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INTRODUCTION

This semi-annual status report covers the period from June 1, 1977
to November 30, 1977 and contains a review of the research and applica~
tions, completed or in progress, as funded by the Office of University
Affairs, NASA and conducted by Purdue University, Laboratory for Appli-
cations of Remote Sensing.

This reporting period marks the first half of the fifth year of
funding for a proposal entitled "The Applications of Remote Sensing
Technology to the Solution of Problems in the Management of Resources
in Indiana." As indicated in this title, the purpose of this work is
to introduce remote sensing into the user community within the state of
Indiana. The user community inciudes those local, regional and state
agencies involved in the decision monitoring and/or managing processes
of the state's resources.

In order to carry out this work it is not only necessary to initiate
projects with these agencies but also it is necessary to meet with and
provide information to as many people and groups as well as agencies as
possible. During the past six months numerous meetings are held with
many different groups.

Among the groups that were contracted and received information
about this program were:

Area Planning Commission, Tippecanoe County

Area Planning Commission, Boone County

St. Jdoseph County Area Plan Commission



Michiana Council of Governments
Indiana Geological Survey
U.S. Forest Service
Tipton County Commissioners and Engineers
Indiana Department of Natural Resources
a) Division of Reclamation
b) Division of Forestry
¢) Division of Properties, Fish and Wildlife
d) Soil and Water Conservation Committee
Soil Conservation Service.
Listed below are the projects that are reported in this document:
Soitls Inventory
Forestry Demonstration Project
Coastal Zone Management

Tippecanoe County, Land Use Project



SOIL INVENTORY PROJECT

INTRODUCTION

The acceleration of the National Soil Survey Program and the
production of useful, high quality soil surveys in Indiana are among
the prime goals of the USDA/Soil Conservation Service and the Indiana
Department of Natural Resources Soil and Water Conservation Committee.
The wide use of soil surveys for engineering and planning purposes in
addition to agricultural uses has resuited in many specific questions
concerning the physical nature of the different soil units depicted on
soil maps. In order to provide the details necessary to understand the
Tandscape composition and to provide interpretation of soil maps for
specific uses, information of a quantitative nature is needed. To ac-
complish this task all avenues are being considered, including remote
sensing technology which can provide gquantitative measurements through

computer analysis of Landsat multispectral scanner (MSS) data.

OBJECTIVE

The overall objective of this task is to determine the applicability
of using computer analysis of Landsat multispectral scanner data in
accelerating and improving the quality of the soil survey program in
Indiana.

To evaluate the usefulness of the data the following specific
studies were initiated:

1. Evaluate the usefulness of spectral soil maps produced from



multispectral scanner data using pattern recognition
techniques as quality control in soil surveys and as
a means to evaluate quantitatively the soil mapping
unit composition.

2. Investigate the possibility of producing high quality
general soil maps using false color Landsat imagery as
the base map.

3. Develop a soil parent material map using multispectral
resource data.

4. Determine the feasibility of producing a spectral soil
map on a county-wide basis with its accompanying manuscript
and evaluate the utility of this type of soil survey report
to user groups.

5. Evaluate the usefulness of superimposing computer classi-
fication results upon aerial photobase maps in order to

géin the benefit of the landscape prospective.

STATUS

Research in this area is now being conducted sp]e1y in Jasper County,
Indiana. As stated in past reports a data set consisting of Landsat MSS
data geometrically corrected and precision registered to ground center
points at a scale of 1:15840 has been prepared. This data has been over-
laid with a set of boundaries delineating the four types of parent materials
found within the county:

1. Glacial till



2. Outwash
3. Outwash over glacial till
4. Lacustrine

These boundaries were developed by'visual interpretations of
simulated false color imagery and single band grey scale images re-
presentations of the Landsat data.

Twelve gquarter sections were randomly selected in three different
parent materials, namely outwash, lacustrine and glacial till. These
quarter section plots have been field mapped of a scaie of 1:7920. At
this scale, contrasting detail, down to one hectare in size has been
deiineated. These sites have been located on the Landsat data, and they
will be used for correlating spectral data with soils of known parent
material and drainage characteristics. If necessary, addition quarter
section areas will be mapped to assure representation of all the soils
in the county.

Four spectral classification of Jasper county have been completed.
A11 four techniques used an unsupervised approach however these classi-
fications differ by the manner in which the training statistics were
developed. The four methods of selecting training statistics are
listed below:

1. a) Subjective selection of areas representing the

spectral variability within each parent material
area;
b} aggregation of statistics into one set of statistics

for the entire county;



b)

b)

c)

classification of entire county.

Subjective selection of areas representing the
spectral variability within each parent material
area;

development of individual training statiétics
for each parent material area;

classification of each parent material area
using its representative statistics.

Objective sampling of the entire county using

.every eleventh 1ine and eleventh column of dataj

development of training statistics for the entire
county; ‘

classification of the entire county.

Objective sampling of each parent material area
using every fifth Tine and fifth column of data;
development of training statistics for each parent
material area;

classification of each parent material area using

its representative statistics.

Evaluation of the four classifications are currently being conducted

by comparing them to the twelve guarter sections previously mentioned.

The two classifications best representing the soils within the county will

be taken to the field for further evaluation. Selection of the final

classification will be made after the field evaluation and correlation of

spectral classes to soil classes has been completed.



The final product for Jasper County will consist of a digitized
muitispectral soil map produced at a scale of 1:;15,840 printed on clear
mylar. This will underlay a matte halfone film positive of the aerial
photo field sheet. In this manner the multispectral map will be used
to guide the soil scientist in determining where to place soil boundaries
for the various mapping units and to also point out specific locations,
in the Tandscape, that are different and where additional investigative
borings need to be made.

A more detailed report on the results of this effort will be possible
at the end of the next reporting period at which time the field correlation

phase will have been completed.



TIPPECANOE COUNTY LANDUSE STUDY

INTRODUCTION

Great need exists to inventory landuse on the county level for
planning purposes. As urban areas continue to grow and engulf rural
settings it becomes imperative to inventory land cover and use all
available information in landuse planning of rural lands.

The Tippecanoe County Area Planning Commission {APC) has expressed
a growing interest in utilizing remote sensing data as a planning tool
along with its standard maps and black and white aerial photography.
As a consequence a demonstration project was devised to see what aid

digitally derived landuse maps might benefit the APC.

STUDY SITE

Tippecarioe County is located in the west-central part of Indiana
(see figure 1). It is a rectangle 501 square miles, or 320,640 acres,
in area. The county is approximately 70% agriculture, 6% urban and 24%
other land uses.

Numerous housing developments are scattered over the outlying

rural areas and strip development along major highways abound.

OBJECTIVE
The major objective of this demonstration project was to utilize
muttispectral scanner data (MSS) with its .5 hectare (1.1 acre) reso-

lution to catagorize each .5 ha cell as to its land use with particular



emphasis in the rural areas. Project personnel who were experienced in

previous landuse studies also were aware that rural-urban interface

areas were unique problem areas and would need special attention during
the study.
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Figure 1. Location of Tippecanoe County, Indiana which was used in

this landuse demonstration study.
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APPROACH

The overall approach to this study was to produce spectfﬁl
analysis of Tippecanoe County, Indiana uti]izing‘Landsat MSS data and
computer implemented pattern recognition analysis techniques. These
results were evaluated for accuracy by means of representative test
fields.

In addition, a secondary approach was to delineate urban areas in
the county and digitize their boundaries were to be used as an additional
channel of data. These urban boundaries were to be utilized along with
the spectral data to allow for classification of the urban protions of
the county using the urban class statistics and the rural areas using the
rural class statistics. These analysis results were to be evaluated by
the same test fields used in the earlier evaluation. The two classifi-
cation results were to be compared and differences noted and interpreted

where possible.

ANALYSIS PROCEDURE

A data set over Tippecanoe County for June 1976 (Landsat scene i.d.
2515-15411) was selected because of the in-house availability of the
data and the fact that March 1976 1:24,000 scale black and white aerial
photographs were available through the Tippecanoe County Area Planning
Commission. These MSS data were geometrically corrected and registered
to portions of 16 U.S.G.S. 7% minute topographic maps of the county at
a 1:24,000 scale.

Representative areas containing the different covertypes found in
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the county were handpicked from a digital image displayed on a black
and white CRT screen with the aid of the 1:24,000 aerial photographs.
Sixteen initial training areas were processed using the LARSYS CLUSTER
algorithm to determine the natural spectral structure within each area.
Table 1 lists these areas and their line and column coordinate location.

Figure 2 illustrates a map showing the location of the training areas.

Table 1. List of the initial 16 training areas with their coordinate

Tocation and major landuse group assignment.

Training

Area Area Training First Last First Last

Number Type Area Line Line Column Column
1 Rural HERSHEY - 213 248 497 545
2 Urban ORCHARD 288 314 409 437
3 Urban MALL 327 349 377 401
4 Urban DWNTWN 285 308 297 330
5 Urban OLD-RES 304 324 336 357
6 Urban NEW-RES 339 355 333 361
7 Rural MCCUTCH 421 468 332 387
8 Rural WST PT 403 433 113 150
9 Rural Trailer 351 380 221 258
10 Rural/Urban  LILEY 329 344 238 285
11 Rural DAYTON E 356 387 540 566
12 Rural DAYTON 348 379 484 513
13 Rural/Urban  WATER/WD 280 310 126 156
14 Urban SUBD 256 266 156 171
15 Urban IND/HWY 223 231 150 160
16 Rural FLDPLAIN 307 329 189 207

The spectral cluster classes for each training area were related
to specific group covertypes with the aid of the black and white aerial

photographs and the U.S.G.S. topographic maps. Training areas were then
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assigned to a major landuse group (urban, rural, urban/rural) and their

respective cluster classes were grouped together into single sets of

urban classes, rural classes, and urban/rural classes.

Each of the resultant set of classes was tested for separability

between classes within the set by utilizing the SEPARABILITY processor.

The outcome of this step was a recommended set of 20 urban classes, 12

rural classes and 7 urban/rural classes as 1isted in Table 2.

s

Table 2. List of the 39 spectral cluster classes for the urban,

rural and urban/rural class groups.

Rural Classes

Agriculture 1
WetSoil 1
Agriculture 2
Tree 1
Agriculture 3
Saturated Soil 1

Urban Classes

Commercial 1
Sparse Vegetation
Trees 2

Wet Vegetation
Wet Soil 3
Saturated Soil 2
Commercial 2
Commercial 3
Residential 1
Street

Rural/Urban

Light Soil 2

Sparse Agriculture 2
Pasture 2

Bare Soil 3

Bare Soil 1
Agriculture 4
Light Soil
Pasture 1
WetSoil 2
Bare Soil 2

New Residential
Residential 2
Trees 3

Mall

Wet Agriculture 1
Commercial 4
Shallow Water
Water 2

Wet Soil 4

Water 1

Wet Agriculture 2
Water 3

Trees 4

Industry

These 39 classes were than grouped together to a single statistics
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set and the separability between these new classes were calculated.
Those classes which were similar spectrally were merged together and
a final set of classes for the whole county was obtained. This final
list of classes is given in Table 3.

The statistics (means and covariances for each class) for these
final classes were then used along with the CLASSIFY-POINTS processor
to classify every .5 hectare cell (data point) in Tippecanoe County.

The results map is shown in figure 3 and acreage tables given in Table 4.

Table 3. List of final 20 classes used to classify

Tippecanoe County.

Gravel Trees 2

Bare Soil Residential
Light Soil New Residential
Pasture Streets

Wet Agriculture 1 Commercial 1
Wet Agriculture 2 Commercial 2
Saturated Dark Soil Industry
Sparse Vegetation Shallow Water
Agriculture Water 1

Trees 1 Water 2

SPECTRAL CLASSIFICATION EVALUATION

Preliminary random test fields were selected from all parts of
Tippecanoe County. These fields were photo-interpreted to select those
which contained homogenous identifiable covertypes. The selected fields
used for testing classification results contained 1138 sample data points
which yielded an overall classification performance figure of 86.6%.
Table 5 lists the class groupings that were tested (agri;u]ture, forest,

urban) and their respective performances.



Figure 3.

Classification results maps of

Tippecanoe County, Indiana.
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Table 4. Spectral classification results of Tippecanoe
County, Indiana, in tabular format.

Total Acres Percent

Class Classified of County
Gravel 4572 .15 1.4
BSOIL 36900.3 11.1
LTSOIL 1484.04 0.4
Pasture 27736.39 8.3
WETAG 1 36834.53 11.1
WETAG 2 52862.43 15.8
SATSOIL 44844 44 13.5
SPRSVEG 7932.60 2.4
Ag 43738.91 13.1
Trees 1 32223.14 9.7
Trees 2 19620.31 5.9
Resident 13591.81 4.1
New Res 586.23 0.2

STREET 4292.88 1.3
Comerc 1 2436.09 0.7
Comerc 2 431.60 0.1
Industry 1332.87 0.4
SHWATER 544 .69 0.2
Water 1 115.4 0.0
Water 2 963.59 0.3
333044 .4 100.0

DELINEATION OF URBAN AREAS —

The second step in this study involved delineating the urban areas
throughout the county. This was accomplished by examining APC zoning
maps along with black and white aerial photographs. All cities, in-
corporated towns and major housing subdicirions were outlined on 7%
minute topographic maps so that they might later be digitized and their
coordinates recorded on magnetic tape. A total of 13 cities and towns
and 15 subdivisions were delineated for this study. A classification
of the county using this boundary information has not been completed,

but will be presented in the next semi-annual report.
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CONCLUSIONS
The completion of the first part of this landuse study has made

possible the following conclusions:

* Classification performance of the spectral analysis
was significantly higher than was expected consider-
ing the scattered housing and strip developments.

* Numerous spectral classes which exist in both urban
and rural environments in reality have different
land uses (ex. park grassland - pasture, disturbed
soil in housing developments - piowed farm soils,
city parks - rural tree lots, etc.).

* Urban-rural interface zones are complex areas need-
ing concentrated attention during analysis procedures.

* The addition of digitized urban boundaries should
greatly aid discrimination between spectrally
similar urban and rural classes.

The protion of this study involving utilization of digitized urban
boundaries appears to be an exciting and promising step toward develop-

ing a usable landuse planning tool.
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AN EVALUATION OF INDIANA'S COASTAL
ZONE FOREST RESOURCES
A Study of the Impact of Remote Sensing

to Forest Inventory

INTRODUCTION

This report describes the results from a forest inventory con-
ducted within the boundary of the Indiana Coastal Zone Management
Area (fig. 1). The materials documented here are from the second
phase of a two-year study which began in 1976. This inventory
utilized combined inputs from remote sensing and ground based tech-
nologies to characterize the extent and quality of the forest re-
source. These results represent a quantative frame work upon which
to build forest management policy in the Coastal Zone Management Area.
Furthermore, this study demonstrates the feasibility of using Landsat
collected data in conjunction with on-going survey to provide im-
portant and necessary information to direct the development of Indiana's

forest resource.

Background

In response to Public Law 92-583 (the Coastal Zone Management Act
of 1972) personnel from the Indiana Department of Natural Resources’
(IDNR) Division of Forestry, and the Laboratory for Appiications of Re-
mote Sensing (LARS) cooperated in a forest inventory of the Coastal
Zone Management Area (CZM). LARS provided maps and statistical data for

forest cover through machine-assisted analysis of Landsat muitispectral
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scanner data. Using this input IDNR inventory the timber lands for
the purpose of categorizing the forest resource. Results from this
first phase of the study were published in "Technical Report No. 101."
The second phase of the CZM forest inventory was initiated in the
spring of 1977. The intent of this new phase was to provide a more
detailed quantification of the forest resource base. Specifically,
information on the potential and present productivity of forest lands,
and a measure of their susceptibility to erosion was to be provided.
Given these inputs, broad management objective have been defined, along

with unique areas which require special management consideration.

Objectives
The objective of Phase II was:

To further amplify, and quantify forest

resource information coliected during

the 1976 inventory.

In order to accomplish this objective, we needed to:
¢ Identify the potential productivity, of

forests in terms of board foot growth/

acre/year, based on soil productivity.

o Determine the potential erodability, of
forest soils.

e Classify the existing resource in terms
of annual production, emphasizing areas
of high commercial volume productivity,
recreation potential or other unique

attributes.
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These objectives address specific requirements which were necessary
to formulate management directions for the CZM. The scope of this
inventory did not allow for the intensive collection of data neces-
sary to develop management plans for a small ownership. Therefore,
any inferences made from these data to individual forests tracts would
be subject to excessive sampljpg error. Individual forest owners who
desire management pians for their land should consult with the INDR -

Division of Forestry.

APPROACH

The 1977 survey utilized the previously classified Landsat data,
and current soil maps. The forest soils were identified from the Land-
sat data and were digitized in 2.5 acre cells by section and township.
Soil Conservation Service information on woodland suitability and land
capability forms the bulk of a data base created at LARS. Field data
to supplement the 1976 survey was also collected. IDNR processed the
field inventory data and LARS manipulated the data base. Both organi-
zations worked together to complete the inventory and develop recommen-

dation.

Methods and Materials

Landsat data classified by LARS Staff early during 1976 (fig. 2)
was the basis for the forest inventory. Fundamentally, the Landsat
classifications were used to locate forest land. Four classes, based
on distinct spectral response characteristics were identified. Forest
inventory data were sampled based on a proportional allocation of acreage

by spectral class. These survey data were reduced by IDNR, and the
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results analyzed to provide a profile of the CZIM forest resource.

An important facet of this study involved combining the results
of the Landsat classification with soils data. The soil data was
derived from current soil maps for townships within the CZIM. The
soils information from the map can be related to indicies of potential
woodland productivity, and potential erodibility. The Landsat and
' soils data were combined in a grid-cell data base, which conceptuaily
illustrated in figure 3.

The data base was created by encoding the following information
about a 2.5 acre cell into a digital computer record:

County Name

Township

Range

Section

Row Number (1-16)

Column Number (1-16)
Spectral Class of Forest
Soil Symbol

Slop Class

Erosion Class.

A grid, figure 4, at two scales, 1:15840 and 1:24,000 was used
to compegs;te for the difference in scales between the Landsat and
soils maps.

Line printer classification maps for the forest classes only (fig.
5a) were manuaily annotated to show township, range, and section Tines.

The 1:24,000 grid was used to locate the coordinates of forest tracts
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consisting of a minimum of 2 pixels (about 2.3 acres). Soils infor-
mation for these coordinates were than read from the soils map (fig.
5b) and encoded to a computer file, (fig. 5c and Appendix V-1) and ex-

ample below.

FILE. « THNSHP 373 P1
LAPORTE 37NO3W030101 3 MX
LAPORTE 37N03W030201 2 BTA
LAPORTE 3TNO3W030505 3 MRB2
LAPORYE 37N0O3W030605 3 MRB2
LAPORTE 37N03W030701 A CHB
LAPORTE 37N03W030705 3 WT
LAPORTE 37N03W030901 3 BTA
LAPORTE 37N03W030903 3 RR
LAPORTE 37NO3W031001 & FH
LAPORTE 37N03W031002 3 MX
LAPGRTE 37N03W031003 3 BR
LAPGRTE 37N03W03100% 4 RR
LAPORTE 37NO3W031101 3 FH
LAPGRTE 37N0O3W031102 2 FH
LAPORTE 37N03W031103 3 WY
LAPORTE 37N03W03110% 3 WT
LAPORTE 37N03W031201 1 MX
CAPDRTE 37N03W031202 2 FH
LAPDRTE 37N03W031203 3 WY
LAPOR TE 37N0O3W03120% 4 B8R
LAPORTE 37N03W031301 4 MX
LAPORTE 37N03W031302 2 FH
LAPORTE 37N03W031303 2 BAA
LAPORTE 37NO3W03130% 3 RR
LAPORTE 37NO3W031401 3 MX
LAPORTE 37N03W031402 3 FH

The procedure use to encode the raw data was described by Yahner,
in "Using the Soil Survey for Land Assessment. A Computer Method".
Minor modifications were made to Yahner's source deck, in order to
encode and manipulate the data necessary for the CZM inventory.
Figure 6 shows an example of the output map and summary tables show-
ing the acreage by potential productivity and potential erodibility.
An addition was also made to Yahner's programs that aillowed us
to select sampie points for the field inventory. A discription, flow
chard, program 1isting and tape file exampies for program NEWSAMP
appears in Appendix I. The output of NEWSAMP, fig 7, is a table show-
ing the random grid locations for points in sections within a township.
Points are selected with a probility proportional to the productive

acreage. A summary at the top of the table shows the number of points
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TOWNSHIP 35N RAMGE 0RWw SECTION 2

SOTL PRODUCTIVITY VaLUE/CAPABILITY UNIT
1 2 3 4 S f 7 b 9 10 11 12 13 16 15 16

1 22 22 ¢2 2? 22 22
? 22 27 22 «c2
3 22 22 22 &z 22
4 Pe 22 22 2 P2 22 22
5 22 ee
5 P4 26 22
7 24 22 h8 ?e
8 27 27 c¢ 6H BR 6E AY
9 22 22 ce¢ 22 58
19 2P 27 ce¢ o8 H3 b3 2z P2
11 27 ce <2ec Hd 24
12 22 22 22 22 ¢ 22 22
13 22 22 22 2@
14 22 22 22 ¢e 22 22
15 22 22 22 ¢e @2 ORIGINAL PAGE IS
ACRES PER PRODUCTIVITY CLASS ACRES PER CAPABILITY UNIT
PROD.CLASS ACRES CAP. UNIT ACRES
1 0.0 1 040
2 1700 2 16040
3 Ge0 3 0.0
4 0.0 4 10.0
5 0.0 g 0.0
6 25.0 9 0.0
TOTAL 195.0 8 22:8
TOTAL 195.0

Figure 6. OQutput map for Section:2 of Township 35 North, Range
8 West. Productivity Class and Capability Unit Tables

are also part of the output from the data base.



NO. OF SAMPLE CELLS PER PRODUCTIVITY CLASS

PROD. SAMPLES
1 0
2 6
3 1
4 0
S 0
6 e
SEED = 13
COORDINATE_LOCATION OF SAMPLES
COUNTY TOWNSHIP RANGE SECTION ROW COLUMN PROD. CLASS
LAKE 3SN 08W 1 1 1 2
LAKE 35N 08W 5 7 8 2
LAKE 35N 08w 6 15 9 3
LAKE 35N 08% 11 3 13 2
LAKE 35N 08w 10 3 7 2
LAKE 35N 08w 10 1 10 2
LAKE 35N 08w 30 10 S -
LAKE 35N 08w 30 2 4 6
LAKE 35N 08w 6 13 3 6
NUMB = 72

Figure 7. Output from the sample program NEWSAMP. The table shows the sample point
Tocation for Township 35 North, Range 8 West.

0¢
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selected by productivity class. With this information, a topographic
map, and a 1:24,000 grid the field crew couid locate specific plot
centers.

Normal IDNR forest inventory procedures were followed for the
field data collection. Five variahle radius plots were measured for
each sample point. The plots were arranged as a cluster sample, figure
8. Tally trees were selected by a pps (probability proportional to
size) method with a 10 factor basal area angle prism. Information re-
corded on field sheets, figure 9, included: species, diameter at breast
heighth (dbh), merchantable height (as number of logs), cull (percent
of defect) and log grade. Ten year growth data for one dominant or
co-dominant tree per points was measured. Also site index was measured
for one dominant tree per sample plot. These data were sent to the IDNR
offices in Inaianapolis for card punching and 5ha1ysis.

The IDNR forest data processing service computer programs reduced
the raw data to:

e Stand and Stock tables, figure 10

e Table of board foot volume by species
and 1og grade, figure 11

e Pulpwood production, figure 11

e Statistical sample summary, figure 12

e Ten year predicted stock and stand tables,
figure 12 and

e Average board foot growth per acre, figure 12.

These results were produced for each sample point. Results for
sample points were combined by Landsat classes to yield summary data

ORIGINAL PAGE IS
OF POOR QUALITY
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L b

PLOT CENTER

Figure 8. 5-point cluster design.
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F, D, P, S, = Tally Scheme 6

Cruising Method: Prism, Plote,
or 100%
Date Page of
Name:
Tract:
%“" Spccml Fs‘ Spacies FSZ
Point 08H |Ht {nallog Grades -|OBH fHt 1n JLog Grades
Abbrev d Abbrey ¢
No ‘ " , !
- e | |
- ~ )
FOREST DATA PROCESSING SERVICE
~) TALLY SHEET FOR INCREMENT BORING DATA
Name Date:
- Tract: Page_ of Pages
10+ Yr. 10 - Ye.
3
D8 H Core Len. BEh Core Len.
~ b
; AENN 7 TTT
Jj et 4o
T
Ye . 80
1
I {21314 [s1s8l7is8]o]iofin izfialaiis]i
A 2lialisl;
7 L

Figure 9. Field tally sheets used to record forest data for the

selected sample points.
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__CIM=PORTER CCey T3INyRSWySECe2y ROW 13, COL. 1 . -
OODYLE BOARU FDOT VOLUME 2Y SPECLIES AND DIAMETEK CLASS
(PER ACRE VALUES)

- —

. e

- 1 0F 2
TREERTLLE TS SESSEST TEmE=x=zss A R R N R A A S R ST S S S S S S N S R R RS TS SRR ST SEESE T E N - —
BASAL NO. — ===~ TWC INCH DI1AMAMETER CLASSES ===un=nm
SPECIES LISTING AREA/Ae _ TREES 10 12 14 16 18 20 22 .
WHITE ASH TTThe0 T 248 0ol 0e0 1647 0.0 0.0 18244 0.0 )
SUGAR_MAPLE 8s0 _ . Te1 0e0 5846 18344 157 «b 0.0 00 . . _.0a0 S
RED OAK 840 Se? 0.G 2545 0.0 0.0 19041 101 .8 040 N
ToTALS 2040 1642 00 84 40 26001 1576 1901 . 2842 T 0e0 )
NUMBER TREES BY DS8H CLASS 040 541 506 A 2.3 le8 0e0 -
== = =TT LR SEcmmTErsmeaTCSCSSETSSoohtASSSoTssSSSsoSTnossomos == mEa= = 3‘3:‘;:.:;;::;:_::;:- T
it - : - ~ -
P
CIM~PORTER_COey T3TNyR5WySECe2s ROW 13, COLe 1 —— e
DOYLE BOARD FOOT VOLUME BY SPECIES AND DIAMETER CLASS (CON®T.)
e {PER ACRE VALUES) o I
2 OF 2
= EEmmn o = I. EXEEREE oSS ESSZosDEDosSSmsexun BT ETS iy ..:_2-.: “‘::!-"k”— .
=~ w==~== TX0O 1NCH DIAMETER CLASSES == oo __ ——
SPECIES LISTING 24 26 28 30 32 34 36 38 40 VOLUME
WHITE ASH _ 00 0.0 040 0.0 G o0 0e0 0.0 0,0 040 _ . 259el
SUGAR MAPLE 0.0 00 00 0.0 OeD 0e0 0.0 0.0 0.0 399.5
RED DAK Ds0 _ _ __ 040, 040 . 0e0 0e0 040 040 Qali . 00  37eb
TOTALS 0.0 D0 0.0 040 00 04,0 0.0 0eQ . _De0 97640
NO. TREES BY DBH CLASS 040 0.0 0.0 00 Ce0 040 0.0 040 Qed . __
=% SZRE =m = T==S & === o= nRE==T RGNS EIIERESEE SR

Figure 10. Example of Stand and Stock table output from field inventory data. '
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CZM=PORTER CCqy T3TNyRSWSEC L2y ROW 13, COLe 1 I
DOYLE BOARD FOOT VOLUME BY SPECIES AND PURDUE LOG GRADES
. {PER ACRE VALUES) e
X 233 -1 =¥ -—.-——_—-‘::——-—-5—-"-": _____ == == = |SS=S=xs SR=Sas e
BASAL NOe =~ = = ~ = PURDUE LOG GRADES - — — = ~ TOTAL
SPECIES LISTING AREA/A, TREES PRIME ONEk THO THREE  VOLUME e e e
WHITE asy™ ~ 440 2.8 0e0 040 10548 15343 25941 T Ty
SUGAR MAPLe . 80 747 Ce0 040 0a0 39945 39945 _ ..
RED OAK 840 547 040 0e0 10148 21566 317Te%
TOTALS ~ ~ "20.0 1642 040 040 207.6 76844 97640 i ) _
oy il = mrmme=ns = —ormmm=g=smn s P gy =zes nz=m T T TRt
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CIM-PORTER COay T3TN,RS5WSECeZy ROW 13, COLae 1 i ’
TONS_OF PULPWOOD, BASAL_AREA AND NO. OF TREES 8Y SPECIES AND DIAMEYER CLASS _
(PER ACRE VALUES)
o £ - — ——_
#’q E E 315 13 =: b~ -!?—===""‘“"-R=J..—-. oSS ErENrTRIRSSIISSR .“- IEIJICTSERE=S
] BASAL NOa - TWO 1NCH DIAMETER CLASSES~ TOTAL
AREAZA IREES . __ 2 .. 4 6 8 10+ NOLUME
&5 p— EEERECE o rEm=s o =mzom 2czzmz=ns =m== T A, ’
Erg RED OAK 2,00 T 37 T 0e0 Ge0 0.0 040 0e6 0ab ;
g TOTALS 3.0 0 T 3.7 T 0.0 0.0 040 0.0 0e6  Oub
= NUMBER OF TREES BY DBH CLASSES  0a0 0.0 0.0 0.0 3.7
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Figure 11. Table - :
g of board foot volume by species and log grade, and summary f———
o H
i pulpwood production table. ¢ -
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STATISTICAL SUMMARY FOR

CZM~PORTER COa» T37NyR5WsSECe2, ROW 13, COLa 1

SAMPLE SIZE = 75

. S i . o —— .. _n, -:_ MEAN ___ = SZ&QE;RQ& OF uﬁm -
T VARIABLE OF INTEREST {PER ACRE) ABSe VALUE PERCENT
. SAWTIMBER
DOYLE BOARD FOOT VDILUME 97640 366425 3753
Sle FTe BASAL AREA 2040 4947 22436
NUMBER OF TREES 1642 3455 21.85
PULPWODD
TONS OF PULPWOOD 0eb 062 100,00
$Q. FTe BASAL AREA 20 2400 100400
NUMBER OF TREES _ 37 267 100400
s==z = Eomzecznossseoc SCnssarasTERsCnETSRERE
—m - TEN YEAR _PREDICTED SYAND _AND_STOCK TABLE FOR

CZM~PORTER COay T3TNeRSWSFCe2y RON 13y COL. )

E+-2-+3-13-4- 334+ 3 F 3.4 -4 = SIVDPETTRTTCSIRE -
L ) . __ _ DIAMETER NOe TREES VOLUME _ S
CLASS PER ACRE PER ACRE
—e M —— .59 . _ 231e5 - . R
16 545 60740
——- — A8 . 1«S e e~ . 1305 . . e
20 242 33942
22 1.8 . 45943 —
24 Oe1 5240
- - ToTALS 1642 T T T 181945 ST Trm T
e e DU Sy Uy S L P ey - T T
. AVERAGE ANNUAL DOYLE BOARD FOOT VOLUME GROWTH PER ACRE = _ 84,3

Figure 12. Statistical summary tabie, and ten year

predicted stock and stand table.
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by spectral class. These data, supplemented by results from the
previous years inventory form the basis for the recommendation of

the study.

RESULTS
Evaluation of the inventory results indicate that forest lands
in the Coastal Zone Managemenf area:

e Predominantly belong to the Oak-hickory association

e Are producing less average board foot volume per acre
than their potential

e Have been subjected to less than desirable management,
and as a result

e Have a majority of their growing fiber volume to low
quality logs.

e Are frequently growing on soils which are susceptible
to erosion and, therefore, must be carefully managed.

Table 1 summarizes the composition of the four forest classes
which occur in the CIM. Typically the coastal zone's fofests belong
to the broad classification of forest ecosystem known as the central
hardwoods. This association is composed of a mixture of hardwood
species, which are predominated by the species oak. Rarely, do homo-
genous stands of timber exist in this region. Usually, hardwood species
intermix forming a large continua rather than a small uniform type.
Certainly, the forest resources in the CZM reflect this intergration,
as shown in figure 13. These diagrams represent the distribution, by

volume (sawtimber trees), for the four classes of forest.



Class

TaBLE 1.

Symbol

DeEScRIPTION OF FOREST

Sawtimber

CLasses IN THE CZM

Pulpwood

Bd.ft. growth/
ac./year

1 Oak-hickory-maple

2 Oak-hickory~lowlands

3 Oak-Hickory-uplands

Transition type

TIVAD ¥O0d d0

AL

140

oI EHVA TVNID

OHM

OB-1

CH

* bd. ft. vol. by Doyle Scale.

3851 bd.ft.*/ac.vol.
50 trees/ac:

54 sq.ft. basal area
61% Oaks by vol.

6019 bd.ft./ac.vol.
55 trees/ac.

70 sq.ft. basal area
68% Oaks by vol.

5292 bd.ft./ac.vol.
55 trees/ac.

67 sw.ft., basal area
78% Oaks by vol.

3823 bd.ft./ac.vol.
43 trees/ac.

51 sq.ft. basal area
757% Oaks by vol.

5 tons/ac.vol.
79 trees/ac.
22 sq.ft. basal area

4 tons/ac.vol.
64 trees/ac.
16 sq.ft. basal area

3 tons/ac. vol.
59 trees/ac
15 sq.ft, basal area

5 tons/ac.vol.
72 trees/ac.
20 sq.ft. basal area

243

363

258

129

8E
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The four types (fig. 13) belong predominantely to the ocak-hickory
association. The major differences occur in type one and four. The
first type contains the greatest proportion of maple volume per acre.
The fourth type has no maple volume but contains more red oak and
cottonwood, so therefore, is considered a pioneering or transition
type. Types two and three are more typical of the oak-hickory assoc-
iation, each containing approximately equal amounts of the white and
black oak groups and the walnut groups. The major difference between
these types is that type two will more 1ikely be found on moister lower
sites than type three.

For each type, the average annual productivity, measured by board
foot growth per year, was calculated from the inventory data. These
results are shown in the last column of Table 1. These productivity
figures were compared to the potential board foot/acre productivity
published by the Soil Conservation Service.

Figure 14 shows the distribution of forest productivity classes
in the CZM mapped according to potential board foot growth per acre
per year. This data were summarized from Soil Conservation Service County
Soils maps for Lake, Porter and La Porte counties. The forest acreage
ranked by potential productivity from soil survey data is shown in Table
2. A summary of Table 2 indicates:

o 45% or 25,758 acres of forest land in the CIM is
composed of pioneering species occupying sites
capable of producing more volume and better quality
timber than at present.

e 39% or 23,191 acres of forest land in the CZM consist
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OAK-HICKORY-MAPLE OAK-HICKORY-LOWLANDS

White Oak 20%

Red Oak 16%

White Oak 26%

Other 49% Other 499

Red Oak 20%
Maple 11%

Maple 7%

ickory 7% Hickory 4%

Black QOak 5%

White Oak 25% Other 21%

Other 30%

Red Qak 50%

Hickory 4% Red Oak 20%

Maple 5% Black Oak 18% Black Oak 13%
Cottonwood 9%
White Oak 8%

OAK-HICKORY TRANSITION

F1GURE 13, DISTRIBUTION BY PERCENT STOCKING FOR MAJOR SPECIES
FOR CZM FOREST TYPES.

ORIGINAL PAGE IS
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TABLE 2. DISTRIBUTION OF FOREST ACREAGE BY CLASS FOR POTENTIAL PRODUCTIVITY
GROUPS BASED ON ACCEPTED SoIL CONSERVATION SERVICE WOODLAND SUITABILITY

RANKINGS .
Potential Productivity
High Medium-High Medium Low
FOREST TYPE -
bd.ft./ac/yr 300~ 220~ 155~ 115~
growth 375 300 260 155
(Doyle Scale)
(Acres)

Oak~hickory-Maple 243 1233 2030 1015 145
Oak~hickory~lowlands 363 1668 3626 2321 290
Oak~hickory-uplands 258 3843 5656 6671 2103
Transition hardwood 129 2683 4714 11530 3553

Ly
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of white, black and red oaks, of small sawtimber

dimensions growing on soils that have optimum

site conditions for these species, and therefore

are producing within acceptable productivity Timits.
e 15% or 8,919 acres of forest land in the CZM is com-

posed of red oak, cottonwood and willow, which occupy

sites that pose extreme management 1imitations, but

are producing above average growth.

Productivity, as used in Table 2, is a measure of a stands cap-
ability to utilize the site (soil resource). The annual board foot
growth does not suggest anything about stand guality or stocking. In
order to determine occupancy (stocking) the average stocking per acre
of Acceptable Growing Stock Trees (AGS) was calculated. These results
are presented in Table 3. AGS trees, Table 4, are those species for
which a timber market exists. Acceptable stocking for well managed oak-
hickory stands is 60 to 100% in AGS trees. As Table 3 indicates, average
stocking for forest types in the CZM is less than desirable.

An evaluation of product quality further supports the contention
that timber stands in the CZM are poorly managed. Table 5 shows the
distribution of board foot volume by Purdue Tog grade. Greater than
half the stand fiber volume is the study area is in poor quality logs.
The high proportion of poor log grades indicates suboptimal stand
management. This assumption is supported by comments from the field
crews, which indicated that a large portion of the sample plots had
been grazed, burned or high graded in the past.

The data base created from the soil survey maps was manipulated

»n 1B
ICTNAL PAG
ORIG Q08 QU ALITY



TABLE 3. Growing Stock Distribution, in basal area and percent stocking.

Acceptable GS Unacceptable GS
Species
Class Saw Timber | Pulpwood Saw Timber | Pulpwood Total
OHM
BA 44.1 16.8 10.2 4.9 76.6
% 58 22 14 6
OHu
BA 61.5 12.6 8.6 3.5 86.6
% 71 15 10 4
OH
BA 59.3 11.4 7.7 3.7 82.6
% 72 14 9 5
T
BA 47.9 14.0 3.2 6.2 73.3
% 65 19

Acceptable Growing Stock are all merchantable tree species, Table 4.

Unacceptable Growing Stock trees are those species for which presently no market exists.

Saw timber are trees which d.b.h. is greater than 10 inches.
Pulpwood trees are those between 6 and 10-inch d.b.h.

BA - basal area is a measure of stem occupancy, expressed in square feet/acre.

ey
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TABLE 4. Acceptable Growing Stock trees for types in the CZM.

White Ash Sugar Mapie
Basswood Soft Maple
Beech White Oak
Cottonwood  * Red Oak
Cherry Biack Oak
White Elm Tulip Popiar
Shagbark Hickory Sycamore

Black Walnut

TABLE 5. Distribution of board foot volume by Tog grade for forest
types in the CZM.

Purdue Log Grade

Type Prime 1 2 3
(percent of board foot vol/ac)

Oak Hickory Maple 8 9 33 50
Oak Hickory Towlands 13 13 31 43
Oak Hickory uplands 10 1 30 49

Transition 5 6 23 66
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to give generalized maps for; 1) potential board foot/year produc-
tivity (fig. 14), and 2) soil capability (fig. 15). The soil cap-
ability map, figure 15, indicates generalized zones where soils possess
similar characteristics, related to their susceptibility to erosion.
Zone I is the Teast susceptible, Zone III the most susceptible and,
therefore, will require the most caution when planning for any human
activity on these soils.

Table é gives the distribution of forest area by soil capability

zones.

RECOMMENDATIONS

The recommendations in this section are based on the preceeding
results aﬁd accepted management practices for the oak-hickory cover
type, guidelines are given for water, wildlife, recreation and timber
uses of the forest resource.

Water

Since the majority of forest land in the coastal zone occurs on
erodible soils, these areas should be a carefully managed to prevent
excessive erosion. Human activities, including the development of hous-
ing sites, should be regulated in order to minimize soil loss and
stream sedmentation.

Intensive silvicultural activities should be Timited in Zone III
(figure 15) forest lands. Only those activities that perpetuate good
watershed management should be utilized. The management of these
forest lands for a commercial timber crop should be carefully monitored.

In no instance should indiscriminate timber clearing be condoned.
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Wildlife

Wildlife management in the oak-hickory forests is compatible
with other management practices. These forests provide habitat, for
numerous species. The enhancement of wildlife habitat usually occurs
in conjunction with selective cutting or timber stand improvement
practices. These practices produce small openings in the forest stand
that encourage wildlife.

If wildlife is a highly desired element in a management scheme,
specific activities should be pursued. Ideally, a manager should strive
for a stand having a good distribution of size classes from saplings to
mature sawtimber. Currently, forests of the coastal zone lack the ideal
with regard to diameter distribution. However, through controlled thin-
nings and timber stand improvement methods stand structures could be modi-
fied. In order to make these activities economically feasible, these
practices should be concentrated to forest areas growing on highly pro-

ductive soils (figure 14).

Recreation

The coastal zone management area is located within easy reach of
millions of people 1iving around the fringe of Lake Michigan. Recreational
opportunities are currently at a premium for such a large populace. The
coastal zone forests along the lake and major water courses offer the
potential for recreational development,

Figure 16 delineates areas where recreation is best suited for
development. However, care should be taken when developing these areas

to prevent misuse of the soils. The forests along the coast grow on
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TABLE 6. DISTRIBUTION OF FOREST LAND BY SOIL CAPABILITY IN THE CZM.
ZONE OccuPANCY ;
(PERCENT FOREST) DEscrIPTION
I 40.5 No Timitations due to excessive
) soil erosion or slope. Usually
well drained soils.

II 4.0 Limitation because of slope or wet-
ness and/or erosion hazards are more
serious, and require care in manage-
ment.

ITl 55.5 These soils have severe limitations,

often due to excessive slopes and
generally unstable soil profiles.
These areas should have use restrict-
ed to activities which do not promote
removal of the vegetation.

’

0g
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unstable soils prone to excessive wind and soil erosion. In these
areas summer residences and large camping complexes should be kept
to a minimum. The area is best suited to smaller recreational sites
of a dispersed nature.

The area along Deep River should be managed for maximum protection
of the stream course. Heavy development should not be permitted along
the stream. Walking trails or camping/picnic facilities should be

located with great care.

Timber

The potential for developing the timber resources of the coastal
zone is best for areas growing on highly productive and least erodible
site. These sites should be managed for forest production (fig. 16).
Currently these areas are not optimally managed. Practices which
would increase productivity in these stands should be encouraged.

Basically, silvicultural practices, primarily thinnings with some
selective cuttings should be undertaken on these sites. These activ-
ities should be pursued with the objective of perpetuating oak regen-
eration and increasing stocking of the acceptable growing stock trees.
If intensive management activities were pursued over a 40-or 50-year
planning horizon an estimated 56 percent increase in timber value (using
current timber price information) could be anticipated.

Currently, 1limited opportunities exist in the coastal zone to fully
exploit the timber potential. Figure 17 shows the number of sawmilis in
the counties adjoining the study area. This lack of primary wood using

industry in the CZM creates difficulty in marketing timber for top prices.

b}
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CONCLUSIONS
This report culminates one phase of a cooperative program between
LARS and the IDNR- Division of Forestry. The results of this two year
effort, documented here and in previous semi-annual reports, can be
summarized as follows:
o Computer-aided analysis of Landsat digital
data can be effectively used to help
characterize the central hardwood forest
resource.
e landsat classification provide timely
information about the forest resource base
which is not available elsewhere
e Spectral differencies of forest classes
classified on Landsat data can be used as a
basis to allocate field sample pliots, and
therefore, reduce costs associated with
collecting the field data
e Landsat classifications in combination with
ancillary information, such as soils maps
provide a powerful tool to help the IDNR set
priorities for forest management opportunities.
Empodied in the recommendations is the knowledge that use of remote
sensing (i.e.: computer-assisted Landsat classifications) can benefit
man. These benefits accure to the populace indirectly through legisla-

tive actions that protect and improve Indiana's forest resources. The
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CZM study results and recommendations have identified the potential

for various management alternatives. These recommendations will be

translated into land use policies. Empowered by federal mandate,

the State of Indiana will enforce these policies through zoning regu-

Tations designed to protect the coastal zone management area resources.
Landsat inputs, although minimal, form a critical base upon which

the forest resource policies will develop. Without this remote sensing

input the quantative data upon which to base this studies recommendations

would not have been available. Remote Sensing has definately played an

important role in shaping Coastal Zone Management policies for the forest

resources in northern Indiana.
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Indiana Coastal Zone Management Project
Summarization and Sampling Program Documentation

PURPOSE OF THE PROGRAM

The name of this program is "SAMPLE". Its purpose is to
summarize and sample from data collected on a township basis.
Given the soil type of a cell with forest cover, the program
assigns that cell a value for the soil's productivity, and a
value for its capability. It then counts the total number of
acres per productivity class and per capability unit on a sec-
tion basis and a township basis. The number of cells per pro-
ductivity class which need to be field-checked are calculated,
and then are randomly selected from the township. See the
following pages for more details.

THE EXEC ROUTINE

This program is written for a IBM 370 computer in fortran
IV, G level, in conjunction with a CMS 360 exec routine. This
exec routine has a file name of SAMPLE and a file type of EXEC.
This means that whenever "SAMPLE" is typed on CMS mode, state-
ments are defined and commands are carried out which are found
in the file SAMPLE EXEC.
Contents of the exec file:

GLOBAL TXTLIB SSPLIB SKSLIB

FILEDEF 1 DSK LAKE SOIL

FILEDEF 2 DSK PORTER SOIL

FILEDEF 3 DSK LAPORTE SOIL

FILEDEF 4 DSK TWNSHP &1

FILEDEF 5 DSK SEED &2

FILEDEF 6 PRT

FILEDEF 8 DSK-T1l LRECL 10240 ETENT 36

GETDISK TEMP 5CYL CLEAR

LOAD SAMPLE ORIGINAIL PAGE IS

START SAMPLE
RELEASE 192 T (DET OF POOR QUALITY

The statement which begins the exec routine enables the
program to have access to the scientific sub-program library,
which 1s used to generate random numbers in this case. Access
to the system library is also obtained.

Next follow seven statements which define program files:

Program file 1 is defined as the file which is on disc
with the file name and file type of LAKE SOIL. Program file
2 is defined as the disc file PORTER SOIL, and program file 3
is defined as the disc file LAPORTE SOIL.



For the program files 4 and 5, another note of explanation
needs to be made. In exec routines, an ampresand (&) may be
used which will be exchanged for a value later on. This ex-
change is made when you are in CMS, and "SAMPLE", followed by
a space and a number, is typed on the terminal. For example,
with the exec statement:

FILEDEF 4 DSK TWNSHP &l

and when "SAMPLE 369" is typed in the CMS mode, the exec rou-
tine will be performed and the program file 4 will be defined
as the disc file TWNSHP 369, °

More than one value may be exchanged. The "1" placed
after the ampersand in the FILEDEF 4 statement indicates that,
in CMS, the first value typed after "SAMPLE" is typed will be
exchanged for the &1, and the second value typed after "SAMPLE"
will be exchanged for the & with the 2 placed after it, as in
the FILEDEF 5 statement. The first and second values are se-
parated by a space. When "SAMPLE 369 5" is typed in CMS, the
exec routine will run with the program file 5 defined as the
disc file SEED 5.

Program file 6 is defined as the printer, which means that
when the program says to write things on file 6, the information
will be printed as output.

Program file 8 is defined as a temporary disc with a speci-
fied format. This file also must be defined within the program
with a fortran statement.

The exec routine also gets a temporary disc of five cylin-~
ders, clears all previous information and logs it into your
system.

The next commands load for fortran program with the filename
of SAMPLE, and begin its execution. Once the execution of the
program is completed, device 192, which is the tempory disc, is
detached from your system.

Therefore, to execute the program while CMS, simply type in

SaMPLE followed by the TWNSHP file type you want, and with the
SEED file type you want.

FORMAT OF INPUT

1). TWNSHP

There are five sources of input to this program. All are
located on disc. The major data which the program works on is
contained in the file with the name TWNSHP and of the type which
is a series of three integers, depending on the particular TWNSHP



for which you want the output. For example, a file called
TWNBHP 369 means that the program will work on the data from
township 36 N, range 9W. The other TWNSHP files follow a
similar pattern. .

The TWNSHP file contains the following information in the
following format, all on one line. Each coordinate row and col-
umn combination which has data is on a separate line. The
number in parenthesis is the number of spaces which the data
may take, or the number of spaces between pieces of data.

County name {8), Township (3), Range (3), Section (2), Coordin-
ate row (2), Coordinate column (2), Forest spectral class (2),
(6), An end of section marker (3), Soil Symbol and slope (3),
Erosion value of soil (1).

The end of section marker is either the letters ALL or HAF.
When data for an entire section is available, use ALL. When
data for less than an entire section is available, use HAF.

See page 5 for an example of the data in a TWNSHP file.

How data for a TWNSHP file was collected:

The data for a township was encoded on a section basis.
Coded LANDSAT data for the section was used. Fach section was
divided into 256 2%-acre cells. A particular cell's location
was defined by a coordinate system consisting of 16 rows and
16 columns, which also totals 256 cells. Information for the
section was collected on each cell which had a forest spectral
class in it, which included the spectral class, and the soil
type found at that location. The soil type was found by using
a soil map.

2. Soil file

For reasons of convenience, much of the information having
to do with the soil type was not put into the TWNSHP file, but
was put into different soil files, depending on the county in
which the soil was located. The program matches this informa-
tion with the soil types in TWNSHP.

The soil files have the name of either LAKE SOIL, PORTER
SOIL, or LAPORTE SOIL. The following information is contained
in these files, in the following format. The number in parenthesis
is the number of spaces which the data may take on a line, or the
number of spaces between pieces of data.

Soil symbol and slope (3), soil name {6), soil texture (6),
erosion number (1), soil productivity class (1), soil capability
unit (1).

See pages 6-9 for a copy of the information which is in the soil

tiles. ORIGINAL PAGE IS
OF POOR QUALITY]



3). SEED

The last file which 1is used as input is the file named
SEED. The sub-program which calculates the random numbers
calls for a seed with which to begin its calculations. Thas
number should be a prime number. To avoid using the same
random numbers for each TWNSHP file which is run through the
program, a different seed is used for each TWNSHP file that
is run. These each are simply contained within files with the
name SEED and of type designated by a number. The file type
simply differentiates one seed's file from another. Each
file contains one seed.

HOW THE PROGRAM SAMPLES

The program gives the location of a particular number of
2%-acre cells which should be field-checked to find out what
is actually growing in that cell.

When the data .for each section is read and complied, it is
stored on a temporary disc. The entire section's data takes up
one line on the disc. Since there may be up to 36 sections in-
cluded in a township, there may be up to 36 lines on the tempor-
ary disc. The section's data within the line where it is stor-
ed is made up of the following information for each 2k-acre cell:

The row coordinate of the cell
The column coordinate of the cell
The forest spectral class form the Landsat data
Whether data for the entire section was available
or not,
(i.e. only entered for the last 2% acre cell of
the section.)
The soil symbol and slope
The soil's erosion value
The soil name
The soil texture
The soil's productivity class
The soil's capability unit
The section number.
Next, the number of 2%-acre sample cells required per pro-
ductivity class is calculated. This 1s done by taking 1% of
the number of 2%-acre cells which are in each productivity class.
This number is rounded off to the nearest integer.

400 groups of random numbers are then called. The first
two random numbers of the group are between 1 and 16, inclusive,
and the third is between 1 and 36, inclusive. When a group of
3 random numbers is called, the third number points to a row on
the temporary disc which contains the township information. That
is, it points to a particular section's data. The first two
random numbers then pick out a row and column coordinate location



of a 2%-acre cell in the section. If the soil productivity
class of that cell 1s one from which a sample is required,
that cell location, etc. is printed. If it is not, another
group of 3 random numbers is tried. This is repeated until all
the samples which are required have been found. Since there
are many cells in a section with no forest spectral class and
hence no productivity class, this procedure for finding the
sample cells required may be repeated frequently. Since there
are only 400 groups of random numbers, this procedure may not
be repeated more than 400 times, however. Hopefully by then
all the samples will have been found.

PROGRAM QUTPUT

The following is printed in the output:
For each section - County, Township, Range, Section number

An indication for whether all the data for
section was available or not. (If all

not available, an asterisk is beside the
section no.)

No. acres per productivity class
No. acres per capability unit

. Total no. of acres in all productivity classes
Total no. of acres in all capabilities units

For the township - No. acres in each prod. class for all
sections.
Total no. acres in all prod. classes for all
sections.
No. acres in each cap. unit for all sections.
Total no. acres in all cap. units for all
sections.

The no. of sections for which all the data was available minus
the no. of sections for which not all the data was available
{(called a half-section).

Total no. of sections for which data was taken.

The no. of samples required per productivity class.

Total no. of samples required.

The seed which was used for the random number calculations.

For the sample cells - County
Township
Range
Section
Row Coordinate
Column Coordinate
Soil symbol and slope
Soil erosion value



Any "misspellings" of soil symbols in the TWNSHP file, with
the section, row, and column of the misspelling.

The number of soil names (NUMB) in a county's soil file if
there are more than 99.

GE IS
OF poos. QUALITY



START >

I1-1

Initialize

Read a card
Puk the data in SECN

¢ BOF

NO

See what county it 1s

Last card YES

of a
Section
?

NO

Put the county's soid ainfor-
mation from disc anto
SOIL

If the card's soil type matches

SECTN

If the soils don't match write,
"mis-spelled on card!l"

k_/

All cards YES

a sorl type ain SOIL, put the —
information from SOIL into

» 1f sectaon is only 4% scctiong

for the section
read?

Add 1 to total of all
4 gections

Add for each section-
Units/prod class
Units/cap unit

Multaiply the no. of units by
2 5 to get acres

Sacres in all pred. classes

Add up all the acres an all
the capability unats
{section basis}

If this is the first
sect2on read for the
Township, write table
headings

Wrate

Section §

Acres/prod. class ACP
Acres/cap. unmit ACC
Total acres TOTH

Put all the section's data
onto a dasc

(Go to start]—-——-*-——-—b

ORIGINAL PAGE IS
OF POOR QUALITY]



For all Sections:

Z Acres/prod. class TACP
X Acres/Cap. unit TACC
% Units/prod. class TUNP

For all Sections:
£ Acres all prod classes
TTACP
@ acres all cap units
TTACC

Write the sums
in a table

Subtract
f#sections - ¥4 sections

Write no. sections
read

No. of Samples.
TUNPX 01

Add
No. of samples from all

classes and write

Read the seed
and write xt

ORIGINAL PAGE IS
OF POOR QUALITY

I1-2

Call RANDU to get 3 groups of
random nos 400 times

Multiply 2 random nos. of the
group of 3 by 16 and add one
to get the range from 1r16

Multiply the third random no.
~  of the group of 3 by the no
of sectaons and add one
to get the range from:
1~ no of sections

Write table headings headings
for location of samples

Randomly pack one of the
sections written on the disk.,
with the third random no

an the traplet.

A prod. class at a

random row+col = a prod.

class that must be

sampled from
?

Decrease no. of samples re-
quired for that prod.

class
Write.
County ROW
TNSP CoL
RNG so1l symbol
Section so01l slope
erosion =

/_-_-—-_

COQ
f

After 400 x around
the loop.

STOP
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