery of the Thematic Mapper (TM) or Multispectral Scanner
Subsystem (MSS). and specially acquired aerial photography.

!
Medium Scale 1 nfrared, Custom Aeria) Ph raphy (MSP

land cover and forest resource acreage estimation and change
detection using medium scale (1:10,000-1:30,000) aerial photography
has been {nvestigated frequently and is well documented (e.g..
lLoetsch and Haller 1973, Aldrich 1979, American Society of
Photogrammetry 1983, Avery and Berlin 1985). Although fts high
spatifal resolution facilitates the identification of harvest and
regeneration conditions, high cost per unit area coverage i{s a
limiting factor. Color infrared (CIR) aerial photography provides
more forest type information than either color or panchromatic aerial
photography at similar or smaller scales (Stephens 1976).

i
Harvesting and development of access roads was monitored in a
cost-effective manner in Canada using 1:15,840 scale panchromatic
acrial photography (Catto 1965). Assessing the success of
regeneration. Swantje (1957) utilized 1:15,840 scale panchromatic
aerial photography and found that coverage acquired in the fall
provided the best discrimination of fir seedlings under dense willow
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Categories including clearcut. mixed forest, hardwood forest, and ¢
Pine age classes (Williams and Nelson 19686). Reaggregation of land
cover into Level II categories increased classification accuracy of
MSS and TMS data to 71X and 77% respectively. When examining the
results of this study, two consideratfons should be kept in mind.
The area being classified was relatively homogeneous with regard to
forest cover, and since the verif{cation of classification results
vas accomplished by examination of 1:40,000 scale CIR photography,
accuracy assessment was limited to the resolution of detatl provided

Visual and digfteal analysis of satellite data have been successful {n
detecting major disturbances to the landacape and tn classifying

mature forest types in most cases, but may not be adequate for
determining land cover type on areas {n transition.

These results may give the impression that digftal classification of
satellite data can reliably monttor land cover changes and,
therefore, trends. On the other hand, no digita} classification
study reported has dealt primarg ly with Separating among clearcuts,
fallow agricultural fields, early natural regeneratio
abandoned agricultural ffelds, non-productive woodl
harvested areas, and wooded pasture. These are the types of land
cover conditions that are difficult to dtstlnguish and yet are the
transition categorfes of land cover change. In North Carolina,
especially in the Piedmont, the average gize
conditions, excluding the large tracts of Industry held land
likely to be tens of acres and not hundreds.

METHODS

creage of land cover
. large sample plots {n North

photointerpretatlon of MSP. To date
photointerpretation of over 100,000 acres of
from 1:12,000 scale, CIR aerial photography (MSP) has been completed
by a single interpreter 1n less than 8 months. The pre“minary

results are compared with SE FIA figures from the most recent field
survey approximately two Years earlier.

Study_Area_and Reference Data

other economically driven land cover shifts Influence the land
ownership and therefore. land mangement practices.




- The second reason North Carolina was selected was that it was
recently surveyed (November, 1982 to September, 19684) by thelgxl;'u
fleld crews. Data from the prism cruising of 5.355 syuu--ntt y
selected ground sample plota were tallied and used to est:::l e
current forest cover conditions. The acreages in forest es
non-foreat are established by the photointerpretation of S1i, o 40,000
systematically selected, 16 point clusters applied to either ‘ .
scale black and white Agricultural Stabilization and Conservation
Service {ASCS) aerial photography or NHAP. TPe photography is .
utflized in the form of prints at 2 times enlargement. Five percen
of these clusters were checked in the field, and original
interpretation was adjusted using the results. SE FIA result: b1
represent the most cohprehensive and current information available
concerntng North Qarolina‘’s forest and are therefore used as the
verification of this study's results.

i P, 5 tion_Sche

'
To coordinate the location of sample areas on imagery of different
scales, a grid was selected whose nodes corresponded to the center of
every U.S. Geological Survey 7.5 minute topographic quadrangle
covering North Carolina. To save costs, this grid was reduced to
include every other latitudinal row of topo quads. This network of
potential sample plots provided a large sample size (421 quad
centered grid nodes) and coincided with the most recent NHAP stereo
coverage {1981-1986). During MSP acquisition, 18 grid nodes were not
photographed, which reduced the number of locations with both MSP and
NHAP to 403 (Figure 1).

A plot size of 1,000 acres was selected to facilitate the
registration of ultra small-scale satelliteidata. It was also
thought that a large, high-resolution sample of the landscape on MSP
would reveal important spatial relationships among land cover.
elements within the plot, thereby aiding photointerpretative
classification. Circular plots were chosen because they were
expected to be influenced the least by intersection with natural or
man altered spatial patterns of land cover. The circular plot shape
also eliminated photointerpretation within the corners of MSP, where
scale distortion, lens aberration, and 'light fall-off are the most
severe.

The general classes of Level I, displayed in Table 1, were chosen’ to
facilitate cooperative efforts among government agencies. This type
of frame-work was suggested by an interagency coordination group
(Powell 1981) and might decrease redundancy by government sponsored
inventory efforts at a Level I resolution. Level 11 of the
classificatfon scheme was designed to test the limits of practical
information that might be reliably photointerpreted off the MSP and
would be compatible with and of use to SE FIA forest resource
inventories.

Acquisition and Photointerpretation of MSP

(
MSP in the form of stereo triplets covering quad centers for every
other row of 7.5 minute topo quads was acquired by Forest Service
personnel, using a Loran C navigational system, in seven flying days
during the period October 25 to November 9, 1985. This produced 403
MSP plots covering 753.099 acres in stereo distributed over the
entire state of North Carolina (30,958,648 total land acres). Each 9
by 9 tnch CIR transparency (Aerochrome 2443) was made with an 8.25
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inch focal length lens at a altitude selected to produce a 1:12,000
scale photo. This scale ensured that complete coverage of 1,000
acres would be provided by each set of triplets.

Plot center was defined by the center of the middle photo of the
triplet set and was pin pricked. This center was transferred
visually onto 1:24,000 scale. U.S. Geologic Survey 7.5 minute
topographic quadrangles. Using elevation data from the map and
altitude information from the data block on the photo containing the
plot center, an average photoplot scale was determined. This scale
was employed in the calculation and pen drawing of a circle
encompassing photoplot center and 1,000 acres. Processed film was
received in rolls from the laboratory, but was cut into frames and
sleeved in acetate. All annotation was done on the sleeve. and
sleeves were marked to provide consistent photo to sleeve
registration.

A subset of 111 out of 403 plot locations on MSP was chosen by
Systematic sampling with a random starting point (Figure 1).
Relatively homogeneous land cover conditions, as defined by the
classification scheme of Table 1, were delineated as polygons drawn

with a fine point felt-tipped pen on the acetates within the 1,000
acre tracts.

For each of the 111 MSP sample plots, an average of 3 hours was
required to photointerpret, delineate, and encode the results. An
average of 150 polygons per sample plot were numbered sequentially
and planimetered. The acreage of each polygon was computed based on
the assigned average plot scale, except in areas of substantial
relief where polygons were divided into 200 foot elevation increments
and acreage was computed for each subpolygon unit. Since the average
time required to planimeter an MSP sample plot was 2 hours, the
average amount of time spent extracting information from one plot was
5 hours. Computer algorithms were developed to provide access to a
database of over 12,000 polygons of forest cover photointerpreted
from MSP, comprised of variables describing plot, polygon, location,
acreage, and type.

Polygon acreages were summed by land cover condition for each of the
four physiographic regions recognized by the SE FIA unit; Mountains.
Piedmont, Northern Coastal Plain, and Southern Coastal Plain. Land
Cover acreage sums produced by photointerpretation were expanded to
provide physiographic region and State-wide estimates. An average of

1 out of every 310 acres in North Carolina was photointerpreted for
land cover on MSP.

RESULTS AND DISCUSSION

SE FIA acreage estimates of total forestland fall within the 2.5
million acre. 95X confidence interval surrounding total forestland
estimates based on the photointerpretation of MSP (Table 2).
Confidence intervals are not currently available for most FIA
estimates because of complexities {n their methods. The MSP estimate
is 0.75 million acres higher than the SE FIA estimate. The
difference between these estimates can be due to errors in sampling
and photointerpretation, or changes in land cover. Quantificatton of
these differences is underway. SE FIA estimates of cropland and
grassland do not fall within the 95% confidence intervals of MSP
estimates. but some of this difference can be attributed to the
rotation of croplands in the 1 to 3 year period separating the SE FIA
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and MSP photointerpretation surveys. When these two categories are
aggregated, the acreage estimates fall within the confidence

interval. |

Table 3 reveals five forest resource categories whose SE FIA acreage
estimates do not fall within the MSP estimate’s 95X conf idence
interval range. Subjective visual examination of NHAP photography
and comparison with similar locations on MSP separated by 2 to 3
years in time led to the hypothesis that some of the overestimation
of plantation by MSP photointerpretation represents the recent
establishment of planted pine acreage at the expense in upland
hardwood. This hypothesis fits the observations that MSP
photointerpretation results are higher than SE FIA figures in the
amount of plantation. pine, and seedling sapling acreage, but lower
than the estimated 'acreage of upland hardwood. It is possible that
the lower estimates of upland hardwood acreage from MSP
interpretation may be attributed to the higher estimates found in the
oak-pine class.

This study seeks to be compatible with established SE FIA
definftions. This allows for the direct comparison of results and
rigorous tests of the accuracy of photointerpreted estimates
necessary {f the credibility of the remote sensing approach is to be
established. Presently, 180 SE FIA, 1 acre field plots that occur on
MSP coverage are being photointerpreted in stereo by SE FIA personnel
to provide some measure of accuracy. Preliminary results of that
investigation indicate that plantation can be quite reltably
separated from natural forestland, although sample sizes of
interpreted planted/lands are small. Further investigation is needed
to be able to determine i1f thel increase in planted lands indicated by
MSP analysis is correct and so demonstrates that this type of imagery
can be effectively used to quantify short term changes in the timber
resource base.

Registration of 1 acre, SE FIA field survey plots onto MSP is
difficult. Misregistration by as little as 30 feet may cause a
substantial shift in forest stand siZe, closure, or type. not to
mention land cover. Accurate registration of 1 acre plots onto
smaller scale imagery becomes increasingly difficult. Stereo
photointerpretation requires intense concentration and a thorough
familiarity with the ecologigal and artificial characteristics of the
landscape in order to produce maximum classification accuracy. Just
as digital image analysts would not think of using "any old
algorithm” to produce land cover classification, photointerpretation
duties should be assigned to the most qualified personnel for the
reliable results. There is no algorithm in existence that can
utilize image information as expertly as e.x well trained human mind.

The application of satellite data to define a landscape still results
in numerous misclassifications, especially in the transition
categories that define landscape change. Satellite data can classify
the landscape into large, homogeneous land cover types. But usually,
jt is the small heterogeneous conditions that make up the seemingly
homogenous category -of interest. The separation of forest from
non-forest land is an "Anderson” Level I classification. To achieve
this land cover separation and meet the needs of the SE FIA survey.
however. Iand cover conditions must consistently be determined to a
much more detailed level of resolution. To produce more timely
timber resource statistics. the transition zones (e.g., young
regenerating stands) must be identified as soon as possible. This is
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Location of coincident serial photographic coverags
of MS? end NHAP in Noreth Cerolina.

FIGURE 1.

Table 1. Classification categories employed in the separation of
land cover and forest condttion in North Carolina.
i
l Level I Level II
- s ' § Landcover® Origin Stze Closure Type
g Barrenland Plantation Sawtimber Closed Pine
£ Cropland Natural Poletimber  Open Mixed Pine
< | CGrassiand Seed/Sap Oak~Pine
5 Shrubland Non~Stocked Bottomland
9 Urban hardwood
z a Vater Upland
- Z Treeland . hardwood
i 8 '
3 z % ~ There was also a Level I category entitled “Obscured”.
z - It was assigned to polygons hidden from view by clouds
§ or mountain shadows.
£:%
g -°
1 38
x ” Table 2. Comparison of land cover acreage estimates from the
H photointerpretation of 1:12,000 scale, color infrared
photography (MSP) acquired in November, 1985 and those
from the Southeastern Forest Inventory and Analysis unit
(SE FIA) field survey conducted from November. 1982 to
oe . September, 1984 in North Carolina,
"> : ':
LY Land cover SE FIA MSP and 95X C.I.
5: Y category
cv ~ e
T I
vse - B
v Yo 2 Thousands of acres
! ax €8 e Grassland 6768 5421 +/- 1080
M oS - Cropland 1680% 2415 +/- 554
Sz :: = Treeland 18952 . 19770 +/- 1269
. : v, Urban & Other 3557 3353 +/- 728
0 © o
" E T * = Denotes SE FIA estimates that do not fall within the 95%
g Se3 L) o8 confidence interval of the photointerpreted MSP
3 yey yo @ estimtes.
> — - -
o 1 [l 3
% [ ] ® S
an
a8 - *




estimates from the
forest resource acreage infrared
* Table 3. m;:‘::?p::wuon of 18(112‘003 :‘::‘l;;_ c:;geslor and those
1 n No .
photography (MSP) aoqul’-‘;rest Inventory and Analysis (SE

stern 082 to
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Septewber. 1984 in North Carolina.

’ MSP and 95X C.I.
Forest resource SE FIA
condition )
: Thousands of acres
Stand Origin -

3161 +/- 1037
Plantation 12.2132“ 16609 +/- 1195

Nnturil———-__________'________——————"—

Stand Size ea2
Sawtimber agzgg 9?5.&!‘, :;: 545
Poletimber 52;857“ . 4922 +/- 186
Seedling-Sapling 18 211 +/- 1241
Non-s tocked

R

Stand Type '
- 1183
> 50%) 6345m 8876 A
mel’(ine 2277 32391 +/- 802 '
Bot tomland Hardwood 2704 G987 +/- 672
Upland tlardwood T125% .

do not fall within the
- E FIA estimates that P
) gcc);o:(e;ffdence {nterval of the pholoin(erpreted MS
estimates. .
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AREAL DETERMINATION OF FOREST DAMAGE THROUGH INFRARED
AERIAL PHOTOGRAPHY 1:9000

H.U. Scherrer
Swiss Federal Institute of Forestry Research
CH-8903 Birmensdorf

ABSTRACT

In 1984-1986, as part of the Sanasilva project organized
by the Swiss Federal Institute of Forestry Research, color
infrared aerial photographs were taken of approximately
one third of the area of forest in Switzerland, at a scale
of 1:9000. The methods of aerial photograph interpretation
used are described and the experiences gained in flight
planning, flight coverage, interpretation of photographs,
construction of damage maps, data evaluation, and appli-
cation of the findings in practical forestry are summa-
rized. The experience of the cantonal authorities to date
has shown that the aerial mapping of forest damage is a
valuable aid in practical forestry. It provides an overall
plcture of the local situation and facilitates decision-
making in silvicultural planning. Infrared aerial photo-
graphs are accurately dated documents and can be effecti-
vely employed in public relations work,

INTRODUCTION

In late 1983 the growing problems of forest damage lead
the federal government to initiate a special program with-
in the framework of the Sanasilva project, which in itself
comprises 11 sections. The special program is entitled
"Areal Determination of Forest Damage" and is based on the
use of color infrared aerial photographs at a scale of
approx. 1:9000. The main objective is not to produce a
regional or nationwide overview, but to provide a detailed
stand-by-stand survey of the damage situation for forest
owners and local forest services.

ORGANIZATION OF THE PROGRAM

The program is a joint project of the federal government
and the 26 Swiss cantons. The federal institutes organize
the flight planning, order the films, order and supervise
the flights and train and supervise foresters through
photointerpretation courses, bearing all relevant costs.
The cantons, under the proviso that they strictly adhere
to the prescribed methods, have the free use of the photos
but must pay for and organize photographic interpretation,
mapping and data interpretation themselves.

FLIGHT PLANNING AND CONDITIONS
Flight planning is based on the use of the photoscale of

119000, the WILD RC 10 or RC 10a camera, with a 210 om
objective, with a longitudinal overlap of 85%and a sidelap




