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Scope of Report

The lust Progress Report of activities and accomplishments of the
Michigan State University Remote Sensing Project covered the period of
December 1, 1977 through November 1978. We judged, subsequently, that
reporting for a period which straddled halves of two separate grant
years could cause possible confusion and ambiguity in the record. 1In
an effort to minimize this possibility, this report, herewith, is for
a full grant year period, namely June 1, 1978 to May 31, 1979.

We wish to call attention to the fact that this realignment of the
reporting period requires inclusion of a six-month period (June 1, 1979
to November 31, 1979) which comprised the second half of the last report.

It is our intention hereafter to report progress for each subsequent

full grant year, namely June 1 through May 31 of the following year.
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INTRODUCTION

The incidences of land-water-human interactions on terrain continue
to increase, particularly those with negative consequences. Most of tﬁnoc
result from a dynamic technology prolifersting processes, substances, and
artifacts that, when 1ntercct1ng.§1th social dynamics, debilitate the qual-~
ity and quantity of the supply of crucial elements of life-support systems.
Fortunately, human ingenuity counters by inventing improved instruments

and processes for detecting and measuring breakdowns in the stability of

natural systems and resources.
Even though the many kinds and levels of monitoring and correcting

agencies, public and private, take actions when adequately and competently

informed, an unending flow of problems and issues of terrestrial-cultural

interactions continue to surface. Monitoring and correcting dysfunctions
of natural systems apparently must continue unabated.

The Michigan State University Remote Sensing Project continues to pro-~
vidz substantial contributions to public and private agencies in Michigan
by helping them to bring into effect on-land and water related (i.e., ter-
restrial) actions of many different kinds by which preventative and correc-
tive measures can be carried out to conserve and enhance remaining qualities
of the natural and cultural environments. Much information essential for
formulating effective measures continues to be derived from the many dif-
ferent categories of remote sensing imagery.

The activities and achievements within this June 1978 - May 1979 period

demonstrate the versatility of the MSU Remote Sensing Project in addressing




a wide variety of problems and issues as well as persisting in broadening
the community of utilizers of remote sensing-derived intelligence at all
levels of government and business.

These efforts have been augmented by a variety of services, including
some instruction and training. The synopses which follow describe the in-
dividual activities carried out during the reporting period. They are
grouped under three headings, namely: A) research applications; B) user
services and Project institutionalization progress; and C) contractual
sarvices.

Part (D), "Informational Summary" (pages 73-101), presents an update
of quantitative data issued as a special report regarding selected cate-
gories of information originally requested by NASA and compiled by the
Project principals during 1978, submitted September 22, 1978, and titled,
"Project Information Report."” This kind of a report was instituted as a
regular element for inclusion with subsequent progress reports. The data
reported in this report have been organized under the same seven "categories"
as were those in the original one.

The "Appendix" consists of one additional schedule of updated abstracts
of publications and presentations prepared and delivered by various members
of the Remote Sensing faculty and staff.

While a predominant proportion of costs incurred by research applica-
tions were met by NASA Grant funds during this reporting period, agencies
for vhom investigations were being conducted were advised that continuations
of studies would require sharing some, if not most, costs. The Project, in
effect, has formulated cost-gharing as a policy. The progress report for the

next grant period will describe instances of this participation.




A. RESEARCH APPLICATIONS

The following five research application studies were conducted during

this June 1978 - May 1979 Grant year:

1. Identification of Wood Energy Resources in Central Michigan

2. The Impact of Pipeline Construction on Strean and Wetland
Environments

3. Identificaction of Hazardous Wastes Disposal Sites
4. Integrated Pest Management Systems

5. Analysis of Landsat Data in Updating Forest Inventories

Each of these five studies is summarized in the series of synopses
which follow. Two of these were reported in the previous December 1977 -

November 1978 Progress Report (dated March 9, 1979); but, as noted in the

"Scope of Report" section, the second half of that previous report has been,

i ; in essence, included in this one in order to realign reporting to full grant

k year entities. These two "repeats" actually were continued into the second
| half of the June 1978 - May 1979 Grant year (wood energy resources and im-
pact of pipeline comstruction).

| Manifestly, the last three studies (hazardous wastes disposal sites,

integrated pest management systems, and Landsat data re: forest inventories)

were initiated in the sscond half of this reporting period.
The five studies represent a wide diversity of subject matter. All
! deal with issues of either human impact on natural resources (pipeline con-
struction, hazardous wastes disposal) or finding ways to manage natural re-

sources to serve human needs more effectively (wood resources for energy




generation, past management, Landsat data analysis for forest inventorying).

None of these studies was solicited by the MSU Remote Sensing Project

(RSP); each was requested by particular private or public agencies which

were in need of assistance for either solving problems or in meeting either

T e

& program commitment or a legislative mandate. In line with the criteria

utilized dy the RSP in responding to such requests for carrying out any
study under NASA Grant support*, these five studies were accepted by the
RSP for operational investigation.

Subsequent to the ending of the reporting period, the separate spon-
sors of these five studies returned to the RSP to have them continued/

extended in one or more respects, generally as follows:

+ The wood energy resources study has demonstrated such importance
to the energy needs of Michigan that two separate research pro-
posals have been submitted to continue work in this area.

+ The pipeline construction study for the Michigan Public Service

Commission so impressed the principals of that agency of the

) utility of remote sensing processes that they have requested
? follow-up research for the development of analysis methods,
using Landsat imagery, for determining rights-of-way for future

pipeline construction.

* Criteria applied by the RSP to test eligibility for support under
NASA Grant funds:

a) study must require reliance on data and information derived from
remotely-sensed imagery;

b) resultant decisions and actions could be generated predominantly
from this information;

¢) the research wuld require innovative, non-routine methods; and

d) there is substantial promise that the findings will result in
early actions.




+ The problems of hazardous wvastes disposal in Michigan has ex-
ploded into a scandalous, an emergency, almost a disaster sit-
uvation. The attack on this widespread problem has barely degun.
The State of Michigan is seeking hundreds of millions of dollars
for investigation and cleanup. One firm has already been fined
20 million dollars for its commissions. The MSU Remote Sensing
Project will likely be involved in this activity for a long time.

+ The pest management studies have been sugmented by additional

tasks that were carried into the next reporting period.

+ The research on the utility of Landsat data for forest inven-

tories proved sufficiently useful to have the State Forestry J
Management Division request additional elements and provide

some dollar support.

We of the Remote Sensing Project faculty and research staff partici-

pants view these research applications as the central substance, the nucleus
of intellectual energy, and the basic evidence of our competence in remote

sensing technology. All the other missions we perform are spin-offs from

the demonstrations of capabilities and expertise through years of research
investigations via applications. We continue to grant first priority to
the NASA supported research applications and we rospectfully seek contin-

uation of NASA confidence in our collective competencies.
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Al. Identification of Wood Energy Resources in Central Michigan

Wolverine Electric Cooperi !ve Consumers Power Company
302 South Warren Street 212 West Michigan Avenue
Big Rapids, Michigan 49037 Jackson, Michigan 49201

Morbark Industries, Inc.

Box 1000

Winn, Michigan 48896

The task of meeting energy needs is particularly important in Michigan,
considering its dependence on out;ido sources of energy (Michigan presently
produces only about four percent of its energy requirements). Renewable
resources, particularly wood biomass, are being viewed as a highly desir-
able alternative energy source. Whila fossil fuels are relatively scarce
in Michigan, forests are widely distributed in the state (about half of
Michigan's land area is forested). Developments in using wood as a "direct-
burn" energy source have progressed to a stage vhere it is now viewed as
technically feasible and cost-effectives.

A cooperative venture by Wolverine Electric Cooperative (a publicly-
owned electric generatzion and transmission cooperative), Morbark Industries,
Inc. (a forest products firm which manufactures wood-harvesting equipment),
and Consumers Power Cowpany (a privately-owned electric and gas utilicy)
are presently planning to build a demonstration wood-burning generating
plant in the mid-Michigan area. There is a lack of information on the ex-
tent, availability, and location of non-commercial timber resources (stand-
ing tree residues, over-stocked standr, logging residues, sites in need of

conversion, etc.) which will be needed for fuel in this power plant. There-

fore, the enterprises requested assistance from the Remote Sensing Project

- ——
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in acquiring information on available wood resources to be reduced to wood
chips as an energy fuel.

The consortium of corporations (Wolverine Electric, Morbark Industries,
aad Consumers Power) contracted for a feasibilicy study (Fig. 1; copy of
final report has baen sent under separate cover) to: 1) determine the ade-
quacy of the wood fuel base; 2) compare three potential plamt locations;
and 3) establish various engineering and regulatory proceduras. Michigan
State University (MSU) iavestigators analyzed a variety of remote sensing
materials in order to determine the tomnage of ti.a forest biomass and to
compare supply estimations for each of tha three potential sites determined
by the consortium,

A map suzmarizing the distribdution of forest land in the study area is
provided in Figure 2. Forest distribution was derived from the depiction
of woodland on the U.S. Geological Survey (USCS) 1:250,000 map series as
provided by the Office of Land Resource Programs, Michigan Department of
Natural Resources (MDNR). Also included on the map are the three proposed
plant sites with a line indicating a 50-mile radius from each site (the
maxinum distance that is considered economically feasible to haul wood
chips). Forest dats as depicted on Figure 2 and class of otmership (federal,
state or private) information shown on MDNR county maps were geocoded and
placed on s computar file. A computer routine (RAP, developed by MSU in-
vestigators) thin calculated the scres of forest land, by class of owner-
ship, for specified radif{ (10, 20, 30, 40 and 50 miles) from each proposed
plant site. The results are shown in Table 1. Based on this acreage in-

formation, plus environmental factors and the lccation of electrical
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Figure 1.

Feasibility study including MSU-RSP Landsat and aerial
graphy assessment of wood energy resources.
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Table ,l.--Acres of Forest Land by Site.

. Radius Acres of Forest Land % of Area
(miles) Federal State Private Total Forested
10 16640 33920 48640 99200 49.3
20 112000 85120 224640 421760 52.4
30 221440 182400 441600 845440 46.7
40 281600 284800 684160 1250560 38.9
50 355840 440320 973440 1769600 35.2

HERSEY
Radius Acres of Forest Land % of Area
(miles) Federal State Private Total Forested
10 -0~ 11520 20480 32000 15.9
20 33920 50560 227200 311680 38.7
30 224000 96000 524800 844800 46,7
40 364160 170880 879360 1414400 44,0
50 432000 370560 1266560 2069120 41.0
WHITEHALL
Radius Acres of Forest Land % of Area
(miles) Federal State Private Total Forested
10 8960 1280 68480 78720 39.1
20 30080 8320 155520 193920 24,1
30 62080 10240 229760 302080 16.7
40 149120 12800 377600 539520 16.8
50 225920 30080 528640 784640 15.6

[
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transmission routes and facilities, the consortium selected Hersey as the
proposed site for a demonstration-experimental wood chip-fueled power plant
of approximately 25 MW (Figs. 3 and 4).

After selection of the Hersey site, the consortium requested the MSU
Remote Sensing Project to provide them with more detailed biomass and non-
commerclal timber figures for a six-~county area surrounding the site.
Acreage data for four of the counties (Lake, Newaygo, Osceola and Mecosta)
were complled from the forest land management and inventory data service
maintained by the West Michigan Regional Planning Commission (WMRPC).
Forest cover-type information for the four counties was originally inter-
preted from medium-scale (1:33,000) color-infrared aerial photography.
Forest lands were categorized into nine cover types, four size classes
and four stocking levels. This effort was a continuation of the Mason
County Forest Inventory compiled previously by the Remote Sensing Project.

Forest cover information for the two other counties, Clare and Isa-
bella, was derived from analysis of Landsat satellite data. A density
analysis, using a Spatial Data Datacolor Image Enhancement syste?, was
performed on separate Landsat bands. Band 6 was analyzed to determine
the presence (acreage) of water on a county basis and was subtracted from
the acreage estimate of forest land and water derived from band 5. Pre~
liminary comparisons with NASA high-altitude RB-57 photographs (1975) in-
dicate the forest acreage estimates to be better than 90 percent accurate.

In order to determine what the tonnage of the standing non-commercial
timber and the potential surplus annual volume growth might be, it was

necessary to estimate the total biomass of the forest land. This was

&wmﬁ
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accomplished by sampling biomass plots on representative forest cover types.
Sample plots were set up by a Consumers Power Company forestry team, and
the entire plot was harvested and weighed by a Morbark Whole-Tree Harvest-
ing system (Fig. 5). The per-acre tonnage of biomass, as derived from
these sample plots, was then applied to a net acreage of forest land which
had been derived from remote sensing analysis. Table 2 compares the ton-
nages as derived from the ground cruise and weight tables with actual har-
vested tonnages.

Table 2.--Summary of Predicted vs Actual Tonnages Per Acre for Selected
Ground Plots.

Predicted Harvested X Error
Plot No./Sample Forest Type T/A T/A (of prediction)
1/06 90,2 92.1 -2
3Prh 128.9 133.5 -3
6+7/04 50.1 49.6 +1
9/Pré 125.3 126.4 +1
10/Ps3 14.0 26.6 =47
11/P36 164.8 132.7 +24

Applying the tonnages from Table 2, total biomass for sample forest plots,
for the six-county study area, are presented in Table 3.

This project constitutes the first all-inclusive treatment of the wood-
energy concept from the gathering of waste wood, with its particular envir-
onmental and socioeconomic considerations, through a detailed preliminary
design of wood-handling equipment and a medium-sized (25 MW) power plant.
This perception of the project makes it all the more imnovative consi-

dering the state-of-the-art technologies available and further
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Table 3.~-Biomass of Sample Forest Types.

m
Forest BIOMASS (Tons)

Type Lake Newaygo Osceola Mecosta Total
04 621,591 710,318 29,008 35,922 1,396,839
05 3,812,840 3,566,784 127,807 260,673 7,768,104
06 4,313,184 3,481,900 231,543 859,425 8,886,052

Pré 022,329 303,817 418,023 304,204 1,648,373

P36 1,939,202 495,389 5,109 20,765 2,460,465

Psl - - 7,294 -— 7,29

Total 11,309.146 8,558,208 818,784 1,480,989 22,167,127

consideration of other technologies which may become available in the future,
Based upon the findings of the overall feasibility study, including the MSU
Rewote Sensing Project analysis, the consortium determined that a waste
wood-fired plant with a gross output of 25 MW is both technically and eco-
nomically feasible, subject to regulatory approvals and financing arrange-~
ments. The consortium has decided to build the experimental plant which
could be in commercial operation in 1983 (Fig. 6).

It is the stated intention of the consortium that "the plant will be
used to gather operating experience, to evaluate equipment, to demonstrate
environmental compatibility, to develop appropriate forest management prac-
tices, and to foster overall public acceptance of a technology that could
lead to the serial production of similar units throughout the forest lands
of Michigan. Because of the unique developmental aspects of this project,
the MSU Remote Sensing Project is continuing to work with the consortium on
developing remote sensing techniques that can serve as methods for calculat-
ing the biomass supply and harvesting program for the experimental/demonstra-

tion wood chip-fired electrical power generating plant.
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A2. The Impact of Pipeline Construction on Stream and
Watland Environments

State of Michigan Public Service Commission

6545 Mercantile Way

Lansing, Michigan 48910

In connection with its jurisdiction over pipelines, the Michigan Public
Service Commission (MPSC) is charged with assessing the environmental impact
of gas and oil pipcline construction on wetlands and stream crossings in
northern Michigan. The Remote Sensing Project conducted a demonstration
project to show that drainage alteration and vegetation damage associated
with pipeline construction could be monitored with temporal aerial photo-
graphy.

In 1977, field investigators, using ground sampling techniques, re-
corded present conditions at wetland and stream rights-of-way (ROWs) not-
ing vegetation damage, invasion of new species and drainage conditions,
particularly standing water within 50 feet of the ROW. Since the sites
vere not evaluated on the ground prior to construction, the cause of any
damage observed could not be pinpointed, and value recommendations to im-
prove future routing and construction methods could not be made.

Since repetitive aerial photography may allow both pre~ and post-
construction vegetation and drainage conditions to be mapped, the MPSC
approached the MSU Remote Sensing Project for assistance. Photo inter~
pretation is also likely to be less expensive than field investigation
and such conditions as ponding of water upstream or in the ROW, vegetation
change, windthrow and dieback should be detectable on medium-scale photo-

graphy.

o it el . g BB 1
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Within the stuly area (Fig. 7), available black-and-white panchromatic %
photcg “aphs at scales of 1:20,000 and 1:15,840 with coverage dating back vo '
1938 were utilized. In addition, 1973 and 1977-78 color-infrared photographs
provided recent records of the pipeline sites. These sources combined co %

give adequate pre- and post-pipeline photo coverage for each site.

In the first phase of the project, a site in northwest Wexford County
(Fig. 8) was studied. The vegetation cover map prepared from a 1973 photo- %
graph shows pre-pipeline conditions, with healthy vegetation and no apparent

standing water (Fig. 9); but Figure 10 is the same site in 1977 with ponding

upstrean from the ROW and ac..ompanying vegetation damage following construc-
tion. The company responsible for the pipeline fired the construction con-
tractor and has subsequently taken the ‘ollowing corrective actions.

A construction crav was brought in to ditch across the pipeline cause-
wvay to reinstace the surface flow across the swamp and lower the impounded
area, At the same time, the crew cut the stems of trees which had wind-
thrown so that the stumps would fall back in place. The pipeline company,
and personnel from the MPSC, will check the wetland crossing in the early
summer of 1980 to see how effective these efforts have been.

Project personnel are currsutly involved with additional site inter-
pretation and decumentaticn of ROWs to fully evaluate the potential for
remote Lneing detecticn of vegetation damage and change and drainage
alteration. The stuiy is baing conducted on a random sample of sites
identified by the MPSC. MPSC studies of these and other sites, using
terrestrial surveys, concluded that damage to wetlands was widespread and

serious. To date, photographic analysis of both pre- and post-pipeline
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conditions has correctly identified several non-pipeline causes of damage.
For example, in western Kalkaska County, desiccation associated with a pipe-
line crossing near the lower end of a seepage wetland appeared to be the

cause of death in a nearly 40-acre stand of eastern larch (Larix laracina)

and white cedar (Thuja occidentalis) (Fig. 1l1). The damaged area was imme-

diately downflow from the pipeline, and apparently the desiccation was due
to impoundment of wetland seepage by the pipeline. However, the pipeline
was installed in 1962, and on 1973 CIR (1:36,000) photographs, the trees
appeared quite healthy. Inspection of 1978 CIR (1:24,000) photographs
under medium-power magnification revealed that three—quarters of a mile
upflow from the pipeline a colony of beaver had constructed a large dam
and lodge. This dam captured the flow of a previously undetected artesian
well near the head of the wetland, creating a 4-acre pond. In so doing,
the beaver severely reduced the water available for seepage flow through
the wetland, resulting in desiccation. The time of construction of the
beaver dam corresponds closely with the appearance of the stressed and
dying trees downflow from the pipeline, Therefore, it appears that the
beaver are responsible for the swamp damage (if damage remains the proper
term).

Efforts are continuing to complete an evaluation of the impact of
natural gas pipeline construction through streams and wetlands in Michigan's

northern Lower Peninsula. Study conclusions will be compared with the tra-

ditional (terrestrial) survey methods currently used by the MPSC.

e P —— -
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A3, ldentification of Hazardous Wastes Disposal Sites

Ground Water Compliance and Special Studies Section

Water Quality Division

Michigan Department of Naturuil Resources

Lansing, Michigan 48909

Serious toxic waste contamination problems, such as the highly publi-
cized Love Canal situation in New York, have recently created concerns over
the potential for human exposure to these hazardous chemicals. In response
to similar concerns in Michigan, Governor William Milliken has requested the
Michigan Department of Natural Resources (MDNR) to analyze potential hazard-
ous chemical disposal sites and initiate a plan of action to eliminate any
hazards associated with them. The MDNR is currently making a concerted ef-
fort to identify disposal sites which need prompt abatement action. Approx-
imately 20 such critical problem situations are in various stages of abate-
ment at this time, with several cases already in litigation. Copies of
several related news stories together with a copy of a letter from Howard
Tanner, Director of MDNR to Governor Milliken (attached) provide a sampling
of documentation of this dangerous situation.

Despite the concerted efforts of the MDNR to identify these critical
sites, many potentially hazardous sites go undetected. The assistance of
the MSU Remote Sensing Project was requested in applying remote sensing
technology in locating these toxic wastes disposal sites. Project in-
vestigators developed two :echniques which show promise in providing the
necessary information.

Using both historical and current aerial photography (1938-1979),

investigators compiled time-sequential maps of areas surrounding selected

o
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chemical plants (selected by the MDNR). These maps portray the sequence
of events (e.g. road building, pit filling, bulk dumping, site growth, etc.)
which have taken place around these plants. Preliminary evaluation by MDNR
staff indicated that these maps will allow them to "reconstruct" the process
and placement of hazardous wastes much more reliably than by the present
method of studying existing conditions and interviewing plant management.
Additionally, Project personnel are obtaining large-scale, color
aerial photographs over areas of 'suspected" dumpings. These photos will
be analyzed and compared with current ground survey techniques to deter-
mine their utility and cost effectiveness. Several MDNR offices (Water
Quality, Ground Water Compliance, and Air Quality) have expressed sub-
stantial interest in this project with the anticipation of adding a new
tool to their investigative procedures.
Subsequent progress reports and grant refunding requests will provide
continuing descriptions of this extremely hazardous situation and how the

MSU Remote Sensing Project is contributing to the actions for correction.
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Dear Covernor Millikens , ' - "~\

I fully shaze the concerms expressed in your Auvzust 30 letter over the
potential for hurcsu exposure to hazards asscciated with inappropriate
vaste disposal in past vears, la respcnde to your request for an analysis
of pozantial hazardeus chemical dispossl sites and a plan of acticon

to elimiaate any hacards associated with them, I have initiated the
following actions: '

1. We ace negotiating vith TPA to invoke the suthority of the Federal
Resource Cengarvation and Reccvery Act, 2.L. 94~5£0, Section 2007, teo
reguice approximately 500 industries using potentially hazardous matarial
to repert all chemical residue disposal practizas uzed past and present,
niz inventory will provide informaticn s to the typve of =atarisls
depesiced, the lecztiom of the Jeposit and dgtes when such deposition
occurred.

In additiom to this procedure, I have issued the rews relezse asking
all irdustries and the public to aid in locating any sueh hacardous
waste dispesal aites. We anticipate that such appeals will geoerate

a response frem industry and the publie which will g4 to our data base
for identificarion of potential prodlems,

2. The Department of Watural Resources i3 presently svalnating the

use of remots sensing as an sdditional tool for locating prescnt and

past 2isposal sites, Contacts with personnel at Michigen State University's
Rezote Seesing Project indieate some promisicg povsidilities. One appreach
toward cdatermining the lcection nf older sites wwuld “e to comparn older
eecizl photographs {as earlv as 1333) vith more racent ipages. ECxisting
open cites could poswibly L2 identified directly {from receal infrared
photos. Tue Michigan State University researchers were interested in
mrsuisz this use of romote as2asing and indicated thay could periorm

sose ¢f the photn intarpretations (as demonstization proioects) under
prrsently funded MASA grants. -
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A coopdnh'n' effort under development for some eh;- bcév«n H’A.
the State lgalth Department and the Department of Natural Rescurces
vill begin in Octcoer to locate all pits, ponds and lagoons wherse. forzer
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of thia iaventory ia May, 1979, au analysis will be usde of their: groundnnr

ponunoa potential,

The end product, dwe im Jaruary 1980, will be.

an overviev of the stite's groundwatsr contaminstiom problems. nnl:in;
' frem irnropar- dilpocal of hnurdou uquida cnd a pha ot action to

solve them, .7 4,..;.'.7 A TS T
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“ia the next.two yaars.
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sitev vhich pesd prompt abatcment action.’ _
-(count> health offieizleo and regional plming sgencies) hava been asked -
“.along vith the geceral publie, as meatioued. in peragraph 1, to advise -
‘us of potentially hazardous sites, -
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the l‘f-scurca Recrmty nivhion will bde- mdncting o ixwoncory
- and evslusiing 211 of the solid weste disposal facilities on record . .

' The ioveutory {s-deing conducted as- part of
R i,the scate ® plrticipatioa in the Resource Conservation and !acmry .
‘The Division will be evaluating all solid. vn:e
diap-ul facilitins to detnmiu if they mest critaria estadlished by -
' . ~.the EPA and our present standards relative to tho potential of the: oi:u . ,
.- poaiug a naombh probabitiqv of cdveru oft'eeu ou haalth or the. s S
’ mi:mcn:. S -

e
.‘

3"‘ .f\q-

-‘ ~‘

e
-\~

1 LN \'
e -
(YRR ¢l~

n‘._,._. .

LY

"A '

More cumn:ly ve arﬁ mking s conccrted effort to idcatizy diapoc:n'l

‘guch sitas, and thosc that cancot be upgraded will de closed. in an

ouvironmentally sound meaoner to protect the health and aafeqr of arex- .
Approxiszately 20 cuch critical problenms are in varioue - - °
. stages of abatcaent at thiy- time as identified in my July 26, 1978,

1f£, in tha case of abandoned or closed faeilitiea, i

_ regidents,

report to you.:

Local govermmental zgencies

Evaluations will be asde of all -

corrective scticus by facility cwmers or operators camnot be brought ..
: sbout, it will be nccessary that-we discuss & reliable procedura with .

 legal counsel to assure. initiatign of any neccssa
thc pubhe hul:.h nnd ufoty. [.g:lﬁ-&«.-ﬂ-? /¢
. 6.-

- can secouplish that goal through a combination of existing au:hority '
: under Act 87, P.A. of 1965, through proposed legislation (Rouse Bill

b&-w-‘

‘ The goal of ‘the Doparhun: is to dovelop a progru to insuxa :.‘\c .
.adequacy of all hazardous vaste disposal facilities.- We believe we.

'n

" 480A) and by obtsining sathorization to implement a stats program under -

the Hszardous Waste Managenent Seccxon, Sudtitla C, of tb. Ruourco
Conurvaticm and Recovery Ac: vhxch is in progress. o
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future, lMichigan plans to soon implement a voluntary hazardous waste -
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Coversor Millikea ~ - . ,  : =3= . . ' October 4, 1978
e “ _.-.‘..“.,'." . "' ‘."\‘ : . '_.‘ 3 "- L .- r?l .‘ ) “ R .‘. . Q‘:: . “. .
viu be coqunrizul s !!ua follav-up ac:iono can bo qnickly iniciatcd R .

on shipmenta of vastes failing to reach their intended destination. . et
Such a manifest system is required for all states under the RCRA Hazardcus ‘- -
Waste Mznagement Section. As you pointed out, H.B. 4804, vhen paseed, |
will give Michi{pmn the statutory authority feor hpleuu:ing thc lyttn et
\d.:h :cmct to beth uud md liquu vutu. R e e T P aie
—t';".‘“.“.. AT W ",‘." .\';’."-:‘.- ;3':‘ ~'»’...",'~‘..
B. . “the Rezoaree ieeonry ca-lntn vi:h nchuiul guidua from the. .. ., YT
'Rasource Recovery Division has comtvacted with. the £irm of Bemningoon, - ¢/ '~ ..
Dc;hm cod Richardson to develop a Solid Wasta Mansgement Plem for the . - ..i. =~ ~.-:

“ e
.0

,_-.-é'.';' '3tate of Hichigan. - The plan consists of 13 {mdivideal task xapozts.: ' . [..7 - . 7. .°
& pralinivery dcafe-of the 13th report doaling specifically with nanrdouo ot
el . .»Tauto Mendgewent was received in Asgust and is curzeatly undergoing . o Teiin
T .etefS vericw..-The plam.covers all sspects of hassrdous waste ceattol TN o

- ,md appears to provide valuchle guidance to our Dopartmaat.. This raporc P R
- will underyo the eritical ruview and inpet:from a Public Recponse Pesel - - - b, - ©
“eseeblished {n 1977 to oversee the project. . This plea vhen.fivalized. ;
“will bo incorporated as appropriate {ato an.oversll Di® strategyoa  ° . R T D

.+ Toxiec Kacerials Cn::ol. cnmu:ly bning dmlmd by t.ho aniromunl RPN
. Prota*cicn Buuu. RO AR L _ N € , e s R KA .
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: 9. “The’ Dcrnrmnt is cirnnely enlutin; m ‘.mm ponn:iauy hanrdons .- T

... disposal-practices. Many are in the process of active litigation (as - ..°. ..~ =
.. ‘eoted in my-raport cnder Itea 5) and others are in the fact finding . : f L
. . .. stags undexr reviev by a . special Problem Mutiou Cozmittee osuoushcd oL
S -in tha Department the first of this year. This is au on-going reviev . ; RSN
" -, ! process go that:new problecs will be contimually prioritized and acted "..-T._.-{f'”"‘-,".'::' W
on o a maamer apprcpriua to thc marity cf tbc uimci.an. e L2y L
. . ' A - ‘l .' . ...‘-;“ A e .'_:." ,g;:_.-"
10. " The" bapartr.an:'. xauromnnl hforemnt Divition is. accucly o '~__-_"_.'-‘,-"- "
s ‘~~-mimng legclly actionable toxic materials prodlems. Rovironmyatal L DI
"'y strategies sra'baing developed which include potential faect finding:: = 7,n..7. .
. .. costs and clean-up costs.: Our position, however, is that any coets - LT
."! requizrcd for the clesa-up of toxies and pollutaats will have to'ba borne . .
- vby chona naponlibh. nd not thc tupaycn of "aehign. L s;_;"'.__.".:.‘f.; R
.yn...." . vt e M "IN

o ﬂhllo t!uu are’ nriou- toxie vaste mtuiucioa problm such as Booker NN
Chenical, Lakevey Chemical and the Gratiot County Landfill, mone cam - ‘. -
be compared ty the NHew York, Love Canel situetion. Exespt for thoss -~ - -7
. cases already .in litizstion, we expect voluntary clesn=up to de Acco-plishod L.
- god those pursued thtough court action we expact court ordered clean~ .
. up ot the discharger's expense. However, we vill take whatever asctions :
. are vecsssary to safczuard the public health if a critical need is idenuﬁed

in the futurs. This mxy require the initial expenditure of pnblic fundc
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Corroding barrels of wastes at Story Chemical Corp. in
Muskegon, Mich., in late 1977. A cleanup is in progress.
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To Dwarf A Sleeping Giant

Great Lakes Region Takes On Hazardous Wastes

Last year, officials declared an emer-
gency after increased birth defects, mis-
carriages, and other health problems
fncused national attention on the former
Niagara County, N.Y. chemical disposal
site called Love Canal,

Every vear, spills and leaks involving
unwanted industrial by-products occur
throughout the Great Lakes Basin.

Seventeen percent of the nation’s haz.
ardous waste producers are located in the
industrialized Great Lakes states. One-
fourth of the hazardous materials are
produced here, The lakes themselves have
accumulated hazardous wastes for de-
cades, with those not flushed out settling
to the lake and harbor bottoms. The

Great Lakes Basin Commission has
drafted a strategy to cope with the wastes
(see From the Chairman, p.7).

Hazardous wastes are in every com
munity, Some corrode storage containers
and can damage human tissue. Others
may explode or otherwise react if ex-
posed to heat. shock, air, or water. Sull
others may exp.ode spontaneously, catcn
on fire, or emit toxic gases or fumes. But
the most worrisome wastes are toxic,
They threaten human health, can cause
cancer and birth defects, can harm or kill
fish and wildlife, and can result in serious
economic losses.

The
Agency

Protection
that only 10

US. Environmental
(EPA) estimates

percent of the nation’s hazardous wastes
removed from plant sites are disposed of
adequately. The rest could contaminate
groundwater through leaching or runoff,
pollute the air through inadequate incin
eration, burn or explode, poison people
through direct contact, or — most impor
tantly, in the Great Lakes — poison us
through the food chain.

Despite the urgent need for safe dis
posal of hazardous wastes, public con
sciousness of the problem’s extent and
possible solutions remains low. One US
Senator called tne disposal problem “the
environmental sleeping giant of the de
cade.” Now, government is beginning 10
respond
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Basin Plan Aims at Toxic Problems

8y John Hall, Water Resources Planner
Great Lakes Basin Commussion staff

Last month New York Health officials
warned pregnant women and children
under two to evacuate the Love Canal
ywea of Niagara Falls. Their homes were
being polluted by toxic chemicals seeping
‘rom the ground. More than 80 chem-
icals, some of them suspected of causing
cancer, were buried in a landfill there 26
years ago.

This was only the latest incident in the
much larger set of problems posed by
toxic substances contamination in the
Great Lakes basir

This edition of the Cormmunicator
presents some of the many issues we face
in solving these very complex problems,
Many programs to manage toxic sub-
stances are now being carried out. This
fall, the Great Lakes states and the
federal government will be setting a
regional strategy for toxic control as part
of the Great Lakes Basin Plan,

Toxic Control~How?

There are two basic problems in
wontrolling toxic substances: managing
those already in the environment and
preventing future contamination. Where

toxics are already present, we can either
physically remove them or protect public
hea'th by limiting people’'s exposure to
contaminated food, water, or other
materials.

An International Joint Commission
study on pollution (PLUARG) concluded
that effective, large-scale removal of
in-place toxics is not feasible because of
limited technology and prohibitive costs.
Typical removal methods are dredging
and confined disposal, purging of con-
taminated groundwater, and excavation
and incineration or storage of contam.
inated soils.

Such measures are only a reaction 10 a
more fundamental problem, The most
effective way to avoid toxic substance
contamination is to prohibit manufacture
and use of a harmful substance alto
gether. Levels of DDT, for example, have
been declining in the Great Lakes since it
was banned i 1971 by the US
Environmental Protection Agency. Out
right bans on a chemical, however, are
not always desirable. Economic, political,
and social factors must be considered
along with public health and environ
mentzl effects

Control of toxics at the source of their

discharge into the environment is effec
tive in some cases and difficuit in others
(especially ditfuse or nonpoint sources),
Source control is costly, but the price
must be pad when the benefits of
producing and using a chemical are
thought to outweigh these costs.

Which of these measures are maost
appropriate as part of » future control
strategy in the Great Lukes basin? The
answer depends on at least four critical
IssuLs: money, risks, disposal sites, and
public attitudes.

Money

The key obstacle in controlling toxic
substances may be money, If fully
implemented, federal and state laws now
on the books are probably adequate 10
protect the Lakes and the
residents, The oroblem s that lack of
adequate funding and manpower could
make mplementation of these laws slow
and ineffective

Many of today's taxpayers feel theu
burden 15 becoming unbearable. Califor
ma's tax limitation (Proposition 13) has
triggered interest in Michwan and other
states. At the same ume, intlat.on pinches
both taxpayers and government, Possible
future curtaidments of state and loca
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‘planning for Great Lakes water and land resources.

States Discuss Toxic Problems and Sciutions

8y John Hall
Regional Planner Policy Analyst
Great Lakes Basin Commission

“NO 1ssur is more ‘mportant or more
urgent today than the management of
nazardous materials. The states col-
lectively must put in place the steps
necessary 10 achieve agreed upon moegs:
res 1O assure protection of human heaith
and the environment.”’

These were the words of Michigan’s
Governor  Wilhiam G, Miltiken in his
pening address to the first International
Conference on Mazardous Materials Man.-
wyement, held at Detro’s Renassance
Centar an December 4.5,

Addressing the conferencs as the
keysote speakdr, Governor Milliken said
he was .. ancreasingly concerned with
whit amounts t0 3 non-system in the
United States which copes with ha2-
ardous materigls,” He catled for sub-
stantial  action within one vyear. His
remarks set the tone for the two-day
conference.

The State of Michigsn and the
Notional Governors AssoCiation spon:
sored the event to sharpen understanding
of the problems and the need for early
state action. The Great Lakes Basin
Commission developed several graphic
displeys for the conference and an
information packet that was distributed
10 il participants.

Participants of the conference in-
cluded representatives from 20 states,
tour Canadian provinces, the US. EPA
and Department of Transportstion, the
Great Lakes Basin Commission, the
internat:onal  Joint Commussion, and
seversl other agencies. Private industry
was 3is0 represented.

Billed as an international event, the
conference was aimed n part 8t recog-
nizing the substantisl movement of both
hazardous wastes and dangerous products
across the U.S./Canadian border. To this
end, Governor Milliken called for the
establishment of an international forum
tor effectively sharing information on
hazardous materials.

———— TR S gy >y ~y

Proto by Johna maii, GLBC

Discussing the disposs! of hozardous waste dispotal during a bresk in the conference are (left 10 right)
Gary Guenther and Wiltiam Marks from the Michigan Department of Natural Resources and Les Botys,

Chawrman of the Great Lakes Basin Commumsion.

Through a series of major pi-ienta-
tons, panel discussions, andg informal
nteraction, participants were able to
discuss the problems in great depth. After
all the concerns and frustrations were
aired, recommendations were formulated
on how to effectively handle the
sityation.

Generai sgreement and consensus was
reached by the conferees on the following
points:

® Toxic and hazardous matenals prob-

tems Jre 100 serious 0 wart for the slow
and »iter tedious process of the develop:
ment of adequate federal regulations.

® States must take the initiative and
aC! *ogether within one year to soive the
naton’e serious hazardous materials prob.
lems.

® [ .ability for hazardous waste dis-
posal inc.dents such as Love Canal n
Butfalo, New York must be resolued by
Conqress at soon as posstble,

iContinyers on naye 7Y

involving hazerdous materiahs,

The GLBC prepared a 17 page information packet for the International
Conferencs on Hazesrdous Materisis Management, held in Detroit on December 4.5,
1978. Included in the packet is a profile of all state toxic and hatardous substance
programs, a chart detsiling the responsibilities {or federsi sgencies under existing
federsl hazardous and toxic matenals laws, existing federsl regulstions for interstate
commaerce shipment of hazardous materisls, and examples of some emergencies

For your free copy of the packet, request it from: Grest Lakes Baun
Commistion, Public infarmation Office, P.O. Box 999, Ann Arbor, M1 48106.




Hooker, state pact reached

By The Associated Press

Hooker Chemical and Plastics Corp.
officials in Montague have agreed to
abide by a preliminary court injunction
and intercept contaminated a-
ter around the plant before it reaches a
nearby lake.

Ingham County Circuit Judge Mi-
chael Harrison granted the injunction
Wednesday to Attomey General Frank
Kelley, who called for installation and
operation of a “purge well" system to
intercept the company's contaminated
water before it flows into White Lake.

KELLEY SAID Hooker officials
have agreed 10 install the purge wells.
“We still have a long way to 80 be-

fore we solve the problem, but this is a
beﬂnmng." Kelley said.
e termed the cormpany’'s attitude

coapenﬂve.

elley filed suit against the com-
ny Feb. 25, after the Department of

Natural Resources showed toxic

wastes, mcludmgf C-3, had been

dumped on the firm’'s S80-acre site

since the early 1950s.

The wells will prevent further con-
tamination of White Lake while the
state lawsuit pursues a fuil cleanup of
the Hooker facilities, according to
Kelley’'s office.

THE WELLS must be sunk within 60
days, according to the court order.

Poison-dumping firm
agrees to clean mess

By The Associated Press
A Grand Rapids waste hauler has

agreed to pay cleanup costs for ille-
gally burying 7,500 gallons of the toxic
chemical C-56 in a Montcalm Coun
landfill, Attorney General Frank Kel-
ley announced Monday.

Approved Industrial Remover Inc.

must also pay the state $18,000 in fines

and reimbursement for expenses in re-
moving the toxic waste and contami-
nated soil from the Central Sanitary
Landfill.

C-58 IS the major component of the

pesticides Kepone and Mirex. The
dumping of C-56 into the sewer system
of Louisville, Ky., in 1976 resulted in
the temporary closm? of the ewer
system, expenditure of millions of dol-
lars and the forced dumping of raw
sewage into the Ohio River.

Bunal of C-5 in the Montcalm
County landfill was discovered in 1977,
before any of the chemical had spilled
into the surrounding areas.

Under the agreemant with the state,
Approved Industnal Removal must
place $15,000 in escrow until March
1978 in the event money is needed for
cleaning nearby water wells.
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State launches study of
toxic waste disposal

By JERRY MOSKAL
Capitol Burean

Toxic industrial wastes are  up at the

rate of 10 million gallons a yesrin gan as

temporary storage facilities .anmescareer
Because of the problem, .' - state is step-

meﬂom 1o get into the westc disposal

itself or to emcourage private en-
terprise to undertake the task,

“THERE’S NO place in Michigan
of toxic hazardous material,” snid m
Marks, assistant deputy director of the De-
partment of Natural Resources. “The normal
mmmlwastensbem handled.

“But things like PCBs are in
storage. Socner or later the comtainers are
going to start to deteriorate.”

State officials said that 100 million gallons
of industrial waste are produced each year in
Michigan, 10 per cent of them toxic.

CONCERN OVER the problem prompted .

the Legislature’s Capital Outlay Committee to
ut up $50,000 to itart a DNR study that will

takefmorﬁvemonthstocomplete

“We're working on site criteria,” said
Marks, DNR's environmental protection
chief, “I doubt if we'll be selecting a site. But
we need this information if the state goes
ahead or not,”

He said the heavily industrialized southern
part of the Lower Peninsula is the most likel
spot for the $50 million facility. The site wi
have an incinerator as well as burial grounds.

ONCE THE study is completed, DNR will
submit its recommendations to the Public
Health Committee. DNR officials lean to a
state-operated facility while some legislators
favor a privately-operated di under
state supervision, Several bills have been
introduced.
mindboggling problem of What to do. With

problem o t to do wi
PBBs, hexac%l robenzene, cyanides, phenyis
and a host of other dangerous wastes.

Marks estimates that tens of thousands of
pounds of PCBs are st led in industrial

areas of the state, much of it in warehouses
and other temporary tacﬂmu i the South.

east Michigan area near Detroit.

PCBS, A HEAT absorber, contaminated
Gmtukesﬁdnothepomtwheretheu.s
Food and Drug Administration issued a heaith
waming. Since state and federal laws banning
60, PCD levels it have droppes. o

in ve
‘pﬁemmmlcamemousemthehtelm
and earty 1940s as a heat absorber in electrical
transformers, auto brake fluids, television
¢ _acitors, light ballasts and in industrial pro-
cesses,

The material worked its way into the lakes
as PCBs were dumped into sewage systems,
from spills in rivers and streams that flow into
the and industrial smokestack dis-
charges.

ONLY INCINERATION, Marks said, can
destroy'PCBs. They have to be burned at tem-
peratures of more than 2,500 degrees for long
periods of time. Only a handful of such incin-

erators exist in the conntry, mcludlng Ala-
bama, Arkansas and Ormgon,

After the study is ¢ mplete, he added, it

would take two before a site is desig-
nated plus an additional two years to build it.

“The this into the future the
more it wﬂfx o
he wams.

SUCH A LONG list of toxic cmnpmmds are
in use that state officials aren’t exactly sure
wrt;eglewerythmgisorthemct extent of the
P The situation is similar throughout the
eight-state Great Lakes Basin. The Interna-
tional Joint (U.S.-Canada) Commission’s an-
nual report called for both countries to inven-
tory more than 2,800 toxic compounds known
to be in use in the basin,

o Rl S e

a committee g the

toxic waste problem, said stiff opposition can

be expected whatever location is picked for
the toxic waste disposal site.

“NO ONE IS go inq to hold up their hand to
volunteer to be the
materials waste site,” he said. “That's not

going to hs pen.”

the le thmp are @mg.“ .

tion for a hazardous
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A4. Integrated Pest Management Systems

Departments of Botany & Plant Pathology and Entomology
Michigan State University
East Lansing, Michigan 438824
Remote Sensing Project investigators, in collaboration with faculty of
the MSU Departments of Botany & Plant Pathology and Entomology, conducted
several small pilot studles aimed at incorporating information from remote
sensing data into on-line integrated pest management programs. Two major
studies were carried on during the grant year period.* The first study
investigated damage distribution assessment and biomass loss to small grains
caused by the cereal leaf beetle. The objectives of this investigation are:
1. To estimate within-field damage and biomass loss caused by
the cereal leaf beetle using infrared aerial photography
of individual oat and wheat ficlds in Kalamazoo County,
Michigan;
2. To identify small grain fields (oats and winter wheat) using
infrared aerial photography by photographing a transect
across Kalamazoo County; and
3. If objective 2 is possible, then to identify, using tech-
niques developed in objective 1, different levels of damage
and biomass loss caused by the cereal leaf be..tle from

county transect photographs.

* Tt should be realized that seasonal constraints limited the period
of time for carrying out active field research.
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Faculty investigators, through ground surveys, have identified sample
fields for objective 1 and conducted a survey to identify a flight transect
for objective 2. Aerial photographic data will be collected on a periodic
basis with a~iual timing of the flights to be determined from ground
conditions as measured by the faculty investigators.

The second study was conducted to determine the utility of aerial IR
photography to detect X-disease (a fruit tree disease transmitted by sev-
eral species of leaf hoppers) infected trees in individual cherry and peach
orchards located in southwest Michigan. Procedures similar to those out-
lined for the cereal leaf beectle project are being employed. Faculty in-
vestigators have already identified sample orchards which: 1) contain X-
disease infected trees; 2) have ground collected data over several years;
and 3) are owned by individuals willing to cooperate with the researchers.
Actual flights were scheduled for mid-summer (1979) when the disease symp-
tomology would first begin to appear. Additional flight lines were sche-
duled over areas, determined by ground observations, to determine the
ability to detect host chokecherry bushes. Because chokecherry is the
main source of X-disease propagation, a major control technique is the
identification and eradication of all chokecherry plants near stone fruit
orchards.

These dual studies were not completed during the grant progress report
year; they were continued into the summer of the next (1979-80) research

year; so, more findings and actions will be described in the next reporting.
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AS. Analysis of Landsat Data in Updating Forest Inventories

County Director

Cooperative Er-ension Service

Courthouse

Reed City, Michigan 49677

Packaging Corporation of America

Woodlands Department

Filer City, Michigan 49634

Remote sensing, in the form of small-scale color-infrared photography,
has been successfully applied to forest rcva type mapping and inventory in
Michigan. Five counties have completed inventories with several more in
various stages of production. Each of these inventories involves a substan-
tial expenditure of time and money. Although the forests may remain ecolo-
gically stable over a short time if left alone, man's impact is often sudden
and dramatic. Clearing of forests for highway rights-of-way, second home
developments, and similar intensive uses and the harvesting and silvicul-
tural treatments (e.g. thinnings and plantings) applied to the growing of
trees for fiber can produce a profound impact on the forest resources of an
area.

Project investigators designed updating methods and sequential proce-
dures using Landsat data (CCT's, black-and-white imagery, and diazo compo-
sites) to detect and identify changes in the forest since the original in-
ventory. This pilot demonstration was conducted in Osceola County, Michigan,
in connection with a forest management portfolio being developed through a
grant from the MSU Agricultural Experiment Station. The procedures devel-
oped during this study will be applied to a test site during the upcoming

grant year.
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B. USER SERVICES and INSTITUTIONALTIZA-
TION of the REMOTE SENSING PROJECT

Through the full extent of the reporting year, the Project personnel

continued to respond to a myriad of requests from individuals and organi-
zations for information and assistance. In an overall fashion, the RSP
serves as a ''reference service" fur an increasing number of public and
private organizations. Requests range from how to gain access to NASA

photography and Landsat frames; to providing some training in image inter-

e B O— ..

pretation and use of various kinds of equipment; to giving presentations

|
k
|
| ; at on-campus and off-campus classes, workshops, and conferences; to pro-
} viding more sets of aerial obliques of the Detroit River land edges and
of other terrain situations; to directing inquirers to productive sources
of further materials and information sources; to helping users analyze
problem situations and how to set about probing for solutions; to deriving
data classifications and related procedures; to correlating remotely-sensed
i ? data with other natural and cultural resource information. These many kinds
of inquiries are responded to as well as time, space, and facilities can ac-
commodate. Such services are unsolicited, ad hoc, and are fit in among the
' : on-going units of research applications.
As requests for special services are generated by the reputation of the
RSP, so too do the performing of services sometimes lead to developing cén—

tractual arrangements for research endeavors, for a variety of information

collecting, tabulating and analyzing, and for training. In all these ex-

periences, awareness of the capabilities and versatility of remote sensing




T

v R

44

imagery for both short- and long-term usage increases, . .an ever-expanding
"community of users' is sustained.

These cannot be reported simply in categorical and specific terms; but,
surely, these smaller scale activities continue to press our staff and faci-
lities. One major kind of special service, that of training of staff pro-
fessionals of State departments, continued to be an ever~present market.
The Project logistics are severely limited in terms of "up-front" develop-
ment funds, manpower, equipment, space, etc. to do more than respond, ad
hoc, to requests for training. To perform effectively in a training medium,
enabling support is needed. With a modest sum of support funds, the MSU
Remote Sensing Project could develop materials for units of training (or
call such, "technology transfer"), train in-house instructors. tool up
with training equipment and related software and undertake an aggressive,
on-going center for training all kinds of clientele in remote sensing
methods and related analytical processes. We view this kind of mission
as a most important one whereby the productivity of NASA investments can
be maximized in terms of benefiting people and resources. . .at least,
the people and environment in Michigan.

As reported in the last Progress Report, the initiation of workshops
for Cooperative Extension Service personnel (with a large portion of costs
covered by the CES) continued through the reporting period. And, during
the latter half of this period the possibilities of having the MSU Project
organize a continuing schedule of training workshops for staff of several
State agencies began to be discussed. (Note: In January 1980, these

agencies have initlated actual negotiations for training services.)
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The second activity to be reported on under this section relates to
the processes of achieving official recognition of the Project as a "Center"
within the University structure.

What we have come to call "institutionalization" of the RSP advanced
to the stage where, after many conferences (as previously reported) with
higher administrative officials, a formal petition was submitted in May
1979 to the Deans of the four Colleges with which we have been working

and to the Associate Provost who agreed to serve as the coordinator of

this endeavor.

During June 1979, a series of confer=nces with the Deans and Provost
developed into basic acceptance of the proposal, leaving joint negotiations
between these principals for deciding on essential support features to be
followed by signing of a joint declaration. Because some of these princi-
pals had to be absent during the summer monthé, it devolved that final ac-
tion had to be delayed until early fall.

In the following text, part B-2 (page 51) consists of a synopsis of
the institutionalization petition text which summarizes the plan the fac-
ulty and staff of the RSP judged most reasonable and workable, together

with the rationale justifying the requested enactment.
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Bl. Cooperative Extension Service Workshops

As reported in the last Progress Report, arrangements were initiated
on a cost-sharing basis with the Michigan Cooperative Extension Service
(CES) to introduce remote sensing technology and applications to the staff
of county-level agencies in Michigan.

A series of seven one-day remote sensing workshops were conducted for
278 participants from 38 counties in Michigan. The workshops were set up
by the District Extension Leaders in cooperation with the County Extension
Directors who invited appropriate persons or representatives from organiza-
tions and agencies in their counties. Most of the participants were local

governmental officers, county planners or CES personnel (Table 4).

Table 4.--Agency Affiliation of Workshop Participants.

R - A
Agency No. Agency No.
County Government 34 Road/Drain Commissions 16
Cooperative Extension Service 43 Tax Equalization Depts. 23
Health Departments 9 Township Government 19
Planning Offices 49 U.S.D.A. (ASCS/SCS) 21
Private Firms 9 Unspecified/Other 55

The major objective of each workshop was to improve participants' aware-
ness and understanding of remote sensing technology and applications. A typ-
ical agenda for a workshop is given in Table 5. The program started with an
overview of aerial imagery that included a slide presentation on the spectral,

radiometric, spatial and temporal advantages of remote sensing for earth
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Table 5.--Remote Sensing Workshop Agenda.

A. Introduction to Remote Sensing and Resource Inventory Techniques

1. An Overview of Aerial Imagery: Types and Characteristics
2. Sources of Aerial Imagery
3. Inventory Procedures

B. Applications ¢f Remotely-Sensed Data in Michigan

1. Organizations Conducting Applications
2. Land Cover/Use Inventories

3. TIuproving Local On-lLand Action Programs
4. Implementing Environmental Legislation
5. Agricultural Assessment

6. Computer-Based Mapping Systems

resource studies and a series of examples of its utility. Participants were
shown a variety of aerial image types with emphasis on color-infrared (CIR)
photography and Landsat data. Examples of aerial imagery along with hand
magnifiers and stereoscopes were avallable for inspection between sessions.
These examples included demonstration boards and selected prints and trans-
parencies of the local area. For many participants it was the first time
that they had seen Landsat imagery and CIR photography of their area, and
stereoscopic viewing of the CIR transparencies was an important and graphic
aid to realizing the potential of remote sensing technology.

The availability and major sources of aerial imagery were presented
through a review of a packet of handout materials given to each participant.
A glide presentation was made on land classification systems, photographic
interpretation, equipment, and mapping techniques.

The second half of the workshop dealt with applications of remotely-

sensed data in Michigan. The organizations conducting remote sensing
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applications in the state were identified and listed and a description of
their activities was provided either in handout materials or in demonstra-
tion materials on display tables. The presentation focused on the activi-
ties of the Remote Sensing Project and highlighted selected applications.
These exemplified the nature, scope and "real world" benefits of remote
sensing. During the past eight years, over 40 applications have been under-~
taken by the Remote Sensing Project which have been grouped under four major
categories: land cover/use inventories, on-land action programs, environmental
legislation, and agricultural assessment. Several applications within each
group ware discussed in detail. These were selected based on issues import-

ant in the specific geographic area of the participants (Table 6).

Table 6.--Selected Remote Sensing Project Applications.

LAND COVER/USE INVENTORY

+ Land Use Planning

+ Detroit Riverfront Analysis

+ Forest Management and Timber Acquisition
+ Recreation Potential of Wild Areas

+ Wetlands Analysis

IMPROVING LOCAL ON-LAND ACTIONS PROGRAMS

+ Abandoned Vehicle Clean-Up

+ Control »f Mosquito Breeding Sites

+ Surface Water for Recharging Fire Trucks
+ Impact of Off-Road Vehicles on Sand Dunes
+ Impact of Pipelines on Wetlands

IMPLEMENTING ENVIRONMENTAL LEGISLATION

+ Soil Erosion and Sedimentation Control Act

+ Farmland and Open Space Preservation Act

+ Wilderness and Natural Areas Act

+ Sand Dune Protection and Management Act

+ Federal Resource Conservation and Recovery Act
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Table 6.~-(cont'd.).

AGRICULTURAL ASSESSMENT

+ Identification of "Important Farmlands"
+ Facility Location Studies

4+ Plant Biomass

+ Crop Damage

+ Pest Mana,.__snt

The applications were presented through slides and a summary narrative.
Other examples of remote sensing applications were illustrated through demon-
stration boards, display literature or handout materials.

The last topic addressed was geographic information systems. Specific

attention was paid to grid-based computer mapping systems and in particular 5

the Resource Analysis Program (RAP) developed at the Remote Sensing Project.
The advantages of spatially referencing and analyzing other resource informa-
tion (e.g. soils, topographic and geologic) with that obtained from remotely-
sensed data were emphasized. Examples of computer~generated Znterpretive maps,
derived through several overlay and site index scaling routines, illustrated
the versatility of integrating and displaying resource information using a
geographic information system., Application topics covered included general
land use planning, limitations and suitabilities of the resource base for
selected on-land developments (e.g. solid waste disposal sites), farmland
appraisal and forest resource inventory and managemesnt.

A discussion period followed each session and in most of the workshops
there was active participation by the attendees. They were mainly interested

in: 1) more detailed information on the applications that were presented;

2) the costs of conducting such applications; 3) what types of products and




30

services are available from remote sensing groups; and 4) whether remote

sensing could provide information relevant to a local problem.

The workshops were well attended because of the enthusiasm of the

it R

Cooperative Extension personnel, the effectiveness of their network in

gt el TR

alerting people to new developments in the natural resource field, and

the high level of participant interest and curiosity about remote sensing.
The participants were generally surprised that remote sensing has practical
utility and is cost-cffective in so many resource problem arezs. Overall,
the series of workshops were highly successful and participant feedback has
been very favorable. A substantial number of decision mskers in Michigan

are now aware of a new tool to call upon in their response to local land

use problems.
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B2. Synopsis--A Petition for Establistment of a Center Function: Michigen

State University's Role in Remote Sensing Research and Service

Michigan State University was among the first universities to experi-
ment with the use of remote sensing imagery for dealing with issues of man's
use of land and its many related resources. From such tentative dbeginnings
in the mid-1960's came a major grant from the National Aeronautics and Space
Mninistration (NASA) in late 1971 for exploration in uses of remote sensiug
for land use policy formulation and programs of implementing actions. Over
this brief span of 15 years, MSU has developed a substantial competence in
scientific personnel, facilities, and equipment. This growth has been in-
cremental, based on ad hoc endeavors with specific allocations of financial
support from grants and contracts. . .all from sources outside the University.

These increments of growth have been drawn together since 1971 in an
unofficial collaborative organization, self-titled as the "Remote Sensing

Project" (RSP), made up of faculty scientists and staff from a diversity of

disciplines from nine departments/schools distributed among four colleges.
The nature of the Project's mission was determined by the commitment of the

original proposal and grant from NASA, namely to provide public and private

agencies in Michigan essential informsation derived from sensor imagery which
t can assist them in resolving issues and needs, and interpreting and analyziang
such information so that more effective management of economic and environ-
mentsl resources may be achieved.

At this stage, in early 1979, the variety and magnitude of engagements
and the scale of financial support are such that this harvest of continuing

commitments and schievements needs to be drawn together into a recognized

e

institutionalized structure.
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f Accordingly, the faculty investigators snd research staff of the MSU

Remote Sensing Project respectfully petition the deans of the four colleges

4 participating in the activicies of the Project to join in appropriate con-
sortium to recognize the Remote Sensing Project as a worthy research and
service entity of the University by establishing it as a continuing, ot-

ficial "Center for Remote Sensing."

Objactives

What ie¢ being requested, basically, is to receive appropriate recog-
nition ind confirmation of the remote sensing enterprises as an official
entity under the support and direction of four colleges whereby a contin-
uing operation may be assured. We are essentially asking to be enadled
’ to continue, with consistency and dependability, those kinds of engagements
that have been done over the eight~year lifetime of the current Project; but
to do such more effectively regardless of fluctuations in funding support

and to strengthen certain capabilities not yet adequately achievable.

More specifically, the objectives oi a Lentar avz o aavanze the ap-
plication of remote sensing through varieties of information formats and
systems related to terrestrial res>urces by means of research, extension

l }crvicoo, technology transfer, trairing and instruction services, and ex-
perimentation with methods for information derivation, storage, and analy-
sis, etc. The Project has been ergaged with varying emphases and concen-
trations in all of these aspects; no nev emphases are being proposed as
additions. What is sought is that all of the component aress of .esearch,

service, and training be strengthened and built up under appropriate spon-

sorships.
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Organizational Structure and Administrative Placement

The organizational structure within the proposed Center would be es-~
sentially the same as within the current Project. The principal features
of the existing management format of a four-member Executive Committee, the
Faculty Investigators Group, the Director and an Associate and an Assistant
Director, Managers, and a potpourri of functions performed by other func-
tionaries, such as the Principal Investigator of the NASA Grant.

However, it is proposed that all functional requirements, duties, re~-
sponsibilities, and authority be re-adjusted and redistributed in more sys-
tematic, vertical line-of-authority configuration. The essential features
of a new Center call for reshaping the internal structure with the Director
acting as the chief executive performing full leadership and principal exe-
cutive roles reinforced by Associate and Assistant Directors. The "Execu-
tive Committee”" will be lowered in profile and blended into the "Center
Executive."

A high-level Consultive, Advisory Group consisting of deans and/or
their representatives will act as the administration's guiding force. An
Administrative Assistant will be a new role whereby the Director will be
relieved of the routine features of management. . .budget monitoring, per-
sonnel processing, reports, office supervision, etc.

Contacts and interactions with department chairmen, deans, and other
higher administrative officers within the University, with NASA officers,
and with federal, state, and regional agencies, plus private firms would

be clearly regularized in a conventional vertical flow. The juxtaposition

of the Center with higher administrative levels is proposed to consist of
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Resources, Social Science, Natural Science, and Engineering. . .plus other
functional entities judged by the deans as needed and appropriate (e.g.
Office of Research Development, Agricul:ural Experiment Station, and Co-
operative Extension Service).

The manifest need for one college to serve as the "lead" unit fer dir-
ect administrative supervision and actions is viewed by the Faculty Investi-
gators and Research Staff Principals as logically being the College of Agri-
culture and Natural Resources with the appointment of a particular officer
as the interfacing, liaison administrator for direct policy, program and

management needs. The RSP Principals suggest this College for a number of

reasons, such as past and curren. administrative relationships with Agri-
culture and Natural Resources, recent budget contributions (over the past
year), plus favorable signs as to continued and expanded support by the

AES and CES; the subject matter issues involved in Project applications

over the years have been predominantly in natural resource related issues,

The recent entry (1977) of the international agricultural concerns of land

cover and land categories, productivity, crop stress, and information sys-
tems in developing countries (CRIES* project) indicate potential continuity
and growth in these kinds of involvements.

In light of such considerations, the Faculty Investigators and Research
Staff judge the placement of the Center under the administrative lead of the

College of Agriculture and Natural Resources to be the means for providing

optimal administrative effectiveness for a productive and highly functional

* CRIES: "Comprehensive Resource Information and Evaluation System"
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research-service-~training entity. However, we wish to underscore the cru-
clal, indispensable importance of all four colleges and nine departments
participating fully in the substantive activities of the Center, whereby

Faculty Investigators are judged to be the initiators, the leaders, the

catalysts. . .and the crucial interface with departme.tal faculty and

students. There would be considerable potential for direct participation

and cooperative ventures by additional disciplines and research units.
The success of the Center, as proposed, will depend on the realiza-
tion of three key administrative features:

1. The forming of a WORKING CONSORTIUM OF COLLEGES related to
the fundamental need for sustaining the integrity of the
multidisciplinary nature of the Center and providing open
entree for all interested scholars from the host of disci-
plines represented by the Colleges.

2. ADMINISTRATIVE AUTONOMY--The Center should function adminis-
tratively in ways and procedures similar to those of instruc-
tional departments and schools. There should be no depart-
ment intervening between the Center and the "lead college."

3. Institution of a CONTINUING BASE OF FINANCIAL SUPPORT to in-
sure maintenance of a core staff, providing basic operational
security, and imparting flexibility and versatility of per-

formance.

Status of Remote Sensing at MSU

Remote sensing technology is increasingly expanding in scope and capa-

bility. New opportunities for viewing the natural and man-made environment
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are repeatedly opening up in magnitude and contexts never before adequate
or possible. Increasing numbers of individuals and agencies are becoming
familiar with remote sensing as a valuable means for deepening and extend-
ing environmental understanding; remote sensing is being "discovered" by
officials and technicians as a means for gaining essential information for
resolving old issues and problems. Furthermore, as such understanding and
utilization grows'and as new generations of sensors are launched into space
(e.g. Landsat), more elaborate and sophisticated hardware and software sys-
tems are steadily proliferating.

The tempo of remote sensing activities is increasing and so is the
atmosphere of competition. MSU must escalate its range of competencies
to advance its productivity for the benefit of ecological and societal con-
ditions in Michigan and to maintain its national and intermational promin-
ence as a center of remote sensing experience.

The conversion of the functional elements of the RSP into an institu-~
tionalized Center can be justified on many reasons of strength and vulner-
ability. The RSP is an existing, dynamic, successful venture; it is not a
theoretical, promising concept. . .it is a reality! It is fully reflective
of the land-grant principle; it-has become the center of interest and pro-
ductivity for remote sensing activities within MSU (other than instruction).
It can serve this purpose more fully as a central resource for support of
faculty and students, for special kinds of technical information, for re-
search management, for technical back-up of expertise and equipment for

both routine and complex research enterprises.
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The nine Faculty Investigators and 22 Technical Staff Members (four
full-time research specialists and 18 part-time research &ssistants) are
currently carrying on over $500,000 worth of grant and contract research.
Over the past eight years, a total of $1,591,522 has been paid into MSU
by remote sensing engagements, and of this, $313,380 in Un.versity over-
head costs have been collected. By the end of 1978, a total of 33 re-
search studies had been completed under NASA grant sponsorship, and an
additional 11 were carried out under contracted efforts.

In contrast to such positive factors, there are many of a limiting
or constraining nature. The Project operates with no official standing;
it is a series of ad hoec, day-to-day cooperative efforts supported by soft
money. It cannot legitimately represent itself or the University in any
situation, and thereby, does not have official back-up, rendering it highly
vulnerable to a host of possible negative forces and events. It has no base
of continuing support and must work strictly within the limits of ad hoc
grant and contract commitments. It has no clear-cut, coherent administra-
tive roles and executive structure, with indistinet chain-of-command link~
ages and flows to and from upper levels of administration.

Administrative authority is ambiguous and dispersed and administrative
leadership is piecemeal, lacks focus, authority, strength, and consistency.
The full sweep of administration from broad-scale policies and actions to
the minutiae of daily tasks is handled by reaction rather than systematic
rational management. Budget management i3 conducted by a departmental pro-

cess that understandably has to consider the departmental missions, needs

and issues in higher priority.
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Management of personnel is dispersed among several functionaries, the
responsibility of no one executive authority. Again, such are handled by
reaction rather than coherent, efficient administrative processes. With
] the limiting scopes of grants and contracts, potential promising opportu-

nities for additional funding are regularly lost for want of budget lati-

tude and flexibility whereby personnel can legitimately pursue them.

o Nt !

Admittedly, converting the current Project into an official Center
will not automatically erase constraints and reinforce strengths. With
the establishment of the administrative structure and placement among the
! four Colleges, it will be possible to utilize executive competencies from
within the Center and from administrative resources of the Colleges and

their agencies to reorganize management elements into an effective opera-

ting system.
With the establishment of a Center and the realization of the three 1§%

key features of: 1) the consortium of Colleges; 2) a degree of Center

autonomy; and 3) a continuing base budget, it would be possible to address %I

these issues of leadership and management forcefully, and to moderate, even
} eliminate, most limitations--if not all. Furthermore, with the organiza-

‘ tional structure and administrative linkages being proposed, it will he

? possible to strive aggressively and steadily toward achieving stated ob-

jectives.

5

Supported by the provision of an adequate base budget, the Center
principals will be enabled to pursue and develop other sources of support
for the different phases of the Center's operations from a host of poten-

tial sponsors for research, training, and service programs. The Center
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it

could make known its competencies through the University for assisting

E i scholars appropriately in their research endeavors.

i Conclusion

§ The momentum of the MSU Remote Sensing Project is in full motion. We

; are compelled to admit our enthusiasm and the sensing of excitement of new

i ] enriching dimensions to be gained. We lay claim to being agents for bring-
| ing enhancement to MSU's reputation-~in this case as a recognized center for
| .4‘ remote sensing research applications and information services. We seek to

capture and systematize this critical mass into a stable instrument to
enable the University to serve still better the people of Michigan.
Whatever the resolution of this petition for institutionalization may
be, it is highly important that MSU maintain its leadership in such a
rapidly developing technology. Whatever the organizational format, ade-
quate laboratory space and facilities, up-to-date equipment and software
must be in adequate supply, and key personnel must be retained if our con-
tinuing endeavors in remote sensing are to nurture the expansion of know-

ledge and the continuing education and training of new generations of

scientists and technicians.




W v b

o

P e

A

e rw‘:’,‘z\#?i“*"F»@l"ﬁimmfg‘ﬂ«mﬂ‘ R

pogita

s

R L i

60

C. CONTRACTUAL SERVICES

When inquiries for services for research and/or surveys do not meet
Projecy criteria for execution under NASA funding support*, and when such
fall reasonably within the competencies of the Project and offer promise
of advancing competencies and reputation as new and significant experiences,

they can be accepted as undertakings with the user paying for all costs in-

curred. When mutually agreeable, such enterprises ars arranged for under

either contractual or cooperative agreements.

The MSU Remote Sensing Project has been serving, now, for several years
as a laboratory for public and private agencies which do not need remote
sensing sources of information frequently enough to set up their own tech-

nical staffs with all the essential related equipment, imagery sources, and

other logistical means. Even if agencies wanted to and could afford to in-

stall their own units of remote sensing, they would experience great diffi-

culty in finding qualified personnel which are not in ready supply. The MSU

Project fills this need most adequately by responding, when appropriate, to

requests for assistance for remote sensing applications services.

Four kinds of contractual engagements are reported in the units which

follow. One kind was international in locale, which provided services in

three developing countries consisting of land cover/use inventories and

some basic quantitative analysis. One of these produced a need for parallel

studies in crop stress (e.g. cane rust diseases). Services of these kinds

* See footnote under section "A", introduction to "Research Applications’
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have been initiated and accomplished through cooperative agreements with

the U.S. Department of Agriculture for the Agency for International Devel-

opment., Similar field research services have been under consideration for %
extension to other third world countries. |

Two other studies relating to monitoring sand mining operations and
sand dune mapping are continuing undertakings for the Michigan Department

of Natural Resources (MDNR). Additional contractual agreements for other

issues were subsequently set up with the MDNR,
The mapping of important farmlands by blocks of counties is an exten-

sion of similar studies for blocks previously completed under agreements

with the USDA Soil Conservation Service.
As this recitation can suggest, these four projects represent an in-
teresting variety of studies. All of these have deepened and broadened

the capabilities and lustre of the MSU Project, We feel gratified to have

been able to assist such entities with these important information logistics.
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Cl. Comprehensive Resource Inventory and Evaluation System (CRIES

U.S. Department of Agriculture
Economics, Statistics, and Cooperatives Service
Room 305, Manly Miles Building

1405 South Harrison Road Cooperative Agreement:
Eac. Lansing, Michigan 48823 Oct 1976 - Sep 1980
$620,470

The CRIES project continued through this reporting period. CRIES is
a& cooperative program between Michigan State University and the Economic
Research Service of the U.S. Department of Agriculture and is funded by
the Agency for International Development. The objective of the project is
to create the technical skills and institutional capabil)ities of developing
countries to conduct agricultural planning and other resource management
studies. The project is a multi-agency and multi-disciplinary effort. The
Remote Sensing Project at MSU is contributing technical skills and services
in two major project areas: remote sensing and geographic information sys-
tem development.

This report summarizes field and laboratory research activities per-

formed for three Third World countries, namely, the Dominican Republic,

Costa Rica, and Syria. During the reporting yvear, several reports were

issued. Two of the reports explain the CRIES geographic mapping system

and were used in a workshop on the mechanice of geocoding that was held
in the Dominican Republic. The workshop was part of a program that in-
cluded the installation of the Resource Analysis Program (RAP) onto an
IBM 370/115 computer, and a training seminar on how to use RAP. A week-
long training session was also held in East Lansing for the Dominican
counterparts (to the CRIES staff). This was an on-site workshop on the

remote sensing activities and the mapping system in the Dominican Republic.
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In January of 1978, the Agency for International Development (AID)
and the U.S. Department of Agriculture held an 18-month review of the
CRIES project. The outcome of the session was very favorable. While at
the meeting, the CRIES staff became acquainted with Dr. Ernest Hardy's
(a member of the evaluation team) computerized diazo process to enhance
LANDSAT scenes, and this process will be incorporated into future LAND-
SAT interpretation procedures.

Part of the CRIES effort is to test and evaluate different techniques
which could be used for collecting land use data. One such test was a
comparison of LANDSAT data that had been interpreted both visually and
digitally for a province in the Dominican Republic. The purpose of the
test was to evaluate the compatibility of the data obtained from each of
the methods. Results show that, overall, only 65 percent of the informa~-
tion was classified similarly. However, when comparing just the agricul-
tural land use categories, there was only a 10 percent discrepancy.

CRIES has also baen involved in a study which compared the costs of
manual and digital processing, of geographic information. Personnel at
the Remote Sensing Project did the manual geocoding while Bendix Aero-
space Systems Division (Ann Arbor, Michigan) did the digital processing.
Initial results indicate similar costs, but the level of technology in-
volved with manual geocoding is more easily transferred to developing
countries.

Another geocoding activity that took place during the period was en-

coding the Cantone map for Costa Rica into the geographic information sys-

tem, The land area totals were in close agreement with published national
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totals; a discrepancy of only 40 knz was found ocut of a total area of

K 51,100 m?.

During the summer, a sugar cane rust infection occurrsd in a majority
of the sugar cane fields of the Dominican Republic. The rust primarily
i affected cane variety B-4362 which accounts for nearly two-thirds of the
total planted cane acreage of the State Sugar Council (CEA). The Dominican ;
government requested that the Remote Sensing Project, through the CRIES Pro- %
ject, undertake a survey using light-plane aerial pho.ography in order to |
help evaluate the severity of the problem. A photographic team was dis-

i patched to the country and a research program initiated. A team of Domi-

nican specialists visited East Lansing to assist in the photographic eval-
uation. The preliminary results indicated cane stress is readily detect-
able on large-scale color-infrared film. The study continued to the end
of the reporting period.

In conjunction with a contract extension from AID Washington, a com-
plete land cover/use map of the Dominican Republic was begun. The map was
developed by visual interpretation of Landsat imagery.

Contract work was begun in Syria under the CRIES project. The Remote
Sensing Project was r. -~onsible fnr developing a land cover/use map from

visual interpretation of Landsat and to develop the geographic information

base.
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C2. Inventory of Sand Mining Sites in Michigan's High-Prioricy
Sand Dune Areas

Geology Division

Michigan Department of Natural Resources

Stevens T. Mason Building Contract: Nov 1977 - Sep 1980 3
Lansing, Michigan 48909 $41,000 i

The Sand Dune Protection and Managemant Act (PA 222, 1976) requires :
the developaent of sand aining monitoring procedures to be used dy the i ? ‘
enforcing agency. The Geology Division of the DNR has contracted with {
the Remote Sensing Project to assist them in the development and imple-
mentation of these procedures. The initial work was broken down into
the following four objectives: 1) determination of the optimal remote
sensing techniques and information system structure to periodically moni-
tor sand mining activities; 2) acquisition of aerial photography for sand
mining operations in the high-priority sand dune arsas of Miéhigan; 3) pre-
paration of an inventory of sand mining activities in the high-priority
sand dune areas of Michigan utilizing the information generated in objec-
tive 1; and 4) development of a sand mining surveillance procedure manual.

The first task, concerning the evaluation of remote sensing techniques
for monitoring of sand mining activities, has been completed. Medium~ and
high-altitude photography is currently considered the best source for the
provision of general land cover/use information required to evaluate envir-
onmental impacts on a bi-annual basis. Low-altitude photography of scales
ranging from 1:15,000 to 1:30,000 is currentlv being used for acquisition
of information regarding the status of sand mining sites on a semi-annual

basis. Low-level systems with flexible operational characteristics (stand-by
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basis, local applications) currently provide the best guarantee for suffi-
cient and qualitatively acceptable information collection at a low cost,
and provide a sound basis for the legal enforcement of the Act.

In response to the second objective, the acquisition of asrial photo-

graphy, color, near-vertical 70mm photography of scales ranging from 1:15,000

to 1:25,000 was acquired for all mining sites identified on existing photo-
graphy and during an in-flight survey. Land cover/use information of the
shoreland zone is being mapped using 1:24,000 CIR photography recently ac-
quired by the DNR on a statevide basis. The land cover/use categories (see
Table 7) are being mapped on clear acetate overlays which can be positioned
on mylar base maps of topographic sheets by msans of registration pins. The
sand nining sites are coded to facilitate cross-referencing with a compiled
photobase consisting of 70mm color transparencies. The mining site coding
scheme consists of a unique indicator for the designated ares, a sequance
number for unique flight planning purposes, and UTM coordinates to the near-
est 100 meters, indicating the approximate location of ths center of the
mining site (e.g. Al-7-753/628). An acetate overlay with a 100 x 100 meter
grid based on UTM coordinstes (1:24,000) will be provided to aid in future
referencing.

A procedure for sand mining surveillance was established (Fig. 12 and
a report has been prepared which outlines the monitoring and inventory pro-
cedures for sand mining operations in Michigan (see reference 78). The
procedures recommended were accepted by the DNR which contracted for an
additional inventory of a shoreline zone of approximately 100 miles and a
bi-annual monitoring of on-going mining activities during the 1978-79 period

and identified by che lake shore zone inventory of the previous year.

o il
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TABLE 7 .--Land Cover/Use Categories Used for the Sand Dune/Mining
Inventory (modified aftar Michigan Land Cover/Use
Classification System, 1975; Division of Land Resource
Programs, Michigan Department of Natural Resources).

LAND COVER/USE CLASSIFICATION SYSTEM FOR THE MICHIGAN
SAND DUNE/MINING INVENTORY PROJECT

Interpretation based on predominant Land fover[Uae type of
1 ha (100 x 100 m) (approx. 2.5 acres) )

11 Residential

111 Medium and High Density
112 Low Density (less than 1 D.U./acre)

12 Commercial, Services and Institutional

13 Industrial

14 Transportation, Communication and Utilities
17 Extractive, Surface Hining

171 Active Status, Spring 1978
172 Inactive Status, Spring 1978
173 Sand Storage

18 Cemetery
19 Recreational

191 Public
192 Private

21 Cultivated Cropland and Improved Pasture

22 ‘Specialty Crops (orchards, bushfruits, vineyards, ornamental
horticulture, Christmass tree farms, and other specialty
crops)

31 Herbaceous Ground Cover
32 Shrub Ground Cover
41 Deciduous Forest
42 Coniferous Forest
43 Mixed Forest
44 Dune Grasses
5 Vater
61 Forested Wetlands
- 62 Non~Forested Wetlands (brush swamp) .
63 Vegetated Open Water
7 Barren

72 Beaches
73 Sand Other Than Beaches
74 Transitional Areas
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Figure 12.--Flowchart Outlining the Procedures for the Michigan Sand Dune
Mining Inventory.
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; C3. Sand Dune Classification and Inventory of Michigan's High-Priority
Sand Dune Areas

Geology Division

Michigan Department of Natural Resources

Stevens T. Mason Building Contract: Nov 1977 ~ Sep 1980
Lansing, Michigan 48909 $33,040

A

LT

The Sand Dune Protection and Management Act (PA 222, 1976) requires
the development of a dune classification system for Michigan and an asso-
ciated inventory of dune types, specifically the delineation of barrier
dune complexes along the Great Lakes shoreline in the state. The Michigan

Department of Natural Resources is the agency designated to implement this

legislation, and has contracted with the Remote Sensing Project to complete E
a series of work elements to assist them in this process.

A dune classification has been developed (see Fig. 13) based on dune
form, orientation, relative relief, arrangement and the relationship of the
dune to the underlying formation. The scheme is objective in that it relies
on morphologic and geometric patterns which can be interpreted from large-
scale aerial imagery. No attempt is made to incorporate genetic aspects
into the classification.

A two-mile strip along 90 miles of Lake Michigan shoreline was classi- ;

fied according to the classification scheme in the 1977-78 period. Cur-

4 rently a similar inventory is being carried out for a coastal strip of ap- i

proximately 100 miles located in the northwestern portion of the state. The
major information source consists of 1:20,000 panchromatic ASCS photography

supplemented with secondary data like soils information.
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The following features are delineated on the photobase:

Boundaries of the individual dume complex, with appropriate
identifying codes (a fractional code indicator developed
from the classification scheme)

Barrier dune boundary

Discernible dune crest lines

Notable bluff crests and shorelines of older, higher,
glacial lakes

Present land/water boundaries

Beach zone

Selected spot elevations

Location indicators

The preliminary working definition of a barrier dune boundary is: "that
landward boundary line of the dune complex which displays the greatest
relative relief within the two-mile-wide Lake Michigan shore zone."

The delineated dune inventory information is being transferred to
1:24,000~scale acetate overlays compatible with the land cover/use and

surface mining information that is being compiled under a separate con-

tractual arrangement with the Geology Division of the DNR (see Section ).

Together these sources will facilitate the review of future sand mining

permit applications as required by law.

A continuation of this inventory

t work is anticipated for the period 1979-80 covering additional dune areas

along Michigan's shoreline.

[
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C4. Important Farmlands Inventory

Soil Conservation Service
U.S. Department of Agriculture
1405 South Harrison Road Contract: Apr 1979 ~ Sep 1980

East Lansing, Michigan 48823 $41,500

The Remote Sensing Project, under contract with the Soil Conservation
Service, is preparing Important Farmlands maps for 14 counties in Michigan.
This is a continuation of work already accomplished in five counties. The
mapping involves the delineation of prime soil (U.S. Department of Agricul-
ture, Secretary's memorandum no. 1827, revised, October 30, 1978) areas from
soil survey information, and the identification of unique farmland, water
and urban built-up areas from aerial photography. Unique farmlands are
lands other than those designated prime that are used for the production
of specific high-value food and fiber crops (e.g. tree and bush fruits,
vineyards and vegetables).

The information is compiled onto a 1:50,000 base map of each county
and area statistics per category are determined. The Important Farmland
maps are being produced under the Land Inventory and Monitoring (LIM) pro-~

gram of the U.S. Department of Agriculture.
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D. INFORMATIONAL SUMMARY

Category One:

1. M-14 Highway Environmental Impact Agsessment (Michigan Department of
State Highways and Transportation; 1972): Remote sensing data from
high and medium altitude photography provided information on land use,
vegetation, soils, and hydrologic characteristics of a proposed high-
way corridor “a Washtenaw County which provided the bases for assess-
ing the poteniial environmental impact of this highway construction.
The MDSHT subsequently adopted procedures for route location deter-
minations based on remote sensing techniques and the findings of the
M-14 research.

2. Pte. Mouillee Waterfowl Habitat Assessment (Michigan Department of
Natural Resources; 1972-73): Wetland vegetative communities and
shoreline erosion in a marsh area on Lake Erie were mapped using
remote sensing data from high, medium, and low altitude photography.
Recommendations were made, in collaboration with the DNR, for im-
proving marsh management, alleviating erosion, and reclaiming land
lost through erosion. Many of these measures were progressively
implemented, such as purchase of adjoining land for expanded habitat.

3. Upper Kalamazoo River Basin Inventory (Soil Conservation Service; 1973):
; The first extensive Michigan land cover/use inventory from NASA high

o altitude CIR photography was prepared for a 2,590 sq. km. (1,000 sq.

| } mi.) area of the river basin. SCS used the information in analyzing

\ wildlife habitats and wetlands from which specific management prior-

, ities and county recommendations were identified.

) 4. Michigan Department of State Highways and Transportation Environmental
Inventory (MDSHT; 1973): NASA RB-57 imagery and technical assistance

in photo interpretation were provided to MDSHT as the Department im-

plemented remote sensing procedures (developed under the M-14 highway

project) for assessing the environmental impact of four proposed high-

way corridors. MDSHT now operationally uses remote sensing procedures
! and has contracted aerial survey firms to acquire new imagery.

3y

5. TIri-County Regional Planning Commission Land Use Update (TCRPC; 1973):
NASA RB-57 imagery and technical assistance in photo interpretation
were provided to Commission personnel for updating a 1965 land use
inventory. A spin-off occurred in 1976 when the MSU Project prepared
a land use inventory for the three-county area under a contract from
TCRPC.
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Michigan Land Cover/Use Classification System (Michigan Department of
Natural Resources; 1974): RSP personnel helped develop a four-level
statewide land cover/use classification system based on remote sensing
as the primary data source. The system was operationally tested by
the RSP using a variety of remote sensing data which resulted in
several categerical changes. The classification system has been in
use by the DNR and other agencies as a standard operational routine
ever gince.

Kent County Land Resource Information System (West Michigan Regional
Planning Commission; 1974): Land use data was derived from aerial
photos and encoded for use in a computer information system being
developed by the WMRPC, The system has been expanded to cover the
entire nine-county region and the WMRPC contracted private firms to
provide aerial photo coverage and land use data for its region.

Mason County Forest Inventory (West Michigan Regional Planning Commis-
sion, Mason County Soil Conservation District, and Packaging Corpora-
tion of America; 1974): Forests were classified into species groups,
stocking levels and maturity classes from high-altitude CIR imagery.

The forest information is being used by wood procurement firms to
locate marketable timber and by SCS in establishing forest management
cooperatives. The study helped the Michigan DNR secure funding sup-
port from 21 private forest industries for statewide CIR photo coverage.

Retention of Agricultural Land in Wayne County (Wayne County Planning
Commission and Cooperative Extension Service; 1974): NASA RB-57 imagery
and photo interpretation training were provided to WCPC staff who then
prepared agricultural and open land use maps. The maps were used to
identify lands which were zoned for retention in agricultural or open
space use in five townships that fringe the Detroit Metropolitan area.
Three townships amended master development plans to implement these
decisions. Litigations have delayed amending zoning ordinances to
conform to plans.

Grand Traverse County Special Environments Inventory (Michigan Depart-
ment of State Highways and Transportation and Traverse Bay Regional
Planning Commission; 1974): Personnel of the RSP and the MDSHT jointly
developed a 24-category land use and 34-category special environments
inventory from CIR imagery and a computer information system for the
County. The system was used In selecting a site for an industrial park
and in locating optimal low environmental impact highway corridors.

Implementation of Michigan Soil Erosion and Sedimentation Control Act

(Antrim County Planning Department; 1974): CIR imagery provided an
expeditious, legally acceptable means for evaluating the site con-
struction plans required in earth~change operations and for detect-
ing potential violations of the Act.

Ui MR s
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Charlevoix County Land Value raisal (Charlevoix County Equalization
Department; 1975§= NASA RB-57 imagery and photo interpretation train-
ing were provided to Department personnel. Land cover maps of the

major islands in the county located in Lake Michigan were prepared and
used in reassessing all property valuations by the Dspartment.

Antrim County Abandoned Vehicle Inventory (Antrim County Planning De-
partmeat; 1975): Abandoned vehicles in the County were identified
from CIR imagery and the inventory results were used by the Depart-
ment to direct junk vehicle removal activities.

Optimizing Agri-Business Processing Plant Location (Wickes Agriculture;
1975): All ctillabl> land within Gratiot County was identified from
NASA RB-57 and Skylab imagery. Using this information and soils data,
a computer routine generated potential crop productivity estimates for
alternative crop processing plant sites and service areas and confirmed
a location for a new plant.

Assessment of Recreation Potential for Backcountry Rivers (U.S. Forest
Service and MSU Department of Geography; 1975): Interpretation of
aerial photography provided a range of information necessary for an
assessment of the recreational potential of the Pine River in the
Manistee National Forest. Photo~derived data for 38 variables were
integrated with float survey data and weighted in relation to 16
potential recreational uses by a computer routine.

Aerial Detection of Stressed City Trees (City of Lansing Parks & Recrea-
tion Department; 1975): The interpretation of large-scale 35 mm CIR
trangparencies provided a 35 percent increase in the detection of total
number of stressed trees as compared to the number detected by conven-
tional eye~level surveys. Photo interpretation, in turn, missed de-
tecting some stress observed on the ground, indicating that remote
sensing can supplement but not replace conventional techniques.

Crop Damage Assessment (MSU Department of Crop and Soil Sciences; 1973):
Three levels of damage to a navy bean field due to excessive rainfall
were identified and quantified from large-scale 35 mm photos. Photo-
based yield estimates were compared with estimates made by a crop in-
surance representative and were found to be an accurate method for de-~
termining an equitable settlement.

Survey and Analysis of the Detroit Riverfront (Wayne County Planning
Commission, State of Michigan Departmeut of Commerce, and Department

of Natural Resources; 1975-76): As a component of a multi-agency

task force study, the MSU/RSP completed inventories of marinas, nature
and extent of industrial uses of river-abutting land including material
stockpiles, plus all other land and water uses, Data gained from NASA
RB-57 imagery and RSP-acquired low-altitude 35 mm color photos
demonstrated current conditions and provided useful information for
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determining the development potential of 37 miles of riverfront.
Specific recommendations were made by the task force. Fifteen sets
(20-40 slides) of the 35 mm photos have been purchased by public and
private agencies.

Energy Park Site Selection (Consumers Power, Detroit Edison, ERIM and
MSU Department of Agricultural Engineering; 1975): The physical char-
acteristics of seven potential energy park sites were derived from
NASA RB-57 imagery supplemented by 35 mm oblique photos. The infor-
mation was evaluated to determine which site was best suited for agri-
cultural and aquacultural applications of waste heat.

Inventory of Potentisl Mosquito Breeding Sites for Vector Control
(City of Lansing Vector Control Section; 1975-76): All standing
water and wetlands in the Lansing area were mapped from 70 mm
aerial photos acquired by the RSP. The maps indicate 33 percent
more potential mosquito breeding sites than previously known and

are operationally used as the primary reference document by field
treatment te:ams.

Inventory of Surface Water Accessible to Fire Trucks (Antrim County
Planning and Fire Departments; 1975-77): Surface water locations,
potential access sites for recharging fire truck water supplies, and
physical limitations to recharging were identified from 1:36,000 CIR
photos. Township maps and computer listings of the information are
used by firemen to locate the closest suitable water source and ac-
cess point from the site of a fire.

Agricultural-Use Valuation (Eaton County Equalization Department, West
Michigan Regional Planning Commission and Kent County Equalization
Department; 1975-76): A computer-assisted farmland appraisal system
which utilizes remotely sensed land use data was developed for two
townships. The RSP has subsequently prepared farmland appraisal
computer maps for all of Eaton County on a cost-reimbursable basis.

Search for Buried Murder Victims in Berrien County (0ffice of the
Prosecuting Attorney, County of Berrien; 1976): A variety of aerial
imagery and real-time thermal data were used to identify possible
murder victim burial sites on a suspect farm. The information pro-
vided documentation for securing a search warrant and facilitated

a systematic and efficient search of the property by State Police
teams; however, no bodies were recovered.

Merging Land Cover/Use Data from Landsat, Aerial Photography and

Map Sources (Bendix Aerospace Systems Division; 1976): The RSP and
Bendix jointly developed a procedure to merge photo-derived land use
data with computer-categorized Landsat data in order to maximize ef-
fective use of both data sources in the provision of an integrated
information system for regional analysis. The procedure was subse-
quently used in a three-county land use inventory performed under
contractual funds.
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Resource Analysis Program~-RAP (Tri=-County Regional Planning Commission;
1976=77): RAP, a ;rid-szlod computer mapping system, was developed for
integration, comparative analyeis, and display of remotely sensed data
and other natural resource information. The RAP system has been used
in several townships, four counties, and one foreign country for wmap-

ping projects conducted with contractual funds.

Analysis of Biomass of 0ld Field Ecosystems Used for Waste Water Re-
cyeling (MSU Institute of Water Research; 1 : Large-scale

CIR photos were used to estimate plant biomass of experimental plots

in an old-field ecosystem that was being treated with different levels
of sewage treatment vaste-water. The method accurately estimated plant
biomass as early as one month befors harvest, is more accurate and cost-
efficient, and demonstrates a real potential in the improvement of man-
agement of waste~water irrigation projects.

Preservation of the Grand Mere Dune Environment (Grand Mere Association;
1976=77): The loss of dune vegetative cover between 1970 and 1976 due
to Off-Road-Vehicle (ORV) activities was determined by a temporal
snalysis of asrial photography. This study led to an ORV enforcement
program, initiated under a special appropriation of funds for the
towvnship police department, which has subsequently reversed vegeta-
tive recession.

Muskegon Sand Mining Inventory ¢(Michigan Department of Natural Resources;
1977): A procedure to inventory and monitor sand mining operations using
existing aerial imagery and specifically acquired 70 mm photos was de-
veloped. The procedure is being used in implementing the Michigan Sand
Dune Protection and Management Act (1976) under contractual arrangements
between the DNR and the RSP.

Re-Evaluation of the I-69 Highway Corridor (Citizens Concerned About I-69;
1978): The selection of a corridor for the extension of Interstate High-
way 69 in central Michigan has been challenged by the Citizen's group.

Two major issues are involved in the discussion of alternative corridors:
the loss of prime farmlands and the effect on wetlands. A land cover

map of the area in questicn from NASA high~altitude CIR imagery, was
provided to the Citizen's group to assist them in formulating their
arguments. The issue is currently being decided in the courts.

Mosquito Control in Saginaw and Bay Counties (Saginaw-Bay Mosquito Con-
trol Commission; 1978): Information on potential mosquito habitats

and residential areas derived from aerial photography has been used by
the SBMCC to prioritize treatment areas and formulate operational
strategies for the control of early sesson Asdes mosquitoes.

Identification of Wild Areas in Southern lLowrr Michigan (Michigan Depart-
pent of Natural Resources; 1978): The RSP has developed a procedure

to identify "wild areas" using Landsat and aerisl imagery in a multi-
stage process. Environmental characteristics of candidate sites were
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34.

35.

36.
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interpreted from photos and used in a grading system to determine a
final point value for each ares. The Michigan DNR is using this in-
formation to identify sites which they will recommend for dedication
a8 natural preserves.

Identification of Wood Energy Resources in Central Michigan (Morbark
Industries, Inc., Dow-Corning Corp., Consumers Power, and Wolverine

Electric Corp.; On-going): Landsat imagery, supplemented by NASA
RB-57 and other aerial photography, was used to determine the loca-
tion, extent and bdiomass of non-commercial :imber resources in a
candidate multi-county supply area. The information was used in
deternining that a wood-chip burning electric power generating
plant is feasible.

The Impacts of Pipeline Comstruction on Stream and Wetland Environ-
ments (Michigan Public Service Commission; On-going): The RSP is

interpreting temporal aerial photos to assess environmental (parti-
cularly drainage alteration) impacts of existing gas and oil pipe-
line crossings of streams and wetleinds. The study is aimed at
identifying better pipeline construction methods which prevent or
mitigate impacts on sensitive environments.

Identification of Hazardous Waste Disposal Sites (Michigan Department
of Natural Resourcas; On-going): Time-sequential maps of areas around

specified chemical plants are being compiled from historical and cur-
rent aerial photography (1938-1979). These maps, along with new large-
scale color, aerial photography, will be tested to determine their ef-
fectiveness at locating critical disposal sites.

Integrated Pest Management Systems (Departments of Botany & Plant
Pathology and Entomology, Michigan State University; On-going): RSP

investigators, in collaboration with MSU faculty, are investigating
damage distribution assessment and biomass loss to small grains
caused by the cereal leaf beetle. If detectiun and analysis appear
successful, a county transact inventory will be attempted. These
results should provide immediate input to the state's on-going
disease control program. A similar study is being conducted over
orchards which are suffering from X-disease.

Analysis of Landsat Data in Updating Forest Inventories (Cooperative
Extension Service and Packaging Corporation of America; On-going):

Project investigators have designed and are currently testing an
updating procedure using Landsat data (CCT's, black-and-white ima-
gery, and diazo composites) to detect and identify changes in the
forest since the original inventory. If successful, this proce-
dure may provide the only cost-effective method available to up-
date existing forest mapping inventories.
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MSU/RSP

Category Two-(a): NASA FUNDED PROJECTS BY COOPERATING AGENCY

TYPE COOPERATING AGENCY PROJECT PROJECT NUMBER
Federal Soil Conservation Service Upper Kalamazoo River Basin 3
Inventory
Mason County Forest Inventory 8»
U.S. Forest Service Assessment of Recreational Poten- 15
tial for Backcountry Rivers
State Michigan Department of State M-14 Highway Envirommental Impact 1
Highways and Transportation Assessment
MDSHT Envirommental Inventory 4
Grand Traverse County Special 10*
Environments inventory
Michigan Department of Natural Pte. Mouillee Waterfowl Habitat 2
Resources Assessment
Michigan Land Cover/Use Classifi- 6
cation System
Muskegon Sand Mining Inventory 28
Identification of Wild Areas in k) |
Southern Lower Michigan
Identification of Hazardous Waste
Disposal Sites 3
Michigan Public Services The Impacts of Pipeline Construc- 33

Commission

tion on Stream and Wetland Envir-
onments

* Project listed under more than one agency

6L




Category Two-(a) (cont'd.)

Y

COOPERATING AGENCY

PROJECT

PROJECT NUMBER

Tri-County Regional Planning
Commission

West Michigan Regional Planning
Commission

Traverse Bay Regional Planning
Commission

TCRPC Land Use Update
Resource Analysis Program

Kent County Land Resource
Information System

Mason County Forest Inventory
Agricultural-Use Valuation

Grand Traverse County Special
Environments Inventory

25

8% Q
22%
10*

TYPE
Regional
!
A a
County

Wayne County Planning Commission

Antrim County Planning Department

Charlevois County Equalization
Department

Eaton and Kent County Equaliza-
tion Departments

Office of the Prosecuting Attorney,
County of Berrien

Saginaw-Bay Mosquito Control
Commission

Retention of Agricultural Land
in Wayne County

Survey and Analysis of the Detroit
Riverfront

Implementation of Michigan Soil
Erosion and Sedimental Control Act

Antrim County Abandoned Vehicle
Inventory

Charlevoix County Land Value Appraisal
Agricultural Use Valuation

Search for Buried Murder Victims in
Berrien County

Mosquito Control of Saginaw and
Bay Counties

18

11

13

12

22%

23

30

* Project listed under more than one agency
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Category Two-(a) (cont'd.)

TYPE CCOPERATING AGENCY PROJECT PROJECT NUMBER
Town-Local City of Lansing Aerial Detection of Stressed Trees 16
Inventory of Potential Mosquito
Breeding Sites for Vector Control 20
Departments of Michigan State Crop Damage Assessment 17
University Analysis of Biomass of 0ld Field 26
Ecosystems Used for Waste Water
Recycling
Integrated Pest Management System a5
Analysis of LANDSAT Data in Up- 36*
Dating Forest Inventories
[+ ]
Grand Mere Assoclation Preservation of the Grand Mere 27 iy
Dune Environment
Citizens Concerned About I-69 Re-evaluation of the I-69 Highway 29 ]
Corridor g
Private Packaging Corporation of America Mason County Forest Inventory 8* ‘
Analysis of LANDSAT Dita in Up- 36*
dating Forest Inventories
Wickes Agriculture Optimizing Agri-Business Processing 14
Plant Location
Consumers Power & Detroi: Edison Energy Park Site Selection 19
Bendix Aerospace Systems Division Merging Land Cover/Use from LANDSAT, 24
Aerial Photography and Map Sources
' Morbark Industries, Inc., Dow- Identification of Wood Energy Re- 32
E Corning Corp., Consumers Power sources in Central Michigan
' and Wolverine Electric Co-Op.
* Project liste. under more than one agency
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Category Two-(a) (cont'd.)

82

AGENCY NUMBER OF PROJECTS PERCENT
Federal 3 7.3
State 9 22.0
Regional 6 14,6
County 9 22.0
Town-Local 8 . 19.5
Private _6 _14.6
TOTAL 41 100.0
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MSL/RS3P

Category Two-(b): NASA FUNDED PROJECTS BY DATA SOURCE

SOURCE PROJECT PROJECT NUMBER

Landsat Michigan Land Cover/Use Classification 6%
System
Merging Land Cover/Use Data from Landsat, 24%
Aerial Photography and Map Sources
Identification of Wild Areas in Southern 31*
Lower Michigan
Identification of Wood Energy Resources 32%
in Central Michigan
Analysis of Landsat Data in Updating 36
Forest Inventories

Skylab Michig- T.and Cover/Use Classification System 6*
Optimizing Agri-Business Processing Plant 14%
Locations

High Altitude Aircraft M~-14 Highway Environmental Impact Assessment 1%
Pte. Mouillee Waterfowl Habitat Assessment 2%
Upper Kalamazoo River Basin Inventory
MDSHT Environmental Inventory
Tri-County Regional Planning Commission Land
Use Update
Michigan Land Cover/Use Classification System 6%
Retention of Agricultural Land in Wayne County 9

* Project utilized more than one source

€8
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Category Two-(b) (cont'd.)

SOURCE PROJECT PROJECT NUMBER

High Altitude Aircraft Charlevoix County Land Value Appraisal 12% E
Optimizing Agri-Business Processing Plant 14% ﬁ
Location
Survey and Analysis of the Detroit Riverfront 18* ;
Energy Park Site Selection 19% ;
Agricultural-Use Valuation 22 E
Merging Land Cover/Use Data from Landsat, 24% ?
Aerial Photography and Map Sources ;
Resource Analysis Program 25 f
Muskegon Sand Mining Inventory 28* ?
Re-Evaluation of I-69 Highway Corridor 29 &
Mosquito Control in Saginaw and Bay Counties 30 g
Identification of Wild Areas in Southern 31*
Lower Michigan
Identification of Wood Energy Resources in 32%
Central Michigan
The Impacts of Pipeline Construction on 33*
Stream and Wetland Environments
Identification of Hazardous Waste Disposal Sites 34%

Medium Altitude Aircraft M-14 Highway Environmental Impact Assessment 1%
Pte. Mouillee Waterfowl Habitat Assessment 2%
Michigan Land Cover/Use Classification System 6%
Mason County Forest Inventory 8

* Project utilized more than one Source




Category Two-(b) (cont'd.)

Sites for Vector Control

* Project utilized more than one source

SOURCE PROJECT PROJECT NUMBER
Medium Altitude Aircraft Grand Traverse County Special Environ- 10
ments Inventory
Implementation of Michigan Soil Erosion 11
and Sedimentation Control Act
Antrim County Abandoned Vehicle Inventory 13
Assessment of Recreational Potential for 15
Backcountry Rivers
Survey and Analysis of the Detroit Riverfront 18
Inventory of Surface Water Accessible to Fire 21
Trucks
Search for Buried Murder Victims in Berrien 23%
County
Preservation of the Grand Mere Dune Environments 27*%
The Icpacts of Pipeline Construction on Stream 33*%
and Wetland Environments
Identification of Hazardous Waste Disposal Sites 34%
Low Altitude Aircraft Pte. Mouillee Waterfowl Habitat Assessment 2%
Kent County Land Resource Information System 7
Aerial Detection of Stressed City Trees 16
Crop Damage Assessment 17
Survey and Analysis of the Detroit Riverfront 18*
Energy Park Site Selection 19%
Inventory of Potential Mosquito Lreeding 20

1]

b 2o



Category Two-(b) (cont'd.)

SOURCE

PROJECT

PROJECT NUMBER

Low Altitude Aircraft

Search for Buried Murder Victims in
Berrien County

Analysis of Biomass of 01d Field Eco-
systems Used for Waste Water Recycling

Preservation of the Grand Mere Dune
Environment

Muskegon Sand Mining Inventory

Identification of Hazardous Waste Disposal
Sites

Integrated Pest Management Systems

23%

26

27%

28%
34

35

* Project utilized mor= *h~ 1 one source

SUMMARY BY DATA SOURCE

SOURCE NUMBER OF PROJECTS PERCENT
LANDSAT 9.3
Skylab 2 3.7
High Altitude Aircraft 21 38.9
Medium Altitude Aircraft 14 25.9
Low Altitude Aircraft _12 _22.2
TOTAL 54 100.0

98
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MSU/RSP

Category Three: ALL OTHER FUNDING RECEIVED

AI

Non-NASA Funding by Year

YEAR AMOUNT
1973 $ 4,295
1974 25,000
1975 10,000
1976 18,221
1977 86,011
1978 191,513
1979 336,626
1980 (to date) 278,261
TOTAL $ 949,927

Non-NASA Funding by Agency

SOURCE NUMBER OF CONTRACTS AMOUNT

Federal Agencies 7 s 698,832
State Agencies 9 128,920
Regional Agencies 4 18,949
County Agencies 4 9,026
Town~Local 3 584
Private 7 24,562
University 75,083

TOTAL 34 $ 995,956




MSU/RSP

Category Four:

COMMERCIAL SPIN-OFFS FROM NASA FUNDED PROJECTS

NASA/MSU

SPIN-OFF AGENCY CONTRACTOR(S) YEAR PROJECT NUMBER COST

1. Lower Kalamazoo River Soil Conservation Service MSU/RSP 1974 3 $27,000
Basin Land Cover/Use
Inventory

2. Acquisition of 1:36,000 Michigan Department of Mark Hurd Aerial 1973 1,4 $27,000
CIR Photos (30,000 sq. State Highways and Trans-
km. area) portation

3. Acquisition of 1:31,680 South Central Michigan Abrams Aerial 1974 3 $12,500
CIR Photos (7,500 sq. Planning and Development Survey
km. area) Council of Region 3

4. Forest Type Mapping of West Michigan Regional Environmental 1975-77 8 $35,000
Four Counties Planning Commission and Surveys, Inc.

Packaging Corp. of America

S. Reproduction of Aerial 15 Agenciles MSU/RSP 1975~76 18 $ 300
Photos of Detroit
Riverfront

6. Windsor Township Natural Clinton-Eaton-Ingham MSU/RSP 1976 25 $ 980
Resources Information Tri-County Regional
System Planning Commission

7. Region V Land Cover/Use Region V Planning and MSU/RSP, Bendix 1977 24 $21,000
Inventory Development Commission Aerospace Division

8. Tri-County Natural Re- Clinton-Eaton-Ingham MSU/RSP 1978 25 $ 2,000

source Information
Files

Tri-County Regional
Planning Commission

88




Category Four (cont'd.)

NASA/MSU

SPIN-OFF AGENCY CONTRACTOR(S) YEAR PROJECT NUMBER COST

9. Inventory of Sand Michigan D.partment of MSU/RSP 1978-79 27 $41,000
Mining Activities Natural Resources

10. Inventory of Sand Michigan Departmert of MSU/RSP 1978-79 27,28 $33,040
Dune Types Natural Resources

11. Farmland Appraisal Eaton County Equaliza- MSU/RSP 1978 22 $ 3,580
Maps tion Department

12. Statewide Aerial Michigan Department of Kucera and 1977-78 8 $309,000
Photography Natural Resources Associates

TOTAL $512,400

68
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Category Five~(a): EDUCATIONAL ACTIVITIES
M

Conferences and Workshops

A,

1.

2.

Conference on the Practical Applications of Remote Sensing in
Michigan (1973)

This two-day conference brought together 85 representatives of
Michigan agencies for a series of presentati: s and workshops
on remote sensing.

Northwest Michigan Region Training Session (1974)

A two-day training session on color infrared photography and
photointerpretation was given to 25 public officials from 8
counties in Michigan.

Michigan Land Ccver/Use Classification System Workshop (1976)

A one-day workshop was held to familiarize personnel from 8
regional planning agencies with the Michigan Classification
System and the various remote sensing inventory options avail-~
able for preparing land cover/use maps.

Association of American Geographers' Special Session: Applied
Remote Sensing (1977)

A session was organized for the 73rd AAG Meetings in Salt Lake
City by Michigan State, which brought together speakers from
three other Office of University Affairs Remote Sensing Projects
to explain the thrust of activities in their particular states:
Dr. Stan Morain of TAC, New Mexico was the discussant.

Cooperative Extension Service Workshops (1978)

Two one-day workshops on the sources, techniques and applicatione of
remote sensing were given to 64 individuals from various agencies
of 8 counties.

Conference on Applications of Carcography and Remote Sensing

(1978)

A one-day conference was held to provide infarmation on recent
developments in both fields to 87 paid attendees from public
agencies and private firms in Michigan.
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%7, Cooperative Extension Service Workshops (1979)

Four one-day workshops on the sources, techniques and applications of
remote sensing were given to 156 individuals from various agencies of
30 counties.

%8, Michigan Landscape Architecture Days Workshop (1979)

A one-day workshop on the sources, techniques and applications of re-
mote sensing was given to 26 landscape architects.

* Conducted during current reporting period.




Major Technical Assistance and Briefing Activities

1.

2.

10.

11.

12,

13,

14.

15.

Red Cedar River Basin Watershed Plan Develipment (Soil Conserva-~
tion Service and Michigan Department of Agriculture, 1973)

Northwest Michigan Resource Conservation and Development Project
Land Resources Inventory Mapping Program (Soil Conservation Ser-
vice, 1973)

Forest Plantation Classification and Inventory Program (Forest
Service, 1973)

Huron Pines Resource Conservation and Development Project (Soil
Conservation Service, 1973)

Northwest Michigan Economic Development District and Regioral
Planning Commission (Northwest Michigan Planning Commission,
1973)

Arcadia Power Plant Construction (Northwest Michigan Plrznning
Commission, 1973)

Traverse Bay Residential Development Survey (Northwest Michigan
Planning Commission, 1973)

High School Vocational Educstion Program Development (MSU Agri-
culture and Natural Resources Education Institute, 1973)

Land Planning Data Bank (West Michigan Regional Planning Commis-
sion, 1973-75)

Photographic Acquisition Assistance and Interpretive Training
(Michigan Department of State Highways and Transportation,
1973-75)

Photographic Acquisition Assistance (South Central Michigan
Planning and Development Council of Region 3, 1974)

Augusta Creek Drainage Analysis (Kellogg Biological Station,
Michigan State University, 1974-~75)

Evaluation of Proposed Utility Corridors (Michigan Public
Service Commission, 1974)

Effects of Accelerated Erosion Control Measures (Michig'n Depart-
ment of Agriculture, 1974)

Antrim County Land Use Inventory (Antrim County Planning Depart-
ment, 1974)




16.

17.

18.
19'

20.

21.

22.

23.

24.

25.

26.

27.

28.

*29.

*30.
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Evaluation of the Area Surrounding Houses for Sale (Roger Pavilik
Realty, 1974)

Power Transmission Corridor Planning (Consumers Power Corporation,
1974)

011 Exploration (Cities Service 01l Company, 1974-75)

Use of Remote Sensing for Soil Mapping (Soil Conservation Service,
1974)

Determination of House Counts in Antrim County (John R. Snell
Engineers, Inc., 1975)

Lake Erie Coastal Wetlands Assessment (Bureau of Sport Fisheries
& Wildlife, 1976)

Development of Benjamin Davies Park (City of Lansing Parks &
Recreation Department, 1976)

Development of the Red Cedar Bike Path (City of Lansing Parks &
Recreation Department, 1976)

Shoreline Recession Rate Determination and Wetlands Interpreta-
tion (Michigan Department of Natural Resources, 1977-78)

Frost Impact on Grape Vineyards in Berrien County (National Grape
Cooperative Association, Inc. and MSU Departments of Agricultural
Engineering and Horticulture, 1977-78)

Statevide Aerial Photography Project (Michigan Department of
Natural Resources, 1977-78)

Forest Type Mapping of Barry County (Soil Conservation Service,
1978)

Michigan Land Cover/Use Classification System Slide/Tape Program
(Michigan Department of Natural Resources, 1978)

Forest Type Mapping of Montmorency County (Soil Conservation Dis-
trict and Michigan Department of Natural Resources, 1979)

Forest Type Mapping of Otsego County (Soil Conservation District
and Michigan Department of Natural Resources, 1979)

Wetlands Protection Legislation (The State Senate and the Michigan
Department of Agriculture, 1979)

Acquisition of Small Format Aerial Photos of Research Plots (M3U
Department of Entomology, Botany & Plant Pathology, and Crop and
Soil Sciences, 1978-79)




*33.

*34.

*35.
*36.

*37.

*38.

*39.

*40 .

Woodcock Habitat Mapping (MSU Department of Fisheries & Wildlife,
1979)

Identification of Pits, Ponds and Lagoons (Michigan Department of
Public Health, 1979)

Community Development and City Planning (Design Michigan, 1979)

Aerial Photos in Support of Legal Cases (Law, Weathers, Richard-
son and Dutcher, 1979)

Michigan Resource Inventory Legislation (Michigan Departmeat of
Natural Resources, 1979)

Identification of Forage Crops and Other Lands Related to Apiary
(Beehives) Locations (Michigan Bee Keepers Association and M37]
Department of Entomology, 1979)

Forest Resource Inventory and Computer Mapping (Forest Management
Division, Michigan Department of Natural Resources, 1979)

Topographic Sampling Procedures for Archeological Investigations
of Extinct 19th Century Town Sites in Mississippi (MSU Museum and
Department of Anthropology, 1979)

*Conducted during current reporting period.
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C. Major Educational Presentations and Materials

1. Users Guide to High Altitude Imagery of Michigan, published by
the Remote Semsing Project, 1973.

2, Educational Self-Training Slide Modules, 1974-75:

i a. '"Basic Photo Interpretation"
! b. '"Basic Photo Measurements and Stereoscopic Viewing"
; c. "Photo Interpretation in Forestry"

i 3. Guide to Aerial Imagery of Michigan, published by the MSU Agri-
' cultural Experiment Station, 1977.

4., "window to the World" exhibit at Impression 5 Museum, 1978.

*5. "Applications of Remote Sensing and Computer Information Systems
to County-Level Programs," County Commissioners Day, MSU, 1979.

*6. 'Making Land Use Decisions and Tax Assessments via Remote Sensing,"
Michigan Northern Counties Association, 1979.

*7. "Computer-Assisted Farmland Appraisal," Northern Michigan Equaliza-
tion Directors Association, 1979.

*Conducted during current reporting period.
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Category Five-(b): NUMBER OF "REMOTE SENSING'" COURSES OFFERED ON CAMPUS
AND ENROLLMENTS

é -

% 1. Geography 224: Remote Sensing--Airphoto interpretation

it

Use of aerial photographs in the identification and ;
interpretation of physical and cultural features of L
the terrestrial environment. Includes principles 2
of photogrammetry, and stresses application and E
practice. L

Offered two terms per year/6 sections
Annual enrollment 1977-78: 166 students

2. Geography 424: Advanced Remote Sensing Techniques

Extraction, analysis, and interpretation of informa-
tion obtained from remote sensors including conven-
tional, infrared and radar imagery. Introduction

to stereo-plotting devices, stressing theories of 3
remote sensing and applications.

Offered one term per year

gt e

Annual enrollment 1978: 27 students

T T SRR

Category Five-(c): NUMBER OF FACULTY AND RESEARCH ASSISTANTS INVOLVED IN !
THE PROGRAM i

1. 13 faculty-rank persons from 9 departments !

2. 5 full-time research "specialists" (MSU classification for most tech- :
nical/professional personnel not holding faculty rank) ’

3. 19 student research assistants (mostly half- to three-quarter-time)
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Category Six: AGENCY CONTACTS

Federal Agencies

+ U.S. Army Corps of Engineers

+ U.S. Department of Agriculture

Economics, Statistic, & Cooperative Services (formerly Economic
Research Service)

Forest Service
Office of International Development
Science & Education Administration

*Soil Conservation Service

+ U.S. Department of Interior
Bureau of Sports Fisheries & Wildlife

+ U.S. Department of State

Agency for International Development

State of Michigan Agencies

Lo + Department of Agriculture

} + Department of Natural Resources
*Forest Management Division
- Geological Survey Division
‘ Inland Lakes Division
Land Resource Programs Division
*Environmental Services Division
*Resource Recovery Division

*Water Quality Division

+ Department of State Highways and Transportation
Environmental Liaison Section

i Photogrammetry Section
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+ *Public Service Commission
+ %*Department of Management & Budget
+ *The Michigan Senate

+ *Department of Public Health

Regional Planning and Administrative Agencies

+ East Central Michigan Planning and Development Council

+*Northeast Michigan Council of Governments

+*Northwest Michigan Regional Planning Commission

+ Region 2 Planning Commission

+ Region V Planning and Development Council

+ South Central Michigan Planning and Development Council of Region 3
+ Southeast Michigan Council of Governments

+ Southwest Michigan Regional Planning Commission

+ Traverse Bay Regional Planning Commission
+ Tri-County Regional Planning Commission

+*West Michigan Regional Planning Commission

TN AT .8 ST s D0 o 5

+ West Michigan Shoreline Regional Planning Commission %

County Agencies

+*Alpena County Equalization Department

+ Antrim County FPlanning Department

+ Berrien County Office of Prosecuting Attorney |
+ Charlevoix County Equalization Department
+ Eaton County Equalization Department

+ Genesee County Planning Commission

L
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+ Grand Traverse County Planning Commission

+ Ingham County Drain Commigsion

+ Kent County Equalization Department

+ Mason County Soil Conservation District

+ Monroe County Planning Commission
+*Montmorency County Soil Conservation District
+*0tsego County Soil Conservation District
+*0gceola County Cooperative Extension Service
+ Saginaw-Bay Mosquito Control Commission

+ Wayne County Planning Commission

Town-Local Agencies

+ Citizens Concerned About I-69

+ City of Lansing Parks and Recreation Department
+ City of Lansing Vector Control Section
+*Design Michigan

+ Grand Mere Association

+ Lakefield Township, Saginaw County

+ Saginaw-Chippewa Indian Tribe

+*Sault Ste. Marie Tribe of Chippewa Indians

+ City of Mason: City Administrator and Planning Commission

Private Ageacies

+ Abrams Aerial Survey, Inc.
+ Bendix Aerospace Systems Division

4+ Cities Service 0il Company
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+*Columbia Cas System Service Corporation

+ Consumers Power Company

+*CRW Associates

+ Dow~Corning Corporation

+*Durkee Lake Club

+ Environmental Research Institute of Michigan
+ John R. Snell Engineers, Inc.

+ Johnson, Johnson & Roy, inc.

+*Law, Weathers, Richardson & Dutcher
+*Menasha Corporation

+ Morbark Industries, Inc.

+ National Grape Cooperative Association, Inc.
+*Packaging Corporation of America

+*Richard Morris, Attorney-at-Law

+ Roger Pavilik Realty

+ §,D. Warren Co.

+ Wakely-Kushner Associates

+ Wickes Agriculture

+ William Brehm

+*Wolverine Electric Cooperation

* Contacts during current reporting period.
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Category Seven: TRAFFIC TO THE RSP LABORATORY--An Approximation

"Traffic" is interpreted to mean any of the many possible inquiries for

information, guidance, or simply interest. . .contacts either by tele-
phone or visiting in person.

A. Telephone Inquiries: Average--two per day/500 per year

B. Personal Drop-Ins: Average--one per day/250 per year
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Appendix
PUBLICATIONS and PRESENTATIONS

o o o o 0o o o s s o 0of the Michigen State University Project

1. "Investigation of Land Resource Use in Southeast Michigan." J.G. Ahl,
M.G. Boylan, D.L. Mokms, W.L. Myers, S.W. Schar and R.D. Vliasin,
Proceedings of the Eighth International Symposium on Remote Sensing

of Environment. pp. 23-33. Eavironmental Research Institute of

[chigan. Ann Arbor, Michigan. October 1972,

&l

2, Remote Sensing in Michigan for Land Resource Management: Highway Impact
Assessnment. Environmental Research Institute of Michigan. Ann
Arbor, Michigan. December 1972, 107 p.

3. Users Guide to High Altitude Imagery of Michigan. Mark C. Sullivan and
Stephen W. Schar. Michigan State University. East Lansing, Michigan
April 1973. 39 p.

4. Proposed Land Use Classification System. Project for the Use of Remote
Sensing i{n Land Use Policy Formulation. Michigan State University.
East Lansing, Michigan. July 1973. 26 p.

S. Proceedings of the Confersnce on Practical lications of Remote Sensing.

May 15-16). Ken Keifenheim and Stephen W. Schar, Editors.
Michigen State University. East Lansing, Michigan. September 1973.
72 p.

6. Image Interpretation for a Multi-Level Land Use Classification System.
Mark C. Sulliven and Gary Higgs. Michigan State University.
East Lansing, Michigan. September 1973. 35 p.

7. The Use of Color Infrared Photography for Wetlands Mapping: With Special
Raference to Shoreline and Waterfowl Habitat Assessment. William
R. Enslin, Michigan State University. East Lansing, Michigan.
October 1973. 33 p.

8. Upper Kalamazoo Watershed Land Cover Inventory. Benjamin Richason III
and William R. Enslin. Michigan State University. East Lansing,
Michigan. October 1973. 39 p.

9. "A Comparative Analysis of Remote Sensing Scale/System Attributes for a
Multi-Level Land Use Classification System." Mark C. Sullivan

and Gary Higgs. Proceedings of the American Society of Photo-
rasmmetry Fall Convention. pp. 335-367. American Society of
Photogrammetry. Falls Church, Virginia. October 1973.
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10.

11.

12,

13.

14.

15.

16.

17.

18.

19.
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Evaluating Data Collection Costs with hasis on Remote Sensing. Marilyn
J. Bennett. M.S. Thesis,
Bast Lansing, Michigan. 1974. 146 p.

"Focus on Community Development." Michigan Science in Action. Report
No. 26. Michigan State University Agricultural Experiment Station.
Egst Lausing, Michigan. February 1974.

“Resource Inventory for Multi-Agency Watershed Planning." W.R. Enelin,
B. Richason III and M.J. Bennett. Remote Sensing of Earth
Resources. Volume III. pp. 653-670. The University of Tennessae
Space Institute. Tullahoma, Tennessee. March 1974,

"The Use of Color Infrared Photography for Wetland Assessment.” William
R. Enslin and Mark C. Sullivan. Remote Sensing of Earth Resources.
Volume III. pp. 697-720. The University of Tennessee Space
Institute. Tullahoma, Tennessee. March 1974.

"Operational Remote Sensing for Land Capability Analysis of Michigan."
Myles G. Boylan and Stephen W. Schar. Presented at Michigan
Academy of Science, Arts and Latters. Environmental Studies
Section, Michigan State University. East Lansing, Michigan,
March 1974,

“A Quick Procedurs for Developing Environmental Planning Inventories in
Michigan." Stephen W. Schar. Presented at Michigan Academy of
Science, Arts and Letters. Environmental Studies Sectiom.
Michigan State University. East Lansing, Michigan, March 1974.

"Color-Infrared Airphotos as a Source of Forest Resource Data for Regional
Information Systems: Putting Remote Sensing Technology to Work
in Northwestern Michigan. William D. Hudson and Wayne Myers.
Presented at Michigan Academy of Science, Arts and Letters.
Eavironmental Studies Section. Michigan State University. East
Lansing, Michigan. March 1974,

"Collection snd Manipulation of Land Use Informstion for Corridor
Analysis." Mark C. Sullivan., Presented at Michigan Acadeny of
Science, Arts and Letters. Environmentsl Studies Section.
Michigsn State University. East Lansing, Michigan. March 1974.

Remote Sensing in Michigan for Land Resource Management: Waterfowl
Habitat. A.N. Sellman, I.J. Sattinger, L.B. Istvan, W.R. Enslin,
W.L. Myers, M.C. Sullivan, Environmental Research Institute of
Michigan. Ann Arbor, Michigan. April, 1974. 43 p.

"Resource Analysis Applications in Michigsn." §.W. Schar, W.R. Easlin,
1.J. Sattinger, J.G. Robinson, R.S. Fellows, K.R. Hosford and

J.G. Raad. Summaries of the Ninth International Symposium on
Remote Sensing of Environment. PP, 236-237. Eavironmental

Research Institute of Michigan. Ann Arbor, Michigan. April 1974.
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"Design Concepts for Land Use and Natural Resources Inventories and Infor-
mation Systems." R.L. Shelton and R.E. Hardy. Summaries of the

Ninch Iniug_g_ggoul Symposium on F.;'.!“ Sensing of Eavironment.
PP. + Eanvironmental Resea Institute of Michigan. Ann Arbor,
Michigan. April 1974,

"Resource Analysis Applications in Michigan." §.W. Schar, W.R. Enslin,
I.J. Sattinger, J.G. Robinson, R.S. Fellows, K.R. Hosford, and

J.G. Raad. Proceedings of the Ninth International 8 sium on
Remote Sensing of Environment, Vol. 111, PP, !5757&;.
Eavironmental Research Institute of Michigan. Ann Arbor, Michigan.

April 1974,

"Design Concepts for Land Use and Natural Resources Inventories and
Information Systems." Rorald L. Shelton and Ernest E. Hardy.

Proceedings of the Ninth International s sium on Remote Sensin
of Environment. Vol. I. PP. $17-536. Environmental Research

Institute of Michigan. Ann Arbor, Michigan. April 1974.

Determining Regional Soil Lossas Result from Construction Activities.
S.E. Tilmann, D.L. Mokma and R.L. Stockman. Project for the Use
of Remote Sensing in Land Use Policy Pormulation. Michigan State
University. East Lansing, Michigan. Jauusry 1975. 21 p.

"Improved Resource Use Decisions and Actions through Remote Sensing."
M. Boylan, W.R. Enslin, R. Hill-Rowley and R.D. Vliasin. Abstracts

of the NASA Earth Resources Survey Symposium. pp. 231-233.
Johnson Space Center. Houston, Texas. dJune 197S.
Michigan Land Cover/Use Classification System. Michigan Land Use Classi-

fication and Referencing Committee. Office of Land Use, Department
of Natural Resources. Lansing, Michigan. July 1975. 60 p.

"Iuproved Resource Use Decisions and Actions Through Remote Sensing."

R. Hill-Rowley, M. Boylan, W. Enslin and R. Vliasin. Proceedings
of the NASA Earth Resources Survey Symposium. Vol. IC. pp. 1747-
1767. Johnson Space Center. Houston, Texas. September 1975.

"Improved Resource Use Decisions and Actions Through Remote Sensing."
M. Boylsn, W.R. Enslin, R. Hill-Rovley and R.D. Vliasin, Summaries
of the Tenth International Sumposium on Remote Sensing of Environ-
ment. pp. 112-113. Eavironmental Research Institute of Michigan.
Ann Arbor, Michigan. October 1975.

"Survey of Recent Resource Applications in Michigen." W.C. Taylor, W.R.
Enslin, C.E. Olson Jr., and I.J. Sattinger. Summaries of the

Tenth International Symposium on Remote Sensing of Enviromment.
Ann Arbor, Michigan. October .

“Improved Resource Use Decisions sand Actions through Application of High
Altitude Color-Infrared Imagery." W.R. Enslin, M. Boylan, R. Hill-
Rovley and R.D. Vlasin. Proceedings of Applications of Remotely-
Sensed Data in North Central United States. p. 35. American
Institute of Asronautics and Astronautics and Bendix Asrospace Sys-
tems Division, Ann Arbor, Michigan. Novewber 1975. (Abstract).
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"Improved Resource Use Decisions and Actions Through Remote Sensing."
M. Bzvlan, W. R. Enslin, R. Hill-Rowley and R. D. Vliasin. Proceedings
of -h« Teath International Symposium on Remote Sensing of Environment.
pp. 793-801. Environmental Research Institute of Michigan. Ann
Arbor, Michigan. October 1975.

"Survey of Recent Resource Applications in Michigan." W. C., Taylor, W. R.
Easlin, C. E. Olson Jr., and 1. J. Sattinger. Proceedings of the
Tenth International Symposium on Remote Sensing of Environment.
pp. 857-865. Eavironmental Research Institute of Michigan. Ann
Ardor, Michigan. October 1975.

"Remote Sensing of Abandoned Vehicles for County Planning." Salleh M. Nor.
Remote Sensing of Earth Resources, Vol. V, pp. 107-112, edited by
F. §5:ﬁroiﬁi, The University of Tennessee Space Institute, Tullahoma,
Tennessee, 1976.

"Improved Land Use Decisions and Actions in Michigan Through Remote
Sensing." Richard Hill-Rowley and William R. Enslin. Proceedings

of the Association of American Geographers, Vol. 8. pp. 132-136.
Association of American Geographers, Washington, D. C. April 1976.
"Remote Sensing for Identifying Essential Lands." Willism R, Enslin.

Conference Proceedings: Protection of Essential Lands. pp. 80-84.
Department of Resource Development, Michigan State University,

East Lansing, Michigan. April 1976.

Report on the Land Use/Cover Map and Soil Limitations Maps for the 1865
Treaty Lands of the Saginaw-Chippewa Indian Tribe. NASA Remote
Sensing Project, Michigan State University. East Lansing, Michigan,
April 1976. (Mimeographed).

"Soil Management Groups: A useful tool for interpretive and glacisal maps.”
S. E. Tilmann and G. Larson. Presented at the North-Central meet-
ing of the Geological Society of America, Kalsmazoo, Michigan.

April 1976. Not Available.

"Evaluating limitations to ground water recharge by s multi-dimensional
scaling model." S. E, Tilmann. Presented at the North-Central ]
meeting of the Geological Society of America, Kalasazoo, Michigan. :
April 1976. ¥Not Available. ' i

Ann Arbor, Michigan. May 1976. 21 p. (Mimeographed).

1972 Land Cover/Use Inventory of Clinton, Eaton and Ingham Counties,
Michigan. Remote Sensing Project, Michigan State University,
East Lansing, Michigan. June 1976. 49 p. (Mimeographed).
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Report on the Natural Resource Information System Developed for the Tri-
County Regjonal Planning Commission. Remote Sensing Project,

Michigan State Univers.ty, East Lansing, Michigan. July 1976,
95 p. (Mimeographed).

Identifying sand Mapoing Forest Resources From Sasll-Scale Color Infrared
Airphotos. W. D. Hudson, R. J. Amsterburg Jr., and W. L. Myers.

Michigan Agricultural Experiment Station Research Report 304.
Michigan State University, East Lansing, Michigan. July 1976. 12 p.

Documentation: 1970 SEMCOG Land Use Inventory. Johnson, Johnson and
Roy, Inc. Ann Arbor, Michigan. July 1976. 22 p. (Mimeographed).

Engineering Properties of Soil Msnagement Groups. S. E. Tilmann and
D. L. Mokma. Michigan Agricultural Experiment Station Research
Report 313. Michigan State University, East Lansing, Michigan.
August 1976. 12 p.

Soil Management Groups and Soil Erosion Comtrol. S. E. Tilmann and
D. L. Mokma. Michigan Agricultural Experiment Station Research
Report 310. Michigan State University, East Lansing, Michigan.
August 1976. 16 p.

"Mapping of Remote Sensing Data for Michigan Agencies." Kenneth E.
Keifenhein. Prasented at the East Lakes Division Meetings,
Association of American Geographers, Ann Arbor, Michigan.
October 13, 1976,

"Keeping Our Resources Under Surveillance.” Laurie De Firmian and
Roberta Ysfie. Supplement to the Michigan State University
Alumni Magasine, Vol. 2, Ko. 4. pp. 4-5. College of Agri-
culture and Natural Resources, Michigan Stsate University, East
Lansing, Michigan, Nov./Dec. 1976.

"MSU Remote Sensing Project” in 89th Annual Report, Agricultural
Research in the Bicentennial Year Research Report 319. pp.
13-15. Agricultural Experiment Station, Michigan State
University, East Lansing, Michigan. December 1976.

"Michigan Resource Inventories: Characteristics and Costs of Selected
Projects Using High Altitude Col! r Infrared Imagery." W. R,
Enslin and R. Hill-Rowley. Proceedings of the First Conference
on the Economics of Rewnte Sensing Information Systems. pp.
194~212. San Jose State University, San Jose, California.
January 1977.

“A Computer Softwvare System for Integration and Analysis of Grid-Based
Remote Sensing Data with Other Natural Resource Data.” S. E.
Tilmann, W. R. Enslin and R. Hill-Rowvley. Proceedings of the
43rd Annual Meeting of the American Society of Photogrammetry.
pp. 3-14. American Society of Photogrammetry, Washington, D.C.
February 1977.
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"A Procedure for Merging Land Cover/Use Data from Landsat, Aerial Photo-
graphy, and Map Sources: Compatibility, Accuracy and Cost." W. R.
Enslin, S. E. Tilmann, R. Hill-Rowley, and R. H. Rogers. Proceed-
ings of the 43rd Annual Meeting of the American Society of Photo-
grammetry. pp. 449-458. American Society of Photogrammetry,
Washington, D.C. February 1977.

"Estimation of Old Field Ecosystem Biomass Using Low Altitude Imagery."
Salleh Mohd. Nor, Gene Safir, T. M. Burton, J. E. Hook and G.
Schultinrk. Summaries of the 1llth International Symposium on
Remote sensing of Environment. p. 85. ERIM, Ann Arbor, Mich-
igan. April 1977.

"Application of Aerial Photography to Water-Related Programs in Mich-
igan." W. R. Enslin, R. Hill-Rowley and S. E. Tilmann. Summaries

of the 11th International Symposium on Remote Semsing of Environ-
ment. pp. 100-101. ERIM, Ann Arbor, Michigan. April 1977.

"Estimation of Old Field Ecosvstem Biomass Using Low Altitude Imagery."
Salleh Mohd. Nor, Genz Safir, T. M. Burton, J. E. Hook and G.
Schultink. Proceedirgs of the llth International Symposium on
Remote Sensing of Environment. pp. 711-718. ERIM, Ann Arbor,
Michigan. April 1977,

"Application of Aerial Photography to Water-Related Programs in Mich-
igan." W. R. Enslin, R, Hill-Rowley and S. E. Tilmann. Pro-
ceedings of the 1lth International Symposium on Remote Sensing
of Environment. pp. 807-816. ERIM, Ann Arbor, Michigan. April
1977.

"Characteristics of Remote Sensing Applications in Michigan." Richard
Hill-Rowley and William R. Enslin. Abstracts of the 73rd Annual
Meeting of the Association of American Geographers. p.
Association of American Geographers, Washington, D.C. April 1977.

"Characteristics of Remote Sensing Applications in Michigan." Richard
Hill-Rowley and William R. Enslin, Presented at the 73rd Annual
Meeting of the Association of American Geographers. Salt Lake
City, Utah. April 25, 1977. (Mimeographed).

"The Acquisition and Integration of Land Use Data for Regional Planning."
Richard Hill-Rowley and William R. Enslin. Presented at the 3rd
Symposium of the American Institute of Aeronautics and Astro-
nautics on the Applications of Remotely Senmsed Data. Ann Arbor,
Michigan. May 1977.

"Photo Interpretative Procedures in Assessing River Recreation Potential."
Salleh M. Nor and Richard Hill-Rowley. Proceedings of the 1977

Scenic Rivers Symposium. pp. 86-89. Louisiana State University,
Baton Rouge, Louisiana. June 1977.
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A Recommended Procedure to Computerize Soil Maps. Stephen E. Tilmann. 3
Remote Sensing Project, Michigan State University, East Lansing,

Michigan. June 1977. (Mimeographed)

A Computer-Assisted Farmland Assessment Procedure for Property Tax As- é
sessment, Stephen E, Tilmann. Remote Sensing Project, Michigan :

State University, East Lansing, Michigan. June 1977. (Mimeo~
graphed)

Land Cover Analysis of Region V Genesee, Lapeer, and Shiawassee Counties.
L.E. Reed and W.R. Enslin. Bendix Report BSR 4284, July 1977.

"Impact Analysis of Off-Road-Vehicle Use on Vegetation in the Grand Mere
Dune Environment." Ger Schultink. Proceedings of the Sixth
Biennial Workshop on Color Aerial Photography in the Plant Sciences i
and Related Fields. pp. 132-140. American Society of Photogram- P
metry, Fort Collins, Colorado. August 9-11, 1977. F

Visual Interpretation of LANDSAT Imagery for Land Cover and Land Use of
Selected Test Sites in the Dominican Republic. Salleh Mohd. Nor,
Sandra Habowski, and Stephen E., Tilmann. Remote Sensing Project,
Michigan State University, East Lansing, Michigan. August 1977,

Land Use Inventory Through Merging of LANDSAT (Satellite), Aerial Photo-
graphy, and Map Sources. Robert H. Rogers, Larry E. Reed, William
R. Enslin, Kenneth E. Keifenheim, Thomas H. Haga and Robert Kar-
woski. Bendix Report BSR 4292, September 1977,

Resource Analysis Program: User's Guide to RAP. Stephen E. Tilmann.
Remote Sensing Project, Michigan State University, East Lansing,
Michigan. October 1977.

Guide to Aerial Imagery of Michigan. William R. Enslin and Richard

Hill-Rowley. Michigan Agricultural Experiment Station Research
Report 340. November 1977.

"Improved Resource Use Decisions and Actions Through Remote Sensing."
R. Hill-Rowley, M. Boylan, W. Enslin, and R. Vliasin. In Remote
Sensing and the Earth, pp. 147-170. C. Brosius, J. Gervin and
J. Ragusa. School Board of Brevard County, Instructional Ser-
vices Division, Rockledge, Florida. December 1977.

The Geographic Data File for the Dominican Republic Mapping System.

Stephen E. Tilmann, Remote Sensing Project, Michigan State
University, East Lansing, Michigan. December 1977.

"An Evaluation of LANDSAT-Derived Land Use Data for an Agricultural
Potential Model of the Dominican Republic." Stephen E. Tilmann,
Richard Hill-Rowley and William R. Enslin. Presented at the
Second Conference on the Economics of Remote Sensing Information
Systems, San Jose State University, San Jose, California. Jan-
uary 1978,
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"An Evaluation of Michigan Land Cover/Use Inventories Derived from Re-
mote Sensing." Richard Hill-Rowley and William R. Enslin. Pre-
sented at the 44th Annual Meeting of the American Society of
Photogrammetry. Washington, D.C. February 26~March 4, 1978,

"Visual Interpretation of LANDSAT Imagery for Land Cover/Use for Selected
Test Sites in the Dominican Republic." Sandra Habowski, Stephen E.
Tilmann arid Salleh Mohd. Nor. Presented at the 44th Annual Meeting
of the American Society of Photogrammetry. Washington, D.C. Feb=-
ruary 26-March 4, 1978.

A User's Guide to the SIEDRA National Mapping System. Stephen E. Tilmann.

Remote Sensing Project, Michigan State University, East Lansing,
Michigan. February 1978.

Supplemental Material for the SIEDRA National Mapping System Workshop.

Stephen E., Tilmann. Remote Sensing Project, Michigan State Uni-
versity, East Lansing, Michigan. February 1978.

"Integration of Multisource Data for Land Use Planning." Richard Hill-
Rowley and William R. Enslin. Abstracts of the 74th Annual Meet-
ing of the Association of American Geographers. p. 129. Associa-~
tion of American Geographers, Washington, D.C. April 1978.

"Remote Sensing, Geographic Information Systems, and National Land Plan-
ning: Some Central American and Caribbean Experiences." Ronald L.
Shelton and Stephen E. Tilmann. Presented at the 12th International
Symposium on Remote Sensing of Environment. Manila, Philippines.
April 1978.

"The Use of Remote Sensing in the Protection and Management of Great
Lakes Shorezone Sand Dunes." William R. Buckler and Ger Schultink.
Presented at the Fall Technical Meeting of the Eastern Great Lakes
Chapter, American Society of Photogrammetry. September 1978.

Dune Type Inventory and Barrier Dune Classification Study of Michigan's

Lake Michigan Shore. William R. Buckler. Remote Sensing Project,
Michigan State University, East Lansing, Michigan. September 1978.

Monitoring and Inventory Procedures for Sand Dune Mining Operations in

Michigan: A Sand Mining Surveillance Manual Using Remote Sensing
Techniques. Ger Schultink. Remote Sensing Project, Michigan
State University, East Lansing, Michigan. September 1978.

"The Application of Remote Sensing Techniques for the Enforcement of the
Michigan Sand Dune Management and Protection Act." Ger Schultink.
Proceedings of the American Society of Photogrammetry Fall Technical
Meeting. pp. 468-479. American Society of Photogrammetry, Albuquerque,
New Mexico. October 15-20, 1978.




110

* 80, Identification of Wild Areas in Southern Lower Michigan. Sandra Habowski
and Christopher Cialek. Remote Sensing Project, Michigan State
University, East Lansing, Michigan. November 1978.

* 81. Identification of Wood Energy Resources. William D. Hudson and Kyle

Kittleson. Remote Sensing Project, Michigan State University,
East Lansing, Michigan. November 1978.

* 82, "Assessing the Impact of Pipeline Construction on Coniferous Wetlands in
Central Michigan with Aerial Photography.' Kyle M. Kittleson and
Maureen E. McDavitt. Remote Sensing of Earth Resources, Vol. VIII,
in press, edited by F. Shahrokhi, The University of Tenne:see Space
Institute, Tullahoma, Tennessee, 1978.

* 83. "An Evaluation of Michigan Land Cover/Use Inventories Derived from Remote
Sensing: Characteristics and Costs." Richard Hill-Rowley and
William R. Enslin. Presented at the Thirteenth International
Symposium on Remote Sensing of the Environment, ERIM, April 25, 1979.

* Published or presented this reporting period.
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