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ABSTRACT: Results are presented of a project to automate forest stand mapping and to evaluate 
the usefulness of a geographic information system (CIS) for forest land management. Elec- 
tronic scanning was used to digitize photointerpreted forest stands, while digital terrain 
models and analytical photogrammetry permitted automated photo-to-map transfer. Linkages 
between an attribute management information system and a computer mapping system were 
constructed to form an integrated CIS. The CIS was tested in support of a number of standard 
timber management activities. Cost efficiency and the formation of a multifacet land infor- 
mation system make these methods a valuable tool for land managers and planners. 

A s LAND AND RESOURCE values increase, the need 
for site-specific resource information becomes 

critical for efficient planning and management. Be- 
cause of this increasing need, a USDA Cooperative 
River Basin Study was initiated. This study, titled 
the Montana Timber-Water Cooperative Study, had 
as its goals (1) the construction of a computerized 
geographic information system (GIS) for forested 
lands; and (2) the development of site-specific 
timber and hydrologic resource information on 
forest lands in western Montana. A general descrip- 
tion of the history, organization, and results of the 
overall study is provided in Martin et al. (1983). 

The objectives of this report are to 

Describe an automated approach for mapping pho- 
tointerpreted forest stands, and 
Discuss the practical application of a computerized 
GIS for timber stand management. 

THE MAPPING PROCESS 

The techniques developed and used were de- 
signed primarily to provide an efficient and econom- 
ical means for mapping forest stands. These tech- 
niques are, however, quite flexible and readily 
adaptable to a wide range of mapping and resource 
analysis applications. 

A 600,000-hectare area encompassing two coun- 
ties in western Montana was selected for mapping 
in the Timber-Water Cooperative Study. The USGS 
7.5-minute quadrangle topographic map was chosen 
as the standard base map, with final products en- 
visioned as photointerpreted forest stands overlayed 
onto 89 separate quadrangles. 

The general procedures are outlined in Figure 1 

and can be summarized as follows. Land ownership 
boundaries, a digital terrain model, and photogram- 
metric control data are entered into a computer 
system called DTIS 11, Digital Terrain lnformation 
System (Gossard, 1978; USDA Forest Service, 1981). 
DTIS performs a single photo spatial resection and 
computes orientation and transformation parame- 
ters. Using the inverse solution of this resection 
along with the terrain model, the 7.5-minute quad- 
rangle and ownership boundaries are computer- 
plotted as an overlay in the perspective of a quad- 
centered aerial photograph. This overlay, or photo 
collar, provides a guide for delineating photointer- 
preted forest stands on each quad-centered photo. 
Delineated stands are then drafted onto the collar 
overlay and scan digitized. Digitized forest stand 
boundaries are formed into closed polygons, en- 
tered into DTIS, and converted to true ground co- 
ordinates using the transformation equations devel- 
oped from the photo resection solution. A 7.5- 
minute map overlay is then drawn of the forest 
stands. Data from an extensive forest survey are sta- 
tistically expanded to each delineated stand and en- 
tered into-a management information system. 
Queries on specified attributes are used to identdy 
desired stands, which are then selectively drawn by 
DTIS as an interpretive map overlay. 

Two sources of digital elevation data were used. 
The primary source was digital terrain models de- 
veloped by the Defense Mapping Agency (DMA), 
having an approximate density of 13,000 points per 
7.5-minute quadrangle. A computer system called 
TOPAS, Topographic Analysis System (USDA Forest 
Service, 1976), was used to reformat the DMA data 
from standard one degree format to the 7.5-minute 
quadrangle areas used in this study. For five quad- 
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FIG. 1. Mapping process flow chart. 

rangle areas, digital elevation models (DEMS) pro- 
duced by the uscs were also used. The DEMS had 
a density of over 140,000 points per quadrangle. A 
system called MULDEM, Multiple Digital Elevation 
Model Grid Software (USDA Forest Service, 1983), 
was used to reformat the DEMS into DTIS compatible 
form. 

Small scale (1:76,000) quad-centered USGS pan- 
chromatic photography was the source for photo- 
delineated forest stands. Control data for this 
photography were purchased from the USGS. Root- 
mean-square errors computed during photo resec- 
tion showed an average horizontal error of less than 
two metres on 89 controlled photos. Because iden- 
tical copies of the controlled uscs photos were used, 
measurement of control and pass points on the in- 
terpreted photos was unnecessary. Simply digitizing 
the fiducial marks on each interpreted photo pro- 
vided registration for Dns input and output opera- 
tions. 

A principal advantage of DTIS is that geographic 
information is stored in a three-dimensional format. 
That is, all geographic features, whether they be 
points, lines, or polygons, are stored as strings of 
actual X, Y, and Z ground coordinates. DTIS analyt- 
ically converts geographic features digitized from 

diEerent source documents into a common ground 
coordinate system. 

A basic assumption in the operation of DTIS is that 
the slope of a line between any two adjacent terrain 
model points will conform to the actual slope of the 
ground. When geographic features are entered into 
DTIS, additional ground coordinates (horizontal and 
vertical) are computed whenever a change of slope 
in the terrain model is detected between digitized 
feature points. This coordinate computation occurs 
regardless of the source document, e.g., maps, ae- 
rial photographs, or ground survey measurements. 

Ownership, political jurisdiction, and 7.5-minute 
quadrangle boundaries were digitized from maps 
and entered into DTIS and the actual X, Y, and Z 
ground coordinates were computed. These bound- 
aries were then transformed by DTIS into photo co- 
ordinates and plotted as the overlay collar for each 
quad-centered photograph. Because new ground 
coordinate points were computed at each slope 
change, relief displacement along boundary lines 
was properly depicted in the photo perspective 
collar. 

The quadrangle and ownership boundaries were 
traced from the overlay collar onto film transpar- 
encies of the quad-centered photographs. This 



USING A GEOGRAPHIC INFORMATION SYSTEM 

collar identified the area to be photointerpreted and 
facilitated edge matching between adjacent photos. 
The photo collar also provided information about 
the ownership and political jurisdiction of each pho- 
tointerpreted forest stand. 

The film transparencies were stereoscopically 
photointerpreted under a zoom-stereoscope with a 
magnification capability from 2.5 to 20 x . Delinea- 
tion of forest stands consisted of recognizing distinct 
landscape units homogeneous in terms of both to- 
pography (slope, aspect, slope position, and contour ' curvature) and forest overstory conditions (crown 
canopy cover, tree height, crown size, tree distri- 
bution pattern, and crown texture), following pro- 
cedures developed by Martin and Gerlach (1981). 
Average forest stand size was less than ten hectares, 
with minimum stand size set at four hectares, about 
0.265 centimetres square at photo scale. A portion 
of an annotated film transparency, with the photo 
overlay collar superimposed, is shown in Figure 2. 
Note the effect of relief displacement on the quad- 
rangle and ownership boundaries. Upon completion 
of photointerpretation, the delineated polygons 
were traced onto the photo collar to provide a 
"clean" medium for scan digitizing. 

The 1:76,000 scale photo collar overlay was scan 
digitized using a Joyce Loebl Scandig Model 3 drum 
type microdensitometer at a resolution of 100 mi- 

crometres at photo scale. Conversion of the scanned 
data to closed polygons was performed using the 
Wildland Resource Information System (WRIS), re- 
cently renamed RIDS*POLY, Resource Information 
Display System - Polygon Processor (Russell et al., 
1975; Deschene, 1981; USDA Forest Service, 1982). 

The forest stand polygons were transformed from 
the digitized photo coordinate system to ground co- 
ordinates using the transformation equations com- 
puted in DTIS. DTIS also calculated the acreage, the 
polygon perimeter length, the minimum and max- 
imum horizontal and vertical ground coordinates, 
and the centroid label location ground coordinates 
of each polygon. These data provided quantitative 
spatial information about each forest stand. 

The final mapping step was to link the photoin- 
terpreted characteristics and other inventory data 
on each forest stand with the computerized 
boundary information. The sequential label number 
for each forest stand, along with the acreage, length, 
minimum and maximum ground coordinates, and 
label location for each stand, were extracted from 
DTIS and entered into a management information 
system. The information system used was a general 
purpose data base management system called 
System 2000 (s~K), developed and marketed by MRI 
Systems Corporation, Austin, Texas. Photointer- 
preted topographic and forest overstory character- 

FIG. 2. Photointerpreted forest stands on quad-centered photograph. 
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istics, along with statistically estimated timber at- 
tributes for each forest stand, were also entered into 
System 2000. In this way a relatively small tabular 
file of location and forest attributes was created and 
linked to the larger stand boundary and terrain data 
files of DTIS by means of the stand label number. 

Using the query capability of System 2000, forest 
stands can be quickly sorted by size, location, 
ground characteristics, etc., and identified by the 
forest stand label numbers. These label numbers are 
then read by DTIS to generate a computer-plotted 
interpreted map. Including timber type and volume 
attributes in the System 2000 data base permitted 
queries of total or average volume by forest type, 
and generation of a correlated plot showing forest 
stands having the desired volume and species com- 
binations. An example of such an interpreted forest 
stand overlay produced by DTIS is shown in Figure 
3. The area is the same as that shown in Figure 2. 

As part of the mapping process, a test was con- 
ducted to determine differences in ground coordi- 
nates computed using the two different terrain 
models. Two forest stand map overlays were pro- 
duced-one using a DEM and one using DMA terrain 
data. For one very mountainous and rugged 7.5- 
minute quadrangle area (relief exceeded 610 metres 
from valley bottom to ridge line), a visual compar- 
ison of the two 7.5-minute forest stand map overlays 
showed only minor differences at map scale 
(1:24,000) and only in the map comers (areas far- 
thest from the photo center). Horizontal differences 
between the ground coordinates calculated using 
the DMA and a DEM terrain model averaged 15 to 

25 metres in the map corners, with maximum dif- 
ferences of about 33 metres. These differences av- 
eraged less than five metres near the center of the 
map. 

A test was also conducted to determine differ- 
ences in contour maps generated by DTIS using DMA 
and DEM terrain models. A comparison of DMA con- 
tour lines at 200 foot intervals on two adjacent 7.5- 
minute quadrangles (40 foot contours) showed major 
discrepancies, often amounting to vertical differ- 
ences of 600 feet between overlayed contour lines, 
representing a horizontal displacement of two cen- 
timetres and more at 1:24,000 scale. Forty-foot con- 
tour lines produced from DEMS for these same two 
quadrangles were overlayed onto the original to- 
pographic base maps. Visual inspection showed 
nearly identical contour positions, and in no cases 
were observed discrepancies greater than one-half 
contour interval. 

GIS APPLICATIONS 
To evaluate the usefulness of the DTIS and System 

2000 data bases for timber management, these sys- 
tems were tested in the conduct of normal forest 
management activities on a 2600 hectare area of in- 
dustrial forest land. Management activities included 
inventory and map update, road and logging system 
design, and timber sale preparation. 

As a prerequisite for this test, 1:12,000 scale 
normal color prints were obtained for the study 
area. Control point coordinates for these photo- 
graphs were determined from the controlled USGS 
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FIG. 3. Interpretive forest stand map. 
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quad-centered photos, using semi-analytical 
bridging techniques on a Zeiss C-8 Stereoplani- 
graph. Root-mean-square errors computed for ten 
1:12,000 scale photos during DTIS resection aver- 
aged 4.5 metres. The terrain model for the test area 
was a USGS DEM. 

A query of the System 2000 data base identifed 
forest stands having timber volumes and species 
composition suitable for logging consideration. 
These forest stands, along with section lines and a 
uniform grid showing ground inventory sample 
plots, were plotted on overlays to the 1:12,000 scale 
photography. An inventory was then conducted to 
determine on-the-ground tree volumes and defect. 
Ordinarily, the grid points would be ocularly trans- 
ferred from a topographic map to the photos and 
then field located by measuring angles and distances 
on the photographs from identifiable image points. 
Using D n s ,  the grid points were precisely plotted 
in their true photo perspective. Further, field lo- 
catable image points on the photograph near each 
grid plot were digitized in the office and their 
ground coordinates were calculated by D n s .  In this 
way, much more accurate bearings and distances 
were obtained between the image points and the 
inventory plot locations. Upon completion of the 
field inventory, timber volumes were expanded for 
each sampled stand using acreages computed by 
DTIS. 

In addition to obtaining actual ground inventory 
data, an up-to-date base map was needed. Existing 
roads and streams were manually digitized fiom the 
USGS 7.5-minute quadrangle, entered into the DTIS 
system, and then plotted as overlays to the 1:12,000 
scale photos. New roads visible on the photos were 
digitized and entered into DTIS. Roads built since 
the date of photography could also be added by in- 
putting construction traverse data. An up-to-date 
project map including contours, streams, old and 
new roads, ownership lines, and forest stands, all 
generated from DTIS project files, is shown in Figure 
4 (1:15,b40 original scale). Roads digitized &om the 
air photos are shown as dashed lines, while old roads 
are shown as solid. The "stepped solid lines are 
forest stand boundaries. Contour lines were gen- 
erated fiom the DEM. 

Forest stands found suitable for harvest were then 
examined for operability. Slope angles stored in the 
data base identified those stands that could be 
tractor logged. For steeper stands, slope profiles 
were generated by DTIS using the DEM terrain 
model. Examination of these profiles showed where 
skyline logging systems might be employed and 
slope break points where new roads might be re- 
quired. 

Examination of the project area map (Figure 4) 
and an interpretive map like Figure 3 showed those 
forest stands suitable for logging but lacking road 

SUNFLOWER MTN DEM 7 1/2 WT 
DOCUMENT NUMBER 15840 16 A MAP OF SCALE 1320 FT/IN. 
TIME 18 26 MST. 09120182.  

FIG. 4. Updated timber stand project map. 
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access. Proposed roads were sketched on the project COSTS AND ADVANTAGES 
area map, digitized, and entered into DTIS. Profiles The mst for building the GIs used in this study is of each proposed road and cross-sections at selected considered competitive with more traditional 

were then produced by A 
Of 'O- methods of forest land mapping. Cost for photoin- 

Ordinates can be generated Dms to terPretation and construction of the DTIS and 
design systems to provide Of pre- System 2 m  data bases was twenty cents per hec- liminary earthwork volumes and traverse descrip- 

tions. tare. Scott (1980) compared costs for producing a 
forest stand map overlay and acreage listing from Figure shows a number Of features extracted quad-centered photography using two different the Dms data base. The proposed lya-  methods. The first method employed a Kelsh are shown as white dashed lines$ with plotter to map the overlay and an electronic plani- lines in solid white. Forest stands are the dark, fine- meter for acreage measurement. Cost for this 

line numbered polygons-note the "stepped lines, method was twelve cents per hectare The second a remnant from scan digitizing of the 1:76,MX) scale method used manual digitizing of th; 
photos' The Iheeavier lines are ex- photo and subsequent DTIs processing. Cost for this 

isting roads. The mismatch between plotted roads second method was 27 cents per hectare. ~h~ use 
and the photograph in the center lefi of scan digitiring reduced mapping costs in this from positional errors in the original 7.5-minute study by at least 25 percent. Although costs in the quadrangle, from which these roads were digitized. present study were higher than Kelsh mapping The above activities form the technical base for costs, this study produced an operational GIs in ad- timber harvest On both public and private lands. dition to a map overlay and acreage tabulation. Photo such as those in Figure provide a Costs to use this cis for the forest management ap- 
means for facilitating field inventory and road and plication test was an additional 25 cents per hectare. 
logging system layout. Maps such as Figure 4 can Although use of a GIS approach for acquiring, serve as sale area maps the location Of storing, and manipulating forest resource informa- units and proposed road developments. Information tion has numerous benefits, there are a number of 
is provided from the data base in terms Of disadvantages. First, a substantial amount of hard- acreages, timber volumes, and earthwork require- ware must be available, including a digitizer and Even aesthetic can be addressed computer plotter, a photogrammetric triangulation through three-dimensiona1 perspective instrument, and a relatively large-capacity 
produced by which the visual puter. Second, the automated mapping 
of land management activities. process used in this study required less total time 

than traditional manual methods, longer lead times 
and careful planning are required to link the many 
intermediate tasks into a completed data base. 
Third. these svstems do not lend themselves to 
~in~le:~urpose 'operations. They are most efficient 
when creating a multifacet information base where 
the integration of several separate data sources is 
required. And finally, it is necessary that people 
from different disciplines, e.g., road and logging en- 
gineers, foresters, and system managers, work to- 
gether in building and using a common data base. 

The most significant advantage of the GIS em- 
ployed in this study is the application of system- - .  
generated products for on-the-ground management. 
By providing tools, such as photo overlays, profiles, 
cross-sections. and traverse coordinates. that are 
then used to design forest improvements' the sys- 
tems are "self' updating. That is, the data base can 
be quickly updated as proposed management activ- 
ities are implemented. In this wav, the GIS ex~ands 

I beyond a sikple data storage and retrieval function 
and becomes a dynamic tool for documenting, plan- 

s - - - . . . . . . . . . . ning, designing, and implementing forest activities. 
FP NT MMBER 6514-d A'PHOTO ff F/L - 305.47 

1v zo m ~ .  OVO~IOL 
This study has demonstrated that computer-as- 

w. L.... almu - ~ I m  msmI sisted methods for forest land mapping can be ex- 
ecuted in an operational environment and that they 

FIG. 5. Overlay in photo-perspective of selected terrain are cost effective. The big pay-off of these tech- 
features. niques is not, however, just cost savings. Forest 
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landscape features and characteristics can be quickly 
queried and displayed in a multitude of ways that 
facilitate forest management. This ability also per- 
mits rapid update as timber stand and road devel- 
opment occur. 
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I Forum 

What is a Near-Vertical Photograph? 

I N THE CONCLUSIONS of W. W. Carson's fine article 
(PEhRS, Vol. 51, No. 5, pp. 533-536) we found 

a statement which should be corrected, the state- 
ment that the Stereocord uses a linearized rotation 
matrix. This was true in 1975, when the Zeiss Ste- 
reocord was introduced using an HP 9810 calcula- 
tor with very limited memory (Hobbie, 1976). How- 
ever, since 1978 the Stereocord programs for the 
HP 9815 calculator make use of the trigonometric 
sine and cosine functions to calculate the rotation 
matrix elements (Mohl and Faust, 1978; Mohl, 
1980) as do the Stereocord G 3 programs for the HP 
85 and HP 86 calculators (Mohl, 1982; Schwebel, 
1984; Schwebel and Mohl, 1984). The G 3 software 
certainly is not restricted to near-vertical photog- 
raphy as it can handle tilt angles of and cp up to 
45 degrees in any camera configuration (parallel, 
convergent, or skewed axes). 
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