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ABSTRACT

The procedures and costs associated with mapping land
cover/use an¢d fbrest resources from high altitude color infrared
(CIR) imagery are documented through an evaluation of several
inventory efiforts. CIR photos (1:36,000) were used to classify
the forests of Mason Gounty, Michigan into six speeies groups,
three stocking l:vels, and three maturity classes at a cost of
$4.58/sq. km. The forest data allow the 'pinpoilnting" of mar-
ketable concentrations of selected timber types, and facilitate
thé establishment of new forest management cooperatives. TLand
cover/use maps and arca tabulations were prepared from small-
scale CIR photography at a cost of $4.28/sq. km, and $3.03/

_sg, km. to suppert reglonal planning programs of two Michigan

agencies. Prpcedures were also developed to facilitate analysis
of this data with other natural resource information. Eleven
thematic maps were gencrated for Windsor Township, Michigan at

a cost of $1,500 by integrating grid-geocoded land cover/use,
s0ils, topographic, and well Jog data using an analytical com-
puter program,

INTRODUCTION

Michigan State University, with support From the Office of
University Affairs of the National Aeronautics and Space Admin-
istration (NASA), has been actively involved in the development
of operational uses of high altitude color infrarved (CIR)
photography and other remotely-sensed data for improving manage-
ment decisions and actlons concerning natural resource problems.
The camera systems aboard NASA RB-57 and U-2 aircraft have ob-
tained high altitude CIR photography of over 60% of the land
area of Michigan since September, 1969. This, or similar
photography, has been applied to a broad spectriun of problems
that concern state, regional, and local level agencles. These
include: (1) highway corrider sclectien, (2) timber management

‘and utilization, (3). farmland preservation, (4) removal of

abandoned vehlcles, (5) sclecting opcimum crop processing plant
locatlons, (6) determining accessible rurzl water sites For re-
charging fire truck on-board supply, (7) land appraisal and tax
equalization, and (8) regional land use planning. Table 1

lisets the inventory characteristics of these applications which
have been reported in-a series of project publications.l,2,3,4 :

.*Presanted at the First Conference on the Economics of Remote
Sensing Information Systems, San Jose State University, San
Jose, Calif. Jan 1977.: ' ' .
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MICUTGAN RESOURCE INVENTORLES

The deeclsilons and actions taken 1llustrate some of the
benefits that have accrued through the application of small-
seale CIR aerial photography. Costs associated with providing
these beneflits are not easlly quantified since most of these
Inventories were accomplished under the NASA grant and detailed
cost records on dodividual projects were not maintained,
Limited cost Information lua, however, avallalle {or the [orest
mipplng projecie, and more complete cost data were recorded for
the Kalamazoo and T'ri-County land use inventories carried out
on a contract basis. , Another contract not listed in the table
developed a Resource Map Portfolie for Windsor Township using
land cover/use information Ffrom the Tri-County inventory along
- with other information gathered mainly Ffrom soll surveys, This
project provided cost information Ffor grid geocoding of re-
source Information and 1ts subsequent storage and manipulation
in a computerized reglonal information system for analysis and
map production, The Following discussion describes these appli-
cations and documents associunted procedures and costs.

APPLICATIONS
Timber Management & Uellizatdon

Over half the forest resources in the eastern United
States are in small, privately-owned ‘woocdlands. Few of these
foregt resources are managed or reach the market because of
their small size and varied ownership. The mixture of state
and federal forest lands with privately-owned woodlands further
complicates wanagement and utilization efforts,

The economy of Mason County, Michigan, i1s heavily
dependent on its forest resources: Wood harvesting, process-
Ang, and sales make timber-based industries and employment the
second most important source of income for the County. Mini-
nmum economic operation of a typical mill requires the process-
ing of timber Lrom about 10,121 hectares (25,000 acres) of
forested lands each year. The scattered, fragmentsi nature of
. the forest holdings in Mason County has made it increasingly
difficult for companiles and their contractors to locate and
gain access to these supplies of harvestable timber in the
County, Sixty-seven percent of the woodland acreage is in pri-
vate ownership for which no data existed on forest type, loca-
tion, or conditdion. -

Continued adequate procurement of tdmber was, therefore,
crucially dependent on securing reliable information on the lo-
catlon and characteristics of privately-owned forest resources.-
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The MSU-NASA Remote Sensing Project was asbad to help a group
composed of the Mason-Lake Soll Conservation District, the
Packaging Corporatlon of Amerleca, and the West Mlechipan Re-
plonal Planning Commission In developlng a methed for obtalning
this essentlal information, ‘The forest resources of the entire
County were inventoried wiing 1:36,000 CIR aerlal photography
and the classliifcatlon system shown in Table 2. Four maps were
produced at a scale of 1:25,000 shqung forest stands by thelr
location, specics composition, stocking, and maturity.

The West Michigan Regional Planning Commission has gridded
these photo-derived maps using a four hectare (10 acre) cell
matrix, and has encoded the forest data for incluslon in its
computer information system,3 The system facilitates the "pin-
pointing" of marketable concentrations of selected timber
types, For example, tables were recently produced which listed,
by township, the locabion and acreage of merchantable northern
hardvoods,

Industrial foresters are now using the maps and computer
printouts on a daily basis to direct mueh of their fieldwork,
For example, the Parish Yard of Duz Kirk LEnterprises had an _
Immediate demand for oak veneer. Through inspection of the maps
and a requested computer printout, company personnel were able
to qulckly locate a large tract of saw-log slze oak. One land-
owner in this area sold a portion of the stumpage on 24 hectares
(60 acres) of his land. This tract was selectively cut pro-
ducing for the landowner a return of $4,349. Additionally, the
forest data is being used in the long-~term scheduling of timber
procurement ds well as for programming the acquisltion of new
land. According to Industrial feresters, the maps have allowed
them to accomplish more wark, make better use of field for~
ester's time, and has allowed them to reach more private land~
OWners. :

Timber could contribute much more to the Mason County
economy if management and marketing of both public and private
forests were better coordinated, The Mason-Lake Soil Conserva-
tion District has launched a plonecr program in cooperative
forest management called 'Operation Woodchuek" to facildlitate
this sort of development, Under the program, many small par-
cels are pooled into cooperative units Ffor the management and
marketing of thelr forest resources; parcels, which if con-
sidered separately, would be uneconomical for timber procure-
ment. Two pilot [Forest management cooperatives, or "Hood-
chucks", were formulated and established in 1972 and.1973-by a
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MICIHIGAN RESOURCE INVENTORIES

TABLE 2 FOREST CATEGORY DEFINITTIONS

.

Speeles Types

Pine - lVorest stands in which eastern whlte pine, red pine,

Jack pine, or Introduced pines, singly or in combination, com-
prise 40% or more of the stocking. TIncludes both plantations
and natural stands, which are not to be differenciated from
each other.

Oak -~ TForest stands in which upland oaks comprise 407 or more
of the stocking,

Northern hardwoods - Forest stands in which mixtures of sugar
maple, beech, basswood, cherry, and other upland hardwoods,
singly or in combinaLion, comprise 40% or more of the stock~
ing,

Aspen~birch - Forest stands in which aspen- {quaking aspen,
bigtootl aspen, and balsam poplar) and/or white birch comprise
40% or more of the stocking.

Lowland hardwoods - Forest stands in whiel mixturés of ash, elm,
maple, and other lowland hardwoods, singly or iIn combination
comprise 40% or more of the stocking. o

Swamp conlfers ~ Torest stands in which mixtures of northern
white cedar, tamarack, and eastern hemlock, singly or in com-
bination comprise 404 or more of the stocking.

Non-forest — Any area which has 257% or less stocking,

Stand Size Classes

. Saplings - Forest stands with an average height of 10 meters or
less.

Pole timber - Forest stands with an avetage height of between
10 and 20 meters,

Saw timber - Torest stands with an average height exceeding 20
meters,

Stocking Levels

Low ~ Forest stands with between 25 and 50% crown cover. Those
- stands with less than 25% crown cover are classified as non-
foreset,
- Medium - Forest stands with between 50 and 75% ciown cover,
High ~ Forest stands with between 75 and 100% crown cover,
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process involving identification of potentlal sites from
A.5,0.5, black and white aerial photography followed by site
visits for direct, on~land evaluatlon of wood production poten-
tial, After a candidate avea had been chosen, extensive flald
observatlions and measurements were taken to determlne forest
conditions and to prepare a forast cover type map.

This process of formulating '"Woodchucks'" proved to be
complex and time-consuming. Expanslon of the program into all
parts of Mason County was difficult because of the lack of in-~
formation on the locatiorn and condition of privately-owned for-
est tracts. Wlthout forest type wmaps, tracts could not be co-
herently and reliably identified as potential program sites,
With the development of the photo-derived forest type maps;
however, the District Conservationist has now been able to
qulckly identify candidate sites for inelusion in thie program.
This strengthened procedure consists of obtaining a computer
listing of arecas of merchantable material, for example, concen-
tracions of mature aspen. The tabulations identify those sec~- .
tlons within townships which contain the largest copcentration
of the requested tlwber type. A comparison of these areas with
the maps and aerial photos permit the rapid selection of new
Woodchuck sites. :

Using this procedure, "Woodchuck Three" was establislied in
May, 1975, in Sherman Township, Mason County. The area covers
367 hectares (907 acres) and is composed of 13 ownerships, in-
cluding state, township, corporate, and private lands., Aided by
the maps and aerial photography, a multiple~use management and
timber marketing plan has been written for this unlt and has
been approved by all the owners. Woodland harvesting, scheduled
for 470 acres, will produce over 2,500 cords of timber which
will provide between $5,000 and $7,500 of new income to be dis-
tributed among the 13 landowners, and an estimated $70,000 to
the economy of Mason County. Under the multiple-use management
plan which has been .established for "Woodchuck Three", addi-
tional projects have been completed or are scheduléd. These in-
clude construction of new access roads and farm ponds, the
planting of ecrosion-controlling vegetation, and the identifica-
tion of specifilc arveas for wildlife, upland gawe, and pasture
management.,

Because of these photo-derived maps, an unparalleled
opportunity for cooperative forest management and procurement
now exists in Mason County. They have proved to be invaluable
" to industiial foresters and they provide the missing link in the
establishment of large-scale cooperative management programs for
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small private woodland holdings. By facilitating wood
procurement operations and cooperative forest management, the
forest resource maps help ensure that wood-using Indastries will
continue to provide much-nceded forest products, omployment, and
Income for Mason County, Over 2,025 hectares (5,000 acres) of
woodlands have been brought under coepevatlve management to
date, and the Mason-lake Soll Conservation Distrlet will attempt
to establish one cooperutive each year,

The Mason County ‘forest resource information has proved to
be of sueh value to a variety of users that a declsion has been
made by the West Michigan Regional Planning Commission to inven-
tory the forest resources of four other counties in its nine-

. county region, Using the methodology developed for Mason
County, a recently establlshed survey fflrm has prepared forest
inventories for two other countles.?

Regional Land Cover/Use Inventories

The first extensive land cover/use dnventory in Mlchigan,
derived from high altitude CIR photography, was prepared [Lor
the eastern one~third of the Kalamazoo-Black~Macatawa- Paw Paw
River Basin In 1973 (2,590 sq., km.; 1,000 sq. mi.).8 fThe in-
ventory was prepared for the Soll Conservation Service as a
demonstration effort under the NASA prant to MSU. Eighteen
land cover/use types were mapped from 1:60,000 and 1:120,000
NASA CIR photography with a minimum mapping unit of 4 hectares
(10 acres), and tabulated area statistics were prepared by
county, Sub -basin, and township.

Its success prompted the SCS to secure similar land cover/
use data for the western 5,310 sq. km. of the Kalamazoo Basin,
using commercially acquired CIR photography. A $25,000 con-
tract was awarded to MSU for preparation of the inventory.
Twenty-two categories of land cover/use were mapped from
1:31,680 CIR photography to a 4 hectare (10 acre) type size
“(Table 3). ‘The delineatlons were transferred onto 1:63,360
mylar coples of USGS topographie quadrangles. Category area
statistiecs were calculated by county, sub-basin, and soil asso-
ciation,

The SCS watershed project willl lead to a series of policles
and action programs for the preservation of essential agricul-
tural land, forests, and wetlands, For example, the land _
cover/use maps were used in analyzing wildlife habitat? and wet-
landsi0 From which specific management priorilties and county
‘racommendatlions were identifiecd,

aﬁutﬂ}(
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TABLE 3

HI. LL" ROWLEY

LAND COVER/USE CLASSIFICAYION SCHEMES

Kalamazoo

Residential 1
Comm. & Institutional 2
Industrial ' 3
Trans., & Utilities 4
Extractive 5
gther Urban 6
Cultivated Cropland 7
Tree Frults 8
Bush Fruits 9
ConFined Feeding 10
Permanent Pasture 11
Brushlands _ 12
Broadleaved Forest i3
Coniferous Forest 14
Mixed Forest 15
Open Water 16
Forested Wetlands 17
Shrub Swamp .18
Marsh 19
Open Water Vegetated 20

Ornamental Horticulture 21

Bapren Land (princi-
pally sand dunes)

Trl-County

Residential

Comm, & Institutional
Industrial

Trans, & Utdlitles
Extractive

Other Urban
Cultfvated Sropland
Tree Frults

Bush Frults
Confined Feeding
Permanent PaSthre
Brushlands
Broadleaved Forest
Coniferbué Forest

Mixed Forest

-Open Water

Forested Wetlands
Shrub Swamp

Marsh

Solid Waste Dilsposal

Sewage Treatment
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A land cover/use inventory was also prepared for the Tri-
County Regional Planning Commission as o part of the Commis-
slon's arvea-wide water quallty program. Funds for the program
are provided by the Environmental Protection Agency under See-
tion 208 of the Federal Water Pollution Control Act Amendments
of 1972, A 2l-category land cover/use Inventory was prepated
For each county (Clinton, LBaton, aud Ingham) Lrom 1972 NASA CIR
photagraphy at scales of 1:60,000 and 1:120,000 (Pable 3)}. "The
information was transferred onto county base maps at a scale of
1:48,000 which were supplied by the Planning Commission, and are
consistent with other mips beilng prepared for its regional water
quality study. In addition, the total area of ecach land cover/
use category was calculated and tabulated for each township,
county, and major rilver basin. The total cost of the contract
for the 4,416 sq. km. (1,705 sq. mi.) area was $16,500, ‘The
maps reflect the complex geographic pattern of urban development,
Farmlands, and natural areas, and provide a bench mark data
base from which veglonal land/resource-use programs will de-
velop, :

COSTS AND PROCEDURES

The costs assoclated with these three inventoriles are
itemized 1in Table 4. The projects carried out for the Kalamazoo
Basln and the Tri-County avrea were contract arrangements in
which a detailed record of cost was kept. The Mason County pro-
Ject was a demonstrablon effort under the NASA grant. Time-
record dinformation was collected for tasks accomplished: and this
has been translated into cost dinformation by uslng wage levels
that were current at the time.

The cost estimates presented in Table 4 are based on the
wages pald to the staff who performed the specified functions.
In some cases different wages werce paid for the same work task,
as student employment regulations dictate different wage levels
on the basils of experlence and academic standing. Also included
in this cable, however, 1s an indication of the number of hours
necessary to complete a glven task so that a total cost with a
different or standardized wage structure can be estimated, The
following discussion presents the techinleal. procedures used in
the projects along with the costs incurred in carrying them
out, and attempts to clarify cost differences between the dinven—
tories.

The.inven:ories vere prepared by student employeses with
varylng degrees of skill and speed in photo interpretatien.



FXPENSE CATHECORY

WAGLS
CATEGORIZATION
Interpretation

Fleld Checking

CARTOGRAPIY
AREA
CALCULATIONS

SUB TOTAL

SUPfOlTIVE
Photo Acquis.
Travel
- Supplies & Mat.
Administration

Overhead

TOTAL

TABLE 4

KALAMAZQO

(5,800 Km™)

84,570
1,112 hrs

$670

163 hrs

51,726
420 hrs

1,110

270 ﬁrs

$8,076
($1.39/Km?)
1,965 hrs

INVENTORY COSTS

TRT~-COUNTY

Ch, 010 Km?)

$3,965
853 hrs

8150
33 hrs

5986
249 hrs

5789
167 hys

$5,890
(51.33/Km2)
1,302 hrs

(3.0 KEmZ/hr) (3.4 KnZ/hr)

$10, 500
$312
$172
$423

$5,355

524,838

($4.28/Km2)

5084
965
S$674

81,275

54,514

§13, 402

($3.03/Km2)

W. R. ENSLIN AND R, HILL-ROWLEY

MASON
(1,308 Km)

§2,020
505 hre

$160
40 hrs

5404
101 hrs

52,584
($1,98/Kn2)
646 hrs
(2.0 Km2/br)

$1,000
$150
$300
$200
§1,754

5,988
(54.58/Km2)
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Errors that might ocecur as a result ol these differcnces were
minimized by providing all of the interpreters with a short
tralnlng verlod In fdencification of the varlous catepories to
b mapped. Whon an Interpreter encountered a problem In Ldentil-
flcatlon, 1t was resolved by a move expericnced {nterpreter, who
also performed a qualley control functlon by randomly checking
portlons of wuch Interpreced [rame. The quallty eontrol proco-
dure was repeated several times throughout the luterpretive
phase of each project,

The categories were delineated on acctate sheets which were
taped over every other photo iIn a flight line. Roads and water
features were delineated ko form a rough grid pattern on the
acetate overlays, enabling Interpreters to systematically ifden-
tify and delineate the land cover/use or forest types within
each area. The delinecations ware drawn with a double-zero
technical fountain pen: red ink being ugsed for roads, blue ink
‘for water features, and black ink Ffor land coverfuse boundaries.

Most land cover/use categories were easily ddentified with
the aid of a 10-power hand lens; however, when interpretation
problems occurred, the photography was viewed stercoscoplcally
‘[or a more precise interpretation. Mapping the forest cate~
gories requlred stercoscople viewing ol the transparencles and
this was accomplished using a Bausch & Lomb Zoom 240 stereo-
scope mounted on a Richards light table. Average stand height
was measured with a parallax bar and stocking level was deter-
mined by ocular estimation of crown closure. When 1:;120,000
scale photopraphy was used, Lt was necessary to Increase its
scale approximately twlce with a projecter-enlarger Iin order to
accomplish mapabilley at the minlmum type size of 4 hectares.
The enlarped Lmuge was projected onte tracing paper and the
catagorles were delineated with red, blue, and black léad pen-
cils (colors correspond with those of the ink colors used on
the acetate sheets), Areas that could not be classified through
photo dnterpretation were noted and subsequently field checked.

The interpretation phase of both land cover/use inventoriles
was accomplished at a rate of 5.2 sq. km./hr. (2.0 mi,/hr.).
This Is to be expected as the classification scheme and aerdal
photographic sources are comparable and rthe interpreters were
of approximately equal skill and experience. Interpretation of
the forest in Mason County took twice as long, or a rate of 2.6
sq. km,/hr. because stereoscoplc viewing and height measure-
ments were necessary,

ORigny
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Fleld checking costs varied predomlnantly in relation to
the distance from the interpretation site to the study areas
rather than the number or type of [ield checks to be Llnyesti-
gated,  Overnipght stoys were roqulred whitle field checking In
Mason County and the Kalamazoo Basin, whereas, the Remote Sen-
slng Project office Ly located wlithin the Tri-County area.

When the photeo Interpretation was compleced,; the informa-
tion from the dellneated acetute and traclng paper shears were
transferred onto base maps at the user specified seale., The
transferring was done using a2 Korgl Reflecting Project.t, a
device with which a cartographer can match the delineatilon
scale to that of the base map, and also correct for some plani-
wetric distortions inhevent in aerial photography. The final
maps for the three inventorles were prepared at an average rate
of 15 sq. km./hr. (5.8 sq. mi./hr,); however, map construction
costs did vary slightly due to different base map 5pecif1ca-
tions (type, scale, and legend).

The land eover/use maps were used to estimnte the total
area of each category within specified analysis zones (e.g.
township, river basin. county). -Land cover/use acreage was
determined using the following procedure:

1) A dot grid was prepared with 1 dot repre-—
senting a unit area at the base map scale,

2) The analysis boundaries were iraced on

' clear mylar sheets.

3} The dot grid was placed over the maps and
repistered in a consistent manner.

4) The land ecover/use on which each dot fell.
was racorded as the predominant cate-
gory fov that cell., If a dot fell on a

"delineation line, it was assigned to the
land cover/use type immediately to the
sontheast (down and to the right).

5) The number of dots counted for each analy-
sis zone was converted to an area mesasure- "
ment by the appropriate conversion factor
and then corrccted for sampling error,

Area calculations were performed only for the Kalamazoo
Bagin and Tri-County inventories., The rates weve similar--
Kalamazoo 21.5 sq. km./hr. (8.3 sq. mi./hr.) and Tri-County
26.4 sq. km./hr. {10.2 sq. mi./hr.)-~the difference being that
In the Kalamazoo Basin tabulations for soil assoeciations were -
- required by the contracting agency,
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The items discussed above are the prlmary costs involved
in the technical part of the projects. A number of other sup-
povtive costs are also incurved., Photo acquisition is poton-
tially the largest supportlve cost. CIR acrlal photography wns
spectfically flown for the Kalamazoo Basin projeet, wheveas
extating, photopraphy wan used I the Pri=County and Mason
County inventories, The costs recorded In Tuble 4 represent the
purchase prlee of the imagery,

Costs of supplies and materials basically cover acetate
sheets, drafting supplies, mylar coples of base maps, and repro-
duction of tha final maps. The expenditures [or Tri-County were
higher than the others as a more elaborate report and demonstra-
tion materlals were required by the contracting agency.

Admlnistration charges are difficult to estimate, The
administrator of cach projeet was clther involved with othexr
phases of a particular project, or even other projects, and this
made hourly estimatlon and these costs lilable to erronw. The
actual expenditures in Table 4, therefore, broadly reflect the
wages pald for administrvative functions. Administraticn of the
Kalamazoo Basin and Mason County projects was accrs jlizned by a
graduate student under faculty supervision, ard this super-
vision 1s not represented in the expenditures, Tri-County was
sclely administered by a staff member which makes this cost seem
relatively high. The University applled a 63% overhead on all
wages and salavies which constitutes a wajor supportive, and
Indlrectly, adminlstrative cost.

The Kalamazoo Basin, Tri-County, and Mason County
inventories were prepared at a total cost of $4.28, 53.03, and
$4.58 per square kilometer, respectlvely. These costs are
broadly in line with those reported For simllar inventeorvies con-
ducted in Washtenaw County, Michigan ($3.22/sq. km.)11l and the
Eastern Kalamazoo Basin ($2.88/sq. km.).l2 (Costs assoclated
with deriving similar land cover/use data usilng alternative
sources were also estimated din the Eastern Kalamazoo Study.
Interpretation of 1:20,000 black and whlte photography would
have cost $3.41 a sq. km., and a "windshield" type survey using
aerial photographs would be $15.93 a sq. km. . The inventory
efforts reported here ther, are competitive in terms of cost and
suggest that high altitude CIR photography is a pood data
source for the provislon of land cover/use informatlion even 1f
the imagery has to be generated for that specific purpose.

ng@
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INFORMATION SYSTEM

Generacion of a land cover/use inventory 1s only the filrst
step In the plimning procesy.  PMlannlop apeneles routlnely rve-
quire the synthesis of larpge quantlties ol different types of
data over an extonsive area and thils, combined with a more tech-

fleal approach to plamning dissues, has led te a rapld expansion

for the role of computer technology in the everyday activities
of planning agencles. Computers are well suited for the task

of assisting the regional planning process because they can
store thousands of pleces of iuformation from a wide variety of
data sources. Data can be peocoded (assigned to a specific
piece of land) so that the characterlstics of any particular
land parcel can be retrieved, combined with other data similarly
geocoded, then mapped. Present computer systems can perform
these tasks very quickly, inexpensively, and with a technlecal
accuracy not achlevable with traditional manual methods,

The Resource Analysls Program (RAP), developed at the MSU
Remote $Sensing Project, is a computer software system designed
to assigt in the integration of a variety of geographic data.l3
The system features a simple. user-language in conversational
format for mceessing a wide array of analytical and mapping
functions. The analytical phases provide the process (methods
of analyses) for grid-based geovoded resource data. The mapping
plhases permit the graphiec display of the data dﬂa1y5Eb using
elther a high~speed line printer or a plotter as the mapping de-
vice,

An applieation in Windsor Township, Eaton County, Michigan,
will serve as a medlium for discussing the RAP system. The ob-
dective of this study was to develop a series of resource maps
that focus upon land characteristics relevant to non-point
water pollution. :

Windsor Township 1s typical of the planning region, and
indeed &f much of the ecountry, in that only basic resource data
cexist: a recent soil survey, a land cover/use map (from the
Tri-County jeventory), and the standard USGS topographic survey.
In addition, che State Geologléal Survey malntains a fille of
driiter-submitted water well records of basie lithology data on
the near surface environment, The water well data were used to
obtain maps of depth to bedrock and generalized permeabillity of
the glacial drift, These five resource maps were geocoded
using a 4-hectare (l0-acre) dot grid matrix, providing the
basic data for the study program and the analyscs using the RAP
system.
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The data were comparatively analyzed by employlng varilous
algorithms of RAP, suelt as a standard overlay technique and site
fndex scallng., The test In Windsor Township resulted dn a Re-
souree Management Porclfolio whlch containg Il maps: 1) surface
topography and natural Ceatures; 2) land cover/use; 3) poten-
tial ground water cecharpe management arean; 4) soll phosphorus
dvallabtlleys 5) potentlal on-site crosions 6) potentlal phos-
phorus loadlnp source areas; 7) Llmltatlons for septle tanks;
8) limitations for sanitary landfills; 9) limlivations for spray
irrigation waste disposal; 10) soil stabillty; 11) limitations
for genaral agriculture,

The costs of implementing RAP in Windsor Township (93 sq.
km.; 36 sq. mi.) are presented in Taple 5. The process involves
two components: creating the master file and producing a map.
The master file costs, of course, are a one-time investment
Since the data base can be used for a variety of reglonal '
studies, Creating the master [ile involves manual labor to
code the data, verlfy its accuracy, prepare machine-rveadable
records, and operate che various computer programs that are
used in the process. Map production costs fnvolve primarlly R
computer and computer-related charges using the MSU CDC 6500 '
computer system. These costs are quite sensitive to the type of
analysis being conducted and the type of map prod:zt to be pro-
duced. On the average, computer and plotter time costs about
535 per map. The maps can also be plotted on a mylar base for
an additional $5 to facilitate reproduction. ¥Yhe costs re-
poertad in this document do not Include the development costs of
RAP which are substantial In both man-hour input and computer
~ time, A detailed breakdown of this cost Lls not currently
available,

1

SUMMARY

This paper has-described the characteristics of several
applications of color infrared photopraphy in Michigan by com-~
bining a review of the procedures and gasults from this inven-
tory and information system work with related time/cost data.
Within each project, a host of variable circumstances made cost
determinations very difficult to systematilcally record and
analyze, however, a falrly clear statemeni: of inventory costs
does emerge. '

PThe success of the Mason County project has not only led
to expansilon of forest inventory efforts in the West Michigan
‘Regional Planning area, but has also prowmpted the Michigan De-
partment of Natural Resources Lo organize agencies and private
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TABLE 5 WINDSOR TOWNSHIP INPFORMATION SYSTEM:

TTHH/CUHT PARAMISTHERY

TIME (in hours)

Grid-Ceocoding:

Land Use ) 4.0 é
Soils 13,5 |
Elevation 12.5
Distance to Water 10.5
Well Log Data 37.0
Computer Operatlon 33.0
Portfolio Preparation ‘ 62,0
' :
Administration 40,0
TOTAL 212.,5
COST
Labor _ $637.50
Overhead _ _ $420.75

(66% of wagws)

Computer Charges

Execution C $181.,29
Plot o . §150,20
‘Mylar Charges : $110.00

TOTAL $1,499,74
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‘firms in a cooperative venture to obtain color infrared

photography of the entlre state., A complex set of arrangements
for cost participation have been proposed and are currently
under discusslon so that several sets of Lmagery will be avall~
able  to the profect partlelpants,

Some roglonal planning ageneles In Mlehlpan, besides Tri-
County, are also securing land cover/use information through
mattual interpretation of aerlal photography, whereas others are
relylng on computer-adsisted categorization of LANDSAT data,
The costs of data capture through photo interpretation of hdgh
altitude CIR have been documénted in this paper. Both data
sources, however, have advantages and limitations with respect
to providing land cover/use information in an accurate, cost-
effective manner. A researcl area currently being investigated
ils the development of a procedure that combines the best ele-~
ments of aerial photography and satellite data sources to pro-
vide accurate, cost-effectlive land cover/use inlormation.lé

The Windsor Township project has shown the potential and
tosts of integrating land cover/use with other natural re- '
source data to provlide information for a varlety of planning
decisions. While the development of this technology 1s still
an active area of research, the present system has established

‘a framework Ffor future implemesitation and utilization of a

computer information system by planning dgenciles in the state.
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