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AB STRACT 

The procedures and cos ts associa t ed with mapping land 
cove r/us e and fores t resources f r om high altitude color infra red 
(CIR) image ry are documented through a n evaluat ion of seve ra l 
inventory efforts . CIR photos (1 :36,000) were used to classify 
t he fo rests of Mason County, Michigan into six species groups , 
three s t ocking level s , and three mat urity classes at a cos t of 
$4 . 58/sq . km. The fores t data allow t he " pinpointing" of mar­
ketable concentra tions of selected timber types, and facilitate 
the es tabl ishment of new foiest management coope ra tives. Land 
cove r / use maps and area tabulations were prepared from small­
scale eIR photography a t a cost of $4.28/sq. km. and $3 .03/ 
sq. km. t o s upport regional planning programs of t wo Michigan 
agencies . Procedures were also devel oped t o facilitate analysis 
of this data with other natura l r esour ce info r mation . Eleven 
thematic ma ps were generated for Windsor Township, Michigan a t 
8 cos t of $1,500 by integrating grid-geocoded land cove r/use, 
Bo i ls, t opographic, and well log data using an analytical com­
puter program . 

INTRODUCTION 

Hichigan Sta t e Un iversity , with support fr om the Office of 
University Affairs of t he National Aeronautics and Space Admin­
istration (NASA), has been actively i nvolved in the de velopment 
of operational uses of high altitude color inf r ared (GIR) 
photography and other remote l y-sensed da t a fo r improving manage­
ment decisions and ac tions concerning natural resource problems. 
The camera systems aboard NASA RB-57 and U-2 ai rcraft have ob­
tained high altitude CIR photography of ove r 60% of the land 
area of Michigan since Se ptember, 1969. This , or similar 
photography , has been applied to a broad spectrum of problems 
tha t conce rn s t ate , regional , and local level agencies . These 
include: (1) highway corridor selection, (2) timber management 
and utilization, (3) farmland preservation, (I.) removal of 
abandoned vehic les , (5) selecting optimum c rop processing plant 
l ocations , (6) dete rmining accessible rural water si t es for re­
cha r ging fire truck on-boa rd s upply , (7) land app raisal and tax 
equalization, and (8) r e gional l and use planning. Table 1 
lists the i nventory cha rac teris t ics of t heBe appl i cations which 
have been reported in a series of project publications. 1, 2 ,3,4 
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MICHIGAN RESOURCE INVENTORI ES 

The decisi ons and ac tions taken illus tra t e some o f the 
benefits t hat have accrued through the application of s mall­
scale CIR aerial pho t og r a phy . Costs associa t ed with providing 
t hese benefi t s a r e not eas ily qua ntified s i nce mos t of these 
inventor ies we re accomplished und e r the NASA grant and de t ailed 
cos t r ecords on i ndividual proj ects we r e not mainta i ned. 
Li mite d cos t i n fo rma t ion is, howeve r, ava i l a bl e f o r the f o res t 
ma ppi ng proj ec t, and mo re complete cos t da t a we re r e corded fo r 
the Kalamazoo and Tri-County l and use inventories ca r ried out 
on a contrac t bas i s. Ano ther cont rac t not lis t ed i n the table 
developed a Resource ~~p Po rtfolio fo r Windsor Township using 
land cove r/us e informa tion from the Tri-Coun ty inventor y along 
with o the r in fo rmation ga thered mainly f r om soil s urveys . This 
pr oj ect provided cost informa tion fo r grid geocodi ng of re­
source info rma t i on a nd i t s s ubseque n t s t o ra g e a nd man ip ul a tion 
in a compu te rized regional inf ormation system for analysis and 
map produc t ion. The fo llowi ng dis cussion desc ribes t hese appli­
c a tio n s a nd documents associated procedur e s a nd c o s ts . 

APP LI CATIONS 

Timbe r ~~nagemen t & Ut i l izat ion 

Ove r ha l f t h"e fo r es t r esour ces in t he eas t e rn Un i t ed 
Sta t es a r e in small, priva t e l y-owned woodlands. Few of these 
f ores t resources are managed or reac h the marke t because of 
thei r small s i ze and va r ied ownershi p . The mix ture of s t a t e 
a nd fede r al fo r es t l ands with priva t ely- owned woodlands f urthe r 
c omplica t es ma nagement and ut i li za t ion effor ts. 

The economy of ~son Coun t y , Michigan, is heavily 
de pe nde nt on it s f o res t resources. Wood ha rves t i ng, pr'oces s ­
ing , and sal e s make t i mb e r-based ind ustri e s and empl oyment t he 
second mos t important s ource of i ncome fo r t he Coun t y . Mini­
mum economi c ope r ation of a t ypi c al mi l l r equires t he process­
ing of t i mb e r f r om about 10,12 l hectar es (25,000 ac r es ) of 
f ores t ed l ands each year. The sca tte r ed , f r agment ed nature of 
the fo r e s t hold i ngs i n Mason Coun t y has made it inc r easingl y 
diffi cult fo r companies and the i r cont r actor s t o loca t e a nd 
gain access to these supplies of ha r ves t able timbe r in the 
Count y. Si xt y-seven pe r cent of t he woodland ac r e age i s i n pri­
va te owne r ship for which no da t a exis ted on fo res t type, l oca­
tion , or condition . 

Cont i nue d adequa t e procurement o f timbe r was , t he re fore , 
c r uciall y de pendent on securing reliable i nformation on t he lo­
cation and cha rac te r is t ics of pr i va t e l y- owned fo rest r esource s . 
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W. R. ENSLIN AND R. HILL-ROWLEY 

The MSU-NASA Remote Sensing Proj ect was asked to help a group 
composed of the Mason-Lake Soil Conservation District, the 
Packaging Corporation of Ame rica, and the Wes t Hichigan Re­
giona l Planning Commission in developing a method for obtaining 
t his essential information. The forest resources of the entire 
County were inventor ied using 1:36,000 CrR aerial photography 
and the c lassification system shown i n Table 2. Four maps were 
produced a t a scale of 1:25,000 showing forest stands by their 
loca t ion, s pecies composition, stocking, and maturity. 

The West Hichigan Regional Planning Commission has gridded 
these photo- derived maps using a fou r hectare (10 acre) cell 
mat rix, and has encoded the forest data f or inclusion in its 
computer in formation system. 5 The system facilitates the "pin­
pointing" of marketable concentrations of selected timber 
types. For e xample, tables were r ecently produced which listed, 
by township, the loca tion a nd acreage of merchantable northern 
hardwoods. 

I ndus trial foresters a re now using the maps and computer 
printouts on a daily basis to direct much of their fieldwork. 
For example, the Pa rish Yard of Duz Kirk Enterprises had an 
immediate demand for oak veneer. Through inspection of the maps 
and a r eq ues ted computer printout, company personnel were able 
to quickly loca te a large tract of saw-log size oak. One land­
owner i n this a r ea sold a portion of the s tumpage 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 
fores t da t a is being used in the long-term scheduling of timber 
procurement as well as for programming the acquisition of new 
land. Acco rding to industrial fores ters , the maps have allowed 
them to accomplish more work, make better use of field for­
es t e r' s time, and has allowed them to reac h more private land­
owners. 

Timber could contribute much more to the Mason County 
economy if management and ma rketing of both public and private 
forests were be tte r coordinated. The Mason-Lake Soil Conserva­
t ion Dis tr ic t has launched a pioneer program in cooperative 
fores t manage ment cal l e d 60peration l>lood c huck" to facilitate 
this sort of development. Under the program, many small par­
cels are pooled into cooperative units for the management and 
marketing of their forest resources; parcels, which if con­
sidered se parately. would be uneconomical for timber procure­
ment. Two pilo t forest managemen t cooperatives, or "Wood­
chucks", we re formulated a nd established in 1972 and 1973 by a 
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mCIIICAN RESOURCE INVENTORIES 

TABLE 2 FOREST CATEGORY DEFINITIONS 

Species Types 

Pine - Fores t s t ands in which eastern white pine , r ed pine , 
j ack pine, or i ntroduced pines, s ingly or in combi nation, com­
prise 40% or more of the stocking. Includes both plantations 
and natural stands, which are not t o be differentiated f rom 
each other . 

Oak - Forest stands in which upland oaks compr ise 40% or more 
of the s tocking. 

Northern ha rdwoods - Forest s tand s in which mix tures of suga r 
maple, beech, basswood, cherry , and other upland hardwoods, 
singly or in combination, comprise 40% or more of the s t ock­
i ng. 

As pen-birch - Forest stands in which aspen ( quaking aspen, 
big t ooth aspen, and balsam poplar) and/o r white bi r c h comprise 
40% or more of the s tocking . 

Lowland hardwoods - Fores t stands in which mixtures of ash , elm, 
maple, and other lowland hardwoods, singly or i n combinat ion 
comprise 40% o r more of the stocking. 

Swamp conifers - Forest stands in which mixtures of no rthern 
white cedar, tama rack , and east e rn hemlock , singly o r in com­
bi nation comp rise 40% or more of the s t ocking . 

Non-forest - Any area which has 2S% or l ess s tocking . 

Stand Size Classes 

Saplings - Forest stands with an average he i gh t of 10 meters or 
l ess. 

Pole timber - Fores t stands with an ave r age heigh t of between 
10 and 20 me t e r s . 

Saw timber - Fo res t stands with an average height exceeding 20 
meters. 

Stocking Levels 

LoW' - Forest stands with between 25 and 50% c rown cove r. Those 
s tands with l ess than 2S% crown cove r are cl assif i ed a s non­
forest. 

Medium - Fo r es t s tand s with between SO and 7S% cr own cover. 
lIigh - Forest s t ands with between 7S and 100% crown cove r . 
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W. R. ENSLIN AND R. HILL-ROWLEY 

process involving identification of potential sites from 
A.S.C . S. black and white aerial photography followed by site 
visits for direct, on-land evaluation of wood production poten­
tial. After a candidate area had been chosen, extensive field 
observations and measurements were taken to determine forest 
conditions and to prepare a forest cover type map. 

This process of formulating "Woodchucks" proved to be 
complex and time-consuming . Expansion of the program into all 
parts of ~~son County was difficult because of the lack of in­
formation on the location and condition of prlvately-owned for­
est tracts . Without forest type maps, 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 Distric t Conserva~ionist has now been able to 
quickly identify candidate sites for inclusion in the program. 
'nlis st r engthened procedure consists of obtaining a computer 
listing of areas of merchantable material, for example , concen­
trations of mature aspen. The tabulations identify those sec­
tions within townships which contain the largest concentration 
of the requested timber type . A comparison of these areas with 
the maps and aerial photos permit the rapid selection of new 
Woodchuck site~ . 

Using this procedure, "Woodchuck Three" was established in 
May, 1975, in Sherman Township, ~~son County. The area covers 
367 hectsres (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 unit and has 
been approved by all the owners. Woodland harvesting, scheduled 
for 470 acres, will produce over 2,500 cords of timber which 
will provi de 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 es tablis hed for "Woodchuck Three", addi­
tional projects have been completed or are scheduled. These in­
clude construction of new access roads and farm ponds, the 
planting of erosion-controlling vegetation, and the identifica­
tion of specif i c areas for wildlife, upland game, and pasture 
management. 

Because of these photo-derived maps, an unparalleled 
opportunity for cooperative forest managemen t and procurement 
now exists in Mason County. They have proved to be invaluable 
to industrial foresters and they provide the missing link in the 
establishment of large-scale cooperative management programs for 
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MICHIGAN RESOURCE INVENTORIES 

small private woodland holdings. By facilitating wood 
procuremen t ope r ations and cooperative forest management, the 
forest resource maps he lp ens ure that wood-using industries will 
cont inue to prov ide much-needed fo rest products, e mployment, and 
income fo r Ma son County . Ove r 2,025 hec ta r es (5,000 acres) of 
woodlands have been brought under coopera t ive ma nagement to 
date, and the Mason-Lake Soi l Conservation District will attempt 
to es t ablis h one cooperative each yea r. 

The Mason County forest resou rce i nformation has pr oved to 
be of s uch value to a va r ie ty of users that a decision has been 
made by the West Michigan Regional Planning Commission to inven­
t o ry th e forest resources of four other counties in its nine­
county region. Using the methodology developed for Mason 
County, a recent ly established survey firm has prepared forest 
inventories for two other counties. 7 

Regional Land Cove r/Use Inventories 

The first extensive l and cover/use inventory in Michigan , 
derived from high altitude CIR photography, was prepa red fo r 
the eastern one-third of the Kalamazoo-Black- Macatawa- Paw Paw 
River Basin in 1973 (2,590 sq. km.; 1,000 sq . mi.).a The i n­
ventory was prepa r ed for the Soil Conservation Service as a 
demonstration effo rt under the NASA grant to MSU. Eighteen 
land cover / use t ypes were mapped from 1:60,000 and 1:120,000 
NASA CIR photogr ap hy with a minimum mapping unit of 4 hectar es 
(10 acres), and tabulated area s t atistics wer e prepared by 
county, s ub- bas in, and township . 

I t s success pr ompted the SCS to secure similar land cover/ 
use data for the wes t ern 5,310 sq. km. of the Kalamazoo Basin, 
using comme rcially acquired CIR photography . A $25,000 con­
trac t was awarded to MSU for preparation of the inventory. 
Twenty-two categor ies of land cover/use were mapped from 
1:31,680 CIR photographY to a 4 hectare (10 acre) type size 
(Table 3). The delineations were transferred onto 1 :63,360 
mylar copies of USGS topographic quadrangles. Category area 
s t a tis tics we re calcula t ed by county, s ub-bas i n, and soil asso­
cia tion. 

The SCS watershed proj ec t will l ead t o a series of policies 
and ac tion programs for the preservation of essential agricul­
t ural land, fo rests , and we tlands. For example, the land 
cover/use maps we re used in analyzing wildlife habitat9 and wet­
lands lO from which specific management priorities and county 
recommendations we re i dentified. 
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W. R. ENSLIN AND R. HILL-ROWLEY 

TABLE 3 

LAND COVER/USE CLASSIFICATION SCHEMES 

Kalamazoo Tri-County 

Residential Residential 

2 Comm. & Institutional Conun. & Institutional 

3 Industrial 3 Indus trial 

4 Trans. & Utilities 4 Trans . & Utilities 

5 Extractive 5 Extractive 

6 Other Urban 6 Other Urban 

Cultivated Cropland Cultivated Cropland 

8 Tree Fruits 8 Tree Fruits 

9 Bush Fruits 9 Bush Fruits 

10 Confined Feeding 10 Confined Feeding 

11 Permanent Pasture 11 Permanent Pasture 

12 Brushlands 12 Brushlands 

13 Broadleaved Forest 13 Broadleaved Forest 

14 Coniferous Forest 14 Coniferous Forest 

15 Mixed Forest 15 Mixed Forest 

16 Open Water 16 Open Water 

17 Forested Wetlands 17 Forested Wetlands 

18 Shrub Swamp 18 Shrub Swamp 

19 Marsh 19 Harsh 

20 Open Water Vegetated 20 Solid Waste Disposal 

21 Ornamental Horticulture 21 Sewage Treatment 

22 Barren Land (princi-
pally sand dunes) 
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MICHIGAN RESOURCE INVENTORIES 

A l and cover/use i nventory was also prepared fo r the Tri­
County Regional Planning Commission as a part of t he Commis­
sion ' s a rea-wide wa ter quality program. Funds for the program 
a re provided by the Environmental Pr o t ection Agency under Sec­
tion 208 of the Federal Wate r Po l l ution Control Act Amendments 
of 1972 . A 21-categor y land cover/use i nventory was prepared 
for each count y (Clinton, Ea ton, and Ingham) f r om 19 72 NASA CIR 
photography a t scales of 1 : 60, 000 and 1:120 ,000 (Table 3). The 
i nformation was trans ferred onto county base maps at a scale of 
1:48,000 which were supplied by the Planning Commission, and a re 
consis tent wi th other ma ps being prepar ed fo r its regional wate r 
quality s tudy . In addition, the total a r ea of each l and cove r/ 
use ca tegory was c alculated and tabula t ed fo r each township, 
county , and major river bas in . The total cost of the cont r act 
for the 4,416 sq. km. (1,705 sq. mi.) area was $16 , 500. The 
maps reflec t the complex geographic pattern of urban development, 
fa rmlands, and natural areas, and provi de a bench mark data 
base f rom which regional land/resource-use pr ograms wi ll de­
velop. 

COSTS AND PROCEDURES 

The cos ts associated with these th ree inventories are 
itemized in Table 4. The projects carried out for t he Kalamazoo 
Basin and the Tri-County area were cont ract arrangement s in 
which a detailed record of cost was kept. The Mason County pro­
j ec t was a demonstration effort unde r the NASA grant . Time­
record informa tion was collected for tasks accomplis hed and thi s 
has been trans l ated i nto cost informa tion by using wage levels 
that were current at the time. 

The cos t es t imates presented in Table 4 a r e based on the 
wages paid to the s taff who performed the specified functions . 
In some cases different wages were paid for the same work task , 
as student employment r egulations dic ta te different wage levels 
on t he basis of experience and academic standing. Also included 
i n this table , howeve r , is an i ndica tion o f the numb e r of hours 
necessa r y t o comple t e a given t ask so th at a t o t al cos t with a 
dif fe r ent or s t anda rdized wage s tructure can be estimated . The 
following discussion presents the technica l proced ur es used i n 
the projec t s along wit h the costs incurred i n carrying them 
out, a nd at t empts to c larify cos t diffe r ences between the inven­
t ories. 

The inventories we re prepa red by st uden t employees with 
va r ying degr ees of skUl and s peed i n photo in terp retation . 
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I 
I 

EXPENSE CATEGORY 

WAGES 

CATEGORIZATION 

In te rp re ta tion 

Field Checking 

CARTOGRAPHY 

AREA 
CALCULATIONS 

SUB TOTAL 

SUPPORTIVE 

Photo Acquis. 

Travel 

Supplies & Hat. 

Administration 

Overhead 

TOTAL 

w. R. ENSLIN AND R. HILL-ROWLEY 

TABLE 4 INVENTORY COSTS 

KALANAZOO TRI-COUNTY MASON 
(5,800 Km2) (4,416 Km2) 0,308 J{m2) 

$4,570 $3,965 $2,020 
1,112 hrs 853 hrs 505 hrs 

$670 $150 $160 
163 hrs 33 hrs 40 hrs 

$1,726 $986 $404 
420 hra 249 hra 101 hrs 

$1,110 $789 
270 hrs 167 hrs 

$8,076 $5,890 $2,584 
($1. 39/Km2) ($1.33/Km2) ($1.98/Km2) 

1,965 hrs 1,302 hrs 646 hrs 
(3.0 Km2/hr) (3.4 Km2/hr) (2.0 Km2/hr) 

$10,500 $984 $1,000 

$312 $65 $150 

$172 $674 $300 

$423 $1,275 $200 

$5,355 $4,514 $1,754 

$24,838 $13,402 $5,988 
($4.28/Km2) ($3 . 03/Km2) ($4.58/Km2) 
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mCIlIGAN RESOURCE INVENTORIES 

Errors that might occur as a result of these differences were 
minimized by providing a ll of t he interpreter s with a short 
training pe riod in identification of the various categories to 
be mapped. When au interpreter encountered a problem in identi­
fication, it was resolved by a more experienced i nte rpreter , wh o 
also pe rformed a quality control function by r andomly checking 
portions of each interpreted frame . nle quality control proce­
dure was r epea t ed sever al times throughout t he interpretive 
phase of each project. 

The categories were delineated on acetate shee t s which we re 
t a ped over every other photo in a flight line . Roads and water 
feat ures we re de linea t ed t o form a r ough grid pattern on the 
acetate ove r lays , enabl i ng i nterpreters to systema t ically iden­
tify and delineate the land cover/use or fo r est types within 
each area. The delinea t ions were drawn with a double-zero 
technical fountain pen: red i nk being used for roads, blue ink 
fo r water feat ures, and black ink for land cover/use boundaries. 

Most land cover/use categories were easily identified with 
the aid of a 10-power hand lens; however, when inter pre t ation 
problems occurred, the photography was viewed stereoscopically 
fo r a more precise i nte rpretation. Mapping the forest cate­
gories required stereoscopic viewing of the transparencies and 
this was accomplished using a Bausch & Lomb Zoom 240 stereo­
scope mounted on a Richards ligh t t able . Average stand height 
was measured with a parallax bar and stocking level Was deter­
mined by ocular es timation of crown closure. When 1:120,000 
scale photography was used, it was necessary to increase its 
scal e approximately twice with a projector-enlarger in order to 
accomplish mapability a t the mini mum type size of 4 hec t ares. 
The enlarged image was projected onto tracing paper and the 
categories we r e de linea ted with r ed, blue , and black lead pen­
c ils (colors co rrespond with those of t he i nk colo rs used on 
the ace t ate shee t s). Areas that could not be classified through 
photo i nte rpre t a t ion were not ed and subsequently field checked. 

The interpretation phase of both land cover/use inventories 
was accomplished a t a rate of 5.2 sq. km . /hr. (2.0 mL/hr.) . 
This is to be expected as the classification scheme and aerial 
phot ographic sources are comparable and the interp reters we re 
of app roximately equal skill and experience. Interp r etation of 
the forest in ~wson County took twice as long, or a rate of 2.6 
s q . km. /hr. because ster eoscopic viewing and height meaSur e­
ments we re necessary. 
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Field checking costs varied predominantly in relation to 
the dis t ance from the i nterpretation site to the study areas 
rathe r than the numbe r or type of fie ld checks to be investi­
gated. Overnight s t ays were r equired while field checking i n 
Mason County and the Kalama zoo Basin, whereas, the Remote Sen­
Sing Project office is located within the Tri-County area. 

When th e photo interpretation wa s completed, the informa­
tion f r om the delineated ace tate and trac ing paper s heets were 
transferred onto base maps at the user specified scale. The 
transferring was done using a Karg1 Reflecting Projector, a 
device with which a ca rtographe r can match the delineation 
scale to that of the base map, and also correct for some plani­
metric disto r tions inherent in aerial photography. The final 
maps for the three inventories were prepared at an average rate 
of 15 s q. km. /hr. (5 .8 sq. mi. /hr.); however, map construction 
cos t s did va r y s l ightly due to different base map specifica­
tions (type, scale , and legend). 

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

1) A dot grid was prepa r ed with 1 dot repre­
senting a unit a rea at the base map scale. 

2) The analysis bounda r ies were traced on 
clear mylar s hee ts . 

3) The dot grid was placed over t he maps and 
registered in a consistent manner. 

4) The land cover/use on which each dot fell 
was recorded as the predominant cate­
gory for that cell. If a dot fell on a 
delineation line , it was assigned to the 
land cove r/use t ype immediately to the 
so utheast (down and to the r ight). 

5) The number of dots counted for each analy­
sis zone was conver t ed to an area measure­
ment by the appropriate conve r sion fa ctor 
and then cor rec ted for sampling error . 

Area ca lculations were performed only for the Kalamazoo 
Basin and Tri-County inventories. The rates were 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 tabulati ons fo r soil associations were 
required by the contracting agency. 
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The items discussed a bove are the primary cos t s involved 
i n the technical part of the projects. A number of other sup­
po rtive cos t s are also i ncurred. Pho to acquisit i on is poten­
tial l y the la rgest s up po rtive cost. CrR aerial photography was 
specifically flown for the Kalamazoo Basin project, whereas 
exi s ting photography was used i n the Tri-County a nd Hason 
County i nven tories. The cos ts reco rded i n Table 4 rep r esent the 
pur chase p r ice of the imagery. 

Cos t s of supp lies and ma t e r ials baSicall y cover aceta t e 
s heets, drafting supplies, mylar copies of base maps , and repro­
duct ion of the final maps. The expenditures fo r Tr i-County were 
higher than the others as a more e laborate report and demonstra­
tion materials we r e r equired by the cont r acting agency . 

Administration charges are difficul t to estimate. The 
administrato r of each project was either i nvolved with other 
phases of a pa r ticular project , or even other projects, and this 
made hourly es t imat i on and these cos t s liable to e rror. The 
ac tual expendi tures in Table 4, therefore, broadly reflect the 
wages paid for administrative function s . Admi ni s tration of the 
Kal amazoo Bas in and ~~son County projects was accomplished by a 
graduate student under faculty s upervision, and this s upe r ­
vision is not r epresented in the expendi tures. Tri-Coun ty was 
solely adminis t e red by a staff membe r which makes this cos t seem 
relative l y high . The University applied a 63% ove rhead on all 
wages and salar ies which constitu tes a major s upportive , and 
i ndirectl y , admi nistrative cost. 

The Kalamazoo Basin, Tri-County , and ~son County 
i nventories were prepa red at a total cost of $4 . 28 , $3 . 03, and 
$4 . 58 pe r sq ua re kilometer, r espec t ively. These cos ts are 
broadly i n l i ne with those r eported for similar inventories con­
ducted in Was htenaw County, Hichigan ($3. 22/sq. km .)ll and t he 
Eastern Kalamazoo Basin ($ 2. 8S/sq. km .).12 Costs associated 
wi th de rivi ng similar land cover/use data using alte rnative 
sources were a l so es timat e d in th e Eastern Kalamazoo Stud y. 
Interpretation of 1:20,000 black and white photogr aphy would 
have cos t $3 . 41 a sq. km . , and a "wi ndshield" type survey using 
ae rial photographs would be $15.93 a sq. km. The inventory 
efforts r eported he r e then, are competitive i n t e rms of cost and 
s uggest that hIgh a ltitude CIR photogra phy is a good data 
source for the provision of land cover/ use informa tion even if 
the i magery has to be gene r a t ed for that s peci fic purpose . 
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INFORHATION SYSTEM 

Generation of a land cover /use inventory is only the first 
step in the planning process. Planning agencies routinely re­
quire the synthesis of l arge quantities of different types of 
data over an extensive area and this, combined with a more tech­
nical approach t o planning issues, has led to a rapid expansion 
for the role of computer technology in the everyday activities 
of planning agencies. Computers are well suited for the task 
of assisting the regional planning process because they can 
store thousands of pieces of information from a wide variety of 
data sources. Data can be geocoded (assigned to a specific 
piece of land) so that the characteristics 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 technical 
accuracy not achievable with traditional manual methods. 

The Resource Analysis Program (RAP), developed at the tffiU 
Remote Sensing Projec t , is a computer software system designed 
to assist in the integration of a variety of geographic data. l3 

The system fea tures a simple user-language in conversational 
format for accessing a ~ide array of analytical and mapping 
functions . The analy tical phases provide the process (methods 
of analyses) for grid-based geocoded resource data. The mapping 
phases permit the graphic display of the data analyses using 
eithe r a high-speed line printer or a plotter as the mapping de­
vice. 

An application in IHndsor Township, Eaton County, Michigan, 
will se rve as a medium for discussing the RAP system. The ob­
jective of this study was to develop a series of resource maps 
that focus upon land c harac t eristics relevant to non-point 
water pollution. 

Windsor Township is typical of the planning region, and 
indeed of much of the country, in that only basic resource data 
exist: a r ecent soi l survey, a land cover/use map (from the 
Tri-County inventory), and the standard USGS topographic survey. 
In addi tion, the State Ceological Survey maintains a file of 
driller-submitted water well records of basic lithology data on 
the near surface environment. The water well data were used to 
obtain maps of depth to bedrock and generalized permeability of 
the glacial drift. These five resource maps were geocoded 
using a 4-hec tare (lO-acre) dot grid matrix, providing the 
basic data for the study program and the analyses using the RAP 
system. 
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The da ta we r e comparatively anal yzed by empl oying var i ous 
algorithms of RAP, such as a standa rd overlay t echnique and s ite 
index s cal i ng . The test in Windsor Towns hip r esul t ed in a Re­
source Managemen t Portfolio whic h contains 11 maps: 1) surface 
topography and na tural features; 2) land cover/ use; 3) poten­
tial ground water recharge management a r e as; 4) soil phos phorus 
availability ; 5) potential on-site e rosion; 6) potentia l phos­
phorus loadi ng source areas; 7) limitations for septic tanks; 
8) limitations for sanitary landfills; 9) limitat i ons for spray 
irrigation waste dis posal; 10) soil s t ability ; 11) limi tat ions 
for gene ral agriculture . 

The costs o f imple~nting RAP in Wi nd so r Towns hip (93 sq. 
km.; 36 sq . mi.) are presented in Table 5. The proces s involves 
two components: creating the maste r fil e and producing a map. 
The master file c osts, of course, are a one-time i nve stment 
since the da ta bas e can be used for a varie t y o f r e giona l 
studies. Creating the master file i nvolves manua l labor to 
code the data, verify its accuracy , prepa re machine-readable 
records, and operate the various computer programs that a re 
used in the process . Map production costs involve primarily 
computer and computer-related charges us ing the MS U CDC 6500 
computer sys tem~ TIlese costs are quite s e nsit i v e to the t y pe o f 
analysis being conducted and the t ype of map produc t t o be pro­
duced . On the average, computer and plotte r time costs about 
$35 pe r map. The maps can also be plotted on a myl a r base fo r 
an additional $5 to facilitate reproduc tion . The costs r e­
ported in this document do not include the deve l opment cos t s of 
RAP which a re substantial in both man-hour i nput and computer 
time . A detailed breakdown of this cost is not currently 
available. 

SUHMARY 

This pa per has desc ribed the cha r acte r istics of seve ral 
applications of color infrared phot ogra phy i n Hichigan by com­
bining a review of the procedures and results from this i nven­
tory and information sys tem work with r e lated time / cos t da t a. 
Within each project, a host of variable ci r c umstances made cos t 
determinations very difficult to sys t emat ical ly reco rd and 
analyze , however, a fairly clear s t a t ement of i nvento r y cos t s 
does emerge . 

The s uccess o f the Mason County pr oj ec t has not only l ed 
to expansion of forest inventory ef fort s i n the Wes t Michigan 
Regional Planning a rea, but has also prompted the Hichigan De­
partment of Natural Resources to organize agencies and private 
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TABLE 5 WINDSOR TOWNSHIP INFORMATION SYSTEM: 

TI~fE/COST PARAMETERS 

TUlE (in hours) 

Grid-Geocoding: 

Land Use 

Soils 

Elevation 

Distance to Water 

Well Log Da ta 

Computer Operation 

Portfolio Preparation 

Administration 

COST 

Labor 

Overhead 
(66% of wages) 

Computer Charges 

Execution 

Plot 

Hylar Charges 

TOTAL 

TOTAL 
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4.0 

13.5 

12.5 

10.5 

37.0 

33.0 

62.0 

40.0 

212.5 

$637.50 

$420.75 

$181.29 

$150.20 

$110.00 

$1,499.74 
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firms i n a c o o pe rative venture to o btain co l o r i n f rared 
photography of the entire state . A c omplex se t of a rrange me nts 
for cos t part i cipation have been proposed and are currently 
under discus sion so that s eve ral se t s of i magery will be avail­
able to the projec t partic ipants . 

Some regional planning agencies in Michigan , besides Tr i ­
County , a r e also securing land cove r / use i nfo rma t ion t hr ough 
manual inte rpreta tion of ae rial photography, wh e r eas othe r s a r e 
rely i ng on compute r-as s isted categor ization of LANDSAT data. 
The costs of data capture through photo i nte rpre t a tion o f high 
altitude CIR have been documented i n this paper . Bo th data 
sources, however , have advantages and limitations wi th res pec t 
to providing land cove r/use informa tion in an accu r a t e , cos t­
effec tive manner . A research area currently being i nves t i gated 
is the development of a procedure that combines t he bes t e l e­
ments o f ae rial photography and satell i t e da ta sour ces t o pro­
vide accurate, cost-effective land cover/use in formation. 14 

The Windsor Township project has shown the pot ential and 
Costs o f integrating land cover/use with o t he r natura l r e­
Source data to provide information f or a variety of pl anning 
decisions . While the deve lopment of th is technology i s s till 
an ac tive area of research, the present sys t em has es t ablished 
a framework for future implementat ion and uti lization of a 
computer information system by planning agenci es i n the s t ate. 
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