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Ta Liang
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INTRODUCTION

The primary objective of the NASA-sponsored, Cornell University
I:emote Sensing Program is to promote the application of aircraft:
and satellite remote sensing, particularly, in New York State. In
accordance with the guidelines of the NASA Office of University
Affairs, this is accomplished through conferences, seminars, in-
sstruction, newsletters, news releases, and most directly, through
cemonstration projects .. Each demonstration project must be, in
some way, unique; essentially noncompetitive with commercial firms;
,:end, potentially benefit- or action-producing. Relatively little
emphasis is placed on technology transfer, per se.

The activities of the Remote Sensing Program staff, from December
1, 1977 to May 31, 1978, are reviewed in this Semi-Annual Status
Report, the twelfth to be submitted to NASA since the Program's
inception in June 1972.

COMMUNICATION AND INSTRUCTION

Contacts and Cooperators

The single, most time-consuming function of the Cornell Remote
Sensing Program is conferring with past, present and potential us
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	 ers, cooperators, visitors, and other callers, who seek data,
assistance, equipment or information. During the past six months,.
.the Program staff spent many.hours discussing remote sensing with
representatives of various federal, state, regional, county and
local agencies, public and private organizations, the academic
commvnity, and foreign countries.

During the spring semester, Program staff hosted seminar speakers
from four federal agencies and six private companies in the United
States and Canada (Appendix G). Program staff also held special
`orientation sessions for participants of Cornell's Soil Science
Institute--30 professional soil scientists with the U.S. Soil Con
nervation Service, U.S. Forest Service and Bureau of Land Manage-
ment (Appendix G)--and presented a Program review paper at the
Annual Meeting of the American Society of Photogrammetry (Appen-
dix F).

In addition to receiving project cooperators from the New York
State Department of Health, the St. Lawrence Seaway Development
Corporation, the General Electric_ Company, Cargill, Inc., (salt
mine) , and the U.S. Department of Labor, Mining Safety and Health
Administration, Program staff traveled to discuss projects with
officials of several divisions of the New York State Department
of Environmental Conservation. Many new and continuing dialogs
were also held via the mail and telephone, particularly in the

'

	

	 course of developing remote sensing demonstration projects (Ap-
pendix  E)
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With non-NASA travel funds, the principal investigator of the Pro-
gram visited the U.S. Geological Survey in Flagstaff,! Arizona, the
Environmental Research. Institute of Michigan, in Ann Arbor, and
the U.S. Army Engineer Topogra 'T)hic Laboratories, in Ft. Belvoir,
Virginia; and he provided remote sensing consultation to govern-
ment agencies in Afghanistan and Taiwan, and attended the 12th In-
ternational Symposium on Remote Sensing of Environment in the Phil-
ippines.

Newsletters and News Releases

The Program's "Cornell Remote Sensing Newsletter" continued to pro,-
vide a valuable link,to and beyond the Cornell community. The News-
letter, which highlights remote sensing activities at Cornell 'while
reporting other items of general interest, is now received monthly
by'more than 400 individuals and groups in some 30 states and!15
countries outside the United-States (Appendicies H and I).

Program investigations continued to receive publicity through news-
paper items (e.g., Appendix A) and through nationally distributed
news releases prepared for the Eastman Kodak Company. Work on asses-
sing aquatic vegetation, reported in several sources, appeared again
in "Aerial Applicators," and an earlier study of vineyard drainage
was reported in "Wines and Vines" (Appendix F).

Seminars

For six years, the Program's weekly Seminar in Remote Sensing has
continued to bring experts from government, industry and other in
stitutions to Cornell to discuss remote sensing topics with students
and staff (Appendix G). The high quality of the seminars is re-	 ry
flected in the interest shown by audiences during the past semester.
Attendance ranged from about 45 to 65, with registration in the Sem-
inar comprising 18 graduate and 28 undergraduate students from 19
Cornell divisions.

Courses, , Speciai Studies and Workshops

As described in previous Semi-Annual Status Reports,. the Seminar in
Remote Sensing is but one course in a complete curriculum of instruc-
tion in aerial photographic studies, photogrammetry and remote sen-
sing. `Under this curriculum, students may perform independent re-
search in remote sensing through special topi'vs courses, professional
masters design projects, or through M. S. or Ph.D. theses. Also noted
in earlier reports are the relatively large number of foreign stu-
dents receiving;a university education in `remote sensing, and the
many formal and informal orientation sessions conducted regularly by
the Remote Sensing Program staff. During the past six months, for
example, Program staff offered special workshops on remote sensing
for soil survey to some 30 practicing soil scientists from across
the United States (Appendix G)

- 2 -	
PAJG L^+

5^ jf ?TJ1Li^`^

V



DATA AND FACILITIES

As described in earlier reports, staff research and instruction have
been enhanced through continued acquisition of a wide range of re-
motely sensed, aircraft and satellite data, and through extension
of capabilities for their analysis and interpretation. These data,
along with Program facilities and equipment, are made available at
no cost to cooperators, students and other interested users._

With assistance from the NASA Office of University Affairs, the Pro-
gram has received Landsat, Skylab,_Ihigh-altitude and low altitude
coverage of sites in the Northeast, and a new high-altitude aircraft
mission was recently flown over New York's Finger Lakes Region. The
UI.S. Environmental Protection Agency has also overflown Program-se-
lected sites at no cost to the Program; and imageries have been ob-
tained from the U.S.A.F. Rome Air Development Center, the U.S. Geo-
logical Survey, the U.S. Department of Agriculture, the St. Lawrence
Seaway Development Corporation, the National Air Photo Library of
Canada, the Tri-State Regional Planning Commission, the National
Archives, Eastman Kodak Company and several commercial mapping firms.

The Program maintains or has access to a spectroradiometer and se-
lected image analysis equipment (i.e., zoom and non-zoom stereoscopes,
density slicer, color-additive viewer, Zoom Transfer Scope, densitom-
eter, stereoplotters, and other photogrammetric and photographic in-
struments). The Program also maintains a series of computer routines
for analyzing multispectral digital data. These routines are receiv-
ing increased usage in Program-sponsored and spinoff investigations-
with Landsat and aircraft scanner data.

PROJECTS COMPLETED

During the six-month period, December 1, 1977 to May 31, 1978, the
Cornell Remote Sensing Program staff .completed two demonstration
projects and one assistance project. Also completed was a graduate
thesis on a study which was supported in part by the NASA grant.

1. Photo-Histotic Ev'atuation of Revotution:a.ny Watt Situ

The Program staff worked with the Deputy Historian of Fulton County,
N.Y., to better define the setting of the Battle of Stone Arabia,
fought during the Revolutionary War, in 1780 (Appendix A) 	 Based
on an analysis of available aerial photographic coverage of the area,
the staff compiled 1:24,000 scale map overlays depicting hedge rows,
semi-permanent field boundaries, and farm roads or trails that were
not shown on the -topographic map. Suspected sites offorts and mass
burial were also examined but unconfirmed. The submitted material
was displayed in a symposium concerning the Battle and will be in-
put to an historic diorama and publication.

z
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2. Wet`tand AnatyA is jot Sounce o6 fneephatitis

Working closely with the N.YS.IDepartment of Health, Program staff
used available aerial photographs to characterize mosquito breeding
sites in Oswego County, N.Y. (Appendix; B). This central New York
study area contains numerous wetlands and is the only inland area
in North America to have experienced confirmed outbreaks of Eastern
Equine Encephalitis. It is hoped that photo-characterization of
field-identified- breeding sites of theprimary-mosquito (Culiseta
melanura) will lead to the development of an effective, spraying
program. State Health personnel are currently assessing relation-
ships-between photo- and field,-gathered information.

3. A.6.ai:6tance. Pno1eet--Study o6 Satt Mane Pnobtem.b

The Program staff assisted the mining engineer of Cargill, Inc., in

ationsgin Lansing, N.Y. (Appendix C). 
Prfects on salt mining oper-his ongoing stud of linears and their of

ogram staff compiled a map
of _geologic linears identified with medium and high-altitude air-
craft photographs and satellite imagery. In addition, staff members
provided c'onsu'ltations-, imageries and facilities for.-their analysis
to the Cargill mining engineer and to Mine Safet y and Health Admin-
istration inspectors from Denver, Colo-, and Geneva, N.Y.

4. The.6.ia--Mon.iton.ing Aquatic Vegetation with Aen.iat Photography

Brian L. Markham of the Program staff completed a study in which
large scale color and color-infrared aerial photographs were used
to assess changes in aquatic vegetation that accompanied phosphorus
reduction in a eutrophic lake in New York State (Appendix D) This
investigation, supported in part by NASA and by the U. S. Department
of the Interior, Office of Water Research and Technology, has gen-
erated nation-wide interest (Appendix F)

PROJECTS IN PROGRESS

Program-Sponsored
)

As of June 1, 1978, the Program staff was conducting four projects
under the NASA grant: (1) Landsat analysis for'pheasant range
management, (2) assessment of :vineyard-related problems, (3) exam-`
ination of county agricultural districts, and (4) thermal analysis
of building insulation. The objectives, cooperators, users; expec-
ted benefits and actions, and status of these projects are described,
as follows

1	 Landsat Anaty^s.is jot Pheasant Range Management

cooperator/user:	 N.Y.S. Dept. Environmental;Conservation
C

benefit/action:	 Landsat-and other remotely s6sed data
will be used by state in developing a
statewide pheasant range management plan	 y

expected completion date: Methodology - Sept. 1978

4
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The Program staff is working closely with the New York State Depart-
ment of Environmental Conservation to develop the most appropriate
methods for inventorying land covers that are thought to influence
pheasant populations. Because of the size of the area that will
ultimately be surveyed--a major portion of New York State--Landsat
data were judged to be the best potential source of land cover in-
formation. Program staff efforts are concentrating on extracting
requisite information from the Landsat computer-compatible tapes.
If these efforts are successful, less costly means for extracting
the information from the Landsat data will also be evaluated.

2. Aa.ae.a.ment o5 Vtneyand-Related Pnobtemz

-cooperators:	 Taylor Wine Company and other vineyards;
N.Y.S. Agricultural Experiment Station,
Geneva, N.Y.; Cornell Depts. of Plant
Pathology and Pomology; Eastman Kodak Co.

userst	 Taylor Wine Co. and other vineyards;
I}	 N.Y.S. Cooperative Extension.

benefits/action: Appropriate action by vineyards on range
of problems assessed with remotely sensed
data; development of remote sensing as a
vineyard management tool; ultimately, im-
proved production.

-expected completion date: January 1979

The Program staff is examining the extent to which remotely sensed
data might provide useful information for assessing vineyard-rela-
ted problems. The first phase of the investigation, an evaluation
of vineyard drainage, was completed and described in the Program's
7th Semi-Annual Status Report (Dec. 1975). For the second phase
of the investigation, Program staff used large-scale color infra--
red aerial. photographs to assess plant vigor. This project was
discussed in the Program's 9th Semi-Annual Status Report (Dec. 1976).
Follow-up studies of vineyard siting, crop vigor, yield-related
factors and practical monitoring techniques are being conducted
using ow-altitude, multispectral aircraft data acquired for the
Program by NASA during the summer 1977. (Some delay has been ex-
perienced in obtaining the computer-compatible tapes of the multi-
spectral scanner data.)

3. Exam.inatto n o J -County Aq it ieuttur at V.i,S txicts

-cooperator/user	 Planning Board, Columbia County, N.Y.
-benefit/action:	 Assessment of land and land-use may

cause agricultural and town zoning
districts to be --e-defined.

-expected completion date: January 1979

Agricultural districts in New York State are zones created to en-
courage the continuance of a strong agricultural industry. This is
accomplished through legislation which offers farmers an opportunity

O1IIGINAL PAGE
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to protect themselves from the effects of urbanization and which
discourages other forms of development in good farm areas. Each
agricultural district must be reviewed every eight years.

According to representatives of the Planning Board of Columbia
County, N.Y., land presently included within some agricultural dis-
tricts in the county may not be actively farmed (or considered
prime land), while other land outside of the districts may be de-
sirable-for inclusion in a district. At the request of the Plan-
ning Board, the Program staff is conducting a countywide inventory,
categorizing land use as "active agriculture," "inactive agriculture,"
or "other." The initial phase of the inventory is based on 1973
NASA high altitude aerial photographs. As planned, updating of the
1973 inventory will be achieved with Landsat imagery if cloud-free
data are available for late spring or summer 1978 (such data were
not available for 1976 or 1977). An evaluation of land as prime

	

F	 agricultural, land will 	 also be undertaken in the near future.

4. Thenmat AnatyA i s o b Building I nz uZatio n

	-cooperator/users:	 Cornell Physical Plant Operations
Cornell Univ.; Public Utilities

	

benefits/actions:	 Improved building insulation where re-
quired, with decreased energy losses and
heating/cooling costs; possible survey
implementation by utilities

-expected completion date: June 1979

With Program staff assistance, Cornell's Physical Plant Operations
(PPO) contracted for an airborne thermal survey of campus steam
lines (6th Semi-Annual Status Report, June 1975). After studying
the thermal data for steamline leaks, personnel of the,PPO reques-
ted that the Program utilize -the data to evaluate roofing insula-
tion of campus buildings. With these data as a focal point, the
Program staff began a study to develop an airborne survey/analysis
methodology which would characterize roofing materials as well as
insulation needs. Toward this end, the Program requested NASA to
overfly the campus area during the winter and springof 1976. only
the spring mission was flown, and the data were not supplied to the
Program until five months after the mission. These delays were
accompanied by changes in personnel and initiation of projects with
more immediate "payoffs." Further, during this period, many similar
studies were conducted by other research groups in the United States
and Canada. It is expected that the thermal investigation will be
re-defined and re-initiated in the near future.

Spinoff Project

During the past six month,, members of the Program staff have been
involved in a-non-NASA funded project which arose directly from a
Program-sponsored investigation. As a,consequence of earlier work

F	 on remote sensing strategies for inventorying dams, the U.S. Depart-
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merit of the Interior, Office of Water Research and Technology is
funding a one-year study, "Remote Sensing Assessment of Dam Flood-
ing Hazards: Methodology Development for the New York State Dam
Safety Program." This study will be ongoing through September
1978.

FUTURE PROJECTS

The Program staff is continually.soliciting and screening new re-
mote sensing demonstration projects. As noted, criteria for pro-
ject acceptance are that the project must be, in some way, unique;
that project acceptance would not be competing unduly with private
companies or consultants; and that, if completed successfully, the
project would produce tangible benefits or actions by definable
users.

i
Among topics under current consideration are:
 s

C	 1. With the New Vo&k State Depantmen..t of Heatth--as a guide for
field surveys, conduct a comprehensive inventory of potential
mosquito breeding sites in an urban area.

2. With the Ptan.ning Boaxd ` of CoZumbia. County, N.V.--analyze the
suitability of potential Hudson River shoreline recreation
sites, which would be developed with spoil materials from
river dredging by the U.S Corps of Engineers.

3. With the Board o^ Hudzon Riven-Black Riven Regutating D.izttict
--use Landsat data to relate flood stages of Black River to
actual area inundated and consequent agricultural losses.

Depending on user interest, personnel and available funds, any of
these as well as other projects may be undertaken.

PROGRAM STAFF

The Program staff includes Prof Ta Liang, principal investigator,
Prof. Arthur J. McNair and Dr. Warren R. Philipson, co-investiga-
tors, Messrs. Thomas L. Erb and _Brian L. Markham, research_spec-
ialists, Ms. Josephine Ng, data analyst, Ms. Deborah Halpern,
photographic laboratory technician, and Ms. Pat Webster, secretary.
Prof Donald J. Belcher and Dr. Ernest E. Hardy are general con- 	 4
sultants to the Programand, for specific projects, assistance has
been provided by many Cornell and non-Cornell personnel. Among
those at.Cornell,- special -mention ' is due Mr. Carl Diegert, of the
School of Operations Research and Industrial Engineering. Students
and others who have contributed to the Program staff effort over
the past six months"include David, W. Adams, Jan P Berger and Edward
Schmidt III.w

a
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LIST OF APPENDICES

4	 A. Photo-Historic Evaluation of Revolutionary War
Sites aY

B. Wetland Analysis for Source of Encephalitis
m

C. Assistance Project--Study of Salt Mine Prorems

D. M.S. Thesis--Monitoring Aquatic Vegetation with
Aerial Photography

f

	

E. Project-Related Correspondence

F. Selected, News Items/Program Paper

G. Recent Seminars/orientation Sessions

H. Newsletter Recipients

I. Recent Newsletters
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Cornell University
•? REMOTE SENSING PROGRAM.M.rr i	

SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING
HOLLISTER HALL
ITHACA, NEW YORK 14853
(607) 25F­4330, 256-.5074	 12 January 197 8

Mr. Lewis G. Decker
Deputy Fulton County Historian
187 Bleecker Street
Gloversville, New York 12078

Dear Mr. Decker:

We are submitting the results of our aerial photographic study of
the site of the Revolutionary War, Battle of Stone Arabia. The
analysis was conducted under our NASA Grant, NGL 33-010-171, by
Mr. Brian L Markham, who was assisted by Mr.. Jan P. Berger, Ms.
Laurie B Schuller and Mr. David W. Adams.

We have, enclosed a portion of the Canajoharie, New York, U.S. Geo-
logical Survey topographic map (1:24,000 scale), along with two
acetate overlays to the map. On one map overlay, we have compiled
hedge rows and other semi-permanent
other overlay, wehavecompp 	niledfarmfroadsbon trails ^whichaweree
not shown on the topographic map. These features were identified
through stereoscopic analysis of contact prints of panchromatic
(black-and-white) aer:i.al photographs. The dates, scales, identi-
fication numbers and sources of the photographsare listed below,
for your reference.

In general., hedge rows were identified from the summer (1960) photo
graphsnand checked with the spring (1968) photographs Other field
boundaries, that were observed in both the 1960 and 1968 photographs,
were also delineated. Hence, the field boundaries included on the
overlays are more-or-less permanent, at least through 1968. Although
farm ownership can be interpreted from aerial photographs, it can
normally be gotten more accurately, from town or county tax maps.

Concerning the possible sites of mass burial and forts, we did not
find any strong evidence for or against the suggested locations.
Geologically, the Stone Arabia area consists primarily of glacial
deposits which exhibit irregular soil drainage patterns. Since soil
drainage and crop anomalies are principal photographic indicators of
past:; structures or burial sites,, the area is not easily analyz^d.
On the'other hand, some interesting tonal patterns were obse:°wed in
the area of the believed site of Fort Paris, as well as in one other
location. Although the causes for these tonal anomalies are unknown,
-the locations are shown on the farm roads overlay.

a
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Mr. Lewis G. Decker 	 Page 2

The capacity to identify historic features, such as burial or fort
sites, is very much dependent upon the scale of photography and
the conditions at the time of the photography, particularly the ,.
moisture conditions. 	 It is possible that other photography (new )
or old) would provide additional information. 	 There may be older
(1940s) photographic coverage of the Stone Arabia area, and we
wil y_ explore this possibility.	 Further, if you wish to contract
to have the area flown with new photography, we would assist you
in planning the mission.

We would appreciate being advised of how and to what extent the
enclosed information is utilized.°

Very truly yours,Y'	
y

s..

Warren R. Philipson^%
Sr. Research Associate

WRP/Pw
cc;	 Prof. Ta Liang

Encs.
i

Aerial Photographs Used in Analysis of Stone Arabia

...DATE	 SCALE	 ID NUMBERS	 SOURCE

2 Sept 60	 1:20,000	 EHG-lAA-186 to 190	 U.S. Dept. 2
(4 photos)	 Agriculture-

EHG-lAA-21.1 to 214
(4 photos)

19 Apr 68	 1:24,000	 NY-8-1549-1149 to	 Lockwood 3/1151	 (3 photos)	 Mapping	 -
i

I'/ For non-stereoscopic coverage: 	 photos EHG-lAA-187,189,212
- 	 and 214; or photo NY-8-1549-1150

Aerial Photography Field Office, Administrative Services
Div.-, ASCS-USDA, 2505 Parley's Way, Salt Lake City, Utah

ill

84109	 (coat:	 $2/photo)
Lockwood Mapping, Inc., 580 Jefferson Rd., Rochester,
New .York	 14623	 (cost:	 probably- about $10/photo)

I
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.:	 Cornell University
REMOTE SENSING PROGRAM
SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING
HOLLISTER HALL
ITHACA, NEW YORK 14853
(607) 256-4330, 256-5074	 May 31, 1978

Dr. Charlie Morris
N.Y;S. Dept. of Health
Room 133,;Illick Hall
College of Environmental Science and*Forestry
Syracuse, New York 13210

Dear Charlie:

Enclosed are the results of my aerial photographic study of the Toad
Harbor Swamp in Oswego County, N.Y. This study, like the previous
analysis of the adjacent Big Bay Swamp, was conducted under our NASA
Grant NGL 33-010-171. Together, the two studies should demonstrate
the kinds of photo-derivable information that might be useful for
identifying Culi'seta melanura mosquito breeding sites.

Included are five overlays to the 1:24,000 scale, U.S. Geological
Survey topographic maps (Mallory and Cicero) that depict the swamp.
There is one overlay for each of the following:_- (1) cover types de-
rived from May 1967 aerial photographs (photos described below); (2)
areas of uniform cover type derived from August 1972 aerial photo-
graphs; (3) areas of conifers (evergreen), mixed conifers and decid-
uous trees, and deciduous trees derived from March 1973 aerial photo

'graphs; (4) relative canopy closure; and (5) relative canopy height,
both derived from May 1967 and September 1955 aerial photographs. A
legend describing the overlay separations and symbols is enclosed as
a single sheet.

In general, the separations were based on stereoscopic analysis, us-
in^	 a 2 4 power stereosco p e with the 1955 and 1967 photographic con-^J	 /	 P	 A	 P
tact prints, and a variable power stereoscope and light table with
the 1972 and 1973 photographic films.	 The May 1967 photographs were
thought to be most useful for delineating cover types. 	 The trees
were partially foliated, and it was still possible to see through the
canopy to determine the underlying conditions.	 Also, evergreen con-

.,iferous-trees were still distinguishable from deciduous trees. 	 The
photographs comparable to the July 1965 coverage of Big Bay Swamp were
flown in late October 1964 (see below) after partial leaf fall, and
were thus no more- valuable than the May 1967 photographs for determin-
ing canopy closure and height. 	 Thus, the May 1967 photographs were
used to determine these factors, using the September 1955 photographs
as a back-up.

The Toad Harbor Swamp was generally similar to the Big Bay S, ya.np, both
being dominated by relatively small crowned trees of various I.,- gY^+; s
and spacings (cover types 1 & 4 with their variations), with sn:newhat

A
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Dr. Charlie Morris	 May 31, 1978

larger crowned trees towards the edges and near stream channels
(2 ., 3, 5, 6) . The Toad Harbor Swamp d,id have a larger number of
evergreen coniferous trees (cover type 7) than the Big Bay Swamp.
In addition, the October. 1964 photographs presented evidence that
some deciduous conifers (Tamarack?) were present in some areas (in-
dicated on May 1967 cover types, overlay). The Toad Harbor Swamp
also included some areas of emersed vegetation, and previously
drained and cleared areas, now reverting to wooded wetland.

The same problems in analyzing the photographs (resulting in'poten
tially excessive detail and erroneous heights) and in the limita-
tions of the data sources (timeliness of photography) were present
as for the Big Bay Swamp analysis (described in letter of March 7,
1978) .

Thirty-five millimeter slides were made of the enclosed overlays,
and these are currently being processed. If you need a copy of
these slides, please contact us. Also, please keep us informed of
the results of your field surveys, and your findings as regards the
value of the airphoto-derived data. If you encounter any problems,
please feel free to contact us (preferably before June 23, as after
that date it will be more difficult to contact me).

Yours truly,

Brian L. Markham
Research Specialist

l^



Aerial Photographs Used in Analysis of Toad Harbor Swamp

DATE SCALE FILM TYPE ID NUMBERS SOURCE

6 Sept 55 1:20,000 black and white ARY-2P-1I4 to U.S'. Dept. 1^-
117 1' 189 to 191 Agriculture —

26 Oct 64 1:20,000 black 'and white ARY-lEE-5 to 8 U.S. Dept. l^Agriculture

13 May 67 1 : 24,000 black and . white NY-1-1330 -907 Lockwood 2/
to 909, 1012 Mapping	 —
to 1013

20 Augustg	 i 1:130,000 color infrared Flight 72-14,5g NASA 3^
72 Frames _3356-

3357

23 •March 1 : 130,000 color infrared Flight 73=041 NASA 3^
73 Frames 800-801

Aerial Photography Field Office, Administrative Services Div.,
ASCS-USDA, 2505 Parley ' s Way, Salt Lake City, Utah	 84109.

2^ Lockwood Mapping, Inc., 580 Jefferson Rd., Rochester, New York
a

14623.

EROS Data Center, Sioux Falls, South Dakota 57198.

^ M



Toad Harbor and Big Bay Swamp Cover Types
(May 1967 aerial photographs)

Type P	 Description**

1	 Relatively tall, small crowned trees (most approx-
imately same height) with nearly 100% canopy clos-
ure. Very smooth uniform texture onairphotos.
(1' is same but somewhat lighter)

lai	Same but somewhat lower height.

lb	 Same but somewhat more open canopy and lower height.
(lb I is same but somewhat darker).

lc	 Similar trees but,very low and open.
(ic' is same but somewhat-darker)

2	 Tall, widely spaced irregular crowned trees, crown
size generally large, but variable.

Moderately tall, closely spaced relatively large
crowned trees--nearly 100% canopy closure. Very uni
form appearances (all one species?).

4„'	 Moderately low small crowned trees with semi-open
canopy. Generally light toned trees. Tree heights
somewhat more irregular than lb. (4' has a few con-
ifers intermixed)

4a	 ! Same, but somewhat taller.

4b	 Same, but somewhat lower.

5 _	 Somewhat irregular height,. though generally tall,
moderate-size crowned trees with relatively closed
canopy; mixed brown types, perhaps with predomin-
ance of the type found in 3 1 . r

5a	 Same, but somewhat more open.

6	 Tall:; larger crownedtrees generally occurring along
stream channels. Generally lighter tones (possibly
influenced by somewhat drier soils along channels?).

7 	 Very dark toned (coniferous?) moderately tall trees.

i
7a	 Similar to 7 but lower trees.

8 )	 Small crowned trees, very open canopy.
9	 Relatively large crowned trees--low and sparse.

g'	 y	 d wooded areas--apparently drier.10	 Mar ^.na11 wetland
11	 Non-wooded wetland areas. Probably a mixture of

emersed vegetation and low shrubs. Generally Light
tones.

• 12 Dark-toned areas of;wetland with mixtures of shrubs
and other vegetation. Areas apparently cleared and
ditched for ''muckland' farming, but abandoned--now
returning to wooded wetlands.

U	 Upland islands.

Mixed cover types indicated by a hyphen, e.g., 2-5
All cover types deciduous unless otherwise indicated.
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.^	 REMOTE SENSING PROGRAM
SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING
HOLLISTER HALL
ITHACA, NEW YORK 14853
(607) 256-4330,256-5074 	 March 7, 1978

Dr. Charlie Morris
N:Y.S. Dept. of Health
Room 133, Illick Hall
College of Environment
Syracuse, N.Y. 13210

Dear Charlie:

Science and Forestry

Enclosed are the results of our aerial photographic study of the
Big Bay 'Swamp in Oswego County, N.Y. As you know, I conducted this
analysis under our NASA Grant, NGL 33-010-171, in an effort to dem-
onstrate the information derivable from aerial photographs that
might be useful for identifying Culiseta melanura mosquito breeding
sites.

Included are both slides and Mylar copies of five overlays to the
1:24,000 scale, U.S. Geological Survey topographic maps (Mallory,
Cicero, Central Square) that depict the swamp. There is one over-
lay for each of the following: (1) cover types derived from May

- 1967 aerial photographs (photos described below); ` '(2) cover types
derived from July 1965 aerial photographs; (3) areas of uniform
cover type derived from August 1972 aerial photographs; and (4)
relative canopy closure and (5) relative canopy height, both de-
rived from July 1965 aerial photographs. A legend describing the
overlay separations and symbols is enclosed as a single sheet. In
general, the separations were based on stereoscopic analysis, using
a 2/4 power stereoscope with the 1965 and 1967 photographic contact
prints, and a variable power stereoscope and light table with the
1972 photographic film. In general, the May 1967 photographs were
Thought to be most useful for delineating cover types. The trees
were partially foliated and it was still possible to see through
the canopy to determine the underlying conditions. The July 1965
photographs were thought to be more useful for determining canopy
closure and height as the trees were completely foliated.

There was a tendency to place areas that appeared only slightly
different from surrounding areas into another cover type. Lacking
around information, I had few guidelines toindicate to what degree
observed differences were significant. As such, these separations
may be too detailed for your purposes. The overlays depicting can-
opy closure and relative height might be useful for distinguishing
the more important differences. Estimating vegetative height in
certain areas was difficult as there were few reference points
available, i.e., the ground or water beneath the trees was not vis-
ible.

t
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Dr. Charlie Morris	 2 -	 March 7, 1978

G

As most of the information was derived from 11 to 13 year old
photographs, it may not be completely representative of present
conditions. There is more recent aerial photographic coverage of
this area, although we do not have it; however, it appears that
most of this photography was flown at the wrong time of the year
(no foliage) for interpreting the factors of interest. Recently 	 3
it has come to my attention that there should be 1:24,000 scale
April or May 1977 color aerial photographic coverage of the area
which may be suitable for this study. I will explore the possi-
bility further. a

As mentioned, we suggest that you try projecting our data onto
your field map. The overlays can be projected with an overhead
projector, or you could use the 35 mm slides whic' are also en-
closed. It is generally best to project onto a r,.,-,r projection
screen, however, a white wall or piece of white cardboard should
work. I wish you luck in matching the map scales. j

If you find that our information looks potentially valuable for
defining Culiseta melanura breeding sites, we can prepare similar
overlays for the adjacent Toad Harbor Swamp.

Please keep us informed and please feel _free to contact us about
any problems you may encounter.

Yours truly,

Brian L. Markham
Research Specialist

i

I

I

BLM/pw	 y
Cc: " Dx, . Warren R. Philipson

Prof. Ta Liang	 A

Encs.



Aerial Photographs Used in Analysis of Big Bay Swamp

DATE	 SCALE FILM TYPE	 ID NUMBERS SOURCE

2 July 65	 1:20,000 black and white	 ARY-4EE-4 to I U.S. Dept. 1^
Agriculture —

13 May 67	 1:24,000 black and white	 NY-1-1380-861 Lockwood 2
to 863 Mapping	 —

20 August	 1:130,000 color infrared	 Flight 72-145 NASA3-^
.72 Frames 3356-

3357

Aerial Photography Field Office, Administrative Services Div.,
ASCS=USDA, 2505 Parley's Way, Salt Lake City, Utah	 84109.

E	 1 Lockwood Mapping, Inc., 580 Jefferson Rd., Rochester, New York
14623.

I

EROS Data Center, Sioux Falls, South Dakota	 57198.

'
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Big Bay Swamp Cover Types
(July 1965 and May 1967 aerial photographs)

Cover Type #*	 Description
7/65	 5/67

1	 1 Relatively tall, small crowned trees (most approx-
imately same height) with nearly 100% canopy clos-
ure.	 Very smooth uniform texture on airphotos.

la Same but somewhat lower height.

lb Same but somewhat more open canopy and lower height.
(lb' is same but somewhat darker).

lc Similar trees but very low and open.

2	 2 Tall, widely spaced irregular crowned trees, crown
size generally large, but variable.

3	 3 Moderately tall, closely spaced relatively large
crowned trees--nearly 100% canopy closure. 	 Very uni-
form appearances (all one species?).

4	 4 Moderately low small crowned trees with semi-open
canopy.	 Generally light toned trees.

4a	 4a Same, but somewhat taller.

4b	 4b Same, but somewhat lower.

5	 5 Somewhat irregular height, though generally tall,
moderate-size crowned trees with relatively closed
canopy; mixed crown types, perhaps with predom-
inance of the type found in

5a Same, but somewhat more open.

5b Similar, but lower height and more open.

6	 6 Tall, larger crowned trees generally occurring along
stream channels.	 Generally lighter tones (possibly
influenced by somewhat drier soils along channels?)..

-	 7 Very dark toned (coniferous?) trees.

-	 8 Small crowned trees, very open canopy.

-	 9' Relatively large crowned trees--low and sparse.

-	 10 Marginally wetland wooded areas--apparently drier.

7 Relatively open mixture of tall trees (lighter tones).

8	 - Similar to lbj except lighter tones (may be due to
lower' moisture, 1965 was dry).

8a Similar to lc, except lighter tones:

9	 - Very light toned _trees.U	
U Upland islands.

j	 *	 Mixed cover types indicated by a hyphen, e.g., 2-5.

** All cover types deciduous unless otherwise indicated.
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APPENDIX C

ASSISTANCE PROJECT--STUDY OF SALT
MINE PROBLEMS
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Salt ,Sales Office:

191 Portland Pt. Road
Lansing, N.Y. 14882

Salt Mine Office:

Lansing, New York
60715334221

I

Mahch 9, 191

Mn.. WaAAen PhiUplson
{

	

	 Remote Sen6ing Pup=
HoZU-zten Ha U,
Coue t Univex6 ty
Ithaca., New yotk 14850

Veat Mt. Ww ten:

Thank you jot allowing me to spend a day w6ing your photos
and equipment. I wats imp&V,,s'ed by the equipment, and by

 the expentize and knowledge youA people have.
f

AZ6o, thank you Got devoting tso much time and e46otlt to
out ptobtem. A 6peci.at note of thanks goer to Tom Etb,
a6 couAz e.

i I have ,.sent some injotmat on and two mapb jot Tom to woAk:
with. 14 there ate any que6ti,onb of i6 I can be a6 any
6u thet het p to you, pZea6 a te# me know.

Again, thank you.

S,incetety,

David S. Ptumeau
Mine Eng.ineen	

i

Catg.i.Qf,, -Inc.

UBP:den
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DATE:	 May 9, 1978

TO:	 Gary B. Petersen

FROM:	 David B. Plumeau

Dear Gary:

I The following report summarizes the geology study I've done'
during the past year. I feel that it explains the geological

I setting of the mine property as thoroughly as our time permits.
It is a good paper for new employees to read to familiarize them-
selves with the geology. Of course, a much more detailed study
could have been done but that would have been a research exercise
with little additional benefit for Cargill. The study is by no
means over, but the future work will be limited to a much smaller
scale than the past year has seen.

Regards

Dave Plumeau
Mining Engineer

DP/taa

•	 a
cc: Joe Pinkham

Nick Nicola
Jack Parker

•

{
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Figure 6 is a map of the Cayuga Lake Basin traced from an
image made by the Landsat Satellite. It is easy to see that many
linear features crisscross the landscape. Most of them are surface
indications of geologic features. The mine property is bounded
by one on the north (running roughly east-west) and is cut by one
running north-south near the main shaft. Now the features affect
mining is not yet known.



Using high and low level aircraft photos, quite a number of
I.-'near features have been identified in the mine area. These
features are probably surface indications of joint planes in the
bedrock. When these features are drawn on a mine map, it is seen
that they do correlate to some of the areas of bad roof. (see
Figure 7) The rcd circles are intersections of the linears which
will be watched during mining of the E-2, P-5 and P-6 panels
to see if there is definite correlation between surface features
and underground conditions. The No. 17 core hole was drilled on
one of these linear features. Apparently, the permeability
created by the joint planes (which show up as a surface linear)
promoted the gas blow out experienced during cementing of the
core hole. Needless to say, future core holes will not be located
on linear features. Work will continue with the airnhoto lineament
analysis over the next year to try to accurately predict mining
conditions from surface indications.

8

7 7n

Figure 7. Roof conditions and surface lineaments in "No.6" salt seam.
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ABSTRACT

Large scale color and color infrared aerial photo-

graphs were used to study the changes in aquatic vegetation

that occurred in a eutrophic lake in New York State,.between

1968 and 1976. Photo-interpretive techniques, supplemented

by ground data, were used to define a classification system

and map, the aquatic vegetation present for each year with

available photographic coverage. The vegetative areas for

each year were determined from the vegetation maps (by
j	

type when possible), and the changes in these areas were

analyzed.

j
	 The study found that the total area of emersed and

i	 floating vegetation changed relatively little between 1968

and 1976; however, changes in the composition and location

j	 of the emersed and floating beds were more substantial.

Burreed, cattail, lilies and bulrush all appear to have

declined during the eight-year period, and`pickerelweed

appears to have increased. Submersed vegetation increased

dramatically (approximately 400%) between 1968 and 1976,

with the pattern of change suggesting a continual increase.

Based on the experience gained in conducting this

study, the value of aerial photographs to studies of changes

in aquatic vegetation was assessed, and a preliminary

methodology for determining these changes with aerial

photographs, set forth.

P,
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I. INTRODUCTION

Perhaps one of thb most difficult to study, and hence

least studies components of the aquatic environment are the

aquatic macrophytes. -This is especially true of the sub-

mersed types of vegetation. Being not only difficult to

quantify accurately, they may also be difficult to locate,

and once located, difficult to relocate to check for

changes.

Aerial photographs have frequently been used'to

inventory and detect changes in terrestrial vegetation and

land use One of the main; advantages is their ability to

concentrate a large amount: of information into a map-like

projection that enables easy comparison of the vegetation

and land; use of different years. Recently, aerial photo-

graphs have come to be used more and more in studying the 	
f

aquatic environment, including aquatic macrophytes.

This aerial photographic : study was undertaken to

determine the changes in aquatic vegetation that had

occurred in a eutrophic lake in New York State, between

1968 and 1976. The lake was ofparticular concern because

a new tertiary sewage treatment plant with phosphorus

removal had been constructed for the lake's only major

'	 population center in 1973: This plant has been removing

i approximately 76% of the phosphorus from the sewage since

1973 (Tofflemire et a1., 1976) , and was expected to reebace

the total phosphorus loading to the lake by 40 (Hetling

R	
-	 l





11. LITE?ZNTURE REVIEW

A. Studies of Emersed and Floating Vegetation

As early as 1937 (Dalke, 1937), aerial photographs

were recognized as having value in mapping wet-,and vex cta--

tion. Broad ecological, zones could be delineated .At.h

black-and-white panchromatic photographs. These delinea-

tions were later ground-checked to determine their spe^;;is.s

composition. As time progressed, greater emphasis was.

placed on the photo-identification of plant species or

associations with fewer fieldL checks These types of

studies became more prevalent when color aerial photographic

E	 products became readily available, especially after the

introduction of color infrared films (CIR) in tha 'L960"-:,. 

1. Species Identifications

To date, remote sensing studies of emersed and

floating vegetation have been predominantly photo-inter pre-

tive, with minimal emphasis on spectral pattern recognition

(Anderson, 1971 Benton, 1976; Olson, 1964 Seher :tnd

Tuellar, 1973). Using standard photo-interpretive clu.!s'

of texture (spatial frequency patterns), height, shape,

boundary, location and tone (or color if multi-layered

films) on proper photography, the analyst can separate

many 'species or groups of species.

The actual species separable depend to a great extent

ORDINAL' Pal'
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on the species present in the study area, but certain

groups of species appear to be generally separable with

proper photography: 1) leafy-topped rushes and grasses

(Scirpus fluviatilis, Phragmites communis, Zizania aquatica);

2) rushes without leafy tops (Scirpus acutus, S. americanus),

though in sparse standsthey may not be discernible or may

be confused with submersed aquatics; 3) plants with sword

shaped leaves (Acorus calamus,,Typha sp., Sparganium

I'.

	

	 eurycarpum) and 4) plants with large flat leaves (Nuphar

sp.,'Nymphaea sp., Pontederia cordata) (Anderson, 1971;

Cowardin and Myers,---1974; Olson, 1964).

Given proper conditions, species within a group are

often also separable: Scirpus fluviatilis and Zizania

aquatica on black-and-white and color photographs (Olson,

1964); Phragmites communis and Zizania aquatica on ;CIR
1

(R. R. Anderson, 1969a) Scirpus acutus and Scirpus

americanus on color and CIR (Seher and Tuellar, 1973);

Nuphar advena and Pontederia cordata on color and black-and-

white (Olson, 1964), CIR (Brown, 1977); and Saggitaria sp.

andNuphar sp. or Pontederia cordata (Brown, 1977). The

identification of species in mixed stands is more difficult

(and less accurate) than in pure stands (Olson, 1964; Brown,

1977) .

2. Film Types (and other sensors)
r	 _

An early study comparing the accuracy of identifica

(

3^}
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tions of species on color versus black-and-white films

showed little advantage of the color films over black-and-

white, although color films were generally preferred by the

interpreters (Olson, 1964). 	 As color films improved and

became more widely used, however, they generally replaced
black-and-white panchromatic films for aquatic plant
studies.	 Schneider (1968) claimed that color films were

better for water resources studies, including the discrim-

ination of marsh vegetation communities.

Recent studies have concentrated on using color and

CIR films for species identifications. 	 Seher and Tuellar

(1973) reported no statistically significant difference

in the accuracy of interpretations on CIR versus color, but
f

the overwhelming majority of investigators have cited the

superiority of CIR film over color for species identific.a-

tio,ns in fresh, brackish and saline waters (R. R. Anderson,

1969b, 1970 and 1971; Anderson and Wobber, 1973; Benton,

1976; Benton and Newman, 1976; Brown, 1977;-Pestrong, 1969).

The higher reliability of interpretations using CIR film

arises from the greater reflectance differences between

marsh plant types in the near-IR portion of the spectrum

than in the visible portion (Anderson, 1971). 	 To improve

the ability to differentiate species, Anderson (1971)

suggested that multispectral photography with narrow-band
M

filters ,in the near-IR portion of the spectrum be used, the-.,

filters used being dependent on the species separations

..:desired.	 -
4DRIGINAT PAGP,
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Black-and-white IR film (89B filter) when overexposed

by approximately two f-stops was found . useful for identi-

fying!very sparse stands of bulrush (Scirpus sp.), which

were not visible on regular or CIR films (Cowardin and

Meyers, 1974). The overexposure also enhanced the

separation of bulrush from submersed vegetation, both of

which were dark on color or CIR photographs.

Anderson (1971) and Reimold et al. (1973) did observe

that certain tidal marsh species were separable on thermal

images, but the thermal images were not as useful as the

photographic data.

3.	 Photographic Scale

In general, with an increase in photographic scale,

there is an increase in the accuracy of aquatic plant

identifications. 	 Olson (1964) noted a 10% increase in

accuracy going from 1:20,000 to 1:12,000, and a 5% increase

from 1:12,000 to 1:5,000 photography.	 Seher and Tuellar

(1973) reported an increase in accuracy from 77% at

1:10,000 to 89% at 1:1,000.	 Anderson et al.	 (1975)

reported that large pure stands of Nymphaea`odo-rata,Typha

sp. and Phragmites communis could still be identified with

Skylab data (1:3 million contact scale), `but not with

Landsat imagery (1:,3 million "contact" scale, but poorer

resolution due to non-photographic nature).

Scales of 1:6,000 to 1`12,000 have been most

frequent l y used.	 Scaics-up to 1:40,000 have been shown to

^g
=,,.;
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be useful for monitoring aquatic vegetation with respect to

plant control (Benton, 1976).

4. Photographic Exposure

The majority of investigators have noted no special

exposure requirements for photography flown for studies

of emersed and floating vegetation. In only the one case

noted above for black-and-white IR film was additional

exposure deemed to produce additional information (Cowardin

and Meyers, 1974).
I

5. Timing of Aerial Photographic Coverage

G The best time of year to fly aerial photography for

aquatic vegetation studies will vary with climate and the

local species. In general, atime towards the later part

of the growing season, when most species have achieved

maximum biomass, will produce the best results--late

August to earlySeptember in the Northeastern United States

(Brown, 1977). But certain species of prints will have

died back by this time, so multi-date photography may be

necessary to get complete information. Brown_(1977)

suggested mid-late June and late August as the two best

times in New York. and New Jersey. Seher and Tuellar (1973),

however, noted no advantage of -early summer over late

summer photography (Nevada)

i

	

	 Both Anderson (1970) and Benton (1976) noted changes

in the spectral reflectances of certain plant species
Ai



through the growing season, yet neither commented on the

effect of these changes,on the separability of ^Ie

different types.

B.	 Studies of Submersed Vegetation

The grouping of plant species into emersed, floating

k
and submersed categories is somewhat arbitrary.	 Many

I
species have both floating and submersed leaves, and their

categorization will vary with the investigator. 	 Here, in

general, as long as the plant has a predominance of sub-

j	 mersed leaves, it will be considered submersed.'

1	 Detection

To utilize an aerial photographic system for detection

of submersedvegetation, the interactions of light with the

water and with the air-water interface must be understood.

When light strikes the surface of the water, part of

it is reflected off at an angle equal to the angle of

incidence,'and part of it enters the water. 	 The smaller

the angle of incidence, the greater the reflected portion,;

and the lesser the portion available to illuminate under-

water features.	 A high sun angle should thus be best for

detecting submersed vegetation.	 At high sun angles,

however, sunlight will reflect off the water surface into

the aerial camera.	 This produces sunglint on the film and

Ieffectively obscures all submersed features.
.,

For optimum detection of submersed vegetation, photo.-

.^^ Yw.=	 za ssaYS ^tAa$.:3aât4i1^^	 IVY.»	 ue	 s.,e__._. 	 .a_^. .,,:e.,,-.t.,.x.m.-.. ...., wa ..	 ... ...... ..
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graphy should be flown at a sun angle which is a compromise

between maximum light penetration and lowest potential for

sunglint. Rudder and Berrey (1972) recommended solar

angles between 15 degrees and 32 degrees Lukens (1968)

between 25 and 35 degrees. 	 .Because sunglint may also be

a problem at low sun angles if the water is rough, Lukens

(1968) recommended that wind speeds be less than 8 knots.

Water is a much poorerp	 transmitter of light than is

the atmosphere.	 Hence, a smaller amount of light reaches

submersed targets than terrestrial ones. 	 To compensate for
i

the decreased. irradiance underwater, longer exposures are

usually required to photograph submersed objects.	 This

usually causes slower speed films to be unsuitable for

I water penetration studies. An increase of two f-stops

four times the exposure) over values(	 p	 es used for terrestrial

°	 objects have been recommenced by R. L. Anderson (1969) and

Vary (1969).	 Yost and'Wenderoth (1968) indicated that

four f-stops overexposure would produce the best results,.

R: R. Anderson (1969a) noted that one f-stop overexposure

on CIR film significantly increased water penetration.

One problem with overexposing film for increased

water penetration is that shallow water regions often,

become too overexposed, with 'a`corresponding loss of

information on submersed vegetation. 'This is primarily a

problem on the single-layer films (black-and-white). 'a

Shallow water areas may be overexposed on one layer of a

multi-layer film.	 On one of the other layers, however,.

-	 _^ ,,.
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they will likely be more properly exposed. This feature of

color films gives them a.clear preference for studying

underwater detail (Lockwood et al., 1974)., Underwater,

the contrast is also considerably reduced, requirir:r; films

With high gammas for optimum discrimination of features

(Lockwood et al., 1974; Ross, 1969; Vary, 1969; Helgeson,
i

1970; Ross, 1976).

The attenuation of light by water is not spectrally
t

uniform and varies with the nature and quantity of the

materials dissolved or suspended in the water. Relatively

pure water has peak transmittance in the blue-green region

of the spectrum (Fig. 1). Highly productive waters, which

contain larger concentrations of plankton and yellow

substances, have the peak transparency shifted towards the

green and overall transparency reduced (Fig. 1) 	 In

dystrophic (bog) Takes, transparency is very low and

shifted'towards the orange'-red (Fig. 1).

The spectral transparency of water is only one of

several factors that determine the spectral region to be

used for maximum detectability of submersed vegetation.

Other major variables are the spectral composition of the

light illuminating the vegetation and the spectral

reflectance properties of the vegetation and its background'	 <'

(Specht et al., 1973). The spectral transparency of water

is one of the key factors determining the spectral composi-

ton of the light reaching the vegetation (others being the

spectral irradiance from the sun and sky, sun angle, water
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FIGURE 1.	 Spectral transmittance of l meter columns of
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C- Clear water lake
P ,- Productive lake
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surface state and depth). Hence the curves for the two

are often quite similar in shape, at least'at relatively

shallow depths (Fig. 2) . The spectral retlecta*±se ci;,arac-

teristics of submersed vegetation and the background bottom

materials have not been well documented

the two common multi-layer films (color and CIR) ,

color	 superior for depth penetration in clear waters due

to its sensitivity to the blue-green spectral region

(Wenderoth, 1969). But'CIR can produce good results (Vary,

1969), as transparency is also high in the green region of

the spectrum, though possibly not as 'high as in the blue-

green. Neither of these films has the 'proper peak

sensitivity for maximum depth penetration, approximately

0.46 - 0.51 um (Ross, 1969; Helgeson, 1970). This prompted

the development of a.special two-layer water penetration 	 ;{

film, with one layer peaked in this region and another in 	 .

the green (for use in water color studies and depth penetra

tion in more eutrophic waters) (Specht et a?., 1973).

This film provided water penetration superior to regular

color film in clear water regions

A second approach, using narrow-band spectral filters

wi-'h black-and-white film, to encompass the wavelengths of

maximum water transparency, also achieved high water

penetration (Wenderoth, 1969). A third, unusual approach,

involved the use of a color film lacking the blue layer

(Vary, 1969)	 This was based on the premise that since the

blue wavelengths of light are most subject to scattering by

1

`^...-2v§G^ aa =Y_^t.s.^.. ^ 	 .s!r9s:s»..'Li'^.'anu 3̂ .z'.k T̂ _-..m'.:a:YJtz4. a-vrS'•^_5::^4G'^ ^ -Fr ..	 -	 ^. ...........rm 1' ..b...._ ^. 	 ,sSiw^rzs^' ^2-, :'..sas":cC. 'w.E:^'.•u^xiza...... .v."r.sT	.vc'f^i-=rmssu
'-.
..:.:s..^#t..^.ax...^. ^.'vi._ _'-t-^. _.s,a ....?.rte._ _..^... ,_. ,.,^.v
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the atino pbere and the water, a film lacking the blue layer

should ;produce the best results, even though the maximum

water penetration is in the blue-green. Most other

investigators have agreed that the dower half of the blue

spectrum (0.40 - 0.45 um) is generally too affected by

haze (both air and water) to be of much,use in water

penetration, but they maintain that the upper half (.0.46 -

0.50 Pm) ` contains essential water penetration information

that is not negated by the presence of haze (Ross, 1969;

Helgeson, 1970; Specht et al., 1973).

In more eutrophic waters, color film loses its

advantage over CIR for water penetration, as a blue

sensitive layer provides poorer penetration than a green

sensitive one (which is common to both films) Yost and

Wenderoth (1969), in using selectively filtered black-and-

white films, noted that the green band (0.48	 0.59 um) had

twice the water penetration of the red _(0.59 - 0.71 um) and

three times the penetration of the blue ( 0.38	 0.52 um) in

turbid near-coastal waters of the Northeast.

Anderson (1971) and Welch (1969) both reported

comparable water penetration of color and CIR film in

eutrophic waters :̀when the films were properly exposed. A

number- of other investigators (Lukens, 1968; Wile, 1973;

Wolff and Lindner, 1974) claim superiority of color film

over CIR film for water penetration in eutrophic waters.

Apparently, the reason for this discrepancy is exposure.

Due to the wider exposure latitude of the green layer of

ORIGINAL PAGE z,^
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most color films than the green layer of CIR film (Kodak,

1972), when the films are exposed properly for terrestrial

features (underexposed for underwater features), color film

will penetrate water better than CIR film. One of the

, problems with CIR film is that it is a somewhat slower

film than certain color products, and due to the longer

exposures needed for underwater photography, the exposures

required may be too long to avoid image blur on higher

speed aircraft (Rudder and Berry, 1972).

Nine 'film--filter combinations (CIR not included) were

tested in a study of the coastal waters off California.

A high speed color film (SO-397-Kodak), Kodak's experimental

water penetration film, and a black-and-white film filtered

to receive only green radiation provided the maximum water

penetration. However, only the three-layer color film did

not exhibit excessive exposure of shallow water areas

'(Lockwood et al., 1974).

2. Species Discrimination

Essentially all investigators have met with very

little success in attempting to differentiate species of

submersed vegetation that are more than several centimeters

below the water surface (Wile, 1973 Wolff and Lindner,

1974; Benton and Newman, 1976; Orth and Gordon, 1975;

Benton,'1976). Several factors have contributed to this

failure, including: (1) the tendency of submersed vegeta-

tion species to grow in mixed stands, (2) the apparently
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small differences in reflectance	 species

of vegetation ( except in the near--!R. j-.»- t icy o27 the spectrum,

which is absorbed in the surface few oentimeters :?f water.)-,

and (3) the effects of different- amounts of water between

the surface and the vegetation.

The only cases where submersed plant species

discrimination was possible were when there was some

difference in their growth patterns. Chara sn.* were

separable from other submersed vegetation as they did not

grow any distance up from the bottom (Lukens, 1968)

once the submersed vegetation reaches (or nearly

reaches) the water surface, differences in•reflectances

(especially in the near -IR region) between species may

become apparent, allowing discrimination. Gustafson and

Adams (1973) were able to differentiate Myriophyllum sp.

from Ceratophyllum sp.; Benton (1976) was able to separate

Myriophyllum sp., Ceratophyllum sp. and Hydrilla sp.;

Seher and Tueller (1973), Myriophyllum sp . and Po'tamogeton

pectinatus. Gustafson and Adams (1973) and Benton (1976)

found CIR superior for discrimination; -Seher and -Tuellar

(1973) found no difference between color and CIR films.

3. Timing of Aerial Photographic Coverage

kite summer has been recognized as the best time to

obtain pAotography for submersed, vegetation studies. At

this time of the year the submersed vegetation is at

maximum development (Lukens, 1968; Seher;and Tuellar.', 1973).

E
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Toward the later part of the period, the emersed plants	
4
r

have browned, whereas the submersed plants are still green,

providing a good contrast. Also the water may tend to be

clearer and there is generally less haze compared to earlier

in the summer (Lukens, 1968).

4. Photographic Scale

The same conditions apply as for emersed and

floating vegetation (Sec II-A-3).

5. Studies of -Changes in Submersed Vegetation

two published studies (excludingonly	 p 	 an earlier

report on portions of this study, Markham et al., 1977)

have attempted to detect changes in submersed vegetation

over a period of several years using aerial photographs.

Gustafson and Adams (1973) measured areal changes in

Myriophyllum spicatum over several growing seasons and

attempted to relate the density of the photographic emulsion

to .ground-derived biomass data. Although they achieved

a'high correlation, their film density measurements relied

primarily on the dyes in the film, causing their results to

be somewhat questionable. Orth and Gordon (1975) looked

at changes in Zostera marina between 1971_and 1974 in the

Chesapeake Bay. They used subjective ratings of 25%, 50

75% and.1100 p vegetative coverage to categorize submersed

beds.

E
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C. Summary

Relatively large scale CIR aerial photographs flown

towards the later part of the growing season have generally

been most useful for studies of emersed and floating

vegetation. Separations of many species or groups of

species have been possible. Studies of submersed vegeta-

tion have been more complicated due to interference from

the intervening water. Generally only the detection of

submersed vegetation has been possible. A moderately-low

sun angle and extra exposure are usually best for submersed

vegetation studies Of the two common multi-layer films,

color is the more useful in very clear waters In more

turbid waters, color and CIR have performed about equally

when properly exposed. For the best water penetration, a`

selectively filtered, high contrast, high-speed film should
a
3

be used.

y
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III. METHODS AND MATERIALS

A. Study Lake
•	 1

Located in east-central New York State, Canadarago

Lake '(Fig. 3) has a surface area of 770 hectares with a

maximum length of 6.4 km and a maximum width of 1.9 km

(Fig. 4). The lake is characterized by a well-developed
i

littoral shelf which slopes gently lakeward to a depth of

two to three meters, depending on the location (Fig. 4).

Beyond this shelf the depth increases rapidly to up to 13

meters (IPig. 4)	 Canadarago Lake is similar to many of

f the lake: in central New York State, including the Finger

Lakes. For detailed information on the physical, chemical

and biological characteristics of Canadarago Lake, refer

to Hetling et a1. (1975)

B. Existing Photography and Ground Data

l	 At the cohimencement of this study, large scale
I

color or color and color-infrared (CIR) transparencies of

Canadarago Lake were available for 1968, 1969, 1973, and

1974 (Table 1)	 The known available historic black-and-

white panchromatic photographs (May-November only) of the

i lake were obtained (Table 2)

Existing ground data consisted of concurrent or

same-day measurements of lake water level (USGS, 1969 -

1976) and Secchi disc transparency (Hetling et al., 1975;

18







` TABLE 1. Aerial photographic coverage used for study of Canadarago
Lake vegetation and conditions during flights

FLIGHT COMMENTSSECCHI GAGE.	 FILM TYPE/ SPECTRAL APPROX.
r, DATE DISC(m), HEIGHT(m)	 FORMAT* FILTER SCALE**

x	 r 1968 es ***	 C,2448/9.5 none 6 & 12 original transparencies,
{ Aug.15 >2*** CIR,8443/9.5 Wild 500nm 6 & 12 C-slightly underexposed(1:6,000`„

sunglint, green shift
CIR-underexposed(1:6,000),_

green shift

F 1969 1.3 0.7	 C,2448/9.5 none 5 original transparencies,
July31 CIR,8443/9.5 Wild 500nm 5 shoal area missed,.

F	
a

_ CIR-a few cloud shadows

1973 5.6 0.67	 C ,S0242/70 none 16+ duplicate transparencies.
July25 (panoramic) 1

' 1973 3.0 0.59	 C,2448/9.5 Wratten 2B 5 duplicate transparencies,
Sept.27 partial coverage, 50$

i

1974 C,S0397/9.5 Wratten 2A 6 •& 14 duplicate transparencies
Ma	 11May CIR,2443/9.5 Wratten 12- 6 & 14

v
+{ 1974 4.5 0.62	 C,S0397/95 Wratten 2A 6 & 14 duplicate transparencies,

AVg.22 CIR 2443/9.5 Wratten 12 6 & 14 sunglint @ north end of lake,
small areas missed(1:6,000),
CIR-underexposed

1976 '2.0 0.68	 C,2448/70 haze 6 original transparencies,
J'uly20 CIR,24.43/70 Wratten 15 6 sunglint along northeast shore,

;. C-haze,partial coverage,90%
CIR-partial coverage,60%

a: 1976 216 0.74	 C,2448/70 haze 6 original transparencies,
Aug.3I CIR,2443/70 Wratten 1-5 6 a few cloud shadows,

CIR-partial coverage, 60%00 r
*Notation: -C-color or CIR-color infrared film, numeric or alphanumeric code is Eastanan

C,r . t^ Kodak Co. film designation/9.5 inch or 70 millimeter film width:

y **Scale notation: "6" refers to 1:6000; "12" to 1:12000; etc.

***No secchi disc readings were taken at the time of the 1968 photography--thethe estimate is
'. based on comparisons with the other photographs. No water level data either.

r



TABLE 2. Historic photography of Canadarago Lake
i	 (black-and-white panchromatic)

z
I

Date	 Scale	 Format	 Source

1936-primarily	 .1:15,840	 7" x 9"	 National

October ' 28-,-_ but 	 (nitrate	 Archives

some Sept. 26,	 film)
L and October 4`

1942, -summer,	 1:36,000	 711 x 711

exact _date	 Inteiligen

unknown	 Agency
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s

Smith, 1976; Allen, 1977) for all summer flights since

1969 (Table 1). Field derived data on floating and

emersed vegetation in Canadarago Lake, collected by the

New York State Department of Health in 1968 and 1969 (Fuhs

et al., 1972), and similarly derived data on submersed,

floating and emersed vegetation in 1973 (Allen, 1973) were

also avails	 ible.
i

C. Aerial Photographic Analyses, New Aerial Photography i
a

and Field Program
i

The field prograir, and aerial photography conducted

during the summer of 1976 were integrated into a plan

designed to determine the value of aerial photographs for

1) detecting aquatic vegetation and 2) distinguishing

between various species and associations of plants.

Consequently they were closely linked with aerial photo-

graphic analyses in the laboratory. Overall this plan

proceeded in relatively discrete steps:

1) Aerial photographic analyses (existing photography

1968 - 1974)

2) -initial field work

3) First aerial photographic flight - concurrent field

i work

4) Aerial photographic analyses (new and existing

photography)

5) Continued field work 	 -	 y



24

6)	 Aerial photographic analyses.

7)	 Field work - second aerial photographic flight

8)	 Aerial photograp?hic analyses (new and existing

photography)

1.	 Aerial Photographic Analyses

All aerial photographic film transparencies were

k
examined on a light table using a'zoom stereoscope. 	 Areas

of known species composition (from field work) were charac-

terized in terms of their airphoto characteristics of

location, shape, distinctness of boundary, texture,

vegetative height and tome (color).	 Using these training

areas, a preliminary classification system for mapping
f

vegetation using color and CIR aerial photography was -

devised..	 This legend was then used to identify (map)

areas not previously characterized in-the field.	 After

.field checking these areas,-the classification system

was modified, as !necessary, to conform with field observa-

tions.	 Subsequently, the classification system was

modified to be compatible with all of the 1968 - 1976

photographs.'
3

To check the ability of the photographs.;to detect

vegetation,-additional areas were selected where vegetation a

appeared to be present or where no vegetation was

apparent on the 1976 photos.	 These areas were subsequently

checked in the field for the presence or absence of vegeta-
7
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tion. Special emphasis was given to sites where vegeta-

tion was apparent in all years 1968	 1976. If these

checked with ground information, it would increase confi-

dence in the information derivable from the earlier

-photographs.

The black and white panchromatic prints were

examined with a 2-4 power, pocket stereoscope.

2. New Aerial Photographic Coverage

Two aerial photographic missions were flown during

the summer of 1976,1through arrangements with the State

University of New York, College of Environmental Science

and Forestry at Syracuse: one on July 20, the other on

August 31 (Table 1). Logs from these two flights are in 	 a
t

Appendix A.

r
3. Field Program

The field program consisted of a number of surveys

of the lake vegetation conducted from a boat, beginning	 p

in mid-June 1976 and continuing through the end of August.

The initial surveys were to determine the principal

species present, their locations, and to uncover any

potential problems in ground checking the aerial photo-

graphic interpretations. The later surveys consisted

of checking specific points for the presence and/or type

of vegetation. Samples of vegetation were collected,
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field identified if possible, and taken to the laboratory

for verification or identification. Color and CIR 35 mm

photographs of representative vegetative stands were taken.

To aid in locating specific points on the lake

(one of the first problems encountered), color prints
r

of portions of the August 1974 color aerial photographs

were used. Specific docks, floats, nearshore cottages	 t

(with various colored roofs) and some relatively permanent

vegetative patches served as reference points for posi-

tioning on,the lake.

In several areas,^the positional accuracy provided

by,the prints was' insufficient, so styrofoam panels (2-by -

4 foot painted flat white) were anchored adjacent to

certain vegetative patches prior to the July 20 and August

31 aerial photographic flights. A total of 14 targets

were used for the July flight; only three for the,Aug-ust

flight. Two of the floats for the August flight were

placed to aid location of the submersed shoal by the

aircraft. pilot. Concurrent with both overflights Secchi

disc transparency readings were taken at several predeter -

mined points (lake sampling stations established by the

N.Y.S Department of Health).-
i

D. Spectral Analyses

The August 1976 aerial photographs were used for

preliminary' analysis'' of the spectral characteristics of

F ORIGINAL"
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the various vegetative types. ,-he phocivmetric console of

Calspan Corporation (Buffalo, N.Y.) was used to perform

the analysis, using Calp-pan'e Scene Color Standard

Technique (piech and Walker, 1974). This technique, which
.attempts to remove atmospheric effects and calibrate the

film so that object reflectance values can be obtained for

each film layer, is described in 1kppendx B.

E. Vegetative Mapping

Once the system for classifying aquatic vegetation

was defined, the vegetative units were delineated on

acetate overlays to each year's (1968 - 1976) photographic

transparencies. Certain vegetative units were subcate-

gorized accgrdng to percentage cover (e.g., submersed

vegetation continuous, broken, scattered).: A series

of photographic standards were prepared to keep the

interpretations of the percentage cover classes relatively

uniform.
After the delineations were completed, the percen--

tage of the area within each applicable mapping unit that

Was actually vegetation was measured with a crown density
I_

scale (a device designed to estimate percentage of tree_
I

cover on aerial photographs..). From these measurements,

average percentage vegetative cover values for each

applicable vegetative unit were obtained for each Year.

A series of 1:5,000 scale base maps were compi,iad

y

71
n



28

3

to record the multi-year vegetative delineations. 	 Basic

control, consisting of road intersection points around

the perimeter of the lake, was obtained from the 1:24,000

scale U.S. Geological Survey topographic maps covering

Canadarago Lake (Richfield Springs and Schuyler Lake

7 1/2' quads.).

The coordinates of these points were recorded,

then the points were replotted on acetate at a scale of

1:10,000.	 A Baush and Lomb Zoom Transfer Scope was used

'	 to transfer the shoreline and other detail from a single

1973, 1:40,000' scale aerial photograph (Table 2) to the

1:10,000 scale map.	 Additional detail was added using the S'

May 1974 photographs (Table 1).

This 1:10,000 scale base map was a necessary

intermediary to producing the 1:5,000 scale base maps due 5

to the limitations of the available equipment. 	 The lake

shoreline wasdivided into 12sectors, and each sector,

was enlarged to 1:5,000 using the ZoomTransfer Scope.

Thus, 1 . 5,000 scale maps, capable of servingI	 p	 p	 ' 	 as common

bases for compiling and analyzing vegetative information,

though of potentially low cartographic accuracy, were

produced.

Vegetative delineations on the acetate overlays

to the photographic transparencies were transferred to the

appropriate 1:5,000 scale sector map using the Zoom

Transfer Scope.	 Vegetative information for each year was

7
s

7 7-77 '11 WOMEW
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transferred -to a different set of acetate overlays to the

sector maps.

Vegetative areas were measured on the 1:5,000 scale

maps using a 1 cm.-bv-1 cm grid with 1 mm-by-1 mm divisions.

The squares covering each vegetative unit were manually

counted while being viewed under magnification on a light

table,and were recorded on a sector basis. Ground areas

of total vegetation, emersed and floating vegetation, and

submersed vegetation were obtained for each sector by

multiplying the measured grid areas by the appropriate

percentage cover factor (if applicable) and a 1:5,000

scale factor. Total lake vegetation figures were obtained

by summing the areas for all the sectors.

F. Analy-pis of Vegetative Change

The areas of total vegetation, combined emersed

and floating vegetation, and submersed vegetation were

compared over the whole lake (excluding the shoal) with

1968, 1969, 1974 and 1976 data, and over part of the 'lake

with 1973 data included (the ,lake was only partially

covered by the 1973 photographs) The vegetation maps

for the different years were overlain to determine more

precisely the location and nature of the vegetative change.

Changes in emersed and floating plants were

evaluated on -a whole lake basis by mapping unit and by

species (or species group) for 1969 and 1976. For the - 	 a

ORIGINAI I'M^Pi'
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species analysis, it was necessary to estimate the percen-

tage cover of each species in the map units of mixed

vegetative types. This was done in a manner similar to

that adopted for determining percentage within the floating

and submersed vegetative types. Average percentage cover

figures for each species (type) in'each mixture delineation

were obtained with a crown density scale, multiplied by

i the areas of the mixture, and totaled for the particular

vegetative type (species).

s.

-	 _	 7
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IV. RESULTS

A. Vegetation Field Identified

The species observed during the summer of 1976 field

surveys of Canadarago Lake and their relative abundances

are listed in Table 3. Two 'additional types, Potamogeton

pectinatus and Najas sp., were noted during a partial

survey conducted in the summer of 1977. They are perhaps

best characterized as being occasional. Vegetative growth

was restricted to areas less than about 3.5 meters deep,

in part because of sharp bottom drop-offs.

B. Photo Characteristics of Vegetation

1. Non-Spectra

The non-spectral aerial photographic characteristics

of the most common vegetative types in Canadarago Lake

are listed in Table 4; some of these areillustrated in

Figure 5. These characteristics, with the exception of

height, were fairly uniform with all photographic cover-

ages. Relative heights remained about the same, but on

the July , photographs, the absolute heights of the emersed

species were lower than on the August photographs. Of the

submersed species, Heteranthera -dubia especially tended

to be somewhat farther below the water surface in July

than in Augusta

ORIGINAL
OF POOR QL'AI AZt

y
3

r^



TABLE 3. Plan*_ species of Canadarago Lake in: 1976
(identified by A.E. Russell)*

SUBMERSED . FLOATING EMERSED

COMMON	 _	 Myriophyllum spicatum L. Nu har advena (Sol.) Pontederia cordata L.

a Heteranthera dubia (Jacq.) R. Br. Scirpus acutus Muhl.
MacM.

Potamogeton crispus L.

Anacharis c `nadensis (Michx.)
C,

Planchon

f.

k

Chara" sp.

FREQUENT_.— Sparganium eurycarpum
6 Engelm.	 -^ i

Typha latifolia L.

[ Phalaris arundinacea L.

` OCCASIONAL	 Ceratoph ly Ium demersum L. Lemna minor L. Sagittaria latifolia Willd.

' Potamogeton filiformis Pers. Nymphaea odorata Ait. Scirpus validus Vahl.

` Ranunculus aquatilis L. Polygonum amphibium L. Equisetum fluviatile L.

Spirodela polyrhiza (L.)
Schleid

^foliosusRARE	 Potamogetonton	 Raf. Acorus calamus L.

Potamogeton grad mineus L. Carex lasiocarpa Ehrh.

Potamogeton erfoliatus L.** Eleocharis palustris (L.)
R.	 & S.

Vallisneria mericana Michx.*** Ludwigia palustris (L.) Ell.

„	 { Sparganium americanum Nutt.

*Nomenclature from Clausen ( 1949) *'*Identified by M.E. Musgrave

k ***Identified by'D.M. Green N



TABLE 4 .	 Non-spectral airphoto characteristics of aquatic

•

s

vegetation in,Canadarago Lake, based on-all-photography

` VEC^^'...TION'^'""	 N LOCATION/DEPTH/DEPTH SHAPE/BOUNDARY OF PATCH TEXTURE OF PATCH HEIGHT
(1:6,-000 scale)

Floating
Lilies Shoreline to 2m depths; Usually lobate patches _ Uniform granular in Negligible;.-
(Nuphar in sheltered areas; of- with distinct boundary dense mats; becoming at water

advena;._ ten with pickerelweed, -- broken & clumpy with surface
.4 Nymphaea bulrush & submersed types decreasing density
F odorata)

Emersed

Pickerelweed Near shore to lm depth, Usually distinct patch- Uniform granular in Low (0.5mt)
(Pontederia

cordata)
but not at shoreline;
in sheltered areas; of-

es with curving bound-
ary; often small round

dense patches; be-
comes less uniform

if visible

ten with lilies, bul- patches; shape becomes in _sparser patches'
' rush and burreed more irregular & bound-

F

ary less distinct in --

' sparserp	 areasarses

"J Bulrush Shoreline to 1.5m Patches often elongate Clumpy in dense Tall (2mt),
(Scirpus depth; usually decreas- along shoreline with patches; relatively_- irregular_in-_

acutua; ing in density with in- irregular boundary; uniform fuzzy tex- height, but
Scirpus creasing depth; often boundary ranges from ture for intermedi-- usually only

validus) with lilies, pickerel distinct for dense ate density; degrades visible in
weed & submersed types patches to nonde- to scattered fuzz for dense stands

script for sparse areas sparse areas	 -

Burreed Shoreline to 0.5m Irregular shape with Uniform granular tex- Tall (2m±)•
(Sparganium depth, generally ex- distinct boundary ture becoming broken,

vurycarpum) tends farther from towards edges
( shore than cattail;

usually with pickerel-
weed

w

j

w

j



HEIGHT

On bottom to
some distance
above

Usually at
surface in
June or July

On bottom

At water sur-
face to slight-
ly below --

IddM

Submersed

Water milfoil In depths o 3m; often Usually distinct round- Variable; usually
(Myriophyllum (orris dens patches ish clumps; may coalesce somewhat uneven due

spicatum) along shoa edges; often to form continuous to varying heights
with other plants in. patches _ of plants below sur-
depths less than 2m face

Mud Plantain Near shore to 2m depth; 'Often continuous patch- Idem
(Heteranthera often with milfoil, es with irregular

Juba) elodea and muskgrasses boundaries; edges of
patches usually indis-
tinct as they grade 'in-

I
to scattered clumps

Elodea In depths to 1.3m; usu- Insufficient areas of Smooth
(Anacharis ally with 'mud plantain pure stands to charac-

canadensia) and muskgrlasses terize

Curly-leaved In depths 
l
Xo at least No photos during maxi- Varia Ae

pondweed 2m; distr'bution not mum development, June-
(Potamogeton well known early July; dies back

cr>,?ousJ leaving rings of vege-
tation

p Muskgrasses In depths I to 112m;.may Irregular areas with
indistinct boundaries

Smooth
(Chara'sp.) be with mid plantain,

S genus of ben- elodea and liliesS thic algae;
not macrophyte

m b

Cattail	 Shoreline ^o 0.5m depth Irregular shape with 	 Uniform granular tex- fall (2m±)
(Typha	 distinct boundary	 ture with scattered

Zatifolia)	 -	 pits; ;becomes clumpy
_ .__..._	 towards edges



FIGURE 5. Color infrared aerial photographs (July 20, 1976)
of southeast portion of Canadarago Lake
(stereogram*).

1 - lilies	 c - cattail
p - pickerelweed	 bu - burreed
bl - bulrush	 pc - Potamogeton crispus

a - the area shown in Figure 10 (bulrush and

* the stereo effect is reversed in certain
areas of these copies
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2. Spectral

The spectral airphoto characteristics of the emersed

and floating vegetative types for the August 31, 1976

aerial photographs are shown in Table 5. The data given

are for pgre dense; stands of vegetation; exposure and

reflectance values were obtained by densitometric analysis

of ground areas of approximately 0407 meters 2 (Appendix F).

The visual tones of the submersed-vegetation beds

on the August 1976 photographs varied considerably, but

the variation was related primarily to the,dstance of

the vegetative tops below the water surface., rather than

to interspeciate differences. On the CIR film, submersed

vegetation with leafy tops at the surface was imaged in	 a

shades of real to greenish red; vegetation with leaves.

near the surface, in green or reddish green tones; and

vegetation farther below the surface, as a bluish green.

On color film, the tonal differences were less pronounced.

Plants at or near the surface appeared dark brownish

---^ 
anA wig-}^n^rAa^ph-ayte-aghi°ring-in-

tone (Fig. 6).

The tones of the various plant species on a given

film type at a similar time of the year varied between
1

the:different aerial photographic coverages (Fig. 7)

Tonal "keys (similar to the non-spectral "keys" in Table 	 j

4) applicable to all.the aerial photographs were therefore

not derivable. However, the, 'relationships of the tones
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TABLE S. Spectral characteristics of eMersed and
floating (lilies) aquatic vegetation in
Canadarago Lake, based on 31 August 1976,
1:6,000 scale, aerial photography

A. Relative exposures of blue (B), green (G), red (R)
and infrared (I) film layers, derived from film
sensitometrie curves, and visual tonesY

-TYPE OF	 COLOR FILM	 COLOR I13,FRARrD FILM
VEGETATION	 B G R	 TONES	 G R	 I	 TONE'S

Lilies
C-2, CIR-3* 2.9 4.4 3.2 light-green	 5.1 4.8 10.1 white to

light pink

Pickerelweed 1.8 2.1 1.5 medium green 1.6 2.2 	 7.8 medium pink
C-3, CIR-2	 ,rto med. gray	 to orange
Bulrush	 I^:`8 '1:9  1.6 medium - gray	 1.2 1.6	 2.8 dark. red
C-2, CI,R-3i 
Burreed	 1.2 1.4 1.0 dark green	 1.0 1.1	 4.9 bright red
C-1, CIR-3

Cattail	 2.5 3.0 2.8 light brown-	 tin cloud shadow)
C-2, CIR-0	 ish green

*Number o^ different sample locations read on "C"-color (Kodak
2448) and "CIR"-color infrared (Kodak 2443) films

B. Blue (B), green (G) and red (R) reflectances and their
ratios calculated from the color film (Kodak 2443), using
the Scene Color. Standard technique (Piech and Walker, 1971
and 1974)(Appendix B)

VEGETATION	 B (%) G (a) R4%)	 R/G G/I3 R/B

L-lilies	 5.3 13.0	 9.5	 0.73 2.4 5 1.7 9

Psckerelweed	 2.8	 5.6	 3.6	 0.65 1.98 1'.2S
Bulrush	 2.6	 4.2	 3 . 7	 0.87 1.67 1.45

r	 Burreed	 1.0	 3.3	 1.7	 0.51 3.24 1.65
Cattail	 4.3	 9.1	 8.8	 0.96 2.1.3 2.05

rj7,
- ---_ OF

-poop.
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FIGURE 6. Submersed vegetation along the northeastern
shore of Canadarago Lake. On these August 31,
1976 color (left) and color infrared (right)
aerial photographs, note (1) the variation in
color of the submersed vegetation on the CIR
film (reddish at surface [r], greenish somewhat
below the surface [g] )-, (2) the rel-atively---
uniform tones of the submersed vegetation on
the color film, and (3) the variation in percent
cover of the submersed beds, being dense at d,
sparser at s. The bright green patch (blue on
CIR) at a is algae.

'P
	
I5
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FIGURE 7. Color infrared aerial photographs of western
shore of Canadarago Lake. Note the differences
in colors of vegetative types between the July
31, 1969 (upper) and July 20, 1976 (lower) aerial
photographs. Note also the large decrease in
area of bulrush (bl) between 1969 and 1976, with
dead roots (r) still present in 1976, and the
relatively minor changes in pickerelweed (p) and
lilies (1).

819
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a

of the species within one film were similar to those	 E
x !

within another (e.g., lilies would always be the lightest

toned vegetation; bulrush the darkest). By using these

relationships, it was possible to produce a "within-film"

spectral key (i.e., applicable only to that particular

aerial photographic film).

Seasonal changes in vegetative reflectance also

produced between-film tonal differences. Since the 1976

,films were riot both calibrated (only August), quantitative

evaluation of the changes was not possible. Even with

uncalibrated data, certain changes were obvious. For

both pickerelweed-and cattail,:the red reflectance

increased relative to the green relectance between late

July and late August, both appearing browner on the August

than on the July photographs (Fig 8)

C. Detectability arid. Identif,ability of Vegetative Types i
The detectability (ability to identify as vegetation

as opposed to water or other features) of the different

vegetative types -,ray ied 	 Although the data in

Table 6 are primarily derived from the 1976 photographs,

they are-generally applicable to all the photographs.

Differences in exposure, processing, transparency, and;

atmospheric effects produced differences, however.

In general, for emersed and floating  vegetation,

CIR film provided somewhat better detectability (especially

— SRI 
P^^^' QU A^^
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FIGURE 8. Seasonal changes in vegetative reflectance. Note
especially the change in reflectance of cattail
(c) relative to burreed (bu). On the July 20,
1976 aerial photographs (upper stereogram), the
reflectance properties of the two are very similar;
whereas on the August 31, 1976 photographs (lower
stereogram), the cattail is browner than the
burreed. Though not readily apparent on these
copies, pickerelweed (p) is greener on the July
photographs also, bein g more distinct from
bulrush (bl) at this time.

ugIGVXL PAGE lc
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TABLE 6. Detectability and identifiability of vegetative types
as a'function of film type and plant density

(based primarily on August 31, 1976 photographs)

Vegetation Den- Detectability in Identifiability in Pure -Stands/ Identifiability (I) 'and Detectability(D) in
Type sity Pure Stands Confusing Types Mixed Stands (if different from pure stands)

Color -CIR Color CIR I/D	 Mixed With Film Reason

Lilies d ++ ++ ++/none. ++/none

( lil) m ++ ++ ++/none ++/none

s + ++ ++/none-++/none -	 D	 pkw-d C/CIR obscured by leaves

. L^ Pickerel- d ++ ++ ++/none	 4 ++/none
5Q weed m +1 ++ -/bul, subal +/bul

(pkw) s (-)1 M (=/bul,suba ) 1 (+/bul) ^, D	 bur-d C/CIR obscured by leaves

II
I	 bul-m,d CIR blends into background

Bulrush d ++ ++ ++/none - ++/none

(bul) m + ++ -/pkwy subs +/pkw1 I	 pkw-m C blends into background
-	 I	 pkw-m CIR

s - + -/pkw, suba ,b +/pkw l I	 lil,pkw ,sub CIR w	 w

Burreed d ++- ++ •++/none ++/none

(bur) m + ++ +/cat3 +/cat2

s NA NA NA NA 2	 pkw-m,d C/CIR blends into background

Cattail d ++- ++ ++/none ++/none

(cat) m ++ ++ +/bur2 +/bur2

s ..NA NA NA NA

Legend and footnotes on next page:

N



TABLE 6.	 (con)

Vegetation	 Den- Detestability in	 Identifiability in Pure Stands/ Identifiability(I) and Detectability(D) in
Type	 sity Pure Stands Confusing Types Mixed Stands(if different from pure stands)

Color	 CIR Color	 CIR I/D	 Mixed With	 .?ilm	 Reason

Submerseda	 d ++	 ++ ++/none	 ++/none

(at sora )	 m ++	 ++ +/bul,pkwl,3	 ++/none D	 lil,pkw,bul C/CIR 	 obscured by leaves
surface)	 s +	 + -/bul,pkwl,3	 +/bul -	 I	 subb	 C/CIR blends into background

D	 lil,pkw,bul C /CIR	 obscured by leaves

Submersedb	 d +	 + +/bul	 ++/none

(near 	 m -4	 -4 -/bul	 ++/none =	 D	 lil,pkw,bul,

bottom) suba	 C/CIR	 obscurca by leaves

3 `4	 -4 +/bul W	 D	 lil,pkw,bul
suba	 C/CIR	 obscured by leaves

Key

d = dense ++ easily detected or identified

m - medium density	 + usually detectable or identifiable, though often with difficulty

s - sparse - dubious detectability or identifiability

not detectable or identifiable NA - not applicable

detectability and identifiability better in July when pickerelweed is "greener"; sparse pure stands of•pickerelweed
were rare, the parentheses, indicate that the reliability of the estimates of identifiability and detectability are less

21dentifiability worse in July when Cattail was "greener"

3submerseda better identifiability than pickerelweed or bulrush for it occurs primarily in areas where neither of these
species can grow

4if based on only one date of photography (improves with more coverages available from different years)

r
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for sparse vegetative stands) than did color film. The

greater difference ;between the reflectances of vegetation

and water in the near-IR region of the spectrum as compared

to the visible region, accounts for the superiority of the

CIR film.

The detectability of the submersed vegetation did

not vary significantly between the two film types. The

detectability of submersed vegetation growing near to

the surface was good. All field-checked areas that were

noted as having submersed vegetation in all years (1968 -

1976) showed vegetation in 1976; likewise, areas that did

not show vegetation during any of these years were found

^.	 to have no vegetation in 1976.

The detectability of low-growing bottom vegetation

(largely Chara sp.) was poor if based on only one date of

aerial photography, as these vegetative stands (particu-

larly sparse ones) could be confused with (1) submersed

rocks or rocky areas, especially when they were covered

with organic debris, (2) areas of accumulated organic

debris and (3) roots of past vegetative stands, especially

emersed types (Fig. 7). On multi-date aerial photographic

coverage, the areas of vegetation tended to exhibit

greater changes in shape and location than did those of

rocks, accumulated organic matter or dead roots, facili-

tating separation (Fig. 9)	 When low-growing vegetation

occurred mixed with rocks, debris or dead roots, differen

9^
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FIGURE 9. Color aerial photographs of the area to the south
of Deowongo Island (1968, upper and 1974, lower).
Temporal photographic data are useful for distin-
guishing aquatic vegetation from other submersed
features. Rocks (r) and color patterns on the
bottom (p) generally maintain shape and location
through time, whereas submersed vegetation (s) may
maintain_ location, but change shape, or may appear
or disappear.
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tiation was generally not possible. Areas where vegetative

pieces and debris had accumulated along the shoreline

presented tones similar to submersed vegetation, though

their location and shape usually were sufficient for

separation. Certain species of algae that bloomed along

the shore of the lake in August, 1976, had locations and

shapes similar to submersed vegetation types, but their

tones were different (greener on color, bluer on color

IR) (Fig. 6).

For vegetation occurring in relatively pure stands,

the identifiability (ability to distinguish from other

plant forms) of the different plant types varied - (Table 6).

In general, the emersed and floating types were more

easily identified on CIR film than color film, there

being greater ^nterspeciate tonal differences on the CIR

film. The CIR film was especially useful for discrimi -

nating among the lesser reflfcting vegetative types:.

bulrush, submersed vegetation and pickerelweed.

The identifiability of the different species of

submersed vegetation in general was poor; the different

species are therefore not listed'in Table 6. Little

differentiation was possible, except between surfaced,

near surface and well below surface vegetation; a se para-

tion which is not entirely species related. (At certain

times of the year this ability to differentiate height

above bottom may be useful, e.g., in late August, ' Chara sp.

P
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and Najas sp. are the only principal species well below the

surface.) By location,.certain vegetative beds could be

identified as myriophyll!= sp., as this was the only

species observed in depths greater than about two meters,

and it had a tendency to grow along the edge of the

littoral shelf. Potamogeton crispus did display a unique

growth pattern (Table 4) which often allowed its identi-

fication, but it was a relatively minor species at the

times of most of the photographic overflights. Many of

the species tended to grow in mixed stands, further

hampering attempts at identification.
i

In mixed vegetative stands, the identifiability or

in some cases even the detestability of certain vegetative

types decreased. For obvious reasons, vegetation beneath 	 z

another layer of vegetation (e.g., submersed vegetation

growing under a cover of lilies) was not detectable with

aerial photographs. Due to the change in background,

bulrush, in particular, was less easily identified in

mixtures, especially when sparse (Figs. 5 and 10).

D. Classification System

In Table 7 is shown the legend used for compilation

of :multi-date maps of the aquatic vegetation of Canadarago

Lake from 1:6,000 scale aerial photographs. Six pure

types of vegetation were generally separated (only five

were separated on the late July photographs due to the

L^ }"}



FIGURE 10. Mixture of bulrush (emersed) and lilies
(floating) along the southeastern shore of
Canadarago Lake (Figure 5). On the 1:6,000
scale aerial photographs, the bulrush is
not apparent. This stand was thus mapped
as lb (broken lilies). (photo by A.E.
Russell)
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TABLE 7. Classification system for mapping
vegetation in Canadarago Lake with
1:6,000 scale, aerial 'photographs

MAPPING UNIT* COMMENTS

Pure Stands

1.	 Lilies

Ia.	 continous(85-1000 Some bulrush or submersed
lb. ..brokeri(45-85%) vegetation may be included
lc.	 scattered(10-45%) as these types are not

discernible in mixtures
with lilies unless they are
dense or moderately dense

2.	 Pickerelweed Some bulrush,.burreed,
lilies or submersed
vegetation may be included
(as per lilies)

3. Bulrush	 Some submersed vegetation

3a. continous	 may be included (as per

3b. scattered	 lilies)

4. Cattail

5. Burreed	 Some pickerelweed may be
included(as per lilies)	 s

4/5. Cattail or Burreed 	 For use where cattail and 	 j
burreed cannot be
separated y

61. 	 Types	 Some bulrush may be inclu- 	 j

6a. eontinuous(85-100%) 	 ded; separation of surface 	 q

6b. broken (45-85)	 and bottom types is possi-
ble with some photography;	 ?6c. scattered (5-45$)	 bottom types designated
with 1(e.g. 6a1) 's

Mixtures

21. Pickerelweed and Lilies

25. Pickerelweed and Burreed

31. Bulrush and Lilies

32. Bulrush and Pickerelweed

321. Bulrush, Pickerelweed and Lilies

61. Submersed Types and Lilies

6b-lb.
6b-lc.
6c -lb.
6c -1c.

63. Submersed Types and Bulrush

6b-3b
6c-3b

*All units may have minor inclusions of any vegetative type
due, in part, to the inability to delineate units less than
approximately one millimeter in diameter on the photographs
(i.e. six meters on the ground).
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inseparability of cattail and burreed at this time of

the year). Seven major categories of mixtures were

separated.

Subclasses denoting percentage cover (i.e.,

continuous, broken, scattered) were used only for the

lilies and submersed types. Two subclasses of bulrush

were established in order to separate bulrush at a

sufficient density that it would appear on all photographs.

The range of each percentage cover class is indi-

cated in Table 7. The average cover factor applied in

converting the map delineations to vegetative areas

varied somewhat from year to year (Table 3a), on the

average being 0.96 for - map unit la, 0.73 for lb, 0.33 for

lc 0.95 for 6a, 0.69 for 6b and 0.25 for 6c.

E. Seasonal Changes in Vegetative Area

Although aerial photographic coverage of Canadarago

Lake was acquired on two dates during both the 1973 and

1976 growing seasons (Table 1), quantitative evaluation

of seasonal changes was limited to portions of the 1976

photographs. The July 1973 photographs were relatively

small scale and panoramic, hindering measurement. During

1976, parts of the lake were missed or obscured by sunglint

on the July photographs, and cloud shadows obscured some {
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TABLE 8. Percentage cover factors for assessing vegetative
area in Canadarago Lake (derived from aerial
photographs using a crown density scale)

a. Factors for converting delineated areas of
pure stands of vegetation to actual areas of
vegetation (percent vegetation/100)

unit	 1968	 1969	 1973	 1974	 1976'

la	 0.94	 0.97	 --	 0.97	 0.95

lb	 0.73	 0.73	 --	 0.78	 0.68

lc	 0.33	 0.30	 0.40	 0.30

6a	 0.95	 0.94	 0.94	 0.97	 0.96

6b	 0.68	 0.67	 0.66	 0.75	 0.72

6c	 -0.24	 0.20	 0.28	 0.28	 0.27

b. Factors for converting delineated areas of
mix ad stands of vegetation to areas of
vegee ation by type (percent vegetation/100)*

unit	 1969	 1976

21	 0.43/0.57**	 0.58/0.42

25	 -	 0.5/0.5

31	 0.56/0.34	 0.29/0.71

32	 0.64/0.36	 0.53/0.47

321	 0.39/0.34/0.27 	 0.43/0.23/0.34

*In some case, vegetation mixture delineations included
a small percentage of nom-vegetative (water) areas the
percentages are adjusted to an assumed 100 total
vegetative cover

**First vegetative type/seconet vegetative type /etc.

)
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1. Emersed and Floating Vegetation

The principal change between the July 1973. 	 and Septem-

ber 1973 dates of photography was the disappearance of the

floating leaves of numerous lily patches, producing a de-

crease in the emersed and floating vegetative area. In 1976,

between July 20 and August 31, vegetative area changes were

small. For the one area evaluated for seasonal changes, the

vegetative area increased from 0.48 to 0.53 hectare (approx-

imately 9%). A few small patches of Nymphaea odorata

(lilies) did develop between these two dates; this vegetation

was also present in ,August 1974. This vegetative change

could thus be considered a true seasonal change as opposed to

expansion of the area of vegetative colonization.

2. ` Submersed Vegetation

Some increase was apparent in submersed areft between

the two dates of aerial photographic coverage in 1973. The

increase was primarily associated with areas identified as

predominantly narrow-leaved pondweed (probably Heteranthera

dubia) in the 1973 Department of Health surveys; the area of

ngiophyllum sp. changed relatively little. In 1976, for the

areas evaluated, a change`

served between July 20 and

There was some decrease in

little change in the areas

Erom 2.30 to 2.33 hectare was ob-

August 31 (approximately 20)

the area of Potamogeton crispus,

of Myriophyllum spicatum and

ORIGINAL gXGL T
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Chara sp., and some increase in the apparent area of

Heteranthera dubia.

F. Vegetation Pups and Areas

Figures 11 and 12 are examples of vegetation maps

for portions of Canadarago Lake in 1976, along with

photographs of the same areas. Whole lake vegetative

areas are tabulated (Table 9), and the principal ones

plotted (Fig. 13). Sparse bulrush (3b) was not included

in the plotted vegetative area totals as it did not

dependably appear on all of the aerial photographs. The

effect of its inclusion would be to produce lower total

emersed and floating vegetative area figures for the

years lacking good CIR photographic coverage (Table 9).

G. Vegetative Changes

1. Total Vegetation

Between 1968 and 1976, the total area of emersed,

floating and submersed vegetation in Canadarago Lake

increased 64%, from 13.2 to 21.6 hectares. These and	
a

interim year increases are presented in Figure 13, where

the values do not include vegetation on the shoal (Fig. 4)

or sparse bulrush Interim increases in non-shoal vegeta-
;i

tion are as follows: 1.2 hectares, 1968 - 1969; 3.8

hectares,- 1969	 1974? and 3.4 hectares 1974 	 1976.

Ib^
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FIGURE 11. Portion of 1976 vegetation map (legend in Table
7) and stereogram of August 31 color infrared
aerial photographs used to prepare map
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TABLE 9. Airphoto-derived areas of aquati•: vegetation in Canadarago
Lake, N.Y., between 1968 and 1976 (hectares)

unit	 1968	 1969	 1973	 1974	 1976

la	 1.39	 2.48	 --	 1.85	 2.04

lb	 2•.37	 2.38	 ---••	 2 .27	 3.17

lc	 2.59	 2.43	 ----	 3.06	 2.24

2	 0.46	 0.54	 ----	 1.28	 2.21

3a	 2.21	 2.34	 ----	 1.71	 1.77

3b	 1.55	 2.43	 ----	 0.80	 1.77

4	 ----	 ----	 0.22	 0.20

5	 - --	 -----	 0.06	 0.12

4/5	 0.84	 0.78	 ----	 --	 ----

21	 2.04	 0.84	 ----	 0.60	 0.43

25	 ---	 ----	 ----	 - --	 0.09

31	 ----	 0.29	 ----	 0.20 _
	

0.22

32	 1.12	 0.39	 ----	 0.16	 0.36

321	 0.47	 0.81	 ----	 0.61	 0.13

Total unmixed
floating	 3.88	 5.01	 ----	 4.7B	 4.74

Total floating
and emersed	 12.56	 13.42	 ----	 10.40	 12.02

Total floating
and emersed
(-:3b)	 11.01	 10_97	 ----	 9.'160	 10.26

Total floating
and emersed
(-3b and w/o
cover factors)13.47	 13.45	 ----	 12.01	 12.97

6a	 1.00(.07)1 1.89(m) 	 [2.47(.15)]2 4.12(.18)5.2.3(.40)

6b	 1.18(.09)	 1.53(m)	 [1.47(---)]	 3.94(.01)	 3.11(.24)

6c	 1.84(---)	 3.34(m)	 [3.11(.04)]	 6.22(.03)	 8.34(.24)

6a1	 0.17

6bl -	 Not separated these years	 1.88

6c1	 1.51

Total
submersed	 2.18(.13)	 3,46 (m) 	 1 4.16(.16)] 8.65(.18)	 11.39(.62)

Total
submersed(w/o %
cover factors) 4.01(.17) 	 6.75(m)	 [7.05(.19)] 14.28(.21) 20.23(.88)

Total
vegetation
(-3b)	 13.19(.13)	 14.43 (m) 	 [-•---(.16)] 18.2.5(.18)	 21.64 (.621,

Total
vegetation
(-3b and w/o
cover factors)17.48(.17) 20.20(m)	 [----(.19)] 26.29(.21) 33.19(.88)

Submersed fbr
1973 area	 1.51(.13)	 2.17 (m) 	4.16(.16)	 5.29(.18)	 6.29(.62)

figures in parentheses are for shoal area, 'm' denotes missed

2brackets indicate that figures are for the 1973 area

5 (i
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FIGURE 13. Changes
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not included)
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2. Emersed and Floating Vegetation

The total area of emersed and floating vegetation

changed little between 1568 and 1959; decreased slightly

(1.4 hectares), between 1969 and 1974; and increased

slightly.(0.7 hectare) between 1974 and 1976 (Figs. 14 -

18). The net change 1968 to 1976 was a 0.7 hectare

decrease. The largest of these changes was 130.

Although the overall areal changes in emersed and

floating vegetation were relatively small, changes in-

species composition and location were more marked.

Species changes were evaluated only with the 1969 and 1976

photographs the factors used to convert mapping unit areas

to species areas are in Table 8b. Vegetative areas by

mapping unit and by species are shown in Figures 19a and

19b, respectively.
q

A small decrease in the total measured area of

floating vegetation (lilies) occurred (Fig. 191, consisting

primarily of (1) a general decrease in percentage cover,

especially in some deeper water beds (Fig. 20); (2) a loss

of some sparser beds (lc), again especially in deeper water:

(Fig. 20) and often with replacement by submersed types;

and (3) some replacement of mixed lilies/emersed stands

by pickerelweed. In some areas lilies increased.

As regards the emersed species, there was a

considerable, increase in the area of pickerelweed, while

bulrush, burreed, and cattail decreased. The increase

ps



59

Emersed and floating
vegetation

oSubmersed vegetation

1 km

FIGURE 14. Generalized 1968 vegetation
map of Canadarago Lake

(sparse bulrush not mapped)
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FIGURE 15. Generalized 1969 vegetation
map of_Canadarago Lake
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Emersed and floating
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FIGURE 18. Generalized 1976 vegetation
map of Canadarago Lake

(sparse bulrush not mapped)
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FIGURE 19. Changes in the areas of emersed and floating vegetative types
in Canadarago Lake, N.Y., between 1969 and 1976 (areas derived
aerial photographs).
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1
J

r"

FIGURE 20. Vegetative changes along the south shore of
Canadarago Lake. Between July 31, 1969 (upper)
and August 31, 1976 (lower) the following
changes occurred: (1) a decrease in lilies,
especially the sparser patches in deeper waters,
with frequent replacement by submersed types
(a); (2) a decrease in pickerelweed, primarily
in deeper water areas (b); (3) a general
increase in submersed vegetation (c); and (4)
the appearance of some small burreed areas (d).
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in pickerelweed was confined almost exclusively to one

part of the lake. Here, pure or nearly pure stands of

pickerelweed replaced mixtures of pickerelweed and other

species (primarily bulrush) (Fig. 21). Other changes in

pickerelweed, although generally minor, included some

decreases in deeper waters and some increases in shallower

waters (Fig. 20). In general, several moderate sized

areas of bulrush disappeared (Fig. 7), with other decreases

along the east shore of the island and within the area

where pickerelweed increased (Fig. 21). Although a few

small areas of burreed appeared by 1976, the decrease

in the area of burreed and cattail constituted approxi-

mately one half of the 1969 area. This decrease occurred

near the outlet to the Jake where the principal stands of

burreed and cattail occur (Fig. 22)

3. Submersed Vegetation

Between 1968 and 1976 the total area of submersed

vegetation in Canadarago Lake (including the shoal area)

increased by more than 4000, from 2.3 to 12 hectares

(Figure 13 excludes shoal vegetation).

Excluding the shoal area, which was not imaged in

1969, the submersed vegetation increased by about 1.3

hectares or 59 between 1968 and 1969. The increase was

relatively well distributed around the lake, with the

largest changes occurring along the northern and southern-

:Am



FIGURE 21. Vegetative changes in the southeast portion of
Canadarago Lake. Note the following changes
between July 31, 1969 (upper photo) and July
20, 1976 (lower photo): (1) increased
predominace of pickerelweed (p) and (2)
decreased abundance of bulrush (bl).
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FIGURE 22. Vegetative changes near th ,-, outlet to Canadarago
Lake. A large decrease in both cattail (c) and
burreed (bu) occurred between August 15, 1968
(upper photo) and August 31, 1976 (lower photo).

09
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most quarters of the western shore and the central portion

of the eastern shore (Figs. 14 and 15 - due to the generali-

zations nelcessary in producing these small scale maps, not

all of the vegetative changes noted may be obvious).

The changes were essentially restricted to the shallower:

water areas (less than 1.5 m) and consisted of both

expansion of existing beds and initiation of new beds.

Between 1969 and 1974, non-shoal submersed vegeta-

tion increased by some 5.2 hectares, or approximately

150%. The increase was generally well distributed on all

but the south-central portion of the eastern shore, where

some decrease occurred (Figs. 15, 17). Although some

increase occurred in deeper waters (greater tha4 1.5 m),

the predominant increase was in shallower waters On the

shoal areas to the south of the island (in relatively deep

water), the submersed vegetation decreased somewhat in

area, though that remaining ap peared more vigorous. Much

of the change involved the formation of new beds, with

some older ones disappearing, but the expansion of

existing beds was also significant.,

Although incomplete, the 1973 photographic coverage

indicates little variation in the patterns of change

between 1969 and 1973 and between 1969 and 1974.- From

1973 to 1974, most of the change involved expansion, or

increase in percentage cover of existing beds (Figs. 15 and

16).
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Between 1974 and 1976, non-shoal submersed vegeta-

tion increased by about 2.7 hectares or 32%, and the total

area of submersed vegetation increased by about 3.2

hectares or 36%. Much of the increase occurred in deeper

waters on the shoal, around the island, and along the edge

of the littoral shelf around much of the lake (Figs. 17 and

18)

In Appendix C is a discussion of possible reasons

for the changes in vegetation observed between 1968 and
a

1976.
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V. DISCUSSION

A. C4,nadaruzo bake Vegetation

1. Spectral Characterization of Aquatic Vegetation

As opposed to emersed and floating vegetation (Table

5), spectral characterization of submersed vegetation was

not attempted, for it would have required removal of the

effects of (1) reflections from the water surface and (2)
I?

reflection and absorption from varying amounts of water

intervening between the camera and the plants. To remove

these effects would be complicated, if possible, and was
a

beyond the scope of this preliminary_ investigation into the

spectral characteristics of aquatic vegetation.

For photographs flown at similar times of the year,

the between-film differences in color of the various

vegetative types (Fig. 7) were related to variations in

the photography (emulsion, exposure, processing) and the

atmosphere. Although these differences precluded the use

of uniform 'tonal' keys, spectral keys applicable to all

same-season_ photographs could theoretically have been

produced through further film calibrations (as attempted

by Calspan's Scene Color Standard technique). No attempt

was made to produce these spectral keys as (1) the within-

film tonal keys were adequate for differentiation of the

vegetative types, (2) a microdensitometer, required

to calibrate the films, was not readily available, and

71	 O,IGINA P
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(3) spectral keys would not have been applicable to the

films lacking sensitometric data (duplicates - Table l).

2. Factors Affecting the Detectability and

Identifiability of Aquatic Vegetation

The data in Table 6 were derived from photographs

taken under a particular set of conditions. For the

other photography flown, these conditions were different

(Table 1), which, in some cases, affected the a gility to

detect or identify aquatic plant types. The principal

variables affecting the detectability and identifiability

of the plant types were: (1) sunglint, (2). water level and

transparency, (3) film exposure, (4) photographic scale

and (5) date of photography.

a. Sunglint

Specular reflection from the water surface is

primarily , a p-roblem when photography is flown at high sun

angles or when waves are present. Sunglint principally

affects the detectability of submersed vegetation, but to

some extent, hinders the visibility of all aquatic vegeta-

tion. If severe, it completely masks all submersed vegeta-

tion; if slight, it interferes primarily with the ,detection

of small or sparse vegetative beds. The August 1968

photographs (Table 1) were the most severely affected

by sunglint most areas were imaged by one frame where	
a

'is

i
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sunglint effects were minor, but sunglint-free stereoscopic

coverage was limited. Rough water along the lake's

northern shore concurrent with the August 1974 and July

1976 photographic overflights created some sunglint

problems.

b. Water Level and Transparency

The detectability of non—surfaced submersed vegeta-

tion will be affected by the water transparency to an

extent determined by the amount of water between the

vegetation and the surface. Water transparencies (Secchi

disc) and water levels at the times of the photographic

overflights are shown in Table 1. Water level differences

between the dates were small, 0.15 meter at maximum.

Water transparency showed greater variation: a

maximum of 5.6 meters on July 25, 1973 and a minimum of

1.3 meters on July 31, 1969. The effects of bottom

reflectance on the aerial photographic tones could be

observed in water areas with depths to at least the

prevailing Secchi disc transparency. However, on the July

1976 photographs, vegetation withleaves 1 meter (or half

the Secchi transparency) below the water surface had very

low contrast with vegetation-free bottom areas. Although

no vegetative beds with leafy tops greaten than 1 meter

below the surface were located during the field surveys,

if present, 1 they would likely be undetectable on the July

I^^
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aerial photographs. on the August 1976 photographs,

vegetation 1 to 1.2 meters below the surface showed a much

improved contrast with s,irrounding non-vegetated areas,

although the transparency was only 0.6 meters greater than

in July. Again vegetation greater than this depth below

the surface was not observed, and its detestability is

unknown. Higher haze and sunglint effects on the July

photographs may have accounted for the poorer water pene-

tration relative to the transparency.

The fraction of the Secchi disc transparency to

which submersed vegetation will be detectable is dependent

on a number of factors, including the exposure and contrast

(gamma) of the film and the contrast between the vegetation

and the background bottom material. Given proper exposure

and atmospheric conditions and "normal contrast between

the bottom materials and the vegetation, submersed plant
s

detestability with regular color or CIR films in Canadarago

Lake can be expected to somewhat greater than one half 	 i

(but less than the full) the Secchi disc transparency.

Specially filtered or water penetration films could

potentially do better.

c. Film Exposure

As noted in Table 6, no difference in the detect

ability of Submersed vegetation was apparent between color

and CTR film. This was true only when both films were

e^	 ___.^*	 .:rY.^ .	 •.	 is	 ,.	 _	 ._	 ^ . ,	 _ .	 _ _ , ___ .
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given slight overexposure (0.5 f-stop) relative to that

recommended by the Kodak aerial exposure calculator (Kodak,

1970). With less exposure, color film showed a decided

advantage over CIR.

The detestability of certain emersed species

(particularly bulrush and burreed) was affected by the

exposure. Sparse stands in particular went undetected

Without slight overexposure.

The CIR photographs acquired in 1968 (1:6,000) and

1974 were the only photographs affected by severe exposure

problems (Table 1)., The-color photographs acquired in

1968 were slightly underexposed for identifying submersed

vegetation, and ,a shift in their color balance also affected

their contrast.

d. Photographic Scale

The principal scale of photography used for this

analysis was 1:6,000. Smaller scale photographs were

occasionally used if areas were either missed or obscured

by sunglint on the larger scale films. With the smaller

scale photography came some decrease in detectability of

the vegetative beds, especially small or sparse ones.

e Date of Photography'

Seasonal changes in the height and spectral

reflectance of the aquatic plants affected their detecta-
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bility and separability. Bulrush and pickerelweed were

more spectrally distinct on the July 1976 than on the

August 1976 photographs, therefore their separability was

better on the earlier date. Cattail and burreed, spec-

trally very similar on the July photographs;, were

separable on the August photographs (Fig. 8). The increase

in height and possibly also leaf size of pickerelweed over

the summer tended to progressively decrease the detecta-

bility of plants (primarily lilies) growing mixed with it.

The increase in length of some of the submersed

plants (primarily Heteranthera dubia) between July 20 and

August 31, placed the plants closer to the water surface, 	 i

enhancing their detectability on the later date3

Myriophyllum spicatum showed a slight tendency to decrease

in nearness to the surface between these dates In most

cases, it had.stems at the surface on July 20, and between

July 20 and August 31, a number of stems broke off slightly

below the surface. Most areas still had some stems at the

surface on August 31.

During the month of August 1976, the overwhelming

majority of the observed beds of submersed plants had

their tops within 1 meter of the water surface. High
i

water transparencies (in excess of 4 meters) in late July-

mid August 176 allowed visibility of plants to several

meters depth from a boat. On the 1968 and 1969 photo-

graphs, a number of vegetative beds that in 1974 and ̀1976

AL` PAGE
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had reached the surface of the water on similar dates, were

still some distance below the surface.

If the summer of 1976 can be considered a typical

growing season for the aquatic vegetation in Canadarago

Lake (if one exists), then it appears that an adequate

level of submersed vegetation detectability can be

achieved between late July-early August to late August

early September with a minimum of 2 meters Secchi trans-

parency.

3. Limitations to Methodology

a. Limitations Inherent to Classification System

The classification system used takes only partial

account of variations in percentage cover within the

vegetative beds. Only for the submersed and floating

(lilies) vegetative types were the beds categorized as to

percentage cover. This was a result of two factors.

First, most of the emersed species (pickerelweed, cattail,

burreed) usually formed a nearly complete cover when in

pure stands, and when in mixed! stands , the aggregate

usually formed a nearly continuous cover. Therefore, cover

factors were not as necessary for these types. Second,

the tendency of the submersed and floating types to become

clumpy when not continuous made cover estimates for these

plants relatively easy and reliable to determine using a;

crown densityscale. The other species maintained little

A7
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or no clumpiness as they became sparser, showing simply a

wider spacing of stems.. It was generally not possible to

determine the percentage cover of non-clumping species

(especially those with narrow leaves) on 1:6,000 scale

aerial photographs, as the individual plants or the gaps

between the plants were too small to be resolved and/or

measured. One of the submersed types (Char y sp.) showed

little tendency to clump; cover estimates for Chara sp.

beds were thus poorer than for the other submersed types.

Sparse bulrush was separated from denser stands because

it did not dependably appear on all photographs. Its

subsequent exclusion from the vegetative area totals,

though causing some underestimation of the total vegetative

area, did thereby take partial account of the variations

in percent cover of bulrush stands.

Each mixture category in the classification system

includes only those vegetative beds where each mixture

component makes up a sufficient proportion of the mixture

to be detected. As the detectability of the different

species in mixtures varied (Table 6), the demarcation

between a pure stand and a mixed stand was not constant	 {

between species (e.g., a vegetative stand 10 lilies and

90% bulrush might be classed as 31, bulrush and lilies,

whereas one 90% lilies and 10% bulrush would be classed as

1, lilies) .
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b. Classification and Delineation Errors

Classification errors could be present for any of

assification categories, but would be expected to be

it for the relatively pure dense vegetative stands.

The most likely errors would have occurred in classifying:

(1) submersed and floating vegetation into the percentage

cover classes, (2) some vegetative mixtures (primarily

those where the species did not maintain any spatial integrity

within the mixture - i.e., no clumps definable within

the mixture), (3) very sparse vegetative stands, and (4)

areas of interspersion of submersed plants with rocks or

other dark bottom features. Delineation errors likewise

could be present anywhere, but would be most pronounced on

the very small vegetative beds.

c. Percentage Cover Measurements Errors

Considerable human judgement is involved in the use

of a crown density scale, likely making the estimates of

percent vegetative cover one of the larger sources of

error. There were more problems in estimating percent

cover of each :species in mixed stands, than total percent

cover. The species percent cover factors (Table 8b) are

therefore less accurate than the total percent cover

factors (Table 8a.). In Table 9, the vegetative areas

computed without the use of cover factors are presented

for comparison.
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d. Transfer, Base Map and Area heasurement Errors

Certain portions of the shoreline had few control

points with which to align the photographic overlays to

the base map. For the most part this would produce

systematic errors in the position of a map unit rather

than in its area. Also, the control points on certain

portions of the shoreline were almost entirely along a

single line, making it impossible to compensate for tilt

in the original photography. Errors are also present in

the base map and area measurements.

e. Detectability and Separability

Differences Between Films

Due to differences in sunglint, water transparency,

film type, exposure, and time of year among the different

photographic coverages, the capacity to detect ana/ox

identify certain vegetative types varied (Sec. D). These

differences may have produced errors in the vegetative

areas derived from the aerial photographs. Sub-optimal

conditions would especially tend to make the measured area

of submersedvegetation below the actual value, but would

also tend to lower the measured area of emersed and

floating vegetation. For each photographic overflight

used for mapping vegetation the severity of the overall

conditions varied, producing the following effects.
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August 15,15, 1968

The underexposure and color shifts in both the color

and CIR films (primarily CIR) made species identifications

difficult, especially in mixed stands. There was a tendency

to lump large areas of emersed and floating vegetation into

certain mixed categories (e.g., 21, 32) as the species were

hard to distinguish. Thus, emersed and floating categoriza-

tions for this year are not highly reliable. The overall

area of emersed and floating vegetation (once sparse bulrush

is excluded) would be less affected, although it might be

slightly low.

The problems with sunglint, in addition to the exposure
3

-,.nd color shift problems would likely make the submersed

vegetation figure somewhat low, due principally to the lower

likelihood of detection of sparse, small or low-growing vege-

tative beds. Somewhat better exposed, smaller scale photo-

graphy did provide some back-up.

July 31, 1969

This photography was excellent in terms of exposure

(for both the color and CIR films) and sunglint. However,

water transparency was quite restricted (Table 1), and

submersed vegetation that had not grown to within 0.6

to 1: meter of the surface would tend to be obscured. The

extent of the vegetation below this depth at this time is

-	 unknown, but is thought to be a relatively small percentage	 G
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of the total area. Burreed and cattail were not separable

on these aerial photographs.

September 27, 1973

As the only large scale photographs were color, emersed

and floating species identifiability was hampered to begin

with; but, in addition, all of these species had "browned"

considerably, further eroding the ability to identify them.

Thus, none of the emersed and floating beds were categorized

as to type. This "browning" did improve the ability to

distinguish bulrush from submersed vegetation on color film

(normally easily confused - Table 6) as the submersed

vegetation had not browned. In addition, large scale

coverage of the lake was only partial, restricting the

comparisons that could be made with the other years.

The detectability of submersed vegetation was adequate

due to high water transparency, proper exposure and lack of

sunglint.

August 22, 1974

The color infrared photographs were underexposed,

hampering the detection and identification of some species..

The emersed and floating categorizations are therefore

somewhat suspect, anO, the overall area of emersed and

floating vegetation may be slightly low.

The water was exceptionally clear and submersed

13^
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vegetation was in general easily detected, except in a

few locations where rough water caused sunglint to

interfere.

August 31, 1976

Except for some cloud shadows over some important

beds of emersed and floating vegetation, conditions were

very good and the area figures for all vegetative types

should be the most accurate overall. 	 Also, the July 1976

photographs were available to discriminate species in

the vegetative beds cloud covered on the August 31 date.

g

f.	 Seasonal Areal Changes in Vegetation

Emersed and Floating Vegetation

If the development of the emersed and floating

-vegetation in Canada.- ,-ago Lake during 1976 can be considered -

typical, then areal changes in these vegetative types

between late July and late August are generally small.

For most years, vegetative area figures obtained from

photography flown anytime during this period should be

representative of the vegetative area for that year and

therefore comparable with other years. 	 The September 1973

photography was flown too late in the season to obtain a

reliable measure of emersed and floating vegetative areas.

F

'	
l
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Submersed Vegetation

For 1976, the changes in submersed vegetation for the

July 20 August 31 period were small, but for 1973, between

July 25 and September 27, they were somewhat larger. Though

these changes were not measured, they were still thought to

be relatively small percentagewise. Submersed vegetative

growth, being susceptible to changes in water transparency,

is more likely than emersed or floating vegetation to show

differences in growth patterns between years. Thus, though

submersed area figures derived from photography flown

between late July-early August and late August-early Septem-

ber in any year are thought to be comparable (assuming

adequate water transparency), the comparability is likely

less than that for the emersed and floating types. Photo-

graphy flown through late-September may be usable if a`

greater degree of water transparency is present (as was

present September 27, 1973). As certain species (e.g.,

Myriophyllum spicatum)- begin to die back towards late summer,

the stems start breaking off the plant above the substrate.

The vegetative area does not change considerably, but its

distance below the surface does; thus the need for greater

water transparency.

All of the photographic missions were flown after the

die-back of Potamogeton crispus, an important submersed

plant which predominates in June and dies back considerably

by mid-July. Hence, for none of the years is information

ORIGINAL PAG
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available on this species. 	 Some P.	 t-' risj--ass pc r—s istt	 t^aa.ca^+ti -

out the summer, but indications are that the amount L-Jiat

persists is not directly related to the* amount presu,At carl-y

in the season.	 Differences in the amount of P- cri spyts pr —

sisting through the summer may tend to obscure changcis in the

area of the later summer species,. 	 Fortunately, persisting

P. crispus usually forms in distinct rin g s	 (Fiq. 5) wh.i,c:°h

can be separated from other submersed types if not mixed

together.

The total areal contribution of detected P. crispus 3

persisting was negligible for all years studies. 	 There is {

II'	 the possibility, however, that during any year when ground
I

f
information was not obtained, P. crispus persisting in mixed

i
stands with other submersed species could have made a signi-

ficant contribution to the areal extent of the late- suiimler

vegetation and not have been detected.

g.	 Overall Limitations

There is no measure available of the overall accuracy

of the methodology. 	 The measured areas and changes in areas

of total emersed and floating vegetation should he most

-accurate, followed closely by those of total submersed vege-

tation and emersed and floating plant associations (when good

CIR coverage was available). 	 The vegetative areas by plant

type would be expected to be less accurate. 	 The measured

areas of lilies and combined burreed-and cattail would still

be expected to be relatively reliable; those of pi.ckerelweed

ORIGINAE PAGE IS
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and especially bulrush, less so.

The changes in total emersed and floating vegetative

area (13o maximum) may all have been within the error of the

measurements. Of the changes in emersed and floating plant

types, even the least reliable (bulrush) is still thought to

be indicative of the general pattern of change. The changes

in the combined area of burreed and cattail were reliably

measurable as 'these species grew in limited areas in normally

monospecific stands. The measured changes in submersed vege-

tation were large enough that, although some error was pre-

sent, they should still provide an accurate picture of the

actual changes.

The pattern of submersed vegetative increase (approxi-

mately equal increments per year between photographic cover-

ages) suggests that the vegetative increase was continuous

and uniform over the 8-year period. But, as no data are

available for four of the years and especially with a three

year running gap, this is not the only possibility. The

disappearance by 1973 or 1974 of several important vegetative

beds, which had increased between 1968 and 1969 (Figs. 14 -

18), may indicate that the vegetative development between

1969 and 1973 was not a time continual increase.

B. Utility of Aerial Photographs for Monitoring Aquatic

Vegetation

Ideally, a biologist interested in studying changes	 4:,}

.13^
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,z1 aquatic vnq i ration would want monthly measures of plant

biomaF,s by 4pecies curing the growing season of each year.

The immensity and difficulty of this task is attested to

by the singular lack of data of this sort in the literature

for anything but small lakes or small portions of larger

lakes. Data collection for a single survey of a moderate-

sized lake may take a period of several weeks and during

this period the plants are actively growing and/or dying.

When the survey is completed, a true measure of total lake

biomass at any given time may not be available. Any method-

ology which would improve the efficiency or accuracy of

these vegetative biomass surveys, would greatly enhance the

ability to detect year to year vegetative changes.

Aerial photography and other forms of remote sensing

have not been proven capable of providing direct measure-

ments of aquatic plant biomass. Species or minimally

'type' identification is required prior to biomass determi-

nation and species determinatyons of submersed vegetative

types from aerial photographs are generally not possible.

For emersed and floating plants, and to some extent,	 x

submersed vegetative types with leaves at the water

surface, some correlation between the aerial photographic

characteristics (especially texture, height and tone) and

biomass may exist. Reimold et al. (1973) were successful	 is

in relating aerial photographic characteristics to broad

categories of plant biomass in a salt marsh area, and the

percent cover classes used in this study for lilies would
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probably show some correlation to plant biomass on an

areal basis. Spectral reflectance (as determined from a

photograph, e.g., by the method of Piech and Walker, 1974)

could also be used to obtain some information on plant

biomass, by a technique similar to that of Pearson et al.

(1976). The principal problem with either of these

approaches is that they only work well in relatively pure

vegetative stands, and freshwater aquatics often tend to

grow in mixed stands.

What the derial photographic data can provide for

an aquatic plant biomass survey is definition of the area

to be sampled. Typically, without aerial photographs, this

is done by delineating on a map of the lake the area from

the shoreline to the known or assumed maximum depth of

aquatic plant growth. Then a number of sampling points

within this zone are randomly selected. By this process,

a number of sampling points are normally chosen at which no

vegetation is present. With aerial photographs, the extent

of vegetative cover in the lake can be determined, and the

sampling points restricted to areas where vegetation will

be found. Some field work will thereby be eliminated and

the accuracy of the final biomass figures increased., New

aerial photographs and a redefinition of the sampling area
i,

would be required immediately prior to each year's survey

as the vegetations' locations could change.

The effectiveness of this method will be lake

dependent. In lakes where vegetation covers essentially

ORIGINAL PAGE Ib
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all the shallow water areas, little may b y gained; in lakes

where substantial barren areas occur in shallow waters,

substantial benefits could be expected. Also, the value of

aerial photographic data will vary with other character-

istics of the lake and its vegetation, especially the lake

morphometry and bottom materials, and the vegetative

types and their distribution.

For example, in lakes with extensive shallow water

j	 areas, relatively limited intermediate water depth areas

I'	 with low growing forms, and relatively reflective bottom

materials, aerial photographs will be highly effective

for defining the vegetative area. (Canadarago Lake is of

this type.);

In contrast, in lakes with extensive areas of y

moderately deep water, with relatively dark bottom

sediments colonized by low-growing submersed vegetation,

the utility of aerial photographs will be low. The

vegetation will likely not be separable from the bottom-

materials, unless the transparency at the time of photo-

graphy is unusually high. But, in the shallow waters, the

aerial photographs will still.. be useful for excluding some

areas from the sampling. in lakes of this type, the

sampling scheme should perhaps be stratified into (1)

shallower waters where vegetative area is identifiable on

aerial photographs and (2) deeper waters where it is not

dependably identifiable.

In any case, the use of appropriate aerial photographs

/39
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will provide some increase in the efficiency and accuracy

of vegetative biomass surveys in most lakes. Whole-lake,

field biomass surveys will still frequently be impractical,

and other techniques must be employed to detect vegetative

changes.

Aerial photographs are perhaps of greatest value for

detecting vegetative changes. Aerial photographs can be

used to obtain accurate measures of the areas of: (1)

combined emersed and floating vegetation and (2) near-

surface submersed vegetation. Given sufficient water

transparency and contrast between the bottom and vegetation,

total submersed vegetative area can also be measured. With

multi-year aerial photographic coverage, changes in these	
A

vegetative areas can be determined.

Although vegetative area does not provide a true	 )

indication of vegetative biomass within a lake (e.g.,

sparse vegetative stands areas have a lower biomass than

more dense vegetative stands of the same area), it still

provides a useful indication of vegetative growth. Vegeta-

tive area alsoseems to be somewhat more constant through
S

the growing season than biomass. Gustafson and Adams (1973)

noted a maximum variation of eight percent in vegetative

area for Myriophyllum sp. between late-June and early-

September, whereas a 25 percent variation in estimated

biomass was observed. Therefore, the exact timing of a

photographic. overflight for measuring vegetative_ area may

not be as critical as the timing of a ground biomass survey.
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In. addition to pr oviding information on total vegeta-

r	 Live area, aerial. photographs are also useful for providing

more detailed information on emersed and floating plants.

Dominant typs_s or species of emersed and floating vegetation

are gerierally separable on the aerial photographs, and with

limited field checks, identifiable. For submersed vegeta-

tion, although surface-reaching types may be separable

from low-growing types, little is usually available from

the photographs in terms of speciation.
As emersed and floating freshwater aquatics often

I
grow in_mixed stands, and as it is usually not possible to

estimate accurately the proportions of each type from

aerial photographs, it is difficult to obtain reliable

measures of vegetative area on a species basis. Vegetative

areas on -a plant association basis can, however, be

obtained from aerial photographs. With multi-date coverage,;`

changes in these areas can. be detected. 3

overall, in many lakes', multi-date aerial photography

will provide an effective means for assessing changes in

areas of total, emersed and floating,_ and, given adequate

transparency', submersed vegetation. In addition, given	 3

selected field checks, changes in the areas of the dominant 	 "#

emersed and floating vegetative associations will be

	

	 }
a_

detectable. Little information on submersed plant species

will usually be provided by the aerial photographs.

Y/
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C. The Use of Aerial Photographs for Assessing Changes

In Aquatic Vegetation: A Preliminary Methodology

1. Assess the Suitability of Aerial Photography

for the Water Body Being Studied

Aerial 'photographs will provide some information on
U

aquatic vegetation in almost all waiver bodies, but in certain

cases, the amount of information gained may not be worth the

expense involved. A number of factors affect the cost

effectiveness of aerial photographs; perhaps the two most

important factors are the size of the water body and the

spectral contrast between the submersed vegetation and the

bottom material (assuming information on submersed vegetation

is desired)

In many cases, the greatest portion of the cost of an

aerial photographic mission is in getting the aircraft aloft

and to the lake. As such, the smaller water bodies will be

more expensive on a per area basis, unless they are done in

conjunction with other nearby lakes and ponds. Small water 	 I

bodies may be able to be monitored less expensively by other

methods As there is considerable cost flexibility in aerial

photographic systems, there is no definable lower size limit

for the practical use of aerial photographic data. however,

Canadarago Lake (770 hectares--though only approximately 15%

of this is littoral zone) was an appropriately sized lake for

an aerial photographic study, as should be lakes several

times smaller.
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In order for submersed vegetation to be detectable, it

usually must have a spectral reflectance (as seen by the

sensor) that is different from its background (the bottom

material). Textural and height differences may also be

important, but generally only for relatively near-surface

vegetation.'

Healthy vegetation has a high reflectance in the near-

IR and, as such, is usually easily separable from its back-

ground of non-living material. But unless the submersed

vegetation is near the water surface, where it will be easily

detected, the IR radiation is absorbed by the water before it

reaches the plant surface. The submersed vegetation must

therefore be spectrally different from the bottom material

somewhere within the visible spectrum, usually in the green

or blue-green where the water is usually most transparent, or

aerial photographic data will likely be of little value.

The ideal way to determine whether there is a

measurable spectral difference between the submersed

vegetation and the bottom material(s) is to use a spectro-

radiometer Spectroradiometric readings of upwelling

radiance from representative areas of the vegetation and

bottom material at various depths should be obtained. These

values will indicate whether any surface-manifest difference

exists between the spectral,reflectances of the bottom and

the plants.

In many cases, spectroradiom.etric readings will not

be necessary or, due to the equipment expense involved,

__..w...,...^. _.. , .. ,,,...	 .....nc. ._..acs za_..0 ...>: _..
	 .	 ^. ^.	
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possible. In the many lakes with coarse (silt or sand)

littoral bottom materials, the contrast between vegetation

and the bottom will be obvious from a boat or on any

existing aerial photographs. Lakes with high calcium

carbonate concentrations in the sediments will also tend

to show a good contrast between vegetation and the bottom.

The greatest problems can be expected'to occur in lakes

with finer bottom sediments, especially if they are

organic. The detection of low-growing submersed vegetation

in lakes with dark organic bottoms is unlikely.

The "average" water transparency might be considered

to be another important factor governing the suitability

of aerial photographs for detecting submersed vegetation

in a given lake. But since water transparency is also one

of the most important factors affecting the depth to which

submersed vegetation may grow, aerial photographs may be

just as useful in a low transparency lake as in a high

transparency one. The seasonal patterns of transparency

are more important. Aerial photographs would be expected to
J

be more useful in a lake where the normal periods of maximum

transparency correspond to the times of maximum submersed

vegetative development than in a lake where minimum trans-

parency and maximum vegetative development coincide.

2. Obtain Existing Aerial Photographic Coverage

It is generally a good idea to obtain all existing

readily available photographs of the water body, as they

E
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are inexpensive and are often useful throughout the

analysis (even if they were not flown during the growing

season). Normally, all that will be available are medium

scale (1:15,000 - 1:40,000) black-and-white panchromatic

photographs. Although these photographs were not flown to

image underwater details, the y may provide some indication

of the depth penetration possible in the lake.

3. Determine Spectral Region of Maximum

Detectability of Submersed vegetation

In order to choose . the proper film-filter combination

for maximum depth detectability of submersed plants, it is

necessary to determine the spectral region where this

maximum detectability will occur. However, if the lake is

extremely shallow (less than approximately 2 meters) or if

the vegetation is known to be restricted only to very

shallow waters, detailed consideration of this matter may

not be necessary (depending on the overall water trans-

parency).

In principal, the ideal approach would be to use a

spectr_oradiometer to measure the spectral radiance upwelling

from various depths and types of submersed vegetation and

nonvegetated bottom areas The measurements would have to

be taken under atmospheric, sun angle and surface state

conditions similar to those expected at the time of the

photographic overflights. The spectral region(s) of

greatest difference(s) between the upwe ling radiance from

i
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the bare bottom areas and the submersed vegetation would be

expected to be where maximum depth detectability of sub-

mersed vegetation would be encountered.

Similar results may be obtainable by using a small

format camera and a series of narrow-band filters with a

black-and-white panchromatic film. This system could be

flown over representative sites in the study lake. The

spectral transparency of the filter which allowed the best

detectability of submersed vegetation should correspond to

the spectral region of this maximum detectability.

An alternative approach is to consider the factors

that affect the spectral detectability of submersed vegeta-

tion. The principal factors are: (l) the spectral trans-

parency of the water, (2) the spectral distribution of

the light illuminating the vegetation, and (3) the

differences between the spectral reflectances of the vege-

tation and the bottom materials. Each of these properties

can be measured or inferred from measurements and the

literature.

a. -- Water Transparency

The spectral transparency of lake water is primarily

determined by the quantity of dissolved organic compounds,

especially humic acids. Suspended particulate matter,

although reducing the overall transparency, has a relatively

non-selective effect on transparency, especially at low

concentrations (Wetzel, 1975)	 At high concentrations of
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colored particles, especially those containing chlorophyll,

the particulate matter's absorption bands can have a

significant effect on the spectral water transparency.

The purest of lake waters approach the characteristics

of distilled water, with peak transparency in the blue-

green spectral region (0.49 um) and with high transparency

throughout the blue and green spectral regions (rig. 1).

With increasing organic color the transparency is progres-

sively shifted towards the longer wavelengths: to the

green region in slightly colored lakes and to the red in

highly organic lakes (Figs. 1 and 23).

The spectral transparency of the water can be: (1)

determined directly with a spectroradiometer or a submer-

sible photometer and a series of filters, (2) inferred from

color-evaluations (e.g., platinum units) of water samples

settled of particulate matter (Fig. 23), or possibly (3)

inferred from a Secchi disc measurement (Fig. 24) 	 The

Secchi disc measurement would need to be taken at a time

when the suspended particle concentration was relatively

low (i.e., not during an algal "bloom" or after a heavy

rain), in order to give a good indication of dissolved

organic color.

b. Spectral Distribution of Light Reaching

the Vegetation and Bottom

Although a lake's water may be highly transparent

to certain wavelengths of light, if there is little or no

1{`7
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light illruiinating the bottom at these wavelengths, the

bottom vegetation will not be detectable by systems sensing

at these wavelengths. The peak irradiance underwater, how-

ever, is generally spectrally close to the region of maximum

transparency, as the spectral attenuation is one of the

important factors determining the spectral character of the

light reaching the bottom. But other factors, including the

spectral nature of the solar illumination, solar altitude,

water surface conditions, depth and scattering character-

istics of the water also affect the irradiance underwater,

tending to make its spectral characteristics somewhat

different than the transparency's

For very clear waters, the greatest amount of light

is present in the blue (0.4 - 0.5 um) portion of the

spectrum, but with the curve being relatively flat in blue
and green regions in waters to at least 5 meters depth

(Fig. 2). In more productive waters, the peak irradiance

is shifted towards the green portion of the spectrum and is

also considerably reduced (Fig. 2).

In summary, the spectral distribution of light

reaching the vegetation and bottom can be measured _using a

spectroradiometer or a photometer with filters, or its peak

can be assumed to coincide approximately with the spectral

region ofmaximum transparency, a reasonable assumption to

depths of about 10 meters This is approximately the depth

limit for vascular macrophytes, though macrophytic algae
and mosses may grow deeper (Wetzel, 1975).
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c. Vegetative versus Bottom Reflectance

Although some data on the spectral reflectance

properties of submersed plants and. bottom materials are

available, they are likely insufficient for determining

where the greatest spectral differences occur in a given

lake (Fig. 25).

In general, bottom materials would be expected to

k have a more or less flat response, with the overall reflec-

tance being related to the particle size distribution and

the amount. of organic matter (,resent,, The coarser the

material and the less or:ani.c matter, the higher the

reflectance. Vegetation generally has low red and blue
f1

reflectances and higher green reflectance. So, with the

coarser bottom types, the greatest reflectance differences

should be in the blue and red regions, although differences

in the green region may be substantial (Fig. 25). With the

finer bottom sediments the situation is not clear, and it

maybe reversed, with vegetation being the higher reflector.

The spectral differences here may not be sufficient to

separate the vegetation from the bottom. 	
i

Spectral reflectance can be measured in situ using

two spectroradiometers: one measuring irradiance at the

lake bottom and one measuring radiance upwelling from the

target, just 'above the lake bottom. Alternatively, samples

can betaken and measured in the lab with a spectrophoto-

meter. However, disturbing and transporting the materials
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plant reflectances versus the bottom material reflectances
may make the data not strictly comparable
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may change: their reflectance properties.

d. Summary

Once all of the obtainable data on the lake transpar-

ency, spectral irradiance and vegetative and bottom reflec-

tance characteristics are available, they must be synthe-

sized.. Ideally, complete information will be available.

However, if the equipment necessary to obtain detailed

information on each of the factors is available, it would'

generally make more sense to go with the first alternative:

measuring (at the surface) the spectral radiance upwelling

from various depths and types of submersed vegetation and

non-vegetated bottom areas. In this way, the potentially

complicated and approximate calculations necessary to

determine these values from the measured parameters of

water transparency, light intensity and reflectance, would

be avoided. These calculations would generally involve:

(l) multiplying the spectral irradiance (at lake bottom) by

the spectral reflectances of the plants and bottom materials,:

and (2) multiplying the resultant figures by the spectral

transmittances of the water.

Realistically, the best that will be available in many

uses will be measurements of the spectral water transpar-

ency or perhaps only several Secchi disc readings. Still,

by using the measured or assumed (from Secchi disc Fig.

24) spectral region of maximum transparency as the proper'

region for maximum detestability of submersed vegetation,

ORIGXNAI; PAGE
1 ^ol	 pooR QUALITY



103

good results should be expected. The extent to which
I	 '

detailed analyses of spectral reflectances and radiances

will improve the selection of the proper spectral region is

unknown. It is interesting to note that, frequently, the

greatest differences in reflectance between vegetation and

bottom materials may not be in the region of maximum

water transparency.

4. Obtain New Aerial Photographic Coverage

and Ground Data

a. Films/Filters/Exposures

Suggested film-filter-exposure combinations are

listed in Table 10. n CIR film (e.g., Kodak 2443) with a

minus-blue filter (Wratten 12 or Equivalent) overexposed by

one-half f-stop relative to the exposure recommended by the

Kodak aerial exposure computer (Kodak, 1970) is generally

the most useful combination in most lakes. It provides:

(1) good discrimination between submersed and emersed

vegetation; (2) good discrimination between the various

types of emersed and floating vegetation and (3) good

detectability of emersed vegetation (including sparse

vegetation) and submersed vegetation (at least in lakes

where maximum'detectability is in the green region and in

shallow water regions of clearer lakes). Exposure for

water penetration is very critical for this film as the

green-sensitive layer has high contrast and therefore



TABLE 10. Recommended aerial film-filter-exposure combinations*
for monitoring aquatic vegetation

SPECTRAL	 NUMBER	 INFORMATION DESIRED
REGION OF	 OF	 -
MAXIMUM.	 CAMERAS	 TOTAL VEGETATION	 EMERSED AND FLOATING SUBMERSED VEGETATION BOTH EMERSED AND
DETECT	 AVAIL-	 (no distinctions	 VEGETATION ONLY	 ONLY	 FLOATING AND
ABILITY	 ABLE	 required)	 (including vegetative	 SUBMERSED VEGETATION

species)	 (including emersed and
floating species)

B(may increase to +l A(if emersed vegeta-
^11	 1	 B	 A	 f-stop) or D	 tion more important)
'	 Blue	 fly after 'browning'	 or

of emersed vegetation B(if submersed)

Green	 A(may increase to +1 A(may decrease to 	 A and C

	

2	 f-stop) and	 normal exposure)	 (if no emersed vege-	 A and C
C	 and E(to detect very tation present can

sparse stands)	 use B instead of A)

AZmay increase to +1

	

1	 A(may increase to +1	 A	 f-stop) (if no emer-	 A
Green	 f-stop)	 sed veg. present can

use B instead of A)
to

	

A(may increase to +1 A(may decrease to 	 A and C
Red	 2	 f-Ftop) and	 normal exposure)	 (if no emersed vege-	 A and C

C	 and E(to detect very tation present can
sparse stands)	 use B instead of A)

'^ x

A - CIR film @ +1/2 f-stop(relative to Kodak aerial exposure computer) with Wratten 12 filter
pB Color film @ +1/2 f-stop with/without haze filter.
0	 C - B&W high contrast film(e.g., RO-2569 for blue-green detestability) filtered to proper spectral. region
v̀	 D —Water penetration.film(Kodak SO-224), if available, with Wratten 3 filter
40 '	 E - B&WIR film @ +2 f-stops with Wratten 89B filter

ro
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ta
relatively narrow exposure atitude. Exposing the film

properly for terrestrial features results in relatively

poor water penetration. But when the film is 17,t-)perly

exposed for submersed vegetation, the high contrast aids

underwater feature discrimination.

A color film (e.g., Kodak 2448, SO-397) at one-half

stop over^_xposure, with or without a haze filter, is a

useful combination in clearer water (blue-green detecta

bility) lakes. However, the film does not provide as good

discrimination between certain emersed and submersed types

and among emersed and floating types,nor as good detecta

bility of sparse emersed stands as CIR film. The color

film is, however, less susceptible to damage due to improper

storage Although better than CIR, color film is not ideal

for detection of submersed vegetation in lakes with maxi-

mum detectability in the blue-green region. Its blue-layer

sensitivity peaks in the shorter wavelength portion of the

spectrum, rather than in the blue-green portion. A film

like the special water penetration film (SO-224) developed

by Kodak would be more appropriate, as its sensitivity is

maximum in the blue-green. This film, however, is likely

to be unavailable, and might show a greater tendency than

color film to overexpose shallow water areas when exposed

for deeper water.

1f a two-camera system is available., it becomes

possible to more nearly optimize the film-filter-exposure

combinations. A high-speed, high-contrast, black-and-white

/6ya
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film sensing radiation only at or near the region of maximum

detectability of submersed vegetation is generally the most

useful second system. This system should produce near

optimal detection of submersed vegetation. A considerably

higher=than-normal contrast film is required as the bright-

ness range of underwater targets is extremely limited. Most

aerial films have gammas (Odensity&,log exposure) of less

than 2.5 and are less than ideal for the purpose. Black-and-

white films used for copying line diagrams (e.g., Kodak

RO-2569) are normally processed to produce gammas greater

than ten; although this can be reduced to about six, which

is more appropriate for water penetration work (Ross, 1976).

To obtain the proper spectral filtration for this type of

film, either a narrow-band interference filter centered on

the proper wavelength or a more broad-banded Wratten-type

filter should be used. The former should be employed when

the spectral region of maximum detectability of submersed

vegetation is well known; otherwise, the latter should be

used'. A high-speed film is required to avert the need for
i

_c

a wider-band filter than optimum. The amount of light

received through a narrow-band filter may be insufficient

to expose the film without image-motion problems. As expo-

sure indices for use with this type of film-filter combi-

nation are not available, it will be necessary to do some

experimentation to obtain proper results.

When a high-contrast black-and-white fi lm is used with

a second camera system, it then becomes advisable to use CIR
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as the primary film for even clear water lakes as the

superior water penetration ability of color film is no

longer needed (Table 10). Other changes in the primary

film-filter-exposure combination may also be worthwhile

when using two cameras instead of one camera (Table 10).

b. Film Format and Coverage

To be useful for detecting vegetative changes, the

aerial photographs must image some ground reference points

in each frame. This usually means that the lake shoreline

must be-imaged in • all or most frames. In order to do this,

the aircraft must fly approximately parallel to the shore-

line positioned such that the shoreline(s) is(are) imaged

on the extreme left or(and) extreme right edge(s) of the

frame, with the rest of the frame imaging the water. At a

given scale, the distance from the shore that can be imaged

is a function of the film format; the larger format imaging
the greater distance lakeward. Therefore, in general,

larger formats are preferable. Cost, camera and film

availability, however, may dictate the use of smaller

formats
	 I

Nine-by-nine inch format cameras are expensive and

I	 complicated pieces of equipment that normally require
	

i
special mounting in a port in the belly of the aircraft.

{	 As such, only a large organization would have sufficient
j

I ;,
	 funds to obtain and maintain the camera and aircraft.

i	
Seventy millimeter cameras, at the other extreme in format

iS
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size, are usually lower in price and can be mounted

externally to the aircraft and easily removed. Thus the

aircraft would only need to be rented. Also, non-aerial

photographic films (e.g., RO-2569) would likely be unavail-

able in nine-inch rolls.

The photography should be obtained with normal stereo-

scopic overlap (60%). To provide the simplest image

geometry, the photography should be flown in as near as

possible to vertical attitude.

c. Photographic Scale

A number of factors will dictate the scale of the

photography to be flown, including: (1) the level of detail

required, (2) the available funds, and (3) the film format

in relation to the maximum distance of vegetation_ from the

shoreline.

In general, the level of detail required will deter-

mine the proper scale. Scales in the high altitude and

satellite range (1:100,000 plus) are often adequate to

detect gross vegetative changes. For detailed vegetative

studies, however, especially where detailed separations of

emersed and floating vegetative types are required, scales

should be larger than 1:10,000 	 This large scale is

especially needed to distinguish vegetative height. Costs

may increase substantially with larger scale, as four

photographs at a scale of 1:5,000 are needed to cover the

same area as one at a scale of 1:10,000.

_	 a.
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Once: the film format has been determined, it 'will

dictate the maximum scale that can be used (e.g., If the

vegetation extends up to 400 meters offshore, the maximum

scale usable for 70mm film, 56mm format, is about 1:7,000,

whereas for a 9-inch format film it is about 1;2,000). If

the ,,! is'flown at several different scales, however, the

larcj,=,4., .scale photographs may not be required to image the

shoreline. Aquatic features (e.g., vegetative beds) that

were imaged on the smaller scale photos can re used for

control.

d. Time of Day

Photography at moderately low sun angles (25 - 35

degrees, Lukens, 1968) is generally best for surveys of

aquatic vegetation. This is a compromise between reducing

sunglint and maximizing water penetration. At higher sun

angles, more light is reaching submersed vegetation and
t

j	 therefore it should be more easily detected; but specular

reflection from the water's surface (sunglint) obscures the

vegetation. At lower sun angles, less light reaches the

plants and shoreline tree shadows may become a problem, but

sunglint is reduced. What is desired is the maximum sun

angle possible without getting objectionable sunglint.

e. Time of Year

To obtain the most information on aquatic vegetation,

photography should generally be flown mid-late summer

/^f
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(between mid-August and early-September for most lakes in

New York State). At this time, many of the species are near

the stage of maximum development. However, certain early

species (e.g., Pot.amogeton crispus) will be well past their

peak development. There is no single time of the year when

all species can be satisfactorily photographed.

If. submersed vegetation is of principal concern, this

period can be extended to late summer-early fall (late

September for New York). Most submersed vegetative beds

remain intact to this time, whereas many of the emersed and

floating beds may not. Also, emersed species have browned

by this time making them less easily confused with submersed

vegetation, especially on color film (also noted by Lukens,

1968). If emersed and floating vegetation is of primary

interest, the early portion of this period (mid-August for

New York) is preferable.

f Meteorological Conditions

at Times of Flights

The optimum conditions for aerial photography of

aquatic vegetation are no clouds, haze or surface wind. Low

velocity winds are acceptable as long as the water remains

relatively calm. In certain areas of the country (including

central New York State) these conditions may occur for only

one or two days during the several week late-summer flying

period. It is therefore necessary to be prepared for flying

when they occur.
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g. Water Conditions

Low concentrations of algae and suspended materials

are desirable at the time of overflight, to maximy ze water

penetration. It may be useless to fly during an algal

•	 bloom or after a heavy rainstorm as penetration will be

severely restricted.

h. Concurrent Ground Data

The minimal ground information needed at the time of

overflight is water transparency measurements (Secchi disc)

at several locations on the lake. This information is

needed when comparing photographs from different years, as

large differences in t ansparency may produce apparent

changes in submersed vegetative area

If 'separations of emersed and floating species or

types are to be performed, then sites to serve as training

areas for the photointerpreters must be ground checked.

Problems may be encountered in locating the field.-checked

areas on the aerial photographs. If there are no nearby

"landmarks," targets (e.g., styrofoam panels) may be placed

at each ground-checked site or at the beginning and end of

each transect, prior to the overflight. The ground checking

need not be conducted concurrently with the overflights,

though it should be done within a few days of it.
' .j
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i. Other Ground Data

After film processing and the initial analyses, it will

usually be desirable to perform additional field checks.

For example, emersed and floating species identifications

from the aerial photographs may merit around-checking. The

additional, ground checks will serve to refine the identifi-

cation keys. Areas of low-growing, submersed vegetation are

often difficult to interpret (although multi-date coverage

usually improves their discrimination) and hence they may

merit some selective field checks. Also, there are usually

anomalously appearing areas on the photographs for which

ground checks would be desirable. Having the photointerpre-

ters perform or at least be present during the field checks

should improve the accuracy of the interpretations.

If information is desired on submersed species, this

must be acquired by field surveys, preferably with prints of

the photographs in hand for annotation. These field checks

should be performed within approximately two weeks after

flying This requires rapid processing of the film and makes

a within-house processing capability extremely desirable.

j Summary

1.^ obtaining photographs for assessing vegetative

changes, -)ne of the most important considerations is

consistency in the photographs and in the conditions at the

times of the photographic overflights. Unless consistency

OF Pom
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is maintained, the vegetative changes apparent on the

photographs maybe different than the actual changes.

Perhaps the most critical factors for consistency are the

film-filter-exposure combination and the water transparency

conditions. Unfortunately, the second of these factors is

under little control by the investigator.

5. Analyze Films

Films can be analyzed directly on a light table with

a stereoscope. Alternatively, prints (contact or enlarged,

depending on the initial film format) can be made and

analyzed with a pocket stereoscope.

First, a legend based on the airphoto characteristics

of the vegetative types present and the ground data

collected must be defined for "mapping" the vegetation.
Then, the first year's vegetation can be mapped, i.e.,

delineations made on overlays to the photographs and

transferred to a base map. Existing aerial photographs may

be useful at this point in identifying areas of submersed

rocks and dark sediments. These features have a relatively

static nature as opposed to the more dynamic nature of

aquatic plants.

There are several approaches to detecting changes

between the vegetation in the initial year and that of

subsequent years. One approach is to map the vegetation

for each subsequent year in the same manner as for the first

year and then compare changes in the maps. Alternatively,

^i
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the next year's photographs can be optically superimposed

with the first year's and only the changes delineated.

Then, these changes can be transferred to the base map.

Although the second alternative may be more accurate, as the

entire mapping process is not repeated each year, it may

also be more difficult to implement. Optical superimposi-'

tion of the two photographs can be difficult, even with a

Zoom Transfer Scope, and it is generally not possible to do

while viewing both sets of photographs stereoscopically.

A third alternative is to optically superimpose each

subsequent year's photographs with the first year's

vegetation maps. Using a stereo Zoom Transfer Scope will

allow stereoscopic viewing of the photographs superimposed

on the base map.



A. Vegetative Changes

Based on a multi-date aerial photographic analysis,
a

the overall area of emersed and floating vegetation in

Canadarago Lake changed little between 1968 and 1976.

Floating vegetation (lilies) decreased somewhat, primarily

in deeper waters; picker_relweed increased considerably in one

area, changed little in others, and died out completely in

some locations, primarily in deeper waters; and bulrush;
i

burreed and cattail all appear to have declined.

The total area of submersed vegetation increased by

more than 400% during the 1963 to 1976 period, expanding 	 =`j

from 2.3 to 12.0 hectares. The pattern of increase suggests

a continuous, uniform increase, although this is not the

only possibility, as photography was available for only five

of the nine years. The vegetative increase between 1968 and
i

1973 was more concentrated in the shallow water areas (less

than 1.5 meters) whei:eas from 1973 to 1976, the deeper

water areas (2	 3.5 meters) were more important.

B Vegetative Mapping

In many lakes, sequential aerial photography will

provide an effective means for assessing changes in total,

emersed-and floating (combined), and submersed vegetative

areas. The depth to which submersed vegetation can be

monitored will depend on many conditions, including the

115
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water transparency at the times of the overflights, the

bottom materials of the lake and the types of submersed

vegetation.	 In general, greater difficulties can be

expected in lakes with darker bottom materials or with a

predominance of low-growing vegetative types.

With appropriate photography, various emersed and

floating vegetative types can be separated and, with

limited field checks, identified.	 Submersed types,

however, are usually not separable.	 Although the various

emersed and floating types can be separated, it will

generally not be possible to obtain area figures on a type

by type basis.	 The different types grow intermixed, and it

is difficult, if possible, to estimate accurately the

proportions in the mixtures from any but very large scale

aerial photographs.	 Areas of plant associations will be

more accurately determinable.

Vegetative area, or even vegetative area by associa-

tion, is not the ideal measure of the amount of vegetation

present.	 Biomass or standing crop is generally preferable.

At present, aerial photographs can provide little direct

data on biomass, especially in cases w}3er_e species grow

intermixed, as is common in agatic environments.	 However,i

area measurements of vegetation are important input to

biomass calculations.	 In addition, by knowing the distri-

bution of aquatic plants prior to a ground survey, the

ground survey can be'expedited-and its accuracy improved.
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In.riany cases, especially in large lakes, biomass

surveys will be too expensive. Here, determinations of the

area of aquatic vegetation as taken from aerial photographs 	
3

will provide a useful measure of the amount of vegetation	 j

present and allow detection of changes.
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APPENDIX A: AERIAL PHOTOGRA-PHIC FLIGHT LOGS

PHOTOGRAPHIC	 FLIGHT LOGSENSOR DATA	 TPAGE,MISS ION  No, 7 6-J02
_z_

PROJECT LOCATION-	 Canadarago Lake	 Date:	 20 July 76

NATURE OF PROJECT	 Weedbed Mapping

SITE DESCRIPTION 	 Canadaracro Lake Shore.,	 Deowongo Island, Shoal Area
NW end of lake

SENSOR DATA POSI	 10
2 3 4

CAMERA TYPE	 Hasselblad 500EL/M 500EL/M 500EL/M
CAMERA NO.
LENS FOCAL LENGTH 80 mm 80 mm 80 mm

FILM TNPE 2448 2443 2448
EFF.	 AERIAL	 FILM SPEED 32 40 32

F/STOP	 (NORM)' +1/2.f stop .5.6 5.6 5.6
(HAZE)

FILTRATION Hz -v-,Ir	 15 11z
SPECTRAL BAND .4	 -	 .7 .5	 -	 .9 .4	 .7

MAGAZINE NO. 	 1.
2

3

4

5

4 5 3

AIRPORT DEPARTURE 	 0943	 —RETURN	 1204

AIRPORT NAME AND LOCATION _Camillus, Camillus, N.Y.

AIRCRAFT TYPE 	 Cessna 172	 —AIRCRAFT NUMBER	 7213Q

P I LOT _ George Potter	 PHOTOGRAPHER William Johnson

OBSERVERS	 None

REMARKS 	 Films overexposad by 1/2 stop from the setti7iq recommended

in the Kodak Aerial Exposure Computer

Notel:	 All shutters @ 1/250 sec.

Note2:	 Large Scale Altitude 2860 1 rpsl

Small Scale Altitude 4430 1 msi
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PHOTOGRAPHIC FLIGHT LOG
SENSOR DATA

MISSION N0,7_6-J03

PAGE	 _1_/i_

PROJECT LOCATION	 anadarago-Lake	 Date: 31 Aug. 76

NATURE OF PROJECT Weedbed Mapping

SITE DESCRIPTION	 Canadaracro Lake Shor._Deowongo Island. Shaa1 Area_

NW end of lake

SENSOR DATA
Post

I 2 u

CAMERA TYPE	 Hasselblad 500EL/M 500EL/M 500EL/M
CAMERA NO.

LENS FOCAL LENGTH 80 mm 80 mm 80 mm

FfLM-TYPE 2448 2.4.43 2448

EFF..AERIAL FILM SPEED 32 40 32

F/STOP (NORM)	 ±1/2 f stop 4.7 5.6 4.7

(HAZE)

FILTRATION Hz Wr 15 Hz

SPECTRAL 3AN0 .4	 -	 .7 .5	 -	 .9 .4	 -	 .7

MAGAZINE NO.	 l

2

4

5

4 3 2

AIRPORT DEPARTURE	 0940	 RETURN	 1212

AIRPORT NAME AND LOCATION	 Camillus, Camillus, N.Y.

AIRCRAFT TYPE	 Cessna 172	 AIRCRAFT NUMBER	 72130

PILOT	 George Potter	 PHOTOGRAPHER William Johnson

OBSERVERS	
None

REMARKS	 Films overexposed by 1/.2 stop from the setting . recommend

in the Kodak Aerial Exposure Computer

Notel:	 All shutters @ 1%250 sec.

Note2:	 Altitude 2860' msl.

I
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APPENDIX B: CALSPAN' S SCENE COLOR STANDARD TECHN:LQUE

Calspan's Scene Color Standard technique (Piech and

Walker, 1974) attempts to calibrate multi-layer films in order

to obtain object ground reflectance values by compensating for

_atmospheric, exposure, emulsion and processing differences.

The first step in the process is to generate density--

log exposure curves for each layer of the film. With the

step wedge that is imaged on a portion of the film prior

to processing, the densities of each filar layer resultant

from a known exposure (or known difference in exposure) are

measured with a densitomet.er  (using the appropriate filter).

The curves are then plotted (Fig. Al).

Next, densitometric measurements are made of a series

of terrain elements in both the sun and shade. Rooftops are

one of the most frequently used objects, as portions of the

same Loof`material usually occur in both sun and shade. These

densities are converted to exposures using the D-log E curve.

The following equations describe the exposures obtained in

sunlight (E) and shade (E'):

E = aR +	 E'	 a' R +

where R equals the reflectance of the terrain object, ^ is a

parameter proportional to the amount of airlight, a is a

parameter proportional to atmospheric transmittance and total
<;9

(sunlight , and skylight) irradiance, and a' is a parameter

proportional to atmospheric transmittance and skylight

a
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FIGURE Al._ Density versus

layers, C-cyan
log-exposure for
(red-sensitive),

the three film
M-magenta (green-

sensitive), Y-yellow (blue-sensitive), of August
31, 1976 color	 (2448)- film.
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12.9

irradiance. By substitution:

where S is a term proportional to sunlight irradiance only anJ

a=S+a'.

This is an equation of the form y = mx + b, where

m (slope) = 1 + S/a' and b (y-intercept) 	 There-

fore, by plotting a series of E versus E', ^ and &/a' can be

determined (Fig. A2).

Once S has been determined, only a needs to be deter-

mined to relate film density to a reflectance, using the

equation E = aR +	 and the D-log-E curves.	 To calculate a,

the density of one object of known reflectance needs to be

determined.	 Then, by sinstituting E, R, and ^ into the

equation, a is determined. 	 Usually a series of known (or

assumed known) reflectance objects are used and a least

squares fit curve used to calculate a (Fig. A3).

Now the film calibration is complete:	 given film

densities for any object, its reflectances can be calculated.

A factor is also used to compensate for fall-off towards the

edge of the camera lens.

i

a

;, b

/7f



U1
M
Ul U1

(d Ed

3 3

EC SHFIDE)

4-4
E(SHRDE) E(SHSDE)

41

B ETF1- I I Er.%* SETS- t 1 .99 SM.- 17.51

ILLUM RHT[D- 0.73 " _LUM FIST 10- S.35 LLLUM PRTIV- 4.39

t.-I FIGURE A2. Exposure (sun) versus exposure (shade) of
selected terrain objects on each layer
of August 31, 1976 color	 (2448)	 film.

Y
LO
CD



w
74

w

7

N)

R R

E -TPX	 w It. M% SETS- 1 E.92 SS-ET M51

SLFHS- SLFHR=	 EM9.22 SLIMS- .7&zi-ss

FIGURE A3. Exposure versus reflectance of selected
terrain objects for each layer of August
31,	 1976 color	 (2448)	 film.



APPENDIX C: VEGETATIVE VERSUS OTHER CH.ZNGES

(modified from Markham et al., 1977)

A. Emersed and Floating Vegetation

.Although the overall changes in Canadarago's emersed

and floating vegetation were relatively minor, the changes
O

in species were more important. 	 A number of factors can

produce changes in the growth of emersed and floating plants,

but the most likely causes in Canadarago Lake were changes

in water depth and competition with other aquatic plants.

The average water levels in Canadarago during various

periods of the year; beginning in 1969 (a water-level

recording device was first installed Oct. 1968), are shown

Figure A4.	 Year-to-year^in	 g 	 differences never exceeded 20 cm

for any of these periods. 	 For the whole growing season,.
j

(nominally May 1 - Nov. 1), the water level has generally

increased on the order of 10 cm. 	 Although relatively small,
tl

this increase could have placed some vegetation in a depth

zone marginal for its existence, also making it less

competitive with other species, especially submersed. 	 That

submersed plants have replaced floating plants in certain

areas of the lake reinforces this explanation. 	 But other

conditions	 (e.g., light) could also have changed, giving

submersed plants a competitive advantage over floating and

.emersed plants.

Not indicated in the water level dat-a is that a
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|

a. May 16 June 30 Averages

b. May	 July 31 Averages

c. May 1 November 1 Averages

FIGURE A4. Seasonal average water levels for Canadarago
Lake Cdata from USGS, 1968-1976 and 1977).
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water control structure, Panther Mo;.,ntain Dam, was con-

structed at the outlet of Canadarago Lake, in June 1964.

This dam was designed to prevent the extremely low, summer

water levels which exposed muddy areas along Canadarago's

shoreline. Because the dam maintained the water at

higher levels than in previous summers, it is possible

that some changes in emersed and floating vegetation were

a consequence of the vegetation equilibrating with the

level first experienced in June 1964 (i.e., dying back

in deeper water areas and increasing in shallow water

areas).

The amount by which the dam changed the water level

is unknown; yet, older, summer (1942) and fall (1936)

photographs show areas of exposed lake bottom that are

underwater in more recent photographs. These photographs

also show floating vegetation extending farther lakeward

'than at present in many areas.

Although an increased water level in or' since 1964

could possibly account for the decrease in lilies, burreed

and cattail, and the disappearance of some areas of

pickerelweed, it does not seem to account for the large

increase in pickerelweed in one part of the lake; nor does

it account for the disappearance of several patches of

bulrush. It is possible that no available data can fully

explain'these changes.

1 a _^
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B. Submersed Vegetation

1. Water Levels

In 1936, Muenscher reported extensive beds of emersed,

floating and submersed vegetation in Canadarago Lake; and,

overall, the vegetation does appear to be more extensive on

the 1942 aerial photographs than on more recent photographs.

The increased summer water levels, beginning with the con-

struction of Panther Mountain Dam in 1964, could have been

at least partly responsible for the decline in submersed

vegetation as compared with earlier times. But this would

not explain the increase since 1968, unless the submersed

vegetation were equilibrating with the new water level. If

this were the case, the increases would be expected in

shallow water areas--areas that were previously too shallow

or dry to support submersed vegetation. A major portion of

the change in submersed vegetation has occurred in shallow

waters, offering support to this explanation.

Water level differences between 1969 and 1976 (Fig.

M) could also have caused the observed changes in submersed

vegetation by altering the amount of available light. Given

the relatively small water level differences over this

period, however, this would seem unlikely.

2. Light

Light is perhaps the mostimportant factor affecting

the growth of submersed aquatic plants, however, little
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information is available on the amount of light required by

these plants during different seasons. For example, how

important are light levels in the late summer, after a

plant's maximum biomass has been reached? Do they affect

the vegetation's growth the next summer? Given that

certain submersed species have reportedly grown under ice

cover (Boylen and Sheldon, 1976), how significant are

winter light levels?

That light during the early growth season is

critical for the development of certain submersed plants

should be expected (Peltier and Welch, 1970); this is the

time when the plants are farthest below the water surface

and growing most actively. But early growth seasons vary

between species, and they may be ill-defined or non-

existent for certain perennial populations.

For species that have an obvious dLeback in winter

(M. spicatum, H. dubia), the critical growth period is

probably during the late spring or early summer (approxi-

mately May 15 to June 30 for M. spicatum; perhaps June 1

to J,., lv 3-1- for H. difbia) For the more perennial species

(A. canadensis,

For P. crispus,

may include lat,

ately after ice

May).

Chara sp.) there may be no defined period.

the earliest species, the critical growth

a summer, early fall and the period immedi-

breakup in the spring (late April to mid

The only measure of water transparency for which

r GoX
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there are fairly consistent data on Canadarago Lake is the

Secchi disc reading. although only one station has been

monitored with weekly or, more commonly, bi-weekly readings

in most years since 1969, the data provide a basis for

comparison.

The average Secchi disc transparency for three

periods are shown in Figure A5. The first period, May 1

to June 30 (Fig. A5a), includes the presumed critical

growth period for M. spicatum; the second period, May l to

July 31 (Fig. A5b), covers the growing season until the

time of the earliest photography, including the presumed

critical growth period for H. dubia; and the third period,

mid--21pril. to	 (Fib.. A5c) , covers the entire

nominal growing season

The Secchi transparency during the presumed critical

growth period for M. spicatum was low (less than 1 meter)
3

during 1973 and 1974 (Fig. A5a). Since a good portion of

the increase in vegetation between 1969 and 1973 or 1974

was M. spicatum, it is unlikely that the observed increase

could have been due to water transparency these two years;

especially since the change was primarily in shallow water

Where transparency would be less of a factor. Also,

conditions between 1970 and 1972 would have affected the

amount of vegetation present in 1973 and 1974 	 In 1975,

the transparency during this period was greater than in

other_ years. This could have contributed to 'the increase
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in M. spicatum in deeper water between 1974 and 1976.

For the period between May 1 and July 31, the

transparE!nCy was lowest in 1969 and 1974 and highest in

1973 (Fig. A5b) . The increase in II. dubia betv,7-een 1969

and 1973 .could be related to the higher -transparencies in

1972 (only 3 readings) and 1973. (Although the average

transparency was high in 1973, it varied from low during

May and June to very high during July.) The somewhat

higher transparencies in 1975 and 1976 may be partly

responsible for the increases iri H. dubia between 1974 and

1976, but the low 1974 transparency seems unlikely to

account for the apparent increase in H. dubia between 1973

and 1974.

For the full growing season, mid-April to mid

November, the 1969 data showed the lowest overall

transparency while the 1973 data showed the highest (Fig.

A5c). The somewhat higher overall transparency since 1969

could be at least partly responsible for the increase in

submersed vegetation since that date, primarily in the

late-developing or persistent species (Anacharis canaderr-

sis, Chara sp.)

Because data on algae were available or more

complete than data on transparency for several years, and

because algae concentration is an important factor affect-

ing transparency, an analysis of algae changes is also

required. Moreover, algae may also be involved in other

lqo



an O. prolifica bloom (Hetling et al., 1975).

3. Nutrients

booted mac,rophytes are generally capable of

absorbing nutrients from the sediments through their roots

and from the water via their stems. The extent of this

1.41

dual capability varies between species and is not well

known (Hutchinson, 1975), yet few natural populations of

submersed plants in eutrophic lakes are thought to be

nutrient-limited (Gerloff, 1969; Freedman and Canale,

1977; Oglesby, 1974). Changes in water nutrient concen-

trations should hav6 little direct affect on rooted

submersed growth, although they may affect growth by

changing algal concentrations. (Forsberg, 1964,'has

shown that species of Chara sp. are inhibited by high

phosphorus concentrations.)

Average concentrations of total and soluble phos-

phorus over the growing season are presented in Figure A6.

Little change in total phosphorus is noticeable, even after

the treatment plant began operation in 1973, and the

pattern of soluble phosphorus is anomalous. Overall, the

data do not exhibit any clear relationship with changes

in submersed vegetation. The increased submersed vegeta-

tion could possibly have compensated for the reduced

phosphorus inputs to the lake by increasing the release

of phosphorus from the sediments (DeMarte and Hartman,

ORIGINAL QUALITY
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Average (mid-April - mia-November) concen-
trations of phosphorus in the surface 4.5
meters of Canadarago Lake (data from
Hetling et al., 1974; Allen, 1977).
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1974); increased runoff may also have been partly respon-

sible (Fig. A8). But no cause for the lower percentage of

soluble phosphorus is provided by available data.

The summer average concentrations for the various

forms of nitrogen are shown in Figure A7. No clear trends

are evident for either nitrate and nitrite, or ammonia,

however, there are only four years with good data. Organic

nitrogen is lower in 1974 through 1976 than in either 1968

or 1969.

4. Sediment Oxygen Content/Smothering

It is likely that the sludge that entered the lake

from the pre-1973 (non-operating) sewage treatment plant
'

caused anaerobic conditions at the mouth of Ocquionis

Creek, at the north end of the lake (Fig. 2). The	
1

improved treatment of sewage following the construction of

the tertiary treatment plant would have led to improved	
i

oxygen concentrations and decreased sediment inputs in

this area. The 1968 and 1969 aerial photographs show a

concentration of dark sediments near the outlet of

Ocquionis Creek, and these sediments are absent on the
I

post-treatment plant photographs.

The improved oxygen concentrations should have made

the substrate in this area more favorable for plant

growth. Also, the decreased_ loading of suspended matter

from the former sewage treatment plant should have reduced

193
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the effects of cove-ring arty vegetative growth near the

sewage input. Vegetation in this area increased substan-

tially between 1969 and 1973, although it is not known

when the increase actually occurred.

5. Drought

Central New York State was unusually dry from 1963

through 1966. As illustrated in Figure A8, the discharge

of Oaks Creel, Canadarago's outlet, was considerably

below that of other years. This low outflow would have

resulted in a longer than normal water retention time

(Fig. A8). Given that the lake was already highly

eutrophic, that there was a lower dilution rate of sewage

phosphorus inputs to the lake due to lower runoff levels,

and that there was a lower flushing rate of plankton and

nutrients, it is probable that the lake was even more

highly eutrophic at this time. Dense algal blooms could

have severely limited the light available to submersed

plants, reducing their growth and area of colonization.

(Although the drought would have produced lower water

levels and thus increased available light, the water levels

were altered by the dam construction in 1964.)

With the greater runoff after 1966, algal popula-

tions might have decreased, increasing the light available

to submersed plants. And since 1971, the above-normal

runoff has led to the potential for further decreases in

ORIGINAM PA-01a.'
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FIGURE A8. Yearly average discharges of Oaks Creek at
Index, NY (approximately 8 km downstream from
point of outflow from Canadarago Lake) and
yearly mean retention times* for Canadarago
Lake (data from USGS, 1960-1976 and 1977).

*not corrected from contribution of non-Canadarago
Lake flow (actual retention times are longer) and
assuming constant lake volume.
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algal blooms accompanied by increasos in available light.

But since 1973, when the principal source of phosphorus 	 Il

inputs from sewage was removed, the increased runoff

could no longer act as a diluent for this phosphorus

input. On the contrary, increased runoff may have led to

increased phosphorus inputs from other sources, primarily

sediments, with the phosphorus likely to be in forms

unavailable to algae (Porter, 1975). The flushing rate

would still be high.

C. Summary	 x

Some of the changes in emersed and floating plants

may be related to summer water levels, which increased after

the construction of a lake outlet dam in 1964. As regards

submersed vegetation, the data are not sufficient to

determine the cause (s) of the change, and gaps in, the

vegetative record also hinder a complete analysis. Never-

theless, the data do not support the hypothesis that

increases in submersed vegetation are an indirect conse-

quence of decreased phosphorus inputs to the lake; that is,

that the decreased phosphorus would reduce phytoplankton

which, because of the increased water transparency, would

allow submersed vegetation to increase.

It is notable that, since the tertiary treatment

plant began operation in _1973, Canadarago Lake data have

shown:
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no decrease in total phosphorus, averagecl

oer the summer months;

- no defined decrease in average phytoplankton

concentration, although large year-to-year

fluctuations have occurred since 1963;

- no defined increase in average Secchi

transparency during certain critical times

of the year., although overall transparency

may be higher; and

a substantial increase in submersed vegeta-

tion that could have begun as early as 1968,

five years prior to the treatment plant

construction.

The increase in submersed vegetation might be

attributed, at least in part, to any of the fallowing:

- recovery from the drought of the mid-1960's

(1963 - 1966), a period of potentially high

phytoplankton and low light penetration;

- adaptation to increased summer water levels

caused by the construction of an outlet dam

in June 1964;

- higher than average rainfall, with more rapid

lake flushing, since 1971;

- since 1968, lower average phytoplankton

concentrations than in 1968;

since 1969, higher average water transparencies

^GIN^L pk.GF1 k►`
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than An 196Y,

;iVery (high water transparencies during July

1973;
3
j

higher than average water transparencies

during the early growth period, May 1 - June

30, 1975; and,

because of improved sewage treatment, increased

sediment oxygen content, with decreased
^'	 a

suspended sediment (or increased light) at

the point of sewage input to the lake--a

Localized effect.
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F! 00 r d a	 Dep"articnent Of
Haydon43urns Building, 605 Suayanneo Street, Tpujivnssef% rlotida 3230.4,-, Telephone (904) :886772

IREVDIN O'D. ASXCVd &ECR ErfAt R`,,TOM, WEBS^g JT4.

•

,GOVERNOR,

Oeoembex 2 1,937

Dr. T 1. Lianq

Cornell Center for
Environmental Research
Cornell University
Ithaca, N-ew York, 14853

Dear Dr. tjanqi

During our V i sit to the ann.ual ASP meeting 'held
Washington i n,. 1975, we were introduced to you. by One
of your former students, Mr. Frank Perchalski, At
that time we discusser) variQua topics in the field
of remote sensing. Since that time we have been
informed of your activities through the "Zornell
Remote Sensing Newsletter".

In reading the December 1977 issue, yoii^ 'arzticle on
the "LANDSAT 'Assessment of Aquatic Vegetation" is a.
timely topic. We are presently consideti-qg ehteVjn--J
into a demonstration project with NASA in deteiqniningr
the feasibility of using LANDSAT data- in au:^:, a•eAs of
interest. Our priorities for study are

1. LANDSAT application to enhance preseAt Jand,
use data base (LUDA 1 ,:125 1 000 4pptoxi-fnateJ.y,

2. LANDSAT application to the inventory dl-id-
analysis of surface water bodies tndxelated,
vegetation

There are also other topics being considered. WdVoula
like to obtain a copy of your report in orde^r to d^termitLp,.,
if it would be feasible to do such inventorying on a
P level here in Floridj. We ate. having oux
inter-agency meeting on the 13th of this tnonth. One of
the major points we have been faced with concierning
LANDSAT data is the limited resolution of *he system*

_-TWA



letter to pr, Liang
December 2, 1977
Page two

It appears in your studies,, when you use the digital
data, you seem to have a higher degree of definition
in identifying the various vegetation environments
and conditions, We are hoping you can offer us,
through your report, some insights as to whether we
should undertake such a study. If your report shows
us strong positive indicators or the opposite, it
^woul:d be beneficial to know this prior to that time,.

Your newsletter has had maiiy interesting articles ,in
the past, our compliments to your worthy publication,-,

Very truly, yours,:

Jon S. Be â?-ley,
State Topographic tnql.neer

By,, William	 Kuyper
Remoto -.Sensing Engineer

n
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c	 321 E. Wil'rlams at Mill Street, Waterloo, New York 13165

William J. Cool, District Manager	 Telephone: (315) 539=3411.^

December 13, 1977

Mr. Warren R. Philipson
SR. Research Associate
Cornell. University
Remote Sensing Program
Hollister Hall
Ithaca, New York 14853

Dear Mr. Philipson:

This communication will acknowledge receipt on October 5, 1977
of maps, overlays and other materials to be used for selecting priorties
for drainage improvements in Seneca County. We are using this in-
formation as a tool in our selection process at this time.

We have also found that this material provides a quick reference
to difficulties:..one may incounter when purchasing property. The
information seems to be accurate even on a individual farm basis.

The only place for improvement that we might suggest would be
another overlay showing township boundaries and some roads to help
in quickly locating a particular farm or property.

The Soil and Water Conservation District board of directors
and staff which to express their appreciation for this fine land use
tool. We thank you and your staff for the assistance and cooperation
shown during this project.

Sincerely yours

William J. Cool
District Manager

WJC/kh

OF POOL► QUALITY

DEDICATED TO RENEWABLE= NATURAL RESOURCE CONSERVATION
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CHIEF ENGINEER

J. LOWELL FITZSI'MMONS KENNETH H. MAYHEW

I ;	 MEMBERS. OF THE BOARD	 ASSISTANT CHIEF ENGINEER

f	 May 15, 1978

Mr. Warren R. Philipson
Sr. Research Associate
Cornell University
Remote ,lensing Program
Hollister Hall
Ithaca, New York 14853

Dear Mr. Philipson:

In response to your letter of May 11, 1978, we have the follow-
ing subjects which may lend itself to satellite scanning with this
organization as a user and cooperator.

1. Snow pack seasonal coverage, moisture content and intensity.
Some work has been done in this field or is in process, but
not over the Western and Southern Adirondachs which is the
drainage area of the Hudson and Black Rivers. We ground
moniter snow cover at some 40 stations in the Hudson and the
Black River Drainage Areas but have no true estimate of snow
pack coverage in the late spring months. The area of such
coverage would yield much greater accuracy in run-off water
management planning.

2. Surveillance of annual flood coverage in the Black River
Valley at different monitored stream flow stages would be
most useful. Flood plain areas are currently rule-of-thumb
estimates . and inadequate for agricultural loss estimates.

3R 1lTo true inventory of the number and capacity of dams within
the drainage areas has ever been assessed. These retardant
storage areas would be helpful and of immediate use it

L assessing run-off factors.

7
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Mr. Warren R. Phili;son	 - 2 -
	 May 15, 1978

4. Ground water elevations and retention capability is the
weakest point in our water surveillance program. We have
two active recording stations in a 2000 sq. mile area,
hardly an accurate indicator of ground water conditions,
one of the important facets of the complete water manage-
ment field.

Would you kindly review the above to ascertain what potential
your Program may be of mutual assistance? Your prompt reply would
be appreciated.

Very truly yours, „

^7 Y I zoc^"-
K. H. Mayhe
Assistant Chief Engineer
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As 1977 draws to an end, this magazine wants to salute
the U.S. Department of Agriculture and particularly the
various State University Cooperative Extension Services for
the way in which they handled a rather complex agricultural
calendar year. With drought in the West, floods in various
areas of the East, unpatterned pest and insect infestations
in many places, the USDA put out a mountain of good
information for most sections, and for aerial applicators in
general

While the USDA has a variety of regulatory functions, they
don't seem to throw the weight around as do most other
Federal regulatory agencies, bureaus or commissions. For
the most part, USDA personnel seem anxious to h 4 ip rattler
than hinder, and in this day of semi-socialism that is a
refreshing note.

J.B. Kendrick Jr., who is, among other titles, Director of
the Agricultural Experiment Station and Cooperative Exten-
sion Service at the University of California at Berkeley, had
some interesting things to say in this regard in a recent
Editorial printed in California Agriculture magazine. He is
constructive, particularly when it comes to Pest Manage-
ment.

He says that "one way to increase the food and fiber
supply significantly would be to reduce the losses caused
by pests and diseases." He reports that in California 10 to
20 per cent of total food and fiber production is lost before
harvest each year, while in some developing countries,
estimated crop losses run as high as 75% He is of the
opinion that we are far from our goal of acceptable control,
and that opinion, in this magazine's conjecture, leaves
plenty of room for the aerial application industry to expand.

Mr, Kendrick opines that the increasing dependence on
pesticides has the inherent drawback of relying on a single
line of defense because it has "introduced problems of pest
resistance, destruction of natural controls, outbreaks of
secondary pests, reduction of pollinators and other benefi-
cial species" and furthermore costs too much (an estimated
10 to 2U per cent of crop production.)

he advises that one promising approach is a system of
crop production known as "Integrated Pest Management."
This system is a "flexible multidimensional approach to
control, using a range of biological, cultural and chemical.
techniques, as required, to hold pests below damaging
economic levels . ." As Mr. Kendrick puts it, ". no
single arbitrary control method will suffice because of the
remarkable adaptive powers of insects, weeds, plant patho-
gens and because of the many variables related to season,
location, and cropping patterns and pests,"

For Integrated Pest Management, "we must know the bio-
logy of the pest, its natural enemies, the host plant, and

'their interrelationships in the environment. We must be able
to predict the pest's occurance, its populati]n levers, and
the potential economic damage. We must know more about
the influence on pests of various weather conditions and of
cultural ^,ractices such as irrigation, cover-crop manage-
ment anc harvesting procedures."

Mr, Kendrick advises that the integrated approach is
currently being used on a limited scale against specific
pests, but does not elucidate in his editorial. He does state
the research programs in these areas must be expanded so
that all techniques can be effectively mobilized.

All in all, his thoughts are certainly not regulatory for
man, albeit they are for pests. This is the type of construc-
tive thinking and helpful attitude we mentioned in the first
two paragraphs of this article. We like Cooperative Exten-
sion Services and the USDA.

Publisher and Editor ...... N. K. Rosenblatt
Assoc. Editor .............. Dave Platter
Editorial Advisory Board:

W.W. Shepherd, Los Angeles, Calif.; Les
Jones, Visalia, Calif.; David Teetor, New
York City, N. Y.; June B. Edwards,
Bakersfield, Calif.

Advertising ,Manager .........Joan Holmes

AERIAL APPLICATOR is published 9 Times a year by
NED K. ROSENBLATT to impart knowledge,
understanding and unity in the industry of aerial application
in the fields of agriculture, fire control, and natural resources,
it is 'circulated to 7111 firms and individuals in the
actual practice of aerial application in the United States and
Canada, plus pertinent government agencies at the federal,
state, and county levels, plus all agricultural colleges and
universities.

i

ON THE COVER Prototype installation of the 600 h.p.
Pratt & Whitney R-1340 on the ne%v Grumman Ag-Cat Cs,.
long wing version of the famous G164A. Previously powered

	

with the popular PEW R-9135 450 h.p, and 525 Continental,	 £

	

this Neil approved conversion by Mid-Continent Aircraft 	 r

	

Corporation, Hayti, Missouri for Wayne Smith of Lonoke.	 t 1

	

Arkansas has been named the S-MC "600" Special, Faster	 3
on less fuel, with unlimited performance, it carries a full
load effortlessly. Interest is extremely high for conversions
at engine charge time.
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Since 1968, scientists have been collecting data at Cana-
darago Lake in central New York State for what may prove to
be a classic study of the revitalization of a eutrophic oody of
eater. The lake is relatively small (6 km by 1.5 km, with
depths to 13.4 m), and isolated from pollutants except for
effluent from a sewage treatment plant at nearby Richfield
Springs (pop. 1,600).

In January, 1973, a new tertiary sewage treatment plart
for the village went into operation as a Federal and New
York State demonstration project. It replaced a plant built in
the late 1800s, The old plant, virtually inoperable in its final
years, had been discharging almost raw sewage into the
lake. This caused a high phosphorus enrichment in the lake
with consequent growth of algae.

The new treatment plant has reduced the lake's phosphor-
ous input by about 40 percent. With a definite discharge
cutoff date, the lake provided an ideal site to study the
before-and-after effects of the cleanup on both plant and
fish life. It was theorized that a change in sewage treatment
would cause a change in the lake's ecology, and this seems
to be the case.

Although many components of the lake's ecosystem have
been monitored since 1968, little emphasis had been placed
on recording changes in aquatic vegetation accompanying
the decrease in nutrient loading. The lake had been highly
productive of algae, which reduced light penetration through
water and apparently inhibited the growth of rooted plants.

The question was whether the lower nutrient level would
reduce the algae population, thus encouraging the growth of
higher forms of vegetation. Given that aerial photographs of
the lake had been taken both before and after the treatment
plant start -up, a project to develop evaluative techniques
was undertaken in the Remote Sensing Program of the
School of Civil and Environmental Engineering, Cornell
University.
• "Aerial photos have been used in the past to map weed
beds," says Brian L, Markham who, with botanist Ann E.
Russell, conducted the analysis under the direction of Dr.
vVarren R. Phiiipson and Prof. Ta Liang. "Our objective was
to demonstrate that aquatic vegetation could be identified
reliably from aerial photographs with little or no concurrent
ground data. This was also part of a larger project, now
under way, to assess what changes have taken place in the
lake."

Markham's study was begun under the school's grant
from the National Aeronautics and Space Administration,
and continued under a grant from the United States Depart-
ment of the Interior, Office of Water Research and Tech-
nology. Photographs were provided by Eastman Kodak
Company, the U.S. F^vironmental Protection Agency, NA-
SA, and the Stafa University of New York College of
Environmental Science and Forestry.

Aerial Photographs of the lake had been taken in 1968,
1969, 1973, and 1974. Fortunately, most of the photography
had been done both with Kodak Aerochrome MS film 2448
(Estar base) and with Kodak Aerochrome infrared film 2443
(Estar base) to provide a comparison between normal color
and infrared color images.

By studying the aerial images at a scale of 1 :6,000 with a
zoom stereoscope, Markham was able to compare weed
beds and note changes over a six-year period. From these
data, he developed three predictive classifications to be
used in field studies during the summer of 1976. it was
predicted that areas having vegetation throughout the six-
year period and those in which vegetation had developed
between 1968 and 1974 would have vegetation at the time of
the field survey. Areas revealin g, no vegetation over the
period were expected to still be barren. "We found excellent
agreement between the predictions and the ground; truth
study," Markham states.

The other part of the study was aimed at identifying major
types of vegetation from the photographs. Viewing the
photographs, Markham found that he could identify five
types of floating or emergent vegetation through location,
shape, color, and texture of the patch, and its height above
the watersurface. Working with the stereoscope, Markham
examined plant heights as low as 0.5 meters.

Using prints of the 1974 photography for reference,

Markham and Russell identified and mapped the various
stands of weeds during the summer's field study. Concur-
rently, new photography was flown in July and August, and
later correlated with field identifications.

Overexposure of the film by about one-half stop aided
water penetration. Markham reports that he also saw some
stereo effect underwater. He could thus differentiate be-
tween low-lying bottom plants and those growing up from
the bottom to near the surface.

The August, 1976, photographs also were analyzed densi-
tometrically to determine whether spectral characterization
would aid in identification of emergent and floating species.
"We found that, for our purposes • densitometric analysis
did not add to the information we could extract visually with
a stereoscope," Markham comments. "We did not attempt
to characterize the submergent species in this manner
because of the complicating effects of the water. In general,
the tones of the submersed vegetation seemed to vary more
with the water depth than with the vegetative type."

Several conclusions were drawn from the project:
• It is possible to identify and differentiate species of

floating and emergent vegetation from aerial photographs
with little or no ground data. Given sufficient water trans-
parency, submersed vegetation can be recognized and
differentiated from other bottom features, such as rocks.
However, the different submersed types were generally not
separable in the aerial photography.

• Larger scale photography is preferable for detailed
vegetation surveys. Generally, scales larger than 1:10,000
are recommended.

. Smaller format photography is adequate for species
identification, but the coverage afforded by larger format
photography is preferable for mapping. Film used for earlier
photography was 9Y2 inches wide, while the 1976 photo-
graphy was done with 70 mm film.

"We saw changes in the lake over the period of the
study," Markham says, "and the major changes involved the
submersed vegetation. The changes may have eccured
because of the change in water transparency, but we don't
know for certain. So, we have the effect but not the cause."

"What we have done is to develop a relatively simple,
inexpensive way to assess changes of this sort through
aerial photography," he concludes. "Historically, this is
important. If past photography of a body of water exists, we
can reach back in time and gauge years of change in the
short time it takes to analyze the photos.

j.
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By studying and comparing aerial photographs such as this
one, investigators can quickly identiiy changes in lake vere
tation that have taken ;olace over several years. With
large-scale photos (1:6,000), it is possible to discriminate
types of floating and emergent vegetation, and also to
separate submersed vreeds from such bottom foatur*s as
reeks.
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CLOUT

It always is dangerous to ask a reader if lie noticed what you (lid in
last month's issue. Clearly lie may suffer even more grievously than
I from the problem of Having a good memory but a short one.

Did you note the October cover? I !lope So. It was the winning poster
for the Third Annual Wine Festival staged by the Enological Society

rof the Northwest in  Seattle. 1 bring this tip because. it illustrates
the point I want to make: the country 's gr owing interest in wine.

The Seattle group is for Consumers, but it has winegrowers among its
mennbel:s, too, In Washington, Oregon, Idaho, Rhode Island, Kentucky,
the Carolinas, Texas and ninny other states the involvement with wilic
is waxing. Wincs & Fines is heartily in favor. Again calling upon
your memory, you may recall that, ill the 1977 Directory, wineries are
listed in more than 60%. of the U.S. NIichigan, no stranger to wine these
many years, had its first commercial wine judging at its State Fair in
1977. There were similar events in Missouri and Oregon. Evidence, I say,
that the interest in \vine is both catholic and widespread.

Getting back to the Northwest group, it not onIN has a highly pro-
fessional wine judging (of Northwest -,vines); it has ayear-long array
of seminars and tastin gs, wine talks, wine tours and more—all this
with no paid staff. The work is clone by volunteers.

Last month, too, we had the first installment of Julius Jacobs' piece
about the man y consumer organizations with wine as the raison d'ctre.
No other licensed beverage commands this kind of support. None ever
will. If you are politically myopic you might say that such outside
influences are of no value, that they only take awav markets bv en-
couraging wine growers in other states. That is precisely the reason
they should be encouraged and assisted.

It is one thing, to have California and New York plead their case before
this tribunal or that, or this legislative body or that. How much
stronger is the case if it is argued on more than 30 different fronts? By
persons who are growing grapes, making wine, entering the marketplace,
consuming wine. And demanding fair treatment, Where is the clout?

Does it lie in a few special pleaders? With bigness as their
principal impact? Or in the combined influence of some dozen
voices, large and small, raised for a fair deal on local, state and
federal levels? .:Americans, for good reason or no, question
bigness and embrace smallness. O, u• tariff and tax systems are
tailored along those lines. The concept of the "bigs" helping the
"smalls", however, has historic.appeal in our democraev.

I'Ve are closer than ever before to universal U.S. support for wine.

We have only ourselves to blame if we blow it.

F
COVER: Typical of late autumn is this illus-
tration furnished courtesy of IDEALS maga-
zine, published in Milwaukee arid one of the
most beautiful publications in the world.
The photograph was used for their i hanks-
giving issue in 1976,
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SELF-SUPPORTING TOP

Elimination of support

channels helps keep tank

top clean.

near Ovid, and vineyards %vere planted
both locatiolis by TaYlor in 1975 and 197
Tho two sites Nvere working farins prior
being sclected as test sites, according to 1111
land Tyler, vineyard manager,

The Ovid, site needed additional draina
prior to vinc yard plantin- and tile conipal
wasn't certain of tile effectiveness of draina
tile already 

in 
place. Tyler wanted to be cc

tain of drainage. before planting "becall

once the trellis and vines were in w(- \%,oil

have to tear the vineyard apart to put in mo
tilL."

At this juncture, tile company \ ,.,as co

tactcd b)' tile Renlote Sensing prograin
Cornell. Funded by NASA (National Aer
nautics and Space Administration) this pr
grain explores liscs of reillote sensin
techniques for solving cliviroilincrital. pro
lenis. Researchers under Dr. Ta Liangr, pr4
fessor of civil and environmental enginecrin

at Cornell, offered assistance with draina^
plannin-r. Vineyard Nlanager Tyler's syste
in planning drainage has been to walk tl

fields after a rain to locate wet spots. TI
Remote Sensing Program manager, Dr. W.
Pliflipson, said "we felt that aerial photo
raphy Nvould provide better perspective ail
allow us to study the entire field simultan
011sly." It Nvas the farmland at the Ovid te
site Which ',vas to be analyzed.

Work began by tracing a base inap of th
Ovid site using a 1:24,000 scale U.S. Gcolm

t^Lj-- bb, U 'Ll C_--i Ll L'i U ,% A^

- New Cooling System - Dual-Ac-tion Manholes
Radius Corners
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P.O. Box 513, Santa Rosa, California 95402	 (707) 544-SRSS
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AERIAL photography to nionitor land drain-
age is being employed in NeNN, York State
vineyards. Because of projections for in-

creased wine usage and tile need for more
Vineyards to keep up with demand, the Tay-
]or Wine Company has sought "flatter sites

where it will be easier to use heavy
equipment."

Sometimes this is difficult to find because

acreage is becoming more limited in tile best
New York State vineyard areas. Cornell Uni-

vcrsity experts conducted temperature studics
in conjunction with the state's Agricultural
Extension Service. They came lip with two
land parcels oil the cast and Nvest sides of
Seneca La'ke. One is near Dresden, the other

J
STAINLESS MANHOLE	 r-
Two-way action — opens
both vertically and
horizontally. Stainless

steel resists corrosion.	 V

DUAL-ACTION MANHOLE 	 k,

Oval 16 x 20-inch
manhole opens in,
flips over, swings out to

V
make tank cleaning easier.r

RADIUS CORNERS

romAdd led strength f
radius corners at both

top and bottom, Makes
tank cleaning easier.

in	 ical Survey topographic inall to shoNv tile tvo
6.	 fields under investigation. This was enlarged
to	 bN . lisil",, 

a 
vooni transfer 

s
cope. All other

r- work Nvas prepared as transparent overla ys to
tile base map. Using 

a 
1972 soil survey of

Seneca county, an overlay was prepared de-
IN , 	 lineating the four soil tyPIS NVhich underlic
ge 	 the site. This was iiscd as a starthi lo point
r-	 althotiuli it wasn't specific enough to pill-

se	 point needed areas for tile drainage.
Id	 To obtain greater accuracy tile engineers
re	 in tile Rernote Sensing Pro gram employed an

aerial photo of the speciFic location, made

n- during a 1968 New York land use and nat-

at ural resources inventory. The photos Nvere

0- made on Kodak Double-,\ Acroi4raphic filin

0-	 2405 (Estar base) by contractors who cov-
g	 cred 49,000 square miles of the state at that
b-	 time.

It became apparent at once that existinl y-
g	 drainage tile could be identified 

in 
tile fields

0	 because they appeared as straight (rela-
in	 tively), light colored lines. It also became
le	 apparent that "Nvet spots" could be identified

Ic	 where moisture collected and did not drain.
R.	 These appeared as dark-colored objects in

g -	 the fields.
d	 Two overlays were prepared ne a inap
0-	 of existing drainage tiles. The reasoning was
st	 that tile. vinLvard foreman would %Nisli to

connect into these as new drainage was in-111,
c	 stalled. The other overlay was a 

'11) 

of tile
-	 ,	 -1,vet spots—and this -,vas particularly helpfill

in the actual tile draina-c installation. Any of

tile old clay tile. that was found was con-

nected into the inain plastic lines, Woody

Clark, one of the officials, explained, because

if left alone, there was always a possibility

it could become plugged 
and 

create its own
wet spot in the future.

When rains began in tile suninier of 1975,
tile people in charge began ro;llll j llg tile fields
and locatini-, the actoal wet spots. But tiling

operations 
hall 

started a nionth earlier be-
catise the aerial maps gave them something to

start from. After the job was finished, a re-
check showed that all shaded areas on the

inap hild been covered Nvith extensive tilinty.

.Nfory than 38,000 fect of tile were installed

in the two potential vincyard acreages, in

contemplation of spring planting, The project

director, Dr. Liang, feels that the Rcillote
Sensing prilivet for the Taylor company can

well be applied to similar problems of other

farmers. 
In 

the former instance the photog-

raphy was already in existence—and tile

project in entirety took about a half day to

complete. Dr. Liang says "this proves it is

worthwhile to buy a conple of photographs,

study them and use the data, bccause so lit-

tle time is involved, ies a very efficient

process."

NASA and the Cornell Rernote Sensiniz
project -will. make the Taylor Wine Company

report available to anyone, The tvchnicilies

call be applied by many commercial firins
that offer photo - interpretation services.

Courses are offered in this subject by many

itniversities.

Thomas L. Erb, with the impressive title

of imaac analyst/rcicarch encirioer, says that

it isn't possible to invigine all thp n5vs for tile
acri-al photos that already ex:st,

Julius Jacobs

COOLING JACKET.

Closed system, using con-

.tinuous high pressure flow

of glycol. Jackets can he

placed on existing tanks.

OUTSIDE-OPENING MANHOLE

Manhole has 13-inch

opening for easy removal

of pomace.
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ABSTRACT
3

Begun in 1972, Cornell's NASA-sponsored Remote Sensing Pro-
gram has strengthened instruction and research in remote sens-
ing, building upon Cornell's years of experience in aerial
photographic studies; established communication links; and
conducted demonstration projects for numerous town,' county,
state and 'private organizations in New York State In com-
pliance with NASA's guidelines, each project has been, in
some way, unique; essentially noncompetitive with commercial
firms; and aimed at producing tangible benefits or actions.
These projects are outlined and characterized according to	 I
elements that have generally governed their impact: (1)
whether the project seeks surface or subsurface information,
and (2) whether the goal of the project is to inventory or
to detect/monitor. The Cornell Program has shown that remote
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sensing can provide useful information, even in a state where
agencies have used remotely sensed data for years and where
substantial quantities of detailed information are already
available.

INTRODUCTION

On June 1, 1972, Cornell University's School of Civil and
Environmental Engineering initiated a Program in Remote Sens-
ing. Sponsored by a grant from the Office of University
Affairs of the National Aeronautics and Space Administration
(NASA Grant NGL 33-010-171), this Program was a consequence
of some thirty years of pioneering work in aerial photograph-
ic studies and photogr nnetric engineering. For Cornell, the
grant has provided the means and opportunity to increase its
overall competence in remote sensing. For NASA, the Cornell
Program has provided a vehicle for demonstrating and promot-
ing the application of aircraft and satellite remote sensing,
particularly, in New York State. This discussion is a review
and analysis of the Program's experiences through December
1977*.

GENERAL REVIEW

Briefly, the first year was devoted to strengthening instruc-
tion and developing the foundation for user-oriented research
in remote sensing. A weekly seminar and monthly newsletter
were instituted, university and non-university contacts were
made, aircraft and satellite imageries were collected, and
cooperative investigations, directed at New York and the
northeastern United States, were begun. Program activities
were expanded during the second and third years and, while
several demonstration projects were completed, new projects
of a more clearly defined, benefit-producing nature were un-
dertaken. These and many other_ projects, and the Progranv as
a whole, have come to fruition during the ensuing years.

COMMUNICATION AND INSTRUCTION

rnr+an+a

Since 1972, staff and students supported by the Program have
worked with representatives of many groups. These are sum-
marized in Table 1, where the various groups have been cate-
gorized according to whether their representatives (1) coop-
erated in one or more projects, (2) were users of the results
of a project in which they may or may not have participated,
or (3) were involved in either preliminary discussions or
discussions which have not as yet led to a specific project
("other").

In addition to hosting project-related visitors and invited
seminar speakers,'the Program staff has received numerous
guests from within the United States and from many other
countries. Occasionally, this was in conjunction with spe-

*Program activities have been described, in detail, in eleven,
Semi-Annual Status Reports, submitted to NASA and available
from NTIS, 5285 Port Royal Rd., Springfield, Va. 22161.
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ial remote sensing orientation sessions or workshops. Over
the past few years, for example, special lectures were held
for groups ranging from New York State highway superintend-
ents to participants in AID-sponsored Institutes on Policies
for Science and chnology in Developing Nations.

The "Program's "Cornell Remote Sensing Newsletter" also pro-
vides a communication link fto and beyond the Cornell commu-
nity. The montWly Newsletter, which highlights remote sens-
ing activities at Cornell while reporting items of general
interest, is now received by more than 400 individuals and
groups in s6he 30 states an 14 foreign countries.

Courses

"
I' With NASA support, the Ekogram staff has continued to up-
grade Cornell's longanding curriculum in Aerial Photo-
graphic Studies. The Program's weekly Seminar in Remote
Sensing has brought experts from . government, industry and
other institutions to Cornell to discuss remote sensing re-
search, developments and applications with students, staff
and faculty (Table 2). A three credit-hour course, "Remote
Sensing," was also developed as part of the iWgular curriW
ulum of the School of Civil and Environmental Engineering.
And, overall, greater emphasis is being placed on non-photo-
graphic sensors and sensing techniques, as well as on the
handling, analysis and interpretation of various sensor data
outputs.

Data and Facilities

Remote sensing research and instruction have been enhanced
through acquisition of a wide range of aircraft- and satel-
lite-derived data, and 4Ehrough expanded capabilities for
their analysis. The Program's data, facilities and equip-
ment are made available at no cost to cooperators, students
and other interested users

With assistance from the NASA Office of University Affairs,
the Program has received Landsat, Skylab, high-altitude and
low-altitude coverage of sites in the Northeast. The U.S.
Environmental Protection Agency has also overflown Program
selected sites, and imageries have been obtained from vari-
ous other government and private sources. These data com-
plement the Program's file of more &an 600,000 older,
worldwide aerial photographs.

With NASA funding, the Program has acquired selected photo-
graphic and darkroom equipment, a versatile zopm stereoscope,
an additive-color viewer, and a series of routines for ana-
lyzing multispectral digital data on Cornell's IBM 370/168
computer. These supplement image analysis equipment obtained
in previous years with other funding (i.e., zoom and non-zoom
stereoscopes, Zoom TransferScope, stereoplotters and other
photogrammetric instrumentation)

PROJECTS

As stated, numerous remote sensing demonstration projects have
been conducted by, or in conjunction with, Program staff (Ta
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ble 3). In compliance with NASA's guidelines, the initiation
of each followed screening to ensure that the project was, in
some way, unique; that undertaking the project would not be
competing unduly with private companies or consultants; and
that, if completed successfully, the project would produce
tangible benefits or actions by definable users. Relatively
little emphasis was placed on technology transfer, per se.

1#

Finding projects that conformed with these criteria has been
difficult; especially, since the focus of the Cornell Program
is New York State. The earliest project solicitations were
aimed at state agencies. Although Program staff encountered
little or no resistance against new techniques, it did -en-
-:,ounter major problems in developing action- or benefit-pr
ducing projects. Most state agencies are not "action" agen-
cies. Further, most state agencies normally require much
time and data before taking any action, including a "planning
action." Although totally justified, this makes it difficult,
if possible, to trace remot-a sensing or other input to a
final action or benefit. With regard to New York State plan-
ning activities, moreover, much of the state-wide planning
data that could be derived effectively through remote sensing
had already been derived or were being derived by other
groups.

Just prior to the Program's inception, for example, Cornell
University had completed the state-wide Land Use and Natural
Resources Inventory (LUNR), in which more than one hundred
types of area or point land use were identified from aerial
photographs, transferred to 1:24,000 scale map overlays, and
entered into a computer file/weighted retrieval system. In
addition, another Cornell investigator, Dr. Ernest E. Hardy,
was comparing satellite with LUNR data in NASA-sponsored,
Landsat and Skylab experiments; and William Harting, of the
Tri-State Regional Planning Commission, was conducting a
NASA-sponsored experiment to assess the value of Landsat data
for planning in the New York City area.

As a second example, where university programs in other
states might have attempted to.demonstrate geologic applica-
tions of satellite and aircraft remote sensing to their
state geological survey, the soils and geology of New York
State have been mapped and studied in some detail, and Dr.
Yngvar W. Isachsen, of the State Geological Survey, was al-
ready conducting Landsat and high altitude aircraft inves-
tigations with direct support from NASA.

As a_third example, where wetlands have been the subject of
remote sensing studies across the country, in New York, a
state agen^y was ,conducting the "official," state-wide wet-
lands inventory, using 1:24,000 scale aerial photographs.
This agency, like others in the state, has years of exper,;,,-
ence ` in applying aerial photography.

Many examples could be cited; examples which show why, during
the second and third years of operation, the primary focus of
project solicitations shifted from state agencies to county,
town and private users. Although much of value can be accom-
plished with remote sensing at the county and town levels,
the applicability of aircraft data is increased and that of

-4-
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E. e

t4tellite data is decrea$ed--sat least when the satellite data
erg of a resblutibn comparable to that of Landsaat. This can
Jb& surmised frm the list of projects which have gene ated
the .most substantive benefits or actions by county, towft qr
private users (Table 3A). All have relied on aircraft data
a% the sole or prirRary source of information. 	 s_

Even those demonstration projects that were conducted for
state agendie g 'tended to attack :localized problems which were
generally" not amenadble tQ avolution or analysis with satellite
data. These projects are listed in Table 3B. r

The Progxamt t raliande obi aircraft data should not be ;intdr-'
rite as imply4ng tthat, *aa^te^llite data were not consulted on,

many occasions ,. f f or many projects. Satellite data did ,,, , in
fact, supply a basic source of information for several stud
;.es particularly, when recent, periodic or synoptic cover`
age :was desifed. Studies of this nature are outlined ;}n
liable 3C.

P ROaECT ANALYSIS

In general. the Program staff has found that a project's._
impact can often be forecast by whether the project seeki*'

	

G ,	 s rfaCe (directly observable)- or subsurface (indirectly ob-
tervable) i formationA and whether the goal of the project'

pertoxm a complete, area-wide inventory or to detect
and/or monitor some specific items (Table 4).

t tho gh ekeeptions can be cited, a project which inventor-
ies zuj^'face of 4irectly observable features may lead to the
user adopt,ng the inventory technique, but it will seldom gen-'
.erate any pther action or benefit (Table 4). Surface,jnfo-f-
mati^on can -ormally be gotten withaut remote sensing (less
efficiently) and., by ittel,f, gove-rns fe%i decisions or actions
twetlands being a notable exception)

'In contrast, a remote sensing project which cells for an in-
Ventory of subsurface or indirectly observable features will
often lead to an action or benefit (Table 4). Informatio
such as depth of soil over bedrock it difficult or costly
to obtain in other., ways. When required, it often governs the
final dec siQn. of action. Because techniques for inventory-
ing subsurface featu-es tely heavily on interpretation, they
are 'bore 4.if f ic4-lt to transfer.

The distinction between invento±ying'and detecting or one
tQ-ring is softiet:imes Iaague, yet a project which involves the
detec}ion o Iftox-iitor of surface (directly observable) fea-
ture,s often: produces the greatest pogsible impact- A suc-
cessful demonstra°t]on of remote detection or monitoring, ae
was performe4 w1th lake Q^ut°falls O^t landfill leachate (Table
4) , commonly 2dadis to a4n action Qr benefit. Moreover, the
remote sengihg techniques are telati.vely easy to transfer.

i Projects a*Med tt detLact.ing of monitoring subsurf^acq features
a _ may lead e> an zetion and./et bm a.,efit , but, similar to subsur-

face Invefttgties,, the required techniques ate normally, diffi-
cult t0, traf.pfet v %Rout extehsiv 'traK%ing (Table 4),4
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As recorded in Table 4, most of the Program's action- or
benefit-producing projects have involved either detection/
monitoring of surface features or inventories of subsurface
features. Reiterating, techniques for accomplishing the
former are rather easily transferred, while techniques for
accomplishing the latter are not. It is interesting to note
that the development and transference of techniques for in-
ventorying and detecting subsurface features has been Cor-
nell's primary thrust in airphoto/remote sensing research
and instruction for thirty years. This could also be char-
acterized as developing and transferring marketable tech-
niques which are not easily replaced. One other point of
interest is that, in most cases, the inherent value of
multispectral data (image or digital form) has been found
to be greater when applied in gathering surface information,
while the inherent value of stereoscopic data has been
found to be greater for gathering subsurface information
(Table 4).

CONCLUSION

The NASA-sponsored Cornell Remote Sensing Program has become
the recipient of numerous requests for consultation and co-
operative action--from members of the university community
as well as from representatives of various state, regional,
county, town and private groups. As members of the Program
staff extended their expertise beyond more traditional aerial
photography, increasing use has been made of high-altitude,
satellite and non-photographic data, in instruction, research
and demonstration projects. Several of these demonstration
projects, conducted under the NASA grant, have led, in turn,
to grants for applied remote sensing research from other
sources. The NASA-sponsored Program has thus been of bene-
fit to New York State, Cornell University, the Program staff
and students, the latter through improved instruction, re-
search and employment opportunities

a
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As 1977 draws to an end, this niagazine wants to salute
the U.S. Department of Agriculture and particularly the
various State University Cooperative Extension Services for
the way in which they handled a rather complex agricultural
calendar year. With drought in the West. floods in various
areas of the East, unpatterned pest and insect infestations
in many places, the USDA put out a mountain of good
information for most sections. and for aerial applicators +n
general

While the USDA has a variety of regulatory functions, they
don't seem to tnrow the weight around as (to most other
Federal regulatory agencies, bureaus or commissions For
the most part, USDA personnel seem anxious to help rattier
than hinder, and in this day of semi-socialism that is a
refreshing note.

J.B. Kendrick Jr., who is, among other titles, Director of
the Agricultural Experiment Station and Cooperative Exten-
sion Service at the University of California at Berkeley, had
some mterest • ng things to say in this regard in a recent
Editorial printed in California Agriculture magazine. He is
constructive, particularly when it comes to Pest Mana g e-
ment.

He says that "one way to increase the food and fiber
supply significantly would be to reduce the losses Caused
by pests and diseases." He reports that in California 10 to
20 per cent of total food and fiber production is lost before
harvest each year, while in some developing Countries,
estimated Crop losses run as high as 75°, He is of the
opinion that we are far from our goal of acce ptable control.
and that opinion, in this magazine's conjecture, leaves
plenty of room for the aerial application industry to expand.

Mr. Kendrick opines that the increasing dependence on
pesticides has the inherent drawback of relying on a single
line of defense because it has "introduced problems of p-st
resistance, destruction of natural controls, outbreaks of
secondary pests, reduction of pollinators and other bf!netr
cial species" and furthermore costs too much Ian estimated
10 to 2U per cent of crop production.)

He advises that one promising approach is a system of
crop production known as 'Integrated Pest Management.'•
This system is a "flexible multidimensional a pproach to
control, using a range Of biological, cultural and chemical
techniques. as required• to hold pests below damaging
economic levels . . ." As Mr Kendrick puts it, ". . . no
single arbitrary control method will suffice because of the
, emartiable ada ptive powers of insects. weeds. plant t)atho-
,ens and because of the many variables related to season.
iocat:on, and c r o pp i n g patterns and pests."

For Integrated Pest Management, "we must know the bio-
l ogy of the pest, its natural enemies. the host p lant, and
their interrelationships in the environment. We must be able
I o predict the pests occurance. its poputati'm levels. and
the potential economic damage. We must know more about
the influence on pests of various weather conditions and of
zultural practices such as irrigation• cover-crop manage-
ment and harvesting procedures -

Mr Kendrick advises that the Integrated approach is
-urrentl y being used on a limited scale ar•,ainst specific
Nests. but does not elucidate in his editorial He does state
'he research programs in these areas must be ex panded so
-hat all techniques can be effectively mobilized.

All in all, his thoughts a re certainl y not regulatory for
man, albeit they are for pests This is the type of construc-
tive thinking and helpful attitude we mentioned in the first
two paragraphs of this article. We like Cooperative E n ten-
, ion Servtc t`t and the USDA.

ON THE COVER: Prototype installation of the 600 h.p]
Pratt & V:homey R-1340 on thoo, new Grumman Ag-Cat 8.
lenq wing version of the famous 13154A. Previously oowen•l
with the popular PEW A-945 455 h p. and $25 Continerta.,
iris I:e:d approved conversion tsv :lid-Continent Aircraft
l-orporaven. H.iytt. lditaouri for Wayne Smith of Lonoke
Atkans.ts hills been nimed the S-f.1C "600" Special. Faster
,)n less fuel, with unlimited nerform:,nce. it Carries a full
load effor t lessly. Interest is asitemolit l+igh for cunversions
at engine change time.
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Since 1968. scientists have been collecting data at Cana-
darago Lake in central New York Slate f or what may prove to
he a classic study of the revitalization of a eutrophic body of
vater. The lake is relatively small (6 km by 1.5 km, with
Jepths to 13.4 m), and isolated from pollutants exce pt for
effluent from a sewage treatment plant at nearby Richfield
Springs (pop. 1,600).

In January, 1973, a new ternary sewage treatment plant
for the village went into operation as a Federal and New
York State demonstration project. It reolaced a plant built in
the late 1800s. The old plant, virtually mocerable in its final
years, had been discharging almost raw Sewage into the
lake This caused a high phosphorus enrichment in the lake
with consequent growth of algae.

The new treatment plant has reduced the take's phosvnor-
ous input by about 40 percent. With a definite discharge
Cutoff date, the lake provided an ideal site W study the
before-and-after effects of the cleanup on both plant and
fish life It was theorized that a change in sewag e treatment
wou l d cause a change in the lakes ecology, and this seems
to be the case.

AI!hough many components of the lake's ecos ystem have
been monitored since 1968, little emphasis had been olaced
on recording changes in aquatic vegetation accompanying
the decrease in nutrient loading. The lake had been highly
productive of algae. which reduced light penetration through
water and apparently inhibited the growin of rooted oiants.

The question was whether the lower nutrient level would
reduce the al gae population, thus encouraging the growth of
higher forms of vegetation. Given that aerial photographs of
the lake had been taken both before and alter the treatment
plant start-up. a project to develoo eva l uative techniques
was undertaken in the Remote Sensing Program of the
School of Civil and Environmental Engineering, Cornell
University.
• "Aerial photos have been used in the cast to mao weed
beds." says Brian L. fl,ukham who. with botanist Ann E
'lussell, conducted the analysis under the direction of M.
Marren R Philtpson and Prof. Ta Liang. "Our objective was
to demonstrate that aquatic vegetation could be identified
reliably from aerial photographs with little or no concurrent
g round data This was also part of a larger project, now
under way to assess what changes have taken place in the
lake "

Markham's study was begun under the school's grant
from the National Aeronautics and Space Administration,
and continued under a grant from the United States Decart-
ment of the Interior, Office of Water Research and Tech-
nology. Photographs were provided by Eastman Kodak
Company, the U S Environmental Protection Agency, NA-
SA. and the State University of New York College of
Environmental Science and Forestry.

Aerial Photographs of the lake had been taken in 1968.
1969 1973. and 1974. Fortunately. most of the ohotography
had been done both with Kodak Aerochrome MS film 2448
(Estar base) and with Kodak A^_rochrome infrared film 2443
IF.star base) to provide a comparison between normal color
and infra red color images.

By studying the aerial images at a scale of 1:6,000 with a
zoom stereoscope. Markham was able to compare weed
beds and note changes over a six - year period From these
data he developer: three prelictive classifications to be
used in field studies during the summer of 1976 It .vas
predicted that areas having vegetation througiioul the six-
year period and those in which vegetation had developed
between 1968 and 1974 wouldhavevelr-tationat the time of
the held survey Areas revealing no vegetation over the
period were erperted to still oe barren "We found excellent
agreement cetween the predictions and the ground-truth
Study," Markham states.

The other part of Ina study was aimed at identifying major
,ype Of vegetation from the unotoc raphs Viewing the
photographs, Mar'.ham found that he could identify five
tyu.-s of floating or emergent vegetation through Imation,
shape, color, and texture of the patch, and its hetghi above
the water surface. Working with the stereoscope, Markham
examined p lant heiehis as low as 0 S meters.

Using prints of the 1974 photrgraphy !o r refc•cnce,

klamnam and Russell identified and mapped the various
stands of weeds during the summers field study. Concur-
rently. new photography was flown in July and August. and
later correlated with field identifications

Overex posure of the film by about one-half stop aided
water penetration. Markham reports that he also saw some
stereo effect underwater He could thus differentiate be-
tween low-lyin. bottom plants and those growing up from
the bottom to near the surface.

The August, 1976. photographs also were analyzed densi-
tometrically to determine whether spectral characterization
would aid in identification of emergent and floating species.
"We %)und that. for our pur poses. dersitometric analysis
did not add to the information we could extract visually with
a stereosco pe. - Markham comments "We did not attempt
to characterize the submergent species in this manner
because of the complicating effects of the water. In general.
the tones of the submersed vegetation seemed to vary more
with the water depth than with the vegetative type."

Several conclusions were drawn from the project:
e It is possible to identify and differentiate s pecies of

floating and emergent vegetation from aerial photographs
with li t tle or no grout data Given sufficient water trans-
parencv. submerseJ vegetation can be reco g nized and
differentiated from other bottom features. Such as rocks
However. the different submersed types were generally not
separable in the aerial photography.

e Larger scale photography is preferable !or Cetaited
vegetation surve y s. Generally, scales larger than 1:10.000
are recommended.

*Smaller format photograohy is adequate for species
identification. but the coverage afforded by larger format
photography is preterable for mapping. Film used for earlint
photography was 9'z inches wide. while the 1976 photo-
graphy was done +vith 70 min film.

"We saw chan ges in the lake over the period of the
study." Markham says, "and the major changes involved the
submersed vegetation. The changes may nave eccured
because of the change in water transparency. but we don t
know for certain. So. we have the effect but not the cause."

­What we have done is to develop a relatively simple.
inex pensive wa y to assess changes of this sort through
aerial photography." he concludes. "Historically, this is
.mportant If past photography of a body of water exists, we
can reach back in time and gauge years of change in the
short time it takes to analyze the photos."

e
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9y studying snd com,)a r inq aerial ohotonrapns suc'i as this
one. inveslrnatom can niiiekly identify enanges in lace vere-
talion that have taken place ever several years. With
larr,e-stale photos 0:6.0101. N IS possible to discriminate
lines o' flouting and ernerrtent vegetation, and A lto to
sroacate submersed w--eds from such bottom Ileatutus as
is c it s.
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1. .ti%%a% s is tLingerotis to ask a reader if Inc notived what yog i did in
and Wine Merchant 1•1st month's is%tae. Clc.lrly he nla> suffer e%eu noon• }trie%oos1% than

r•'E •.'PEN A.,Uti fitJkEAUUF CIRCUTAttU15,C,,,!)
I f rmit tilt- Ivol ►lem (if liaving a good 11N niory hilt a sliort title.
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WI"' h 0014-M 11.	 10 the point i 1%:Int to usal•c: tilt- vosulltry 'f growing interest 111 \%ine.

Calif. cngs fens%% ntichantcud 	 12
A lillt •tt lot Madeira	 16

1970 Wotkl 11' ux- 1'nxlntt ►••n	 1 7 1'."11he Seattle t„ romp is for con-oi 1xers, 1111t It llas wnle'1Sfoswer% witting its
It', t ►t-l% Pint at J. W.	 26 tlletliber%, too. Ill Washington. Ore' oo. Walli s. Il imic Island. kt-Wiwk\e,

Our j!jt artnoal chart .m aj>. otit th •cent wine. 28-20 tilt' Carulitlas, TesaY a1N1 111.111\' MINT %(alt Y liN• Ito\'t1l\'e1►N Ill \\ 11 11 \\'111C
A %,.:t to the tiN oliatl %% its,- timit ut ^I.tt •.rla	 31

Ilo%c +.,trt!, .\(n%a ItAwlh. aillP IlAwn ut oncin	 37 is \waldlmr- Wi llPN & Vi/lees is i wartilw its favor. At!.ihi ealliov 11(x)11
Varittal lal-t-ling m Cahh ,rnu	 -o

stattstics	 47
your nlrnN ►r\• . vole may recall that- in tIN` PCTrs Uiree tor • , wineries are

Import \t-w%	 .9 listed in snore than MY , of the U.S. Michigan. no stranger tt► \Ville these
Ocerica% t:qubrt	 so

vt	 slcr % 
w"IrN-Illa. -I-g nott•Ix 11k 	 so

nl .uty years. had its first commercial wine judgin g; at its State hair in
1O71. There were similar events in Missouri and Oregon. Evidence. I $a},

£difor and Publisher: Philip Iliannq that the inten -st in \wine is Ixltll catholic Awl %%ide.pread.Executite Editor//'ubluher: Philip f.. Iliaring
Contributingl.utiaar tdeton:

John N. llutrhl.on, /u/hss l.. Jucr>Jn
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Circulation 11an at:er: Jane 1t'ittrock 'if w tnin.lr, and tastinLs. \vine talk., ovine rour..uNi more—al to this
Art Contu!tant: Milt Ostrander ts• itil no paid staff. The work is done by volunteers.

Overseas Correspont/ent: Ross 1t•-lum
• Last month- too, we had tIx• first installment of Julia% Jacobs' pit-cc

Fublishcd by Tile iliarinR Company ,limit the many consumer organisations with %wine its tine ruitron tfclrr.
"roncisco,703 Marlct St., San i• Cahi. 9-11(13

(41S) 392-1146 No other licensed ileverlt a commands this kind of sopport. None ewer
0 will. if %.oil are politically myopic you might %ay that such outside
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S. Bay,: rd Co, Inc., (erceld NYC anal 1.11
25 B slit iew Atenue, Madison, Y.J. 07.940 couracitig %% • ins- gro%%ers in other states. That is precisely the reason
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(212) 9S6-6210
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3322 W. Peterson Arentie
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(312) m'i8-%544 c nsllnling twine. A nd demanding fair treatment. Where is the clout?
•

Subsc • ,1-tion prier 312.010 rwr war Dx•% it lie in a few special pleaders? With bigness as their
not including Directory issue,

$19,50 per year including Directory. principal impact? Or in the combined ietluence of some Buren
Canada and I'an :jmerican Countries, Voices, large and small, raiseetl for a fair deal oft hx:1i- state and

S13 00 per year, without Virec•tant.
$21 50 1„	 nearear including Directory. federal levels? Anu•1•icans. for gotocl reason or no, t ie`stion1

.ill nt tier Cottntr?es $17.00. or bimiess and embrace smallness. (rtr tariff and ta\ systems are
S27110 includine 11irect-•nt

Single Copies, $1.50, except tailored alon-, these line •%. The cotwvpt of the "bits" hellpillt; the
for Annual Directory Issue. "smalls", however, huts historic appeal in our democracy.
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in S":n F rancitr-o, California, "e ha^'l• (1111\' Ullf%t'I \'e% tohlaliil' If \\Y' )tIU%t' It.
tinder Mr Act of March J. 1 S79.

qtr w, &"sm.
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AERIAL plwitoutaphy to mo11ltot 1.11141 41nm-
:1,4. t. M•inl; t• ugilu% d ul \e%% lock State
vulc%Arels. Ik•taust• of projections for In-
c'r4 1 au•d Wine 11s.'18e and tlW INr•d for ow/rr
cme)inls 411 le,•p lop with demand. tit- Tay.
It•r \hilt' Cexnpany has swrLht "fLtter +ills
tt here it a ill fir racier it) lose lwatsv
e,loa anent...

Slallitllt►t•s this is difficult to 1119141 INY4ust'
.uYt'a19' 1. ht•cvefning 1114114? luuittd in Ilse hest
New loll State vine%anl arras. 0 nrt-ll Unl-
% 01%0y eslt •rts I10nducted Mlnlw•rahere +t11dN•%
it, cunlunction with tit• state's agricultural
I \ten+ion St •rVice. 16-y t'att ►e 1111 with tw-41
1.11,41 part-1 .1% tm the 4..-t and west .idt•s of
Sane-ca 1_tle. One is near Mculen. list- utlw-►

RADIUS CORNERS
Added strength from
radius corners at both
top and bottom. Makes
!ink cleaning easier.

34

r ►e.1r (hill. and +:nt'-t.1rd, uvw pl64d..l ua
1111111 ka.ltw•o. h. 'I a) Lot m VMS aloes Ie17fi
Th' 1111411 alt •+ weft• wrrrlrne fanny prwlr to
living e-k-q te"11 a. it %t •it@-%. attordille la Ilar.
lanel 'I% k-r. via'y.srd on.anaect.

1111 • (XIII sit• • 11e've1e.1 ad-htlonal 419-111144.4.
prlor to vilm-%aad planfille •Ilul 111• ItNI•p.aq
ws.oi c4'►tain of the efh •4tiverso-ts tef dranu.e
fik• aln •ad% in pLtr T%k•r Wanttd to be• 4.1-1-
tiers elf dr.uuaee brfore pl.mtme 1t•canw
10tH~• 1114. 1111111 alwl vine. %%rte in we wtteltl
have to tear the vnot-%and alurt 141 pot in 11w ►rt•
111C."

At this juuchre• life- company was c,sa-
lacted by tlt' Hcnwde !w-n.ing pni.rarn it
C.rlw'll. Fmtl4.d by NASA 1 Rational Acres-
realities and Spate Admini.lratiam 1 this pm-
grat91 espkxt•s use, of rrllx►te sensing
ttti i ►niepec. for s4dvin. envimnni•r►tal proh-
Icros Rt-warclw•rs nmkr Ill. Tat Lime, pro.
It •%%Jf 401 VIVII :Intl envaronitw •htal etll'trMentill
At Ce►nN• ll, offi-I'M a..i.GartY- with dramage
planning. 1'irNr and Tanager 1 '%I is sy+tcns
,if planning draina ge has 6-en to walk ties-
fields of ter a rain to hx•.Ite wet .pat.. Ill..
H4.ow11e Se •n.ing Pro»rank Ina11acer. IV W. R.
1'InllpvMl, said "we felt that aerial phole'st.
raplly waskl pn ►viele INtter perspective Ind
alklw us to +turfy tlw entire field arrtlrltarw•-
uu.h. ' It u.I% toe farinland at the Ovid t m
site whltIt W.44 to Iw• analvied.

Wort Ise-can Ir e trac•ine a Il.a • , ittap 41f (h4.
0% ill .ile urine a L• _•t.INMI s4•al.	 i Ge,ehr_-

ical Slorsch fi jusal t; ' soup (o .11-1w tx• two
fic•hl+ olxl.•r mve%tl : ,t, is. lbns u.it coLefr d
Iry nsinC 

11"1"'"
 tran.le r scolw•. All causer

4vtlol w.4. pet pared t+ tr.owp.ut ftt ovo-vIa%+ to
doe- hav e nup ('sine .► I972 10111 sur+ry esf
%erwra connh• • 644 ost flay w• a% pre parcel de-
lirN•ating tlw four so ld h-prs whi416 urwh•the
thr site. This was ou,l as a st IrtinL• pi-int
allhoodi It %%.mn't .pt-t-ific entws gh to l,n►-
penest ne •4.dcd area% for file drainage.

T10 10111.1i11 .n'atev accnraey ti ►r en.lne-e-rs
m 1111 H. nalte S IM1119 1`10 1,3.0111 emph.+t d .cis
.64 .141 111111141 of list• .pe-t-Ific hw•atic ►n. Maxie
(Iur►ne .► VMk`i \4.w York l n4l wk- anti nat-
ural nscmm-s ins •entoir . The phottn were
rnade son k/tla. 1)wnlhk•-\ .1t-rnLt. ► l.lnc fihn
Itli / Estar b.t+e 1 by contracton who cew-

ered 49.01Nt .-loare Links of tit- .fate • at that
time.

It Ixctnlc apparent at once- that rsi+tinv
draina ge felt. could 1w • tdenUfied in the- fields
becalme t"•)' aplle •4rt,l as straight t relA-
tivrly 1, lielit ctelewell lint-C, It Al . brs•.tsne
Apparent that ­ wet sprat." crwlhl lie kLmtificd
.+here nwli+filre etdle-ete •d areel dill rust dram.

.Iplx•arcd as dark-t4vired ohie •cts in
tlw firllls.

Two ove•rLo s were pr4•part4i---cnnr a nup
of t'si.ting drailla-ze tiles. '11w• reawboing was
deal IN- yitNy'ard fort-own wttlhi wish hr
41111114 .11 into the..• a+ lot w• drainage was an.
%ullcti. T;w othe-r 4Werlr y was a soup -4 flu-
wrt .lolls-antl this w'as ll31licolI11Y Iw•ipflli
in the actual fill- dratilate i1mallation. Any of
tla- ohl clay lilt• that was fetrui was crm•
nected into the ouin pla +tic iin- •s • 11'rtth
(dark. son•• of the offic •iak• espl -sot d. Ixrause
if It-ft aknt . dw •re was Aw•ays a "%lbilder
it coold b+ •cnm• p1112-cfA aril create its nun
w'tt spot In the follow.

1eli It'll rain+ M egan in tlt• .11nuncr of 1975.
tht• lot•opl4. in ch.4rec • M• e.in roan► i11g the firkls
and krcatine the achr.d wat srylts. Bat Jilin¢
opt'attion% had sfartt-el a ownth earlier IN• -
ca11v tit• aerial naps case then ► srxn. thing to
.tart fnxn. A11h'r the- pin) Was fini lditA. a n•

-doeck showed th.1t all shaded art-a% on the-
map h.0 brt•n ertm-reff with rstrnsive tiliew

More than 18.4ltM1 ft,t of file were iesfallt A
in tit• two p4 ►fential vinma ►d acrea ges, in
4,lutctnplahon of spring plantlne. 41W proof ct
dir ector. Ih. Liana, feels that Ille Ren slAr
Svnsin •, project for thr Tayknr c,wnpany can
we 11 N. applied to +inlilar prl ahk•mt of cdM•r
fanni•n. In the- fornn4.r iml.mc• • life-
f.11111 1. u•as Ar4 AtI in esi+tt nn•-aa1 the
ptoject in entirety took altnrt a half da y to
vointib •le. 1)r. lAj"T! .ays "d-is pnwe •s it n
%V01`111111614' to 61y a t,tlnh• of photr►grapht•
11141y then- alul MA' the 41.4t.1 • 111r311.e x► ht-
tlr tins., is involved, it's I very efficient
prncrss."

NASA aril the Cnrodl Hennnt•• Sen•ine
lmije'ct Will male the T9-%Inr Wine Glmpal ► y
re'luart ay .nLshle to .usynlx• The wchni-loes
can M• applied by nia ny coitima•resal (inns
that offer photo - interpretation se•rsievs.
('arses are offend in this sobjrct by many

h "Wersitirs.
Thomas L. I•:r), walls the imprt•+sive title

of lfl► t th• anah+t%rrwa reh entllrhrer..4ys tl• ► t
it isn ' t 1 ,owhil • to sat I ^Ilt• All th. net's for the
aerial photos that aln • mly en;sf

Julius Jscnhs
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!loth vet tecally and
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steel resists corrosion.

DUAL ACTION MANHOLE 	 t- •~	 /COOLING JACKET
O.ai 16 x 20 inch	 4	 Closed system • using con
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fleps over, swenys out to
make tank cleaning easier.

i	 tenuous high pressure floe:
of glycol. Jackets can ere
placed on existing tanks
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ABSTRACT

Begun in 1972, Cornell.'s NASA-sponsored Remote Sensing Pro-
-gram has strengthened instruction and research in remote sens-
ing, building upon Cornell's years of experience in aerial
photographic studies; established communication links; and
conducted demonstration projects for numerous town, county,
state and private organizations in New York State. In com-
pliance with NASA's guidelines, each project has been, in
some way, unique; essentially noncompetitive with commercial
firms; and aimed at producing tangible benefits or actions.
These projects are outlined and characterized according, to
elements that have generally governed their impact: (1)
whether the project seeks surface or subsurface information,
and (2) whether the goal of the project is to inventory or
to detect/monitor. The Cornell Program has shown that remote
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sensing can provide useful information, even in a state where
agencies have used remotely sensed data for years and where
substantial quantities of detailed information are already
available.

':.'' 	 T1tQ1flAt1f1/^TTAw1

61n June 1, 1972, Cornell University's School of Civil and
Environmental Engineering initiated a Program in Remote Sens-
ing. Sponsored. by a grant from the Office of University
Affairs of the National Aeronautics and Space Administration
MASA Grant NGL 33-010-171), this Program was a consequence
of some thirty years of pioneering work in aerial photograph-
ic studies and photogrammetric engineering. For Cornell, the
grant has provided the means and opportunity to increase its
overall competence in remote sensing. For NASA, the Cornell
Program has provided a vehicle for demonstrating and promot-
ing the application of aircraft and sat-Qllite remote sensing,
particularly, in New York State.. This discussion is a review
and analysis of the Program ' s =experiences through December
1977*.

GENERAL RENEW

Briefly, the first year was devoted to strengthening instruc-
tion and developing the foundation for user-oriented research
in remote sensing. A weekly seminar and monthly newsletter
were instituted, university and non-university contacts were
made, aircraft and satellite imageries were collected, and
cooperative investigations, directed at New York and the
northeastern United States, were begun. Program activities
were expanded during the second and third years and, while
several demonstration projects were completed, new projects
of a more clearly def-- ,ned, benefit-producing nature were un-
dertaken. These and many other projects, and the Program as
a whole, have come to fruition during the ensuing years.

COMMUNICAT3ON AND INSTRUCTION

Contacts

Since 1972, staff and students supported by the Program have
worked with representatives of many groups. These are sum-
marized in Table 1, where the various groups have been cate-
gorized according to whether their representatives ( 1) coop-
erated in one or more projects, ( 2) were users of the results
of a project in which they may or may not have participated,
or (3) were involved in either preliminary discussions .r
discussions which have not as yet led to a specific project
( 'other") .

he addition to hosting project-related visitors and invited
seminar speakers, the Program staff has received numerous
guests from within the United. States and from many other
Countries. occasionally, this was in conjunction with spe

i

*Program activities have been described, in detail, in eleven.
Semi-Annual Status Reports, submitted to NASA and available
from NTIS, 5285 Port Royal Rd., Springfield, Va. 22161.
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ial remote sensing orientation sessions or workshops. over
the past few years, for example, special lectures were held
for groups ranging from New York State highway superintend-
ents to participants in AID-sponsored Institutes on Policies
for Science and Technology in Developing Nations.

The Program's "Cornell Remote Sensing Newsletter" also pro-
vides a communication link to and beyond the Cornell commu-
nity. The monthly Newsletter, which highlights remote sens-
ing activities at Cornellwhile reporting items of general
interest, is now received by more than 400 individuals and
groups in some 3.0 states and 14 foreigncountries.

Courses

With NASA support, the Program staff has continued to up-
grade Cornell's longstanding curriculum in Aerial. Photo-
graphic Studies. The Program's weekly Seminar in Remote
Sensing has brought experts from government, industry and
other institutions to Cornell to discuss remote sensing re-
search, developments and applications with students, staff
And faculty (Table 2). A three credit-hour course; "Remote
Sensing," was also developed as part of the regu ar curric-
ulum of the School of Civil and Environmental Engineering.
And, overall, greater emphasis is being placed on non-photo-
graphic sensors and sensing techniques, as well as on the
handling, analysis and interpretation of various sensor data
outputs.

Data and Facilities

Remote sensing research and instruction have been enhanced
through acquisition of a wide range of aircraft- and satel-
lite-derived data, and through expanded capabilities for
their analysis. The Program's data, facilities and 'equip-
ment are made available at no cost to cooperators, students
and other interested users

With assistance from the NASA office of University Affairs,
the Program has received Landsat, Skylab, high-altitude and
low-altitude coverage of sites in the Northeast. The U.S.
Environmental Protection Agency has also overflown Program
selected sites, and imageries have been obtained from.vari
out other government and private sources. These data com-
plement the Program's file of more than 600_,010 older,
worldwide aerial photographs.

With NASA funding, the Program has acquired selected photo-
graphic and darkroom equipment, a versatile zoom stereoscope,
an additive-color viewer, and a series of routines for ana-
lyzing multispectral digital data on Cornell's IBM 370/168
computer. These supplement image analysis equipment obtained
in previousyears with other funding (i.e., zoom and non-zoom
stereoscopes, Zoom Transfer Scope, stereopiotters and other
photogrammetric instrumentation).

PROJECTS

As stated, numerous remote sensing demonstration projects have
been conducted by, or in conjunction with, Program staff (Ta
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ble 3). In compliance with NASA's guidelines, the initiation
pf each followed screening to ensure that the project was, in
-^iume way, unique; that undertaking the project would not be
competing unduly with private companies or consultants; and
that, if completed successfully, the project would produce
angible benefits or actions by definable users. Relatively
ittle emphasis: wars placed on technology transfer, per se. 	 -

finding projects that conformed with these criteria has been
difficult; ilspecialiy, since the focus of the Cornell Program
is New York 'State. T,he earliest project solicitations were
aimed at state agencies. Although Program staff encountered
^ittle or no resists-nce against new techniques, it did en-
counter major probl6ms in developing action or benefit-pro-
du=sing projects. m6st state agencies are not "action" agen-
^ies. Further, most state agencies normally re quire much
time and data before taking any action, including a "planning
action." Although totally justified, this makes it difficult,
if possible, to trace remote sensing or other input to a
final action or benefit. With regard to New York State plan-
ring activities, moreover, much of ,the state-wide planning
data that could be derived effectively through remote sensing
had already been derived or were being derived by other
groups.

Just prior to the Program's inception, for example, Cornell
University had completed the state-wide Land Use and Natural
Resources Inventory (LUNR), in which more than one hundred
types of area or point land use were identified from aerial
photographs, transferred to 1:24,000 scale map overlays, and
lntered into a computer file/weighted retrieval system. In
addition, another Cornell investigator, Dr. Ernest E.. Hardy,
was comparing satellite with LUNR data in NASA-sponsored,
tandsat and Skylab experiments;. and William Harting, of the
%ri-State Regional Planning Commission, was conducting a
NASA-sponsored experiment to assess the value of Landsat data
fbr planning in the New York City area.

As a second a:sample, where university programs in other
states might have attempted to demonstrate geologic applica-
tions of satellite and aircraft remote sensing to their
state geological survey, the soils and geology of New York
State have been mapped and studied in some detail, and Der._
Yn_avar W. Isachsen, of the State Geological Survey, was al-
r, dy conducting Landsat and high-altitude aircraft inves-
tigations with direct support from NASA.

As a third example, where wetlands have been the subject of
rmote sensing studies across the country, in New York, a
s. ate agency was conducting the "official," state -wide wet-
lands inventory, using 1:24,000 scale aerial photographs.
This agency, Like others in the state, has years of experi-
e^ce in applying aerial photography.

Many examples could be cited; examples which show why, during
the second and third years of operation, the primary focus of
project solicitations shifted from state agencies to county,
town and private users. Although much of value can be accom-
plished With remote sensing at the county and town levels,
the applicability of aircraft, data is increased and that of
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satellite data is decreased--at least when the satellite data
are of a resolution comparable to;that of Landsat. This can
be surmised from the list of projects which have generated
the most substantive benefits or actions by county, town or	 +
private users (Table 3A). All have relied on aircraft data
as the sole or primary source of information.

a

Even those demonstration projects that were conducted for
state agencies tended to attack localized problems which were
generally not amenable to solution or analysis with satellite
data. These projects are listed in Table 3B.

The Program's reliance on aircraft data should not be inter-
preted as implying that satellite data were not consulted on
many occasions, for many projects. Satellite data did, in
fact, supply a basic source of information for several stud-
ies, particularly, when recent, periodic or synoptic cover-
age was desired. Studies of this nature are outlined in
Table 3C.

PROJECT ANALYSIS

In general, the Program staff has found that a project's
impact can often be forecast by whether the project seeks
surface (directly observable) or subsurface (indirectly ob-
servable) information, and whether the goal of the project
is to perform a complete, area-wide inventory or to detect
and/or monitor some specific items (Table 4).

Although exceptions can be cited, a project which inventor-
ies surface or directly observable features may lead to the
user adopting the inventory technique, but,jtt will seldom gen-
erate any other action or benefit (Table 4)'. Surface infor-
mation can normally be gotten without remote sensing (less
efficiently) and, by itself, governs few decisions or actions
(tj^etlands being a notable exception).

In contrast, a remote sensing project which calls for an in-
ventory of subsurface or indirectly observable features will
often lead to an action or benefit (Table 4). information
such as depth of soil over bedrock is difficult or costly
to obtain in other ways. When required, it often governs the
final decision or action. Because techniques for inventory-
ing subsurface features rely heavily on interpretation, they
are more difficult to transfer.

The distinction between inventorying and detecting or moni-
toring is sometimes vague, yet a project which involves the
detection or monitor of surface (directl y observable) fea-
tures often produces the greatest possibic. impact. A suc-
cessful demonstration of remote detection or monitoring, as
was performed with lake outfalls or landfill leachate (Table
4), commonly leads to an action or benefit. Moreover, the
remote sensing techniques are relatively easy to transfer.

a.	 Projects aimed at detecting or monitoring subsurface features
#	 may lead to an action and/or benefit; but, similar to subsur-

face inventories, the required techniques are normally diffi-
cult to transfer without extensive training (Table 4).

FA.Iqr
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As recorded in Table 4, most of the Program's action- or
benefit-producing projects have involved either detection/
monitoring of surface features or inventories of subsurface
features. Reiterating, techniques for accomplishing the
former are rather easily transferred, while techniques for
accomplishing the latter are not. It is interesting to nose
that the development and transference of techniques for in-
ventorying and detecting subsurface features has been Cor-
nell's primary thrust in airphoto/remote sensing research
and instruction for thirty years. This could also be char-
acterized as developing and transferring marketable tech-
niques which are not easily replaced. One other point of
interest is that, in most cases, the inherent value of
multispectral data (image or digital form) has been found
to be greater when applied in gathering surface information,
while the inherent value of stereoscopic data has been
found to be greater for gathering subsurface information
(Table 4).

CONCLUSION

The NASA-sponsored Cornell Remote Sensing Program has become
the recipient of numerous requests for consultation and co-
operative action--fzom members of the university community
as well as from representatives of various state, regional,
county, town and private groups. As members of the Program
staff extended their expertise beyond more traditional aerial
photography, increasing use has been made of high-altitude,
satellite and non-photographic data, in instruction, research
and demonstration projects. Several of these demonstration
projects, conducted under the NASA grant, have led, in turn,
to grants for applied remote sensing research from other
sources. The NASA-sponsored Program has thus been of bene-
fit to New York State, Cornell University, the Program staff
and students, the latter through improved instruction, re-
search and employment opportunities.

a
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Table 1.	 Project-related contacts of Cornell Remote Sensing
Program, June 1972 - Dec. 1977

TYPE OF NUMBER OF ORGANIZATIONS
ORGANIZATION TOTAL AS COOPERATORS	 AS USERS OTHER

Federal 6 4	 2 2
State 16 9	 9 4
Regional 5 1	 0 5
County 23 11	 11 11
Town/Local 5 1	 4 1
Private 12 8	 7 3

Table 2.	 Affiliations of Cornell remote sensing seminar
speakers, Sept.	 1972 - Dec.	 1977

TYPE OF NUMBER OF ORGANIZATIONS
ORGANIZATION U.S.	 CANADIAN

Federal 22*	 5
State & Public 9	 0
Private 25	 1
Educational 9	 1

*Different divisions of same organization 	 (e.g.,
NOAA/NESS and NOAA/NOS) are counted separately.



Table 3. Benefit- or action-producing demonstration projects
conducted by Cornell Remote Sensing Program, June
1972 - December 1977

3A. Countv and town-level projects

(1) An inventory of sources of highway construction materi-
al was performed for two counties; field testing and
site or material acquisition by the counties will con-
tinue for many years.

(2,) The best sites for disposing of solid wastes from two
municipalities were selected for a county planning de-
partment; one recommended site was tested by county
and state officials, and negociations for the site were
initiated with the landowner.

(3) The drainage requirements of a new, 70-hectare vineyard
site were evaluated for a major wine company; the sub-
mitted information was used in installing over 11,000
meters of artificial (tile) drainage.

(4) The physical limitations for septic: tanks in one town
were determined for a county planning department; the
data are being used in town zoning and related planning.

(5) Historical sites along a 6-km gully were identified
for a county museum; the data reinforced the need for
ongoing efforts to preserve the area as "forever natu-
ral."

(6) The crop status in several vineyards was assessed for
a major wine company; fertilizer and other management
levels will be adjusted to correct deficiencies, and
remote monitoring will be considered for operational
status.

(7) The unique natural resources of a county were identi-
fied for inclusion in the county's environmental plan;
the county report was published, and the data provide
an information base for county and town planning.

(8) Assistance was provided in evaluating potential park
sites in a town; the evaluation led -to the rejection
of several proposed sites and the retention of several
others, subject to correction of the identified limi-
tations.

(9) The reference base maps of a county and one town in
the county were updated using high al,-itude aerial
photographs; the revised maps will be used for plan-
ning and -town zoning, and county personnel will use
the technique to update the other town base maps.

3B. Projects conducted for state agencies

(10) A comprehensive survey of outfal.ls to a lake; all out-
falls were field checked by a state official and the
required actions were taken.

(11) Selected landfills were monitored for leachate contam-
ination; the sites were checked by state officials,
and the monitoring strategy will be published in a U.S.
Environmental Protection Agency manual.
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Table 3, continued

(12) An unused, 240-hectare parkland was analyzed for poten-
tial development; state planning for park development'
will be based on the submitted information.

(13) A physical evaluation of proposed fly ash disposal
sites; the site analyses were provided to the power
company by the state through formal, public hearings.

(14) State park analysis for rehabilitation and development;
the submitted information is providing the basis for
improvements to the largest park in the state park
system.

3C.	 Projects which relied on -atellite data

(15) Mapping of interconnected waterways in a large region;
the submitted information was used by the region's
planning commission in formulating a recreational pro-
gram, which was submitted to the state legislature.

(16) A county-wide analysis of linears for ground water po-
tential; where needed and as is economically feasible,
the submitted information will forin the basis for fol-
low-up ground study, in addition to being input to
long range planning decisions.

(17) Development of a strategy for state-wide inventory of
dams; the strategy, which incorporates aircraft and
satellite data, is being evaluated and refined with
state officials.

(18) An assessment of land cover types for pheasant range
management; this ongoing project, which covers a major
portion of the state, is being developed with a state
agency.



Table 4. Characterization of demonstration projects of
Cornell Remote Sensing Program

INFORMATION SOUGHT_

SURFACE SUBSURFACE
TYPE OF (directly observable (indirectly observable
PROJECT features) features)

INVENTORY* Important information Important information
but, by itself, seldom which, when required,
leads to any action or often leads to an ac-
benefit other than the tion or benefit; Proj-
adoption of techniques; ects	 1,	 2,	 3,	 4,	 7,	 8,
Projects 9,	 15,	 (16), 12, 13 and 14
(17)	 and 18**

DETECTION/ Often leads to an ac- May lead to an action
MONITORING tion and/or benefit; and/or benefit; Proj-

Projects 6,	 10,	 11, ect 5
(16)	 and	 (17)

COMMENTS Relatively easy to Relatively difficult to
transfer remote sens- transfer remote sensing
ing techniques/methods;. techniques/methods with-
multispectral data, in out concentrated train-
image or digital form, ing; stereoscopic data
often of special value often of special value

*"Inventory," "Detection" and "Monitoring" include required
processes of analysis and interpretation.

**Numbers refer to projects listed in Table 3. Parentheses
indicate that project had elements of inventory and detec-
tion/monitoring
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SEMINAR IN REMOTE SENSING

LIST OF SEMINARS

Spring Term 1978

Date Speaker Topic

Feb Dr. Murray Felsher Present Programs in Applica-
1 Chief, Geological and Energy tions of Remote Sensing from

Applications Space
National Aeronautics and

Space Administration
Washington, D.C.

Feb John R. Schott Remote Sensing Applications to
8 Research Physicist Studies of Terrestrial Eco-

Calspan Corporation Systems
Buffalo, New York

Feb William L. Smith Flultispectral Remote Sensing
15 Geologist, Remote Sensing Applications in Developing

Spectral Data Corporation Countries
Arlington, Virginia

Feb Grover B. Torbert Landsat Derived Data and Its
22 Remote Sensing Manager Place in BLM's Information

Bureau of Land Management Systems Management
U.S. Dept. of the Interior
Washington, D.C.

Mar Herbert Kaplan Thermal Scanning for Energy
8 National Sales Manager Conservation	 =.

Barnes Engineering Company
Stamford, Connecticut

Mar E. Larry Heacock Meteorological Sensors and
15 Director, Office of Systems Related Technology for the

Integration Eighties
National Oceanic and Atmos.-

pheric Administration
Washington, D.C.

Mar Dr. Raymond T. Lowry Applications of Side-Looking
29 , Intera Environ- Radar Imagery

mental Consultants, Ltd.
Calgary, Alberta, Canada

Apr Dr. Anthony R. Barringer Airborne Geochemical Explor-
5 Barringer Research, Inc. ation

Golden, Colorado
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Topic

Pattern Recognition and Image
Analysis at CCRS

"The World of Invisible Color"
and "You and M-DAS"

Digital Image Analysis

Date Speaker

Apr Dr. David G. Goodenough
12 Head, Methodology Section

Canada Centre for Remote
Sensing

Ottawa, Ontario, Canada

Apr (Color/sound films)
15

Apr Dr. Alan S. Barrett
26 Applications Specialist

Optronics International
Chelmsford, Massachusetts

May Donald J. Belcher
3 Professor Emeritus, School

of Civil & Environmental
Engineering

Cornell University

Pattern Interpretation: Geology,
Engineering, and Tropical Soils



:.	 Cornell University
A	 REMOTE SENSING PROGRAM

SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING
HOLLISTER HALL
ITHACA, NEW YORK 14853
(607) 256-4330, 256-5074

ORIENTATION SESSIONS ON REMOTE SENSING

FOR PARTICIPANTS OF SOIL SCIENCE INSTITUTE

by staff of Remote Sensing Program

TENTATIVE SCHEDULE (Hollister Hall, Rm. 462)

Friday, 10 February 1978

2;00-2:40 Slide show/lecture, introduction to	 (W.R. Philipson)
remote sensing

2:40-2:50 Break

2:50-3:30 Slide show/lecture, general (non-soil) 	 (B.L. Markham)
applications of remote sensing

3:30-4:00 Examine data products and image analysis (Staff)
equipment

Monday, 13 February 1978

2:00-2:55 Slide show/lecture, landform analysis 	 (T.L. Erb)
with stereoscopic aerial photographs

2:55-3:05 Break

3:05-3:30 Slide show/lecture, remote sensing 	 (W.R. Philipson)
applied to soil-related studies

3:30-4 :00 Examine examples of landforms and 	 (Staff)
vnri n»a riata nrnA»n1-a



Cornell University
REMOTE SENSING PROGRAM	 13 Feb 1978/wrp
SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING 	 soil science
HOLLISTER HALL	 institute
ITHACA,`NEW YORK 14853
(607) 256-4330, 256-5074

SELECTED NOTES ON REMOTE SENSING FOR SOIL INFORMATION

-primary value in surveys/analyses of engineering soils (unconsolidated
materials); site & route studies; including surveys for construction
materials, analysis of landslide susceptibility, assessment of depth
of soil over bedrock and depth to ground water.

-valuable source of information for pedological soil survey, especially
for medium and low intensity surveys (higher soil mapping orders).

-compare:	 with black & white
soil-forming factors 	 panchromatic photos

past conditions)	 (present conditions)

'relief/topography 	 relief/topography

vegetation/organisms	 land cover/use

climate	 drainage patterns

time	 erosion/gullies

parent material	 tone (black to white)

-other types of remotely sensed data:

color photos: blue, green and redimaged separately

black & white infrared photos: green, red and near-infrared imaged
together

color infrared photos: green, red and near-infrared imaged_
separately

other reflected spectral data: any spectral band(s) on tape or image

thermal infrared: apparent temperatures, emissivities

. passive microwave: apparent temperatures, emissivities, dielectric
properties

.- radar: surfaces, dielectric properties

.. . additional information regarding soils, particularly
for soil survey, is rather limited.

-platforms:

data derived from high-altitude aircraft and satellite normally
provide a synoptic view; wider perspective often allows greater
insight into geomorphic processes valuable as base maps; may
sacrifice stereoscopic information.

conclusions:

much soils information can be gotten through analysis of remotely
sensed data; most of this information can be gotten through stereo-
scopic analysis of panchromatic photos; small scale imagery may
be useful for soil analysis and mapping.
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LIST OF PARTICIPANTS
Soil Science Institute, Cornell University

February 6-Lmarch 17, 1978

Mr. James Harrison
Ozark National Forest
605 West Main Street
Box 1008
Russellville, AR 72801

Mr. Tom Sheehy
Modoc National Forest
441 North Main Street
Alturas, CA 96101

Mr. Wes Jennings
Olympic National Forest
Box 2288
Olympia, WA 98504

Mt. John Nesser
Bighorn National Forest
Columbus Building
23 North Scott
Post Office Box 2046
Sheridan, WY 82801

Mr. Philip McColley
Wenatchee National Forest
301 Yakima Street
Wenatchee, Washington 98801

Mr Larry F. Ratliff
Assistant State Soil Scientist
Soil Conservation Service^
Post Office Box 311
Auburn, AL 36830

Mn. Richard T. Fielder
Soil Scientist
Soil Conservation Service
Post Office Drawer E
Lonoke, AR 72086

Mr. Daniel J. Ernstram
Soil Survey Party Leader
Soil Conservation. Service
621 Jay Street
Suite 2
Sacrannnto, CA 95814

Mr. Ray rules
Soil Survey Party Leader
Soil Conservation Service'
1610 Bennett Avenue
Idaho Falls, ID 83401

Mr. Donald R. Ruesch
Soil Scientist
Soil Conservation Service
Memrial Hall
89 West Hill Street
Wabash, IN 46992

Mr. Laurence E. Brawn
Soil Correlator
Soil Conservation Service
Post Office Box 600
Salina, KS 67401

Mr. Russel F. Pringle
Soil Scientist
Soil Conservation Service
103 East Broadway
Montesano, WA 98563

Mr. William H. Brug, Jr.
Soil Scientist
Soil Conservation Service
302 South First Street
Montevideo, MN 56265

Mr. Steven A. Scheinost
Soil Scientist
Soil Conservation Service
Post Office Box 531
McCook, NB 69001

Mr. Willi,.^n E. 1*)ody
Soil Scientist
Soil Conservation Service
Post Office Box 821
Lumberton. NC 28358
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Participants
Page 2

Mr. Jerry V. Stimpson Mr. Richard L. Schlepp
Soil Survey Party Leader Soil Scientist
Soil Conservation Service Soil Conservation Service
Agriculture Building CD Bldg., Box 145
307 E. Nash Street Woonsocket, SD	 57385
Louisburg, NC	 27549

Mr. Gerald W. Crenwelge
Mr. David V. Wroblewski Soil Scientist
Soil Survey Party Leader Soil Conservation Service
Soil Conservation Service Post Office Box 698
Box 818 Angleton, TX	 77515
Linton, ND	 58552

Mr. Joe D. Moore
Mr. Jimmy G. Ford Soil Scientist
Soil Scientist Soil Conservation Service
Soil Conservation Service Post Office Drawer 1198
Post Office Box 36 Stevenville, TX	 76401
Sayre, OK	 73662

Mr. Charles D. Batte
Mr. William Power Soil Scientist
Bureau of Land Management Soil Conservation Service

.	 3550 South Liberty Road Post Office Box 669
Salem, OR 9730 San Marcos, TX	 78666	 ='

Mr. Steve Shade Mr. Don R. Taylor
Bureau of Land Management Soil Survey Party Leader
310 West Sixth Street Soil Conservation Service
Medford, OR	 97501 2544 N. Fourth

Flagstaff, AZ	 86001
Mr. Albert D. Backer
Soil Scientist Mr. Jerry A. Dodd
Soil Conservation Service Soil Scientist
Eighth and Chestnut Street Soil Conservation Service
Foam 209, Federal Building PFA Building, Suite 100
Lebanon, PA	 17042 Belcrest and East 11-tafficway

Springfield, Nn	 65802
Mr. Joseph S. Hallmich
Soil Survey Party Leader Mr. Edward L. Wright
Soil Conservation Service Soil Survey Party Leader
650 Leonard Soil Conservation Service
Clearfield, PA	 16830 Post Office Box 1394

Parkersburg, WV 26101
Mr. Edward C. Herren
Soil Scientist
Soil Conservation Service
Post Office Box 4065
Anderson, SC	 29622
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CORNELL REMOTE SENSING NEWSLETTER

LIST OF RECIPIENTS

CAMPUS GROUPS AND INDIVIDUALS

1. Academic Funding

T.R. Rogers	 (Director)

2. Administration

F.H.T. Rhodes	 (President, Cornell)

3. Administrative Programming Service

C. Selvarajah

4. Aerospace Studies (Air Force RO.T.C.)

J. Levisky	 (Major)

5.	 Agricultural Economics

O.D. Forker (Chairman; Prof.)
D.J. Allee ,Prof. )
C.R. Bailey (Grad. Student)
H.E. Conklin (Prof.)
G.R. Fohner (Grad. Student)
K.V. Gardner (Land Use Specialist)
W.C. Hunt (Research Specialist)
B.F. Stanton (Prof.)

6.	 Agricultural Engineering

E.S. Shepardsor (Chairman; Prof.)
D.A. Haith (Assoc. Prof., Civil & Envir. Eng'g. and

Agr. Eng'g.)
L.H.	 Irwin (asst. Prof.)
W.J. Jewell (Assoc. Prof.)
G. Levine (Prof.)
R.C. Loehr (Dir. Environmental Studies; Prof., Civil

and Envir. Eng'g. and Agr. Eng'g.)
D.C. Ludington (Assoc. Prof.)
0. Zolezzi (Research Asst.)

7.	 Agronomy

R.F. Lucy (Chairman; Prof.)
R.W. Arnold (Prof.)
D, R. Bouldin (Prof.)
W.F. Croney (Sr. Ext. Assoc.)
M. Drosdoff (Prof. Emer.)
E.R. Lemon (Prof., Soil Scientist, U.S_.D.A.-ARD)
G.W. Olson (Assoc. Prof.)
J.H. Peverly (Asst. Prof.)
A.R. Van Wambeke (Prof.)

k '	 Newsletters are sent to the main office of each de partment listed,
as well as to various individuals within the department.	 Ire addi-
tion, Newsletters are provided to graduate and undergraduate stu-
dents., upon request.`



14. Civil and Environmental Eng'g.	 (Cont.)

T. Liang (Prof., Remote Sensing Program)
J.A. Liggett (Prof., Envir. Eng'g.)
P. Liu (Asst. Prof., Envir.	 Eng'g.)
D.P. Loucks (Chairman, Envir. Eng'g.; rrof.)
B.L. Markham (Res.	 Spec. Remote Sensing Program)
W. McGuire (Prof., Structural Eng'g.)
A.J. McNair (Prof., Civil and Envir. Eng'g.)
A.H. Meyburg (Assoc. Prof., Envir.	 Eng'g.)
P.J. Murphy (Asst. Prof.	 Envir. Eng'g.)
J.Y. Ng (Data Analyst, Remote Sensing Program)
A.H. Nilson (Prof., Structural Eng'g.)
N. Orloff (Assoc. Prof., Envir. Eng'g.)
T. Pekoz (Assoc. Prof., Structural Research Mgr.)
W.R. Philipson (Sr. Research Assoc., Remote Sensing Program)
D.A. Sangrey (Assoc. Prof., Structural Eng'g.)
R.E. Schuler (Asst. Prof., Envir. Eng'g. and Economics)
C.A. Shoemaker (Asst. Prof., Envir. Eng'g.)
F.O. Slate (Prof., Structural Eng'g.)
J.R. Stedinger (Asst. Prof., Envir. Eng'g.)
R.N. White (Prof., Structural Eng'g.)

t
G. Winter (Prof. Emer. )

15. College of Agriculture and Life Sciences

W.K. Kennedy (Dean, Prof.)
J.W. Spencer (Assoc. Dean; Prof., Agr. Eng'g.)

16. College of Architecture, Art and Planning

K.C. Parsons (Dean, Prof.)
H.W. Richardson (Assoc. Dean, Assoc. Prof.)

17 College of Engineering

E.T. Cranch (Dean, Prof. Theoretical & Applied Mech.)
P.R. McIsaac (Assoc. Dean; Prof. Electrical Eng'g.)
F.J. Ahimaz (Dir., Eng'g. Basic Studies; Asst. Dir.,

Pol. Sci. Technol. Develop. Nations;
Prof.)

a

18. Computer Graphics
u

D.P. Greenberg (Dir.; Prof., Arch.)

19. Computer Science

20. Design and Environmental Analysis

21. Ecology and Systematics

J.P. Barlow (Assoc. Prof., Oceanography)
P.F. Brussard (Assoc. Prof., Ecology;
G.E. Likens (Prof., Ecology)

22. Education

R.B. Fischer (Prof.) ( NaL	 ^'
V.N. Rockcastle (Prof.) PRECEDE PAW



23. Electrical Engineering

J.M. Ballantyne (Act. Director; Prof.)
T. Berger (Prof.)
R. Bolgiano, Jr. (Prof.)
N.H. Bryant (Prof.)
W.H. Ku (Assoc. Prof.)
S. Linke (Prof.)
R.A. McFarlane (Prof.)
G.J. Wolga (Prof.)

24. Entomology _	 ;A

25. Entomology Extension
J.

26.
4

Floriculture and Ornamental Horticulture	 ''=

M.I. Adleman (Assoc. Prof., Landscape Architectur13.)
A.S. Lieberman (Prof., Landscape Architecture)
P.J. Trowbridge (Assoc. Prof., Landscape Architecture)

27. Geological Sciences
J.E. Oliver (Chairman; Prof.)
J.M.	 Bird (Prof.)
A.L. Bloom (Prof.)
B.L.	 Isacks (Prof.)
C.E. Karig (Assoc. Prof.)
G.A. Kiersch (Prof.)
J. Ni (Research Specialist)
W.B. Travers (Asst. Prof.)

28. History of Art

H.P.	 Kahn (Prof.)

29. Operations Research and Industrial Engineering

T.J.	 Santner (Asst. Prof.)
B.W. Turnbull (Asst. Prof.)

30. International Agriculture

J.F. Metz (Director; Prof_., Marketing)
L.W. Zuidema (Asst. Director)

31. Center for Tnternational Studies

J. Kampen (Visit. Fellow)

32'. Materials Science and Engineering

33. Mechanical and Aerospace Engineering

W.J. McLean (Asst. Prof.)

34. Media Services

A.S. Moffat (Science Writer)

^3^



I - -

35. Military Science (Army R.O.T.C.)

36. Modern Languages and Linguistics

E.J. Beukenkamp 	 (Instructor)

37. Natural Resources

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

W.H. Everhart (Chairman; Prof.)
H.B. Brumsted (Assoc. Prof.)
J'.W. Caslick (Senior Research Assoc.)
L.S. Hamilton (Prof.)
J.W. Kelley (Assoc. Prof.)
R.J. McNeil (Assoc. Prof.)
A.N. Moen (Assoc. Prof.)
R.R. Morrow (Prof.)
R.T. Oglesby (Prof.)
M.E. Richmond (Assoc. Prof.)
W.R. Schaffner (Research Assoc.)
R.S. Senykoff (Student)
J. Skaley (Research Asst.)
B.T. Wilkins (Assoc. Prof; Program Leader(

Sea Grant Advisory Service)

Naval Science	 (Navy R.O.T.C.)

New York State Agr-4 --ultural Experiment Station, Ithaca

Planning and Facilities

R.H. Clawson (Energy Consek. Officer)

Plant Pathology

D.F. Bateman (Chairman; Prof.)
, S.V. Beer (Assoc. Prof.)
J.C. Studenroth (Grad. Student)
H.D. Thurston (Prof.)

Pomology

W.J. Kender (Chairman; Prof.)

Public Information

M.,B. Stiles (Staff Writer)

Resource Information Laboratory

E.E. Hardy (Sr. Extension Assoc.)

Rural Sociology

H.R. Capener (Prof.)

Sociology

Theoretical and Applied Mechanics

H.D. Block (Prof.)

----------	 LL



48. Thermal Engineering

49. Unclassified Students

E.L. Ziegler, Jr. 	 (Director)

50. University Archives

G.P. Colman	 (Librarian)

51. U.S. Plant, Soil and Nutrition Laboratory

OFF-CAMPUS GROUPS AND INDIVIDUALS

Agency for Int'l Development
Department of State
Washington, D.C.

(a) William L. Eilers
(b) Dr. Tejpah S. Gill
(c) Dr. Charles K. Paul

Alberta Remote Sensing Center
Edmonton, Alberta, Canada

Dr. Anandakrishnan
Science Counselor
Embassy of India
Washington, D.C.

Prof. James M. Anderson
University of California
Department of Civil Engineering
Berkeley, Calif.

Mr. Pat Ashburn
USDA/FAS
Houston, Texas

Bakosurtanal
Jakarta, Indonesia

(a)Dr. Z. Kalensky
(b)Dr. R. Oudemans

Mr. Lawrence C. Baldwin
Farnsworth Cannon, Inc.
McLean, Virginia

Mr. Norman E. Banks
NOAA/National Ocean Survey

Mr. _ G.L. BarfLoot
Environment Canada
Ocean & Aquatic Sciences
Burlington, Ont., Canada

Mr. James C. Barnes
Environmental Research &

Technology, Inc.
Concord, Mass.

Dr. Alan S. Barrett
Qptronics International, Inc.
Chelmsford, Mass.

Dr. A.R. Barringer
Barringer Research, Inc.
Golden, Colorado

Mr. Frank Beatty
EROS Applications Assist.

Facility
National Space Tech. Lab
NSTL Station, Miss.

Dr'. Klass Jan Beek
Intl. Inst. for Land

Recl. & Improvement
Wageningen, The Netherlands

Bendix Aerospace Systems
Ann Arbor, Michigan

(a) Lew Baker
(b) Dr. Robert H. Rogers

Mr. Ralph Bernstein
IBM Corporation
Gaithersburg, Maryland

Dr:. Joseph K. Berry
School of Forestry and

Environmental Studies
Yale University
New Haven, Conn.

yi



Central Intelligence Agency
Washington, D.C.

(a) Dr. James Lynch
(b) F.P. Rossomondo

Mr. Seville Chapman
N.Y.S. Assembly Scientific

Staff
New York State Assembly
Albany, New York

Mr. Colin Betts
Olds College
Olds, Alberta, Canada

Ms. Martha A. Blake
Department of the Army
Construction Eng'g

Research Lab.
Champaign, Illinois

Ms. Milegua L. Bloom
Minneapolis, Minn. Ms. Sherry Chou Chen

Instituto Pesquisas Espacias
Mr. James Brogan Sao Jose dos Campos, Brazil
Niagara Mohawk Corp.
Syracuse, New York Mr. Vern W. Cimmery

Bonneville Power Admin.	 a

Dr. Edward H. Buckley Portland, Oregon
Boyce Thompson Inst. for

Plant Research, Inc. Ms. Jill Clayton
Yonkers, New York Geo. Abstracts, Ltd.

Univ. of East Anglia
Calspan Corporation Norwich, England
Buffalo, New York

(a) Dr. Kenneth R. Piech Dr. Jerry C. Coiner
(b) John R. Schott Department of Geography
(c) John E. Walker Columbia University

New York, New York
Canada Centre for Remote

Sensing Mr. Bernard J. Colner
Ottawa, Ontario, Canada U.S. Bureau of the Census

(a) Ronald J. Brown Washington, D.C.
(b) Dr. Josef Cihlar
(c) E.A. Godby Prof. Robert N. Colwell
(d) Dr. D.G. Goodenough School of Forestry &
(e) B.D. McGurrin Conservation

University of California
The Canadian Aeronautics & Berkeley, California

Space Institute
Ottawa, Ontario, Canada Commonwealth Sci. & Indus.

Research Organization
Mr. Joseph M. Carlson Att:	 The Librarian
Public Technology Deniliquin, Australia
Washington, D.C.

Mr. Saul Cooper
Mr. Robert E. Carroll New England Division -
Ecological Consulting Service U.S'.. Army Corps of Eng'rs.
Helena, Montana Waltham, Mass.

Lic. Rafael Esteban Cayol Mr. Daniel Cressman
Director, Interino, I.I.R.R. Cochrane, Alberta, Canada
La Rioja, Argentina

Mr. Robert Crowder
NYS Economic Dev. Board
Albany, New York

ate`
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.	 Prof. LeRoy A. Daugherty Mr. Curtis H. Elder
Department of Agronomy U.S. Bureau of dines
New Mexico State Univ. Pittsburgh Mining & Safety
Las Cruces, New Mexico Research Center

Pittsburgh, Pennsylvania
Antonio Martinez de Aragon
Instituto Geograf ico Nacional Envir.Research Inst.
Madrid, Spain of Michigan

Ann Arbor, Michigan
Defense Mapping Agency (a) Donald S. Lowe

Topographic Center (b) Dr. John B. McKeon
Washington, D.C. (c) Thomas Wagner

(a) T.W.	 Howard
(b) W. Mullison EPA/EPIC

Vint Hill Station
Humberto G. dos Santos Warrenton, Virginia
SNLCS-EMBRAPA
Rio de Janeiro, Brazil Mr. R. Michael Erwin

Univ. of Massachusetts
Dr. Wolfram U. Drewes Amherst, Massachusetts
Central Projects Staff
World Bank Euratom C.C.R.
Washington, D.C. Dip. A. Biblioteca

Islpra	 (VA)	 Italy
Mr. Benoit Drolet
Teledetection/Cartigraphie Federal Highway Admin.
Ministere Terres et Forets U.S. Dept. Transport
Ste-Foy, Quebec, Canada Washington, D.C.

(a) Dr. Harold T. Rib
Dr. Rudi Dudal (b) William Teng
Food & Agricultural Organ.

of the United States Mrs. B. Fisher
Rome, Italy ISIS Ltd.

Prince Albert, Saskatchewan,
Eastman Kodak Company Canada
Rochester, New York

(a) Norman L. Fritz Mrs. Elizabeth A. Fleming
(b) C. Philip McCabe Topo. Survey Directorate
(c) M.R.	 Specht Surveys & Mapping Branch
(d) Kalman N. Vizy Ottawa, Ontario, Canada

Ecol. Impact Surveil. Prof_. John B. Forrest
and Monitorina Univ. of New South Wales

Environ. Protect-ion Serv. School of Surveying
Environment Canada Kensington, NSW, Australia
Ottawa, Ontario, Canada

Dr. Kennith E. Foster
Dr. A.J. Eggenberger Office Arid Lands Studies
D''Appolonia Consulting Univ. of Arizona

Engineers, Inc. Tucson, Arizona
,Pittsburgh, Pennsylvania

Mr. Lawrence. W. Galtto
Mr.. Jan K. Eklund US Army CRREL
AGA Corporation Hanover, New Hampshire
Secaucus, New Jersey

0337
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Dr. Harold W. Gausman Mr. Maurice B. Harrison
U.S. Dept. Agriculture Bernard Lodge Factory
Weslaco, Texas Spanish Town, Jamaica, W.I.

General Electric Co. Mr. William Harting
Space Division Tri-State Regional
Beltsville, Maryland Planning Commission

(a) Howard Heydt New York, New York
(b) Dr. A.B. Park

Dr. Hassan M. Hassan
Dr. H.W. Goldstein Survey Department
General Electric Co. Khartoum,, Sudan
Philadelphia, PA

Prof. F.M. Henderson
Mr. David M. Green SUNY at Albany
Cornell Field Station Albany, New York
Richfield Springs, N.Y.

Dr. Gary K. Higgs
Dr. Clifford W. Greve Dept. Geology & Geography
Autometric Inc. Mississippi State Univ.
Arlington, Virginia Mississippi State, Miss.

Dr. Fred J. Gunther
Computer Sciences Corp.
c./o NASA-GSFC
Greenbelt, Maryland

Mr. Norman M. Gutlove
Fairchild Camera & Instru.
Syosset, New York

Mr. John B. Hall
NASA Langley Research Cent.
Hampton, Virginia

Mr. Mike Hall
Ithaca, New York

Dr. R.S. Hammerschlag
Ecological Service Lab.
Nat. 	 Park Service
Washington, D.C.

Mr. G.A. Hanuschak
Statistical Report Serv.
U.S. Dept. Agriculture
Washington, D.C.

R.M. Hardy & Assoc., Ltd.
Environmental Division
Calgary, Alberta, Canada

Mr. D. Brook Harker
Tech. Resources Branch
Alberta Agriculture
Lethbridge, Alb Canada

Mr. Gregory A. Hill
Adirondack Park Agency
Ray'Brook, New York

Ir. J.A.C. Holle
NIWARS Document Centre
Kanaalweg, Delft,
The Netherlands

Dr. James P. Hollinger
Naval Research Lab.
Washington, D.C.

Mr. R. Michael Hord
Institute for Advanced

Computation
Alexandria, Virginia

Prof. Shin-yi Hsu
SUNY at Binghamton
Dept. of Geography
Binghamton, New York

Indian Photointerpretation
Institute (NRSA)

Office of t1le Dean	 _.
Dehra Dun, India

Prof. S.B. Irish
Dept. Civil Engineering
Clarkson College of Technology
Potsdam, New York
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Dr. Suresh C. Jain
Moniteq Labs.
Toronto, Ontario, Canada

Mr. M. Jayaraman
U.T. Space Institute
Tullahoma, Tennessee

Mr. Homer Jensen
Aero Service Corporation
Philadelphia, Pennsylvania

Mr. Holley Johnston
Environ. Research Assoc.
Edmonton, Alberta, Canada

Mr. D. S. Kamat
Space Applications Centre
Jodhpur Tekra SAC P.O.
Admedabad, India

Mr. Herbery Kaplan
Barnes Engineering Co.
Stamford, Connecticut

Mr. S. Kearl
American Agriculturist
Ithaca, New York

Prof. Ralph W. Kiefer
Univ. of Wisconsin
Madison, Wisconsin

Dr. Vytautas Klemas
College of Marine Studies
Univ. of Delaware
Newark, Delaware

Dr. Albert A. Klingebiel
Silver Springs, Maryland

Dr. Ellis G. Knox
Soil & Land Use Technology
Columbia, Maryland

Mr. Ellis Koch
Dept. of Environ. Control
Suffolk County
Hauppauge, New York

Dr. B.N. Koopmans
ITC, Enschede
The Netherlands

Dr. Bruce Koppel
East-West Center T.D.I.
Honolulu, Hawaii

Dr. Lee E. Koppelman	 F

Suffolk County Dept. of
Planning

Hauppauge, New York

Dr. Richard J. Kramer
Howard Needles Tammaen &

Bergendorf
Alexandria, Virginia

Mr. Ray Kreig
Anchorage, Alaska

Dr. J.V. Kuilenburg
Utrecht State Univ.
Heidelberglan,
The Netherlands

Mr. W.H. Kuyper
Florida Dept. of

Transportation
Tallahassee, Florida

Dr. Germain LaRoche
U.S. Nuclear Regulatory

Commission
Washington, D.C.

Prof. Bruce L. LaRose
Pace University
Cartog.-Geography Dept.
Pleasantville, New York

Prof. R.H. LeFebvre
Geology Dept.
Grand Valley State Colleges
Allendale, Michigan

Mr_. Leonard A. LeSchack
Development & Resources

Transportation Co.
Silver Spring Maryland

Mr. Harry L. Loats, Jr.
Ecosystems Int'l., Inc.
Gambrills, Maryland

Ms. Katherine S. Long
US Army Eng'r. Waterways

Experiment Station
Vicksburg, Mississippi

Prof. Walter K. Long
Cayuga Museum History & Ar:

Auburn, New York



Dr, Arthur P. Loring
York College
City Univ. of New York
Jamaica, New York

Dr. Ray Lougeay
State Univ. College of

Arts & Sciences
Dept. of Geography
Geneseo, New York

Mr. Raymond Lowry
Inter; Environ. Consultant's
Ottawa, Ontario, Canada

Dr. John E. Lukens
Rhode Island School of

Design
Wickford, Rhode Island

Mr. Alex R. Mack
Soil Research Institute
Canada Dept. of Agriculture
Ottawa, Ontario, Canada

Mr. L.A. Maercklein
NYS Dept. Transport.
Albany, New York

Dr. Paul M. Maughan
COMSAT General
Washington, D.C.

Mr. W.J. McCall
Clark University
Worcester, Mass.

Ms. Donna McCool
Washington State Univ.
Pullman, Washington

Mr. Rex McHail
Bausch & Lomb, Inc.
Rochester, New York

Mr. Douglas A. McIntosh
McIntosh & McIntosh, Inc.
Lockport, New York

Dr. James W. Merchant
Sykesville, Maryland

Michigan State University
(a)William Enslin
(b) Michael Karteris
(c) Dr. Ronald Shelton

Prof. E.M. Mikhail
ir. E. Maes Purdue University
Belfotop, s.p.r.l. School of Civil Engineering
Oude Stationsstraat 144 West Lafayette, Indiana
B-8880 Tielt, Belgium

Dr. Robert H. Miller
Mr. R.C. Maharana USIA/ARS
Directorate of Mines ORISSA Washington, D.C.
Berhampur, India

Dr. Edward Mills
Mr. Eugene I. Marley Cornell Field Station
Vernon Graphics Bridgeport, New York
Kirkwood, New York

Prof. Olin Mintzer
Dr. Allan Marmelstein Ohio State University
US Fish & Wildlife Service Civil Engineering
Washington, D.C. Columbus, Ohio

Mr. Don B. Martin Dr. Senen M. Miranda
Monroe County Dept. of Philippine Council for Agr.

Planning & Resources Research
Rochester, New York - Los Banos, Laguna, Philippin.

Dr. E.A. Martinko Mr. Harry Missirian
Kansas Applied Remote Sens- Tompkins County Dept. of

ing Program Planning
Lawrence, Kansas Ithaca, New York
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Dr. Paul A. Mohr
Smithsonian Astrophysical

Observatory
Cambridge, Massachusetts

Dr.. Richard Monheimer
State Science Service
NY'S Education Department
Albany, New York

Monroe County EMC
Rochester, New York

Dr. David L. Morgan
LR., Sackville, N.S.
Canada

Dr. Larry C. Munn
Montana State University
Dept. Plant and Soil Science
Bozeman, Montana

Prof. Peter A. Murtha
Univ. of British Columbia
Vancouver, B.C., Canada

Ms. Sarah V. Mylroie
Columbia County Planning

Board
Hudson, New York

Dr. Robert Nagler
Jet Propulsion Lab.
Pasadena, California

NASA Goddard Space Flight
Center

Greenbelt, Maryland
(a) Lewis J. Allison
(b) John L. Barker
(c) Belden G. Bly III
(d) Dr. Philip Cressy, Jr.
(e) Dr. Per Gloersen
(f) Dorothv K. Hall
(g) Ms. Suzanne Levitas
(h) Dr. V. Salomonson
(i) Nicholas M. Short
(j) Leslie L. Thompson

NASA Headquarters
Washington, D.C.

(a) Dr. Murray Felsher
(b) S.W. McCandless, Jr.
(c) Pitt G. Thome
(d) Joseph A. Vitale

NASA Lewis Research Center
Cleveland, Ohio

(a) R.J. Schertler
(b) E.W. Spisz

Nat'l. Remote Sensing Agency
Hyderabad, India

(a) Dr. R.S. Ayyangar
(b) Prof. B. Deekshatulu
(c) Wg. Cdr. K.R. Rao

New York Wetlands Inventory
Albany, New York

Mr. Carl Nielsen
Seattle, Washington

NOAA/NESS
Washington, D.C.

('a) E.L. Heacock
(b) Dr. W.A. Hovis, Jr.
(c) Mr. J.H. Lienesch
(d) Dr. C.A. Spohn
(e) Dr. A.E. Strong
(f) Dr. M.P. Waters
(g) Mr. D.R. Wiesnet

N.Y.S. Dept. of Environmental
Conservation

Albany, New York
(a) William Bentley
(b) Eric Fried
(c) John Harmon
(d) Dr. L.J. Hetling
(e) Dr. T.L. Hullar
(f) Dr. P.R. Sauer
(g) Dr. S.A. Schwart

N.Y.S. Department of Health
Albany, New York

(a) William C. Ahearn
(b) Dr. G. Wolfgang Fuhs

N.Y.S. Museum & Sci. Service
Geological Survey

Albany, New York
(a) Robert J. Dineen
(b) Dr. Y'ngvar W. Isachsen

N.Y.S. Public Service Comm.
Albany, New York

(a) Frank Burggraf
(b) William Lilley
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Mr. Paul O'Connor
Fulton County Planning Dept.
Johnstown, New York

Prof. Joseph Otterman
Dept. of Envir. Sciences
Tel Aviv University
Ramat-Aviv, Israel

Dr. Dennison Parker
U.S. Fish & Wildlife Service
Fort Collins, Colorado

Mr. A.J. Parsons
Univ. of New South Wales
School of Geography
Kensington, Australia

Dr. Eugene L. Peck
NOAA National Weather Service
Silver Spring, Maryland

Mr. F.G. Peet
Ottawa, Ontario, Canada

Pennsylvania State Univ.
University Park, Pennsylvania

(a) Dr. G. Warren Marks
(b) Prof. G.J. McMurtry
(c) Dr. G.W. Petersen

Mr. Frank Perchalski
HRB-Singer, Inc.
State College, Pennsylvania

Prof. Elmer S. Phillips
r	 Ithaca, New York

Mr. Peter Playfoot
Bausch & Lomb Canada
Don Mills, Ontario, Canada

Ms. Kamila Plesmid
Humboldt State University
Center for Community Devel.
Arcata, California

Prof. Donald Potter
Hamilton College
Department of Geology
Clinton, New York

Dr. Richard Protz
University of Guelph
Land Resource Science
Guelph, Ontario, Canada

r

Purdue University
L.A.R.S.
West Lafayette, Indiana

(a) Dr. R.M. Hoffer
(b)D.B. Morrison

Ms. Pat Quigley
Dept. Architecture &

Regional Planning
Univ. of Pennsylvania
Philadelphia, Pennsylvania

Dr. Rene O. Ramseier
Surveillance Satellite

Project Office
Ottawa, Ontario, Canada

Mr. John Razzano
U.S.G.A./W.R.D.
Albany, New York

Mr. Porter Reed
Nat'l Wetlands Inventory
St. Petersburg, Florida

Mr. Robert J. Reed
Dames & Moore
Cranford, New Jersey

Dr. Priscilla Reining
Amer. Assoc. for the

Advancement of Science
Washington, D.C.

Mr. David Robb
St. Lawrence Seaway Develop.

Corporation
Washington, D.C.

Mr. Wayne G. Rohde
Tech. Graphic Services, Inc.
EROS Data Center
Sioux Falls, South Dakota

Rome Air Development Center
U.S. Air Force
Griffis A.F.B., New York

(a) Kai-IL-.h Butters
(b) Ronald Haynes
(c)Ellsworth E. Hicks
(d) Paul G. Smith

Mr. Donald C. Rundquist
Remote Sensing Laboratory
University of Nebraska-Omaha
Omaha, Nebraska
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Mr. Grover B. Torbert
Bureau of Land Management
Washington, D.C.

Mr. Richard H. Tourin
Stone & Webster Eng'g Corp.
New York, New York

Mr. Richard Tyce
Wright State University
Dayton, Ohio

University of Georgia
Geography Department
Athens, Georgia

(a) Thomas F. Baucom
(b) Prof. Roy A. Welch

University of Maryland
Eastern Shore

NASA Wallops Flight Center
Wallops Island, Virginia

Uranerz Exploration & Mining
Saskatoon, Saskatchewan,
Canada

U.S. Army Engr. Topo. Labs.
Fort Belvoir, Virginia

(a) Dr. Robert D. Leighty
(b') George E. Lukes
(c) Michael M. McDonnell
(d) Theodore C. Vogel

U.S. Dept. of Agriculture
Soil Conservation Service
Syracuse, New York

U.S. Forest Service
Atlanta, Georgia

(a) William H. Clerke
(b) William H. Padgett

U.S. Geological Survey
Boulder, Colorado
'(a) Robert H. Alexander

U.S. Geological Survey
Flagstaff, Arizona

(a) James R. Nation
(b) L. David Nealey

U.S. Geological Survey
Reston, Virginia

(a) Dr. J.R. Anderson
(b) Virginia Carter
(c) William D. Carter
(d) William R. Hemphill
(e)I Dr. Robert B. McEwen
(f) Dr. Lawrence C. Rowan
(g) Dr. Paul Teleki
(h) Dr. R.S. Williams, Jr.
(i) Charles With-ington

Mr. Ivan P. Vamos
N.Y.S. Office of parks

and Recreation
Albany, New York

Mr. Fred Voigt
Herndon, Virginia

Mr'. William H. Walker
Creative Communications'

Services
Pittsford, New York

Mr. Ed Wallace
Mead Technology Labs.
Dayton, Ohio

Dr. Richard Webster
ARC Weed Research Organization
Yarnton, Oxford, England

Dr. Stanley C. Wecker
Department of Biology
The City College
New York, New York

Mr. Edward Wedler
St. John's, Newfoundland,
Canada

Mr. Richard A. Weigand
Aero Service
Houston, Texas

Mr. Robert S. Weiner
University of. Connecticut
Department of Geography
Storrs, Connecticut

Ms. Carolyn C. Weiss
Statistics Canada, Census
Ottawa, Ontario, Canada



Ms. Ann E. Russell Dr. Pierre St.-Amand
Berkeley, California Naval Weapons Center 	 f'

China Lake, California
Dr. Floyd Sabins, Jr.
Chevron Oil Field Research'Co. State Conservationist
La Habra, California B.C.S.,	 U.S.D.A.

Syracuse, New York
Dr. John W. Salisbury
Div. Geothermal Energy, ERDA Dr. Dieter Steiner
Washington, D.C. Geographisches Institut

Zurich, Switzerland
Dr. L. Sayn-Taittgenstein
Forest Management Institute Mr. Robert A. Summers
Canadian Forestry Service Dept. of Energy Research
Ottawa, Ontario, Canada Washington, D.C.

Mr. C.E. Seubert SUNY College of Environmental
West Lafayette, Indiana Science & Forestry

(a)	 Prof.	 R.H. Brock, Jr.
Mr. Michael E.A. Shaw (b) Prof. John Felleman
Sugar Industry Research Inst. (c) Prof. John J. Flynn
Mandeville, Jamaica, WI (d) William Johnson

(e) Prof. T.M. Lillesand
Dr. C. Sinclair
Commonwealth Forestry Bureau Mr. Karl-Heinz Szekielda

.	 Oxford, England Center for Natural Resources,

Mr. Robert M. Skirkanich_
Energy and Transport

United lations, New York 
Grumman Data Systems
East Northport, New Fork Mr. Ted L. Talman

University of Kansas Space
Mr. Harry E. Smail Technology Center
Battelle, Columbus Labs. LawrenLawrence, Kansas
Columbus,

Mr. Leonard M. Tannenbaum
Mr. William L. Smith Parsons Brinckerhoff Quade
Spectral Data Corporation T& Douglas, ^nc.
Arlington, Virginia New York, New York

Mr. Anthony Smyth Mr. Paul Tessar
Ministry Overseas Develop. National Conference State
Surbriton, Surrey, England Legislature

Denver, Colorado
Mr. Benny Moller Sorensen
CCR EURATOM Mr. S. Thyagarajan
I',spry	(Varese), Italy Capital Dist. Regional

Planning Commission
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s The Newsletter, a monthly report of articles and events in
j	 remote sensing, is sent to members of the Cornell community

who have an interest in sensors and their applications.

Remote Sensin2 Seminars--SRring 178
The Seminar in Remote Sensing (CEE A696 is a one credit-hour course

i	 of.the.School of Civil and Environmental Engineering. Seminars are
held on Wednesdays, at 4:30 p.m.,-in 162 Hollister Hall. Each week a
different topic on remote sensing research, developments or applications
Is presented by.a guest speaker from industry, government, Cornell or
another institution.
Most of the spring semester seminars have been scheduled. The speakers
include: William E. Stoney, National Aeronautics and Space Administra-
tion (future earth resources satellites); John R. Schott, Calspan Corp.
(applications of photographic sensing); Edward F. Yost, Jr., Long Is-
land 'University and Spectral Data Corp., (multispectral photography);
Grover B. Torbert, Bureau of Land Management (BLM's use of satellite
.data); Herbert Kaplan, Barnes Engineering Co. (applications of thermal
sensors); E. Larry Heacock, NOAH/National Environmental Satellite Ser-
vice (meteorological satellite sensors); Raymond Lowry, Canada Centre
for Remote Sensing (applications of side-looking radar); A.R. Barringer,
Barringer Research Ltd. (airborne geochemical exploration); John B.
McKeon, Bendix Aerospace Systems Div. (applications of satellite data);
and: David G. Goodenough, Canada Centre for Remote Sensing (digital
image analysis). The first,spring semester seminar, an organizational
meeting and introduction to remote sensing, will be held on 25 January.
Students, faculty and other interested individuals should consult the
monthly Newsletter and weekly seminar announcements for detailed in-

k formation.

LATE CALL FOR PAPERS
Commission IV of the International Society for Photogramme' try will spon-
s;or a Symposium on New Technology for Mapping, to be held in-.Ottawa,
•2-6 Oct. 1978. Those wishing to'present a paper should submit their
name, address and position, a titled abstract, and the estimated time
for presentation, to: J.H. O'Donnell, Topographical Survey, 615 Booth
St,, Ottawa, Ontario K1A OE9, Canada. Proposals•are duel Jan. 1978.

CALL-FOR PAPERS .`
The 5th Canadian Symposium on Remote Sensing will^be held:in Victoria,
British Columbia, 28 to 31 Aug. 1978.. Sponsored by the Canadian Remote
8en^sing Society of the Canadian Aeronautics and Space Institute, the
Symposium will also include the Aerospace Electronics Symposium. Pro-
posals for papers on all facets of remote sensing and aerospace elec-
tronics should be submitted to Dr. Y. Jim Lee, c/o Pacific Forest Re
search Centre, 506 West Burnside Rd., Victoria, B.C., V8Z 1M5 Canada
('phone 604 -388-3811; telex 049-7147). The proposals, in English or
French, _ should include a titled summary of less than 200 words and the
author ' s name, affiliation, address, phone and telex. Proposal's must
be received by 15 Apr. 1978.

NEWFOUNDLAND RECEIVING STATION
The December Newsletter list of non-U.S.-; Ground Receiving Stations did
riot include-the newly operating station in Newfoundland. This station
can receive-images over most of.the eastern portion of North America,
Greenland, Iceland and from as-far away as._Ireland. For information re-
garding the availability of Landsat'and /or • NOAA 4 or 5 data, write:
Shoe Cove Satellite Receivng`'Station, P.O. Box 160, Pouch Cove, New
foundland AOA 3LO Canada.

ORIGINAL P:1GE IL-:

OF pOnR QUALI`[ ,



?' TOKYO. SYMPOSIUM
A Symposium on Data Acquisition and Improvement_.of Image. Quality and
Image Geometry will be held in Tokyo, 29-31 May 1978. For information
regarding the symposium, which is sponsored by Commission I of the In-
ternational Society for Photogrammetry, contact: Dr. Shunji Murai, c/o
Japan Society of Photogrammetry,. Rm. = 601, Daiichi Honan Bldg., 2-8-17
Minami Ikebukurp , Toshimaku, Tokyo, Japan.

SHORT COURSES
6th Alberta Remotp,Sens.ing Course^si.gned'to instruct multidisciplin-
ary- useis in. the practical application, acquisition and analysis of
Landsat and aircraft data); 27 Feb-3 , March; at Univ. of Alberta, Edmon-
ton, Alberta, Canada; Contact: Cal D. Bricker, Alberta Remote Sensing
Center,,llth Floor, 'Oxbridge P1ace,'^9820 - 106 St., Edmonton, Alberta,
Canada TSK 2J6' (phone 403-427-2381)
Advanced Topics in the Analysis of Remote Sensing Data (advanced tech-
niques in'nu:merIcal analysis of remote sensing •data 10-14 April; $495
fee: Contact: Continuing Education Business office, Rm. 110, Stewart
Center, Purdue Univ.,, West Lafayette, IndiaLa 47907.

SELECM3D ARTICLES AND PUBLICATIONS
Canadian Jour. .of Remote Sensing. Dec. 1977. 	 Contains half of the..

papers given. at Remote Sensing Science & Technology Sympos., in Ot-
tawa, Feb. 1977). Carndian Aeronautics & Space Institute, Saxe, Bldg.
60 - 75 Sparks.St., Ottawa KIP 5A5 Canada. ($5.00).

Gausman, H.W. et al. 1977. Field-measured • spectroradiometric reflec-
tances of disked and mn-disked soil with and without wheat straw.
Soil Sci..Soc. Amer. Jaur. 41:4:793-796.

Haralic , R.M. & , P. Curr.er. 1977. Image Discrimination Enhancement
Combination Systems (IDECS).' Com22ter'Graphics and Image Process
inch 6:4:371-381.

Mapping with Remote Sensing. Proc: of 	 Annual William T. Pecora
Memorial Sympos. 30 pcpers,.404 pp.. Amer.. Soc. of Photogrammetry,
105 N. Virginia Ave., Falls Church, VA 22046 (ASP members $5/others
$'10 )' .

O'Shea, D.C. 1977.: Lens less . real- image .camera.. Applied Optics
16:10:2706-2707.

IEEE Transac. Geoscience Electronics 1977. v.'GE-15, n.4 (Oct)
-U aby et al. Experimentz onnthe radar backscatter of snow.
Flock, W. R. Monitoring open water and sea ice in the Bering Strait
by radar

Photogrammetric En 	 & Feinote Sensin7 1977. v.43, n.9 .(Sept)
Leach-enauer, J.C. Opti.a „ power spectrum analysis: Scale and reso-

11utipn ,effects .
Cox,' T.L. Integration o' land-use'data and soil survey data.
-van Genderen & Lock. Testing land-use map accuracy.
Colvocoresses, A.P.' Proposed parameters for an operational Landsat.

-Ballew & Lyon.. The disp:ay;of Landsat data at ' large scales, by matrix
printer.'

Williamson, A.N.' Corrected Landsat' images using - a small computer.
j	 -Andrews, H.C. An educational digital-image processing facility.

Kenefick, J.F. Applications orf,. photogrammetry in shipbuilding.
-Brumm & Waters .^ PhatodeAsity 'control system for orthophoto. products .
Gausman et al. Relatien of Peperomia. obtusi,folia's anomalous leaf
ref lectance ,.:to.its leaf anatomy.

,,..-T,aie Newsletter.: is made' possible by a grant, from, the NASA Office. of , .
University Affairs. Comments or correspondence should be , directed to
Dr. Warren R. Ph.._'ripson, Remote Sensing Program, Cornell University, 	

1

464 Hollister Hall, Ithaca, New York 14853 (tel. 607-256-4330).

any
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The Newsletter, a monthly report of articles and eventsxn

remote sensing, is sent to members of the Cornell community
-who have an interest in sensors and their applications.

THE FUTURE OF REMOTE SENSING - THE PRACTITIONER'S CHOICE
y

r :	 John E. Walker -•	 4.

Mn. Wa .tket, Remote Sen.6 ing Section Head at Ca.t4pan Cotpotation, Buj6a•to,
N.Y., 44 a Cotne .t.t C.iv .i.t 6nginee4ing gnadua .te with oven 20 yeat4 expert-
ienee in nemo .te 4 en4 .ing . The v.iew4 expte44 ed hete ate tho4 e o6 M. Wa•tk
et and do not neee44a,%i.ty %e6tec•t the v.iew4 of po•t.iey of the COtne•C•t
Remote Sen.6 ing Ptogtam.

Today, many highly significant technical advancements in the state-of-
the-art of remote sensing can be cited; however, its future remains in
doubt. The many decades of research•,•!development and applications have
witnessed a mountainous list of remote sensing limitations compared to
operational uses of remote sensing that solve natural resource problems.
One parameter of remote sensing has remained essentially unchanged;
namely, the basic art of information extraction by direct observation
and judgement. It must be * realized that classic photo interpretation
is and always will be a major factor in extracting information from re-
motely sensed data. The key to a bright future for remote sensing ap-
pears to be in expanding the capabilities of classic photo interpreta-
tion by supplementing direct observation and judgement with quantitative
data available from the imagery whenever possible.

There are only three major uncontrollable parameters in any passive
remote sensing system, i.e., the atmosphere, the illumination and the
subjective judgement -process. Developing advanced technology to com-
pensate for the effects of these three factors--on information extrac-
tion should result in a significant step toward reaching the desired
objective. (continued, page 2).

SHORT/SPECIAL COURSES
Remote Sensing and Digital Information Extraction; 6-1.0 March; $ 495 fee;
coordinators, R. Bernstein & F. Billingsley; Contact: Continuing
Eng'g Education, George Washington Univ., Washington, D.C. 20052.

Visiting Scientist Program in Remote Sensing (individualized study at
Laboratory for Applications of Remote Sensing, Purdue Univ.); dura-
tion and costs, variable; Contact: D.B. Morrison, LARS # Purdue Univ.,
.West Lafayette, Indiana 47907 (tel. 317-749 -2052).

Remote Sensing Technology and Applications; 5-day course ,,. offered month-
ly; $425 fee; Contact: D.B. Morrison (see above).

SEMINAR IN REMOTE SENSING
The Seminar in Remote Sensing is Held on Wednesdays, at 4:30 p.m., in
162 Hollister Hall. Anyone is welcome to attend. Seminars scheduled
for !February are as follows:
Wed.:, -Present Programs in Applications of Remote Sensing from
1 Feb Space:	 Dr. Murray Felsher, National Aeronautics and Space

Administration, Washington, D.C.
Wed., *Remote,Sensing Applications to Studies of Terrestrial Eco-
8 Feb systems:	 John R. Schott, Calspan Corp., Buffalo, N.Y.
Wed., •Multispectral Photographic Remote Sensing Techniques and
15 Feb Applications:	 Prof. Edward Yost, Long Island University,

Greenvale, N.Y., and Spectral Data Corp., Hauppauge, N.Y.
Wed., •Landsat-Derived Data and Its Place in BLM's Information
22 Feb Systems Management:	 Grover B. Torbert, Bureau of Land Man-

agement, U.S. Department of the Interior, Washington, D.C.

'y{, 	 x
'Y.mu^G.....a.::. FiII .._::.	 d.:	 '._..	 ^_-e ,3Y.'..i.•

,
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The Practitioner's Choice (continued)

The atmosphere and illumination affect the photometric property of a
remotely,sensed image, not..its shape, pattern or other spatial proper-
ties. Because these factors are uncontrollable, for cost-effective
analyses, their effects must be measured--preferably from the images in
the data under analysis--and removed from measurements of images of in-
terest. When done properly, the photo interpreter can be provided with
new and important clues to,extend his capability to extract information,
i.e., the true reflectance(s) of the object surface(s). His interpreta-
tion of tonal or color differences between images (vegetation stress,
turbidity, moisture, etc.) is then quantifiable and unaffected by dif .

-ferences in the atmosphere and illumination from one frame or time to
another. With this quantitative basis, the new spatial information dis-
plays that can be generated from the original material by a variety of
analog and digital means assume greater meaning. Last, but not least,
multispectral signatures (algorithms) can be developed that are free of
temporal atmospheric and illumination effects so that change-detection
methods can be employed successfully.

It should.be .reemphasized that advanced techniques must supplement, not
replace, classic techniques that have become quasi-standards. The foun-
dation for these supplementary, quantitative advanced techniques has bee
laid over the past two decades and the sub-flooring put in place in the
past five years. Information extraction methods have been developed the
measure and remove atmospheric and illumination effects from the total
energy recorded by sensors. Hopefully, the practitioners of remote sens
ing and machine data processing will take the time and exert the effort
necessary to appreciate fully the truly basic problems of remote Sens-
ing to assure its bright future.

SELECTED ARTICLES
Aviation Week & Space Technology. 1977. Special Report: Satellite

technology serving earth. 107:16 (Oct. 17).
Ben-Asher, J. 1977. Determination of terrestrial albedo from Landsat-1

satel.lite.imagery -in photographic form.. Soil Science Soc. Amer. Jour.
41:5:835-838.

Mancuso, T.L. and G.R. Derman. 1977. AVIS takes the Interpretoscope
to court. Jena Review 4:205-206.

Rohde, W.G., J.K. Lo, and R.A. Pohl. 1977. EROS Data Center Landsat
digital enhancement techniques and imagery .availability, 1977. EROS
Data Center, Sioux Falls, So. Dak. 57198.

ITC Journal. 1977. •n.3.
-Gardner & Miller. A comparative study of the amount and types of geo-

logic information received from visually interpreted U-2 and Landsat
imagery.

Makarovic, B. Composite sampling for digital terrain models.
-Donker & Malder. Analysis of MSS digital imagery with the aid of

principal component transform.
Gibson, R. The European Space Agency.and remote sensing by satellite.
Verboom, W. Lines of weakness in the forests, and early human settle-
ments.
Romijn, M.A. Primer for the production of Landsat colour-composites.

Photogrammetria 1977.  v.33, n.5 (Oct.)
-Rosenbruch, K. Considerations regarding image geometry a4d image

quality.
-Gliatti, E. Modulation transfer analysis of aerial"imagery.

,The Newsletter is made _possible by a grant from the NASA Office of
University Affairs. Comments or correspondence should be'directed to
Dr. warren R. Philipson, Remote Sensing Program, Cornell University,
464 Hollister Hall, Ithaca, New York 14853 (tel. 607-256-4330).
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The Newsletter, a monthly report of articles and events in
remote sensing,'is sent to members of the Cornell community
who have an interest in sensors and their applications.

UPDATE ON EARTH RESOURCES SATELLITES
(B.L. Markham)

As of 6 January 1978, Landsat-1 was no longer operational.. Orbit
degradation had led to overheating and resultant failure of the com-
mand and ranging .subsystem. Landsat-2, however, is still operational,
And Landsat-C is scheduled for launch on 5 March 1978. One week af-
ter Landsat-C is launched, its two return beam vidicon cameras (40m
ground resolution) and its data collection system (DCS) • should be-
come operational, along with four bands of its multispectral scanner
(MSS). Two to three weeks after launch, the fifth MSS band (thermal
with 240m.ground resolution) should also commence routine operation.
Landsat-2 will be shut down for-four days during and following the
launch of Landsat-C, and its DCS will not be reactivated. By design,
the respective orbits of Landsat-2 and Landsat-C should provide re
petitive coverage of nearly the entire earth every nine days.

The Heat Capacity Mapping Mission Satellite is scheduled for launch
in April 1978. This satellite will carry a dual-channel radiometer,
operating in the near-infrared (0.8-1.1 um) and thermal infrared
(10.5-12.5 um) spectral regions, providing day and night coverage
with a ground resolution of 0.5 km. The HCMM data will_be used pri-
marily for studying thermal inertia and related earth properties.
Potential applications include determination of soil moisture, sur-
ficial geology and thermal properties of water bodies.

Seasat-A; • the first satellite designed specifically for monitoring
oceanographic phenomena- =waves, surface winds, temperatures, ice,
coastal processes--is scheduled for launch in May 1978. The payload
includes three active and two passive sensors. (continued, page 2).

MEETINGS AND SYMPOSIA
Amer. Congress on Surveying & Mapping - Amer. Soc. Photogrammetry
Convention; 26 Feb-4 Mar; Washington, D.C.; Contact: Ron Brewer,
Publicity Chairman, 9206 Fairhaven Ave., Upper Marlboro, Md. 20870.

7th Annual Remote Sensing of Earth Resources Conference; 27-29 March
Univ. of Tennessee; Contact: Dr. F. Shahrokhi, Univ. of Tennessee
Space Institute, Tullahoma, Tenn. 37388.

12th Int'1 Sympos. on Remote Sensing of Environment; 20-26 April;
Manila, Philippines; Contact:' * Environ. Research Inst. of Michigan,
P.O. Box 8618, Ann Arbor, Mich. 48107 (tel. 313-994-1200, - ext. 292)

in r

a^

OO

SEMINAR IN REMOTE,SENSING
The Seminar in Remote Sensing is held on Wednesdays, at 4:30 p.m., in
110 Hollister Hall. Anyone is welcome to,attend. Seminars scheduled
for March are, as follows:

Wed., 1 Mar	 (No Seminar=-Amer. Soc. Photogrammetry Convention)

Fred.,	 Thermal Scanning for Energy Conservation: Herbert Kaplan,
8 Mar	 Barnes Engineering Co., Stamford, Conn.

Meteorological Sensors and Related Technology for the Eight-
ies: E. Larry Heacock, National Environmental Satellite 'Ser
vice, NOAA, Washington, D.C.

22 Mar. (No Seminar--Spring-Vacation')

ITopic: Application of Side-Looking Radar Imagery]_:' Raymond
.T. Lowry, Canada Centre for Remote Sensing, Ottawa., Canada.
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Satellites (continued)

The active sensors on Seasat-A are an imaging synthetic aperture rad-
ar (SAR), which is.an L-band radar with a 100km swath width and a
25m resolution; an altimeter, which uses a 13.5 GHz (K-band)_com-
pressed pulse radar; and a scatterometer, which is a 14.6 GHZ (Ku-
band) radar with a 50km resolution. The passive sensors are a scan-
ning multifrequency microwave radiometer (SMMR), which has five chan-
nels (6.6, 10.7, 18.0, 21.0 and 37.0 GHz)-with ground resolutions of
20 to 100 km; and a visible/infrared scanning radiometer (VIR), which
is a slightly modified version of the SR radiometer flown on the ITOS
satellites--ground resolutions of 3km and 5km in the visual .(0.52-
0.73 um) and infrared (10.5-12.5 um), respectively. Operating contin-
uously, the scatterometer, SMMR and VIR will provide nearly complete
global coverage (75°N-75 0 S) every 36 hours, and the altimeter will
provide a continuous trace beneath the satellite. These data will be
recorded	 subsequent transmission to ground stations. Because of
its high data rate, however, the SAR will be operated only in'real-
time, while in line-of-sight of specially equipped receiving stations
(North America only).

Nimbus-G is also scheduled for launch this year, in August.' Although
the majority of its sensors are designed for study of atmospheric
phenomena, two--the coastal zone color scanner (CZCS). and the scan-
ning multichannel microwave radiometer (SMMR)--are designed princi-
pally for oceanographic applications. The CZCS is a six-channel,
multispectral scanner-(0.43-0.45, 0.51-0.53, 0.54-0.56, 0.66-0.68,
0.7-0.8, 10.5-12.5 um), with a 0.825km ground resolution. It is .in-
tended to provide information on chlorophyll concentrations, sediments,
and surface temperatures in coastal waters. A tiltable scanner mir- 	 }
rot will be employed to: avoid sun glint problems, as the satellite
will have a noon equatorial crossing in its sun-synchronous orbit.
The SMMR, which is identical to the instrument to be flown on Seasat-
A,, will be used to study sea surface temperature, surface winds, snow
and ice. The CZCS will be operated on command, with the U.S. coastal
wasters normally being covered; the SMMR will be operated continuous-
ly, providing global coverage every 72 hours.

SELECTED ARTICLES a
Photo rammetric En ' 	 & Remote Sensing 1977.	 v. 43, n. 10 (Oct.)
-Welch & Lo.	 Height measurements from satellite images.
-Raju & . Parthasarathi.	 Stereoscopic viewing of Landsat imagery. a
-Gut & Hohle.	 High altitude photography:	 Aspects and results.
-Thomas & Gerbermann.	 Yield/reflectance in cabbage.g ^
-AUlliman & French.	 Detection of oak wilt with color it aerial pho-

tography.
-Estes et al.	 Measuring soil moisture with an airborne imaging pas-

sive microwave radiometer.
-Bryan et al.	 Computer processing of SAR L-band imagery.
-Maarek, A.	 P actical numerical photogrammetry.

The Photogrammetric.Record. 	 .1977.	 v.9, n.50	 (Oct.)
-Ackermann, F. 	 Sorie thoughts on the future of photogrammetry.
-Allan, J.A.	 Map and orthophotograph users and their perceptions.
-Garter et al.	 An urban management information service using Land-

sat imagery.
Hampton, J.N.	 Aerial reconnaissance for archaeology: 	 Uses of the

photographic evidence.

The Newa etter is made possible by a grant from the NASA Office o
University Affairs.	 Comments or correspondence should be' directed to
Dr. Warren R.,Philipson, Remote Sensing Program, Cornell University,
464,Hollister Hall, Ithaca, New York	 14853	 (tel. 607-256-4330).
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The Newsletter, a monthly report of articles and events in
remote sensing, is sent to members of the Cornell community
who have an interest in sensors and their applications.

STATE PARK STUDIES
During the past year, Cornell's Remote Sensing Program conducted physi-
cal resource surveys for the initial development of a 240-hectare park
and for the selective improvement of a 26,000-hectare park. The analy-
ses were completed at the request of, and as a demonstration for, the
New York State Office of Parks and Recreation,(OPR).

The undeveloped Chimney Bluffs State Park is situated on the shore of
Lake Ontario, near Sodus Bay, N.Y. The park's principal attraction is
its geologically unique bluffs--a steep, lake-facing wall of pinnacles
and fins which are highly susceptible to accelerated erosive damage.
Program staff initially assessed the rate of natural erosion of the
bluffs from 1938 to 1973 using medium scale aerial photographs and a
Zoom Transfer Scope. This temporal analysis found little change over
the 35-year period. If the bluffs could be protected from accelerated
erosion, park development would seem worthwhile. Using the photographs
and available background information, Program staff then prepared large
scale site maps depicting land cover, slope categories, and levels of
ground water. Depth of soil to bedrock was also evaluated but found to
be nowhere limiting. Site design concepts compatible with preserving
-the bluffs were developed and recorded on a single map overlay. These
included trails, picnic sites and areas for vegetative thinning.

The State OPR, its Finger Lakes Regional staff, and county planners are
currently reviewing the Program's submissions. All information will be
relied upon and incorporated into the final site development, which
will begin as soon as possible (continued, page 2).

SHORT COURSES/RTORKSHOPS/SYMPOSIA
Image Processing & Pattern Recognition; 17-21 Apr; $450 fee; Contact:
Continuing Education, Stewart Center, Rm. 110, Purdue Univ., West
Lafayette, Ind. 47907.

Vegetation Remote Sensing Workshop; 12-16 June and repeated on 19-23
June; $300 fee; instructors, C.E. Olscn & W.G. Rohde; Contact: Dr.
C.E. Olson, Jr., School of Natural Resources, Univ. of Michigan, Ann
Arbor, Mich. 48109 (tel. 313-764-141.3), before 15 April.

31st Annual Conf., Soc. of Photographic Scientists & Engineers; 30 Apr-
5 May; in Washington, D.C.; Contact: Robert H. good, Executive Direc.
tor, S.P.S.E., 1411 K St., N.W., Suite 930, Washington, D.C. 20005.

Coastal Mapping Symposium; 14-16 Aug; in Rockville, Md; presented by
Potomac Region, Amer. Soc. of Photogrammetry; Contact: Karin Baker,
24628 Lunsford Court, Damascus, Md. 20750.

SEMINAR IN REMOTE SENSING
The Seminar in Remote Sensing is held on Wednesdays, at 4:30 p.m., in
110 Hollister Hall. Anyone is welcome to attend. Seminars scheduled
for April are as follows:

5'Apr	 .Airborne Geochemical Exploration: Dr. A.R. Barringer,
Barringer Research, Inc., Golden, Colorado,

12 Apr .Pattern Recognition and Image Analysis at CCRS: Dr. D.G.
Goodenough, Canada Centre for Remote Sensing, Ottawa, Canada.

19 Apr .(Digital Image Processing on the Illiac IV: R.M. Hord,
-	 Institute for Advanced Computation, Alexandria, Va.]

26 Apr .Image Processing Systems:. Dr. A.S. Barrett, Optronics
International Inc. Chelmsford Mass.

* * * * * * * * * * * • •
3 May .Topic on Multispectral Photography: T.C. Vogel, U.S. Army

Engineer Topographic Labs., Fort Belvoir, Va.



2.
Park Studies (continued)

The Program staff also examined the Allegany State Park, the largest
in the state parks system. Located in southwestern New York, this park
is the focus of state planning for near-future rehabilitation and devel-
opment. Because field surveys of the entire park would have been too
costly, the Program was asked to conduct a reconnaissance evaluation,
identifying prime areas for more detailed developmental surveys.

Parkland suitability was judged on the basis of soils and botanical
information derived from high and medium altitude aerial photographs
and background reports. Areas were categorized according to whether
detailed surveys would be desirable or unnecessary; the latter categor-
ies including those areas either unsuitable for development or contain-
ing no special botanical features. All information was submitted as
overlays on a mosaic of enlarged, black-and-write prints of NASA high
altitude aerial photographs of the park. Those areas recommended for
detailed survey, less than one-third of the total park, are now being
evaluated by OPR and Soil Conservation Service personnel.

Two other tasks performed in the Allegany study included (1) an inven-
tory and assessment of soil borrow sites (mined areas) within or adja-
cent to the park, and (2) the selection of possible corridors for the
North Country Trail, a potential addition to the National Trails System.
The OPR has requested that remedial action by the State Department of
Transportation be taken at several of the borrow sites, and the trail
corridor information has been input to the OPR planning process.

The Chimney Bluffs study was conducted by David Fernandez, and the Alle-
gany.study by Ronald J. Linkenheil and Ann E. Russell. These students
were directed by Warren R. Philipson and Thomas L. Erb. For further
information, contact Dr. Philipson, at Cornell, or Mr. Ivan P. Vamos,
Deputy Commissioner for Planning and Operations, N.Y.S. Office of Parks
& Recreation, Empire State Plaza, Albany, N.Y. 12238.

HCMM RADIOMETER
The dual-channel radiometer to be carried on the Heat Capacity Mapping
Mission Satellite will operate in the thermal infrared (10.5-12.5 um)
and visible to near-infrared (0.5-1.1 um) spectral regions. The latter
channel was reported incorrectly in the March Newsletter.

SELECTED ARTICLES
Jensen, H., L.C. Graham, L.J. Porcello & E.N. Leith. 1977. Side-

looking airborne radar. Scientific American. 237:4:84-95.
Remote Sensin2 of Environment. 1977. V.9, n.4.
Lerner & Hollinger. Analysis of 1.4 GHz radiometric measurements

from Skylab.
;Johnson & Norris. A multispectral analysis of the interface between

the Brazil and Falkland Currents from Skylab.
Rao & Ulaby. Optimal spatial sampling techniques for ground truth
data in microwave remote sensing of soil moisture.

-Engvall et al. Pattern recognition of Landsat data based upon tempor-
al trend analysis.

Heilman et al. Evaluating soil moisture and yield of winter wheat
in the Great Plains using Landsat data.

Schneider & Matson. Satellite observations of snowcover in the Sierra
Nevadas during the great California drought.

The Newsletter is made possible by a grant from the NASA office o
University Affairs. Comments or correspondence should be directed to
Dr. Warren R. Philipson, Remote ==Sensing Program, Cornell University,
464 Hollister Hall, Ithaca, New York 14853 (tel. 607-256-4330).
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The Newsletter, a montHly report of articles and events in
remote sensing, is sent to members of the Cornell community
who have an interest in sensors and their applications.

NEW YORK STATE REMOTE SENSING ACTIVITIES

Robe4t C4owden, N.V.S. Eeonomie Vevetopment 80axd

Technological fore-casters theorize that it is often 20 to 30 years be-
tween the development of a new technological form and its general ac-
ceptance into the daily lives of the public. It is not surprising,
then, that systematic aerial photographic coverage and resource inven-
torying were proposed for New York State by Governor Franklin D. Roose-
velt in 1931, but have not been routinely accepted for everyday use by
State agencies until the past decade.

Although slow in getting started, the State government's rate of adopt-
ing remote sensing products into routine activities has accelerated
rapidly in the past ten years. The landmark project in this process
was the Statewide set of 1:24,000 scale black-and-white aerial photo-
graphs which were produced for the State by the Lockwood Mapping Com-
pany in 1967-70. These photographs have been used extensively for
Statewide land use mapping, Statewide planimetric mapping by the De-
partment of Transportation, and for legislatively mandated,.statewide
freshwater wetlands mapping currently being completed by the Depart-
ment of•Environmental Conservation.
In 1968, aerial photographs formed the basis for the State's Land Use
and Natural Resource (LUNR) Inventory, which is presently maintained
by the State Economic Development Board and the Resource Information
Laboratory of Cornell University. Spurred by the environmental move-
ment and its associated requirements, the LUNR Inventory land use data
have seen greater use with each passing year. The Inventory has been
updated for the Catskill Mountain area, and an experimental project in
Broome and Tioga Counties involved the successful use of 1:76,000 scale
color aerial photography from orthophotographic quandrangle mapping for
detailed land cover/land use interpretation. Many local land use data
bases have been updated from aerial photographs produced for county
tax mapping.

In 1975, the State Department of Environmental Conservation contracted
with Earth Satellite Corporation for detailed classification and
1:2,400 scale mapping of all coastal wetlands south of the Tappan Zee
Bridge. Color infrared aerial photographs at 1:12,000 scale and sup-
plementary data were used as the sources of information. (cont'd p.2).

SEMINAR IN REMOTE SENSING

The final seminar of the spring semester will be held on Wednesday, 3
May, at 4:30 p.m., in B-14 Hollister Hall. Anyone is welcome to attend.
The speaker, Donald J. Belcher, is an Emeritus Professor of Civil and
Environmental Engineering at Cornell. His topic is "Pattern Interpre-
iation: Geology, Engineering, and Tropical Soils."

ASP CALL FOR PAPERS
The Fall Convention of the American Society of Photogrammetry will be
held in Albuquerque, New Mexico, 15-21 October 1978. Various technical
sessions are being organized on primary data acquisition, digital pro-
cessing and photogrammetric applications, and remote sensing applica-
tions. For further information, refer to the April 1978 issue of "Pho-
togrammetric Engineering and Remote Sensing," page 518, or contact: Dr.
Stan Morain, Technology Application Center, Univ. of New Mexico, Albu-
querque, New Mexico 87131 (tel. 505-277-4000). Although abstracts
are not due until 15 June, preliminary information should be received
b 15 taiy	 _ ay •	 02
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SUMMER VACATION/ADDRESS CHANGES

Volume VI of the Cornell Remote Sensing Newsletter ends with this May
issue. The Newsletter is currently received by-more than 400 individ-
uals and groups in 30 states and some 15 countries jutside the United
States. As planned, Volume VII of the Newsletter will begin next Sep

-tember. Notices of address changes should be sent to: Remote Sensing
Program, Cornell Univ., Hollister Hall, Ithaca, N.Y. 14853.

State Agency Activities (continued)

With the planning for the 1980 Winter Olympics and the ongoing activi-
ties of the Adirondack Park Agency seeking to balance economic and en-
viionmental needs, the Adirondack Park has become a focus for remote
sensing activity. This spring, the Park Agency will acquire 1:24,000
scale panchromatic aerial photographs of the entire park. Also, under
a cooperative mapping agreement, the State and the U.S. Geological Sur-
vey are upgrading the map coverage of areas of the Adirondacks with
7.5 minute, 1:25,000 scale metric topographic maps.

The Geological Survey of the State Education Department's Museum and
Science Service has been a leader in this use of Landsat, Skylab and
high-altitude aircraft imagery for geological studies. It maintains a
browse file of Landsat and other imagery up to early 1974, and has re

" cently published a new set of maps with accompanying documentation en-
titled "Preliminary Brittle Structures Map of New York" (Y.M. Isachsen
and W.G. McKendree). The project was highlighted by the discovery of
heretofor unknown major geological structures which were not detected
before the synoptic coverage from satellites and high-altitude air-
craft became available. The project was sponsored by the U.S. Geolog-
ical Survey and Nuclear Regulatory Commission and has already proven
valuable for many uses including site analysis for power generation
plants.

New York State wants to continue to build upon the base of successful
applications of remote sensing technology which it has established in
the past decade, and it looks forward with interest to the streamlining
of its remote sensing activities through a currently active interagency
map advisory committee. It is hoped that in the next decade the many
new remote sensing technologies will be actively used by the State to
take advantage of their very real everyday benefits.

CALL FOR PAPERS--VIILDLIFE MANAGEMENT
The 4th William T. Pecora memorial Symposium wi1 e held in Sioux
Falls, So. Dakota, 10-12 October 1979. The theme of the symposium is
the application of remote sensing data to wildlife management--wildlife
habitat inventory and analysis, wildlife population inventory and dyna-
mics, and integrated resources planning. Persons interested in contrib-
uting to a poster session should submit ten copies of a 300 to 1000
word summary (typed, double-spaced on one side only) of their proposed
presentation to: Dr. Michael E. Berger, National Wildlife Federation,
1412 16th St., NW,,Washington, D.C. 20036 (tel. 202-797-6881). Sum-
maries must be received by 31 May.

CALL FOR PAPERS--GEOLOGY
The Annual Meeting of the Geological Soc ety of America, in Toronto,
23-26 October 1978, will convene a Symposium entitled "Geological Ap-
plications of Satellite Remote Sensing." The Symposium will include a
morning session of invited papers followed by an afternoon poster ses-
sion. Individuals interested in presenting a poster illustrating re-
cent work in applying satellite remote sensing to geologic activities
should submit an abstract (original and two-copies, on GSA Abstract
forms) no later than 1 June 1978. Send abstracts to: G.S.A. Sympos-
ium Box 70 Germantown Maryland 20767
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3	 CONFERENCES
Meeting, Central New York Region, American Society of Photogrammetry;
19 May; in Watertown, N.Y.; Contact: Prof. Sumner B. Irish, Dept. of
Civil Engineering, Clarkson College of Technology, Potsdam, N.Y. 13675
(tel. 315-268-6517).

International U3er's Conference on Computer Mapping Software and Data
Bases; 23-28 July; at Harvard Univ.; Contact: Allan Schmidt, Harvard
Univ., 520 Gund Hall, Cambridge, Mass. 02138.

SPSE'International Congress of Photographic Science 1978; 20-26 Aug.;
at Rochester Inst. of Technology; Contact: George Bird, School of
Chemistry, Rutgers Univ., New Brunswick, N.J. 08903 (tel. 201-932-
3029) or Paul Gilman, Research Labs., Eastman Kodak Co., Rochester,
N.Y. 14650 (tel. 716-458-1000 x73060).

SELECTED ARTICLES AND PUBLICATIONS
Fitzpatrick-Lips, K. 1978. Accuracy and consistency comparisons of

land use and land cover maps made from high-altitude photographs and
Landsat multispectral imagery. Jour. Research of U.S. Geol. Survey
6:1;23-40.

Lyzenga, D.R. 1978. Passive remote sensing techniques for mapping
water depth and bottom features. A plied O tics 17:3:379-383.

Mamula, Jr., N. 1978. Remote-sensing methods for monitoring surface
coal mining in the northern Great Plains. Jour. Research of U.S.
Geol. Survey 6:2:149-160.

Proceeding`s s of Intl Sympos. on Image Processing--Interactions with
Photogrammetry and Remote Sensing. Institute for National Surveying
and Photogrammetry, Code "Image Processing," Technical University
Graz, Rechbauerstrasse 12, A-8010 GRAZ, Austria. ($10 plus mailing).

Proceedings of 4th Canadian Sympos. on Remote Sensing. Held May 1977,
;Quebec City, Quebec. Canadian Aeronautics & Space Inst., Saxe Bldg.,
70 Sparks St., Ottawa, Ontario K1P 5A5 Canada. ($40).

Proceedings of Remote Sensing Workshop on Soil Moisture and Groundwater.
:Held Nov. 1976, Toronto. Canadian Aeronautics & Space Inst. (see
above) ($25).

Proceedings of 11th International Symposium on Remote Sensing of En-
vironment. Held at Univ. of Mich., 25-29 April 1977. (2 vols., 1734
pp.). ERIM, P.O. Box 8168, Ann Arbor, Mich. 48107 ($60).

Shahrokhi, F. (editor). 1977. Selected papers from 1977 Conference
on Remote Sensing of Earth Resources, Vol. 6. Business Office,
Univ. of Tennessee Space Inst., Tullahoma, Tenn. 37388. over 600
PP•	 ($30).

Weismiller, R.A., I.D. Persinger, and O.L. Montgomery. 1977. Soil
inventory from digital analysis of satellite scanner and topographic
data. Soil Sci. Soc. Amer. Jour. 41:6:1166-.1170.

Photogrammetz	 _Eng g &^ Remote_Sensind 1977. v. 43, no. 12 (Dec.)
Johnson & Kase. Mapping an'anc er!; trade route with baloon photo
graphy.

-64ang, J.. Feature extraction by interactive image processing.
jVeress et al. An analytical approach to x-ray photogrammetry.
Arthur, D. Limitations of the narrow-angle convergent pair.
Rabchevsky, G. Temporal and dynamic observations from satellites.

-Rosenfeld & Kimerling. Moving target analysis utilizing side-looking
airborne radar.

-Kraus et al. Radar detection of surface oil slicks.
Weismiller et al. Change detection in coastal zone environments.
-Richardson & Wiegand. Distinguishing vegetation from soil background

information.
Photo rammetric En '  & Remote Sensing. 1978. v. 44, n.l (Jan.)
-Marshall & Meyer. Field evaluation of small.-scale forest resource

aerial photography.
-Collins, W. Remote sensing of crop type and maturity.

',

I
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Photogrammetric 1;":ng' g & Remote Sensin	 v. 44 , n . 1	 (continued)
McGuinnis, Jr. & Schneider.	 Monitoring spring ice break-up from

x	 space.
-E1-Baz, F.	 The meaning of desert color in earth orbital photographs.
-Millard et al.	 Crop water-stress assessment using airborne thermal

scanner.
-Munday et al.	 Outfall siting with dye-buoy remote sensing of coastal

. S a7culation .
R.	 More on color compensating filters with infrared film.

P?	 grammetric Eng_'_g & Remote Sensin .	 1978.	 v. 44, n.2	 (Feb.)
-Doyle, F.	 The next decade of satellite remote sensing.
-Henderson & Ondrejka.	 GEOSAT:	 Geological industry recommendations

on remote sensing from space.
-Maughan, P.	 A role for private enterprise in remote sensing from

space?
-Conitz, M.	 A development assistance program in remote sensing.
-Stowe, R.	 Legal implications of remote sensing.
Photo rammetric En ' 	 & Remote Sensing	 v. 44, n.3	 (March)
-Benes , M.	 Viking Orbiter stereophotogrammetry.
Tucker, C.J.	 Are two photographic infrared sensors required?

-Brown, W.W.	 Wetland mapping in New Jersey and New York.
-Westin & Lemme.	 Landsat spectral signatures:	 Studies with soil

associations and vegetation:
P,hotogrammetric Eng'g & Remote Sensing 	 v. 44, n.4 (April)
Kraus, K.^Rectiflcation of muitispectral scanner imagery.
0tepka, G.	 Practical experience in the rectification of MSS images.
Austin & Adams.	 Aerial color and color infrared survey of marine
plant resources.

-Gausman et al.	 Ozone damage detection in cantaloupe plants.
-Gausman et al.	 Distinguishing succulent plants from crop and woody

plants.
-Thomas et al.	 Snowfield assessment from Landsat.
-Brandli, H . E.	 The night eye in the sky.
-Chin & Collins.	 A spectroradiometer for airborne remote sensing.'
Remote Sensing of Environment	 1978.	 vol. 7, n.l
-van Genderen & Vass.	 Remote sensing:	 Statistical testing of thematic

map accuracy.
-Bush & Ulaby.	 An evaluation of radar as a crop classifier.
-Parashar et al.	 A theory of wave scatter from an inhomogeneous medium

with a slightly rough boundary and its application to sea ice.
-Kagan & Klemas.	 Application of Landsat imagery to studies of struc-

tural geology and geomorphology of the Mentese region of southwestern
Turkey.

-Strong, A.E.	 Chemical whitings and chlorophyll distributions in the
Great Lakes as viewed by Landsat.

-Stembridge, J.E.	 Vegetated coastal dunes:	 Growth detection from
aerial infrared photography.

-Reginato et al.	 Estimating forage crop production: 	 A technique adap-
table to remote sensing.

-Kriebel, K.T.	 Average variability of the radiation reflected by veg-
etated surfaces due to differing irradiations.

-Parikh, J.	 Cloud classification from visible and infrared SMS-1 data.
Sabizs,	 Jr., F.F.	 1978.	 Remote sensing; Principles and interpretation.

W.H. Freeman ,& Co., San Francisco.	 426 pp.
White,	 L.P.	 1977.	 Aerial photography and remote sensing for soil

survey.	 ' Clarendon Press, N . Y. .118 pp.	 ($13.95).

T e Newsletter is made posi le by 'a grant from the NASA Office of
University Affairs. _ Comments or correspondence should be directed to5u	 Dr. Warren R. Philipson, Remote Sensing Program, Cornell University,
464 Hollister. Hall, Ithaca, New York 	 14853	 (tel.-607-256-4330).
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