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ABSTRACT

The focus of this investigation is to assess the utility of remote
sensing techniques in the study of land use - water quality relationships
in a west central Wisconsin test area. The following types of aerial
imagery are evaluated for this purpose: high altiéude (60,000 f+)
color, color infrared, multispectral black and white, and thermal; low
altitude (less than 5,000 ft) color infrared, multispectral black and
white, thermal, and passive microwave. A non-imaging hand-held four
band radiometer was also evaluated for utility in providing data on
suspended sediment concentrations.

Land use analysis includes the development of mapping and quanti-
ficati;n methods to obtain base line data for comparison to water quality
variaéles. Suspended sediment loads in streams were determined from
water.samples and are related to land use differences and soil types in
three major watersheds. A multiple correlation qoefficient (R) of 0.85
was obtained for the relationship between the 0.6-0.T micron incident
‘and reflected radiation data from the hand-held radiometer and con- }
current measurements of suspended solids in streams. Applications of
tﬁe methods and base line data developed in this investigation include
mapping and quantification’qf lanq use, input to watershed runoff
modéls,,the estimation of effects of land use changes on stream sedi-
- mentafion, gnd ﬁhe remoté sensing of'suspended sediment contéht of‘ 
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LAND USE AND POLLUTION PATTERNS ON THE GREAT LAKES

i

INTRODUCTION

The Great Lskes represent one of the nation's most valuable resources
and have been a major factor in the settlement and economic growth of
the mid-continental area of both the United States and Canada. The lakes
are utilized for many purposes, such as tréﬁsportation, waste disposal,
water supply, hydroelectric power production, and commercial fishing.
The recreation industry is important both on the lakes and around the
shorelines. A gradual deterioration in water quality caused by these
uses has been documented (Beeton 1970), with Lakes Erie and Ontario
showing the greatest amounts of pollution and eutrophication. Lake
Michigan, the focus of the initial phase of this study, does not exhibit
the advanced deterioration of the eastern lakes, but there are serious
problem areas in Green Bay and at the southern end of the lake as well
as indicé%ions of 1ong—térm deterioration in the open waters (Beeton
1970). The seriousness of thig condition in Lake Michigan is emphasized
because the water turnover rate is low compared to the eastern lakes,
and most of the major streams which feed Lake Michigan are already
polluted,

As land use patterns evolve, generally following a progression from
forest to agriculture to urban or industrial uses, stream flow and
water quality éharacteristics also change. The Cérﬁs of Engineers,
along with its responsibility for the maintenance of inland navigable

waterways, is concerned with the environmental impact of pollutants,



especially as they affect lakes and streams. Stream sedimentation, a
form of pollution which can often be related to economic activity, ié:of
particular interest in this investigation.
OBJECTIVES

This investigation examines the feasibility of using remote sensing
methods to assess the effect of land use as it influences sediment
loading in streams rapidly and economically on a regional scale.

To accomplish this task, these specific objectives were identified:
1) The acquisition and evaluation of a large variety of remote sensing
imagery, 2) the development of technigues for mapping and quantification
of land use patterns, 3) the assessment of the cost effectivenss of these
mapping and measurement techniques, and 4} the collection and analysis
of water quality samples for comparison to land use characteristics and
correlstion with signatures identifiable by remote sensing techniques.
APPROACH AND PROJECT HISTORY

This study was initiated in April, 1972, A field trip was taken
in May of 1972 for an overview of the test area and to acquire data from
state and federal agencies in Wisconsin. The initial phase of the study
was primarily devoted to the aguisition of published data and the evalua-
tion of a variety of imagery provided by NASA in September of 1972.

Considerable effort was devoted to experimentation with mapping
techniques using two types of densitometry. The intent was to develop
methods for the areal ﬁeasurement of land use types directly from imagery.

Using filtering and color infrared emulsions, some success was achieved



in differentiating USGS Land Use Classification Level T, but only where
soil color was light. A system of densitometric measurement with hand
draym overlay maps was eventually developed. This technique provided the
necessary data for subsequent comparisons with water quality parsmeters.

Two methods were used to extract from imagery water quality infor-
mation that could be correlated to measurements done in the field. The
first method was the development of a color classification for streams
in the study area, based on a densitometric method was to quantify
photographice stream color differences displayed in the 1972 high alti-
tude Aero Ektachrome imagery. The results of this ﬁﬁproach were not
sufficiently consistent to be of practical value. During the 19TL
missions, ground truth data on reflected and incident radiation in the
ERTS MSS spectral bands was obtained. This method provided more re-
liable data and permitted significant correlation with measured con-
current suspended sediment loads for severazl major streams in the test
area. . These data were then compared to measurements of land use and
soil types in the individual watersheds for analysis of regional re-
lationships.

In July 1973, a chapter was prepared on Land Use Mapping for the
Cdrps of Engineers Handbook, "Remote Sensing for Environmental Analysis"
(Haugen and Splett, 1974). This was based on land‘use mapping procedures
developed during the project and provides a practical discussion and guide-
lines for land use mapping. The utility of ERTS-1 and high altitude
color infrared imagery were comparéd for land use mapping applications

within the Corps of Engineers Missions.



Table 1. Summary of Project Milestones and Events

Milestones ! CY72°% CY73 CY74
11.21 3141 1{2131411421{3
Proiect Commencement
Acquisition of existing photographs and maps :
Literature review e
Imagery Acguisition -
NASA, RB-57, Photographic coverage & Al
_ NASA NP-3, Thermal scan A |
- . USACRREL, Cessna, Hassalblad & Ziess photography A y
Field investigation ry a 2 ry
Quarterly Management/Financial reports AlAldiAalalAlA|a
Interim neport TO NASA a
Imagery Analysis
Thematic mapping o
Preliminary
Final
Presentations . . {
Annual Meeting, Northern New England Remote Sensing Group (U. Vt) A
Corps Ol bnglneer RemoTe Sensing oynposlium, LBJ OPace Uenter ﬂ =
Project Review at Office of Chief of Engineers \ i a
Northern Central Div., CE, Remote Sensing Symposium N
Publication 'Land Use Mapping" OCE Remote Sensing Handbook a
Final Report (Draft) Submitted to OCE for review A
Remarks
~ s i s no w004 ‘i,?\
Calendar year divided into quarters KL TVWN“
: prgetaNk:
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Papers and prescntations related to or resulting from this project

are as follows:

Papers

Preliminary Scientific Analysis Report "Land Use and Pollution
Patterns on the Great Lakes", submitted to OCE-NASA, Dec. 1973.

Land Use Mapping, IN: Remotc Sensing of the Environment, Chapt. 5,
pp. 5-1 - 5-17, Office of the Chief of Engineers, Washington, D.C.,
197k, .

Presentations

Project review, Office of Chief of Engineers, Systems Analysis Branch,
Washington, D.C., -9 March 1973.

Remote Sensing of Land Use and Aquatic Pollution, Annual Meeting of
of Northern New England Remote Sensing Group, Oct. 19T73.

Land Use and Pollution Patterns, Great Lakes, OCE Remote Sensing
Symposium, 26-30 Nov. 1973, LBJ Spaceflight Center, Houston, Texas.

Réport on Great Lakes Investigations, Remote Sensing Symposium,
Central Div., C.E. Chicago, February 19Th.



STUDY AREA

The Wisconsin shoreline of Lake Michigan, NASA Test Site 311
(Fig. 1) was selectrd for this investigation for several reasons:
1) The area is predominantly agricultural with relatively isolated
concentrations of urban and industrial land use, so that the contri-
butions to pollution levels of the hasic land use types can be more
readily assessed; 2) the general pollution of Lake Michigan is still low
enough so that fubture benefits from identification of present and
potential "trouble spots" can be realized; 3) the streams entering Lake
Michigan from the Wisconsin shoreline are relatively short so that
entire watershed Qreas can be mapped within about 50 miles of the shore-
line.

Physical Setting

The test area lies within the Eastern Ridges and Lowlands physio-
graphic subprovince of Wisconsin. The eastern portion is entirely
underlain by the Niagara Cuesta limestone formation which forms the
Door County Peninsula and extends to the southern boundary of Wisconsin,
sloping gently toward Lake Michigan. The other major physiographic
subprovince is the Lake Winnebago--Green Bay Lowland, & gently sloping
plain which contains Lake Winnebago, the Fox River Valley, and a submerged
portion forming Green Bay. The entire landscape of the test area has
been extensively modified by Pleistocene glaciation, with glacial deposits
forming most of the local relief which ranges up to 200 feet. The Lake

Michigan shoreline is formed from tills and lacustrine sediments of
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higher glacial lakes, which has resulted in wave-cut cliffs 100-120 feet
high in much of tﬁe test area. ZErosion of these unconsolidated materials
continues at the present time, resulting in a large sediment load in the
nearshore waters.

The majér streams of the study area are the Fox, the Wolf, the
Menominee, and Oconto which drain into Green Bay, and streams draining
into Lake Michigan, which are, from north to south along the shoreline,
the East and West Twin, Manitowoc and Sheboygan Rivers. The rivers
draining directly into Lake Michigan do not have sources west of the
Niagara Cuesta with the single exception of the Manitowoc, which is
believed to have drained Lake Winnebago during glacial times. Many
lakes dot the glacially modified landscape, few of them with an area
exceeding 3,000 acres. Lake Winnebago, 215 square miles, is the largest
lake in the state and was formed behind a morainal dam during glacial
retreat.

Soil associations in the study area include the Northern and Eastern
Sandy and Loamy Reddish Drift Uplands and Plains, Northern Silty Uplands
and Plains, Northern Loamy Uplands and Plains, Northern Sandy Uplands
and Plains, and Stream Bottom and Majdr Wetlands in thé area between
thé Oconto and Fox Rivers.w The major soil association in the Fast and
West Twin and Manitowoc River Watersheds are the Soils of the Northern
vand Easﬁern Clayey and Loamy Reddish Drift Upland and Plains. Minor
soil associations include well to poorly drained sandy soils and poorly »

drained depressional soils with some peats and mucks.,



The c¢limate of the test area is continental, with long and severe
winters, especially in the north, and very warm summers. Lake Michigan
modifies temperatures to some extent in a narrow belt bordering the
lake, but the effect is minimized by the general easterly and south-
easterly trend of most weuther-system movements through the areas. The
warming effects of Lake Michigan are, therefore, much less for eastern
Wisconsin than for western Michigan.

January is the coldest month, with an average temperature ranging
from 13°F in the north to 24°F in the south. During July, the Warmest
month, average temperatures range from 66° to 73°F north to south. The
frost-free season ranges from 10 June to 30 August in the north to 25
April to 20 October in the south. The wettest months are May through
September, and precipitation totals range from 29 to 33 inches, north to
south. Snowfall ranges from 60 inches in the north to 30 inches in the
south.

Weather conditions in eastern Wisconsin prior to and during air-
craft missions and/or water sampling dates are indicated by temperature
end precipitation data in Appendix I. Generally, the weather for the
RB-57 flights had to be fair, with few clouds. Scattered rain showers
preceded the flights in much of the test area. The 24 June 197k NP-3
night time thermal scan was not completed due to heavy ground fog, and
weather conditions during September and October 1973 resulted in two
cancelled missions. Both flights were accomplished during May and June

197L, but with difficulty due to frequent cloudy conditions.



Cultural Setting

The population within the test area is in the neighborhood of
3,000,000. The largest population concentration is in and around
Milwaukee, which is also the economic center of the area, Manufacturing
is by far the largest employer within the test area, followed by agri-
culture, forestry, construction and mining. Over half of the northern
part of the test area is in forest, and wood processing firms are a
major part of the region's economy. Much of this industry is centered
in the Fox River Valley. Mining activity includes extraction of clay,
limestone, sand and gravel, together with some iron ore and granite in
the north. The recreation industry is also important, particularly in
the northern forested areas.

‘Agriculture is important throughout the area. Grain crops are
dominant in the south, and vegetables, small fruits and horticultural
specialties are raised in the central and northeast portions. Dairying,
together with related processing industries, is important throughout the
area. Some irrigation is practiced with specialty crops.

DOCUMENTED POLLUTION SOURCES IN THE STUDY AREA

There has been considerable activity in the areas of identification
and control of aquatic pollution in eastern Wisconsin. Known major
" sources of pollution have been identified, and recommendations for
remedial action have been made by the Wisconsin Department of Natural
Besources. Three divisions of the U. S. Department of Agriculture, the

Soil Conservation Service, the Economic Research Service, and the U. S.
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Forest Service, are engaged in a cooperative study of flooding and water
management problems enti@led the "Southeast Wisconsin River Basin
Survey."

A map of known aquatic pollution sources (Fig. 2) was compiled from
information gathered by the above agencies, especially the Wisconsin
Department of Natural Resources, Environmental Protection Division. The
point sources of pollution are mapped in five categories: 1) sewage,

2) dairy, 3) cannery, 4) thermal and 5) other types. As will be dis-
cussed in subsequent sections, few of these point sources are visible in
the small scale photography acquired during Mission 205 or Mission 273.

The largest contributors to polluted waters are inadequate sewage
treatment systems. This problem is not unique to the study area, but
typifies other areas around the Great Lakes and many othér'areas of the
United States. Most of the major cities have a sewage treatment plant,
but many plants are working at greater capacities than they were designed
to handle. Some smaller towns have no treatment plants, and insufficient
and /or inadequate septic tanks contribute to the problem. Attémpts are
being made to rectify‘the situation and reduce the excessive amounts of
phosphorus reaching the streams.

The dairy industry is one of the leading sources of income within
the study area. As a result, many dairy-processing plants operate in
the area, and in most cases their wastes reach streams with little or
no treatment. 1In other instances, éairy wastes enter existing sewage-

treatment plants, contributing to the overloading of some of them.>
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Vegetable and fruit production is an important occupation among
some farmers in the area.' Consequently there are several canneries that
contribute wastes to streams., These wastes add various chemicals from
washing operations, and increase the organic load to some extent.

There are a limited number of thermal pollution sources within the
study area. These include electric power generating facilities and
sewvage treatment plants. The major sources of waste heat are two nuclear
power plants, the 527,000-KVW plant at Kewaunee and the 597,000-KW plant
at Point Beach. These plants are located on Lake Michigan and use water
directly from the lake for cooling.

The "other" category of point sources of pollution includes: paper-
processing factories, which contribute chemical and organic wastes, in-
dustrial.plating facilities, dairy farms and tanneries.

cilities, dairy farms and tanneries.

EVALUATION OF THE IMAGERY®

Mission 205, 4 June 1972

The flight lines for the RB-57 photographic missions accomplished
b June 1972 are indicated in Figure 3. During 1973, a low altitude
thermal scan, Mission 235, Figure L4, was flown withvpoverage of the
coastal portions of the test area along with the Fox River. An attempted
secoqd RB-57 overflight in September 1973 was aborted due to unfavorable
weather conditions over the test area. Tﬁe 1972 RB-5T coverage was v
fepeated in 1974 during Missions 273 (3 and‘7 May 197L4) and 284 (12 June

1974). - Separate flights of these missions were required to cover the

13
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test area hecause of poor weather conditions. A second coverage with
the NP-3 aircraft was also obtained on 31 May 197k, Mission 272 which
included the Wisconsin coast, the Fox, Manitowoc and Sheboygan Rivers.
The flight lines for the 19TL photographic and thermal scanning missions
are essentially the same as shown in Figures 3 and L.

The RB-57 aircraft was equipped with two 9-inch format RC-8 cameras,
each with a 6-inch lens, a 9-inch format Zeiss aerial camera with a 12-
inch lens, a TO-mm Hasselblad camera with a 4O-mm lens, and a RS-T7
thermal scanner filtered for the 10.2 to 12.5-m spectral region.

Imagery from the various cameras consists of 9-inch Ektachrome Type SO-
397, 9~inch and TO-mm Aerochrome infrarad Type 24L3, and & black and
white positive of the RS-T7 thermal scanner image. Segquential photography
was obtained with the two RC-8 cameras timed for 60% overlap, and the
Zeiss camera timed for 22% overlap. As the RB-57 flew at altitudes of
59,000 to 59,800 feet above ground level the exact scale of the photo-~
graphy was 1:118,000 for the 6-inch lens and 1:59,000 for the 12-inch
lens. Table 2 shows the imagery acquisition project for the duration

of the project.

The quality of the photography varied from good to excellent in the
9-inch format, and from poor to excellent in the TO-mm format.  Evalua-
tion of each type of imagery obtained for this study should be helpful
for planning future missions.

‘The Aerochrome Infrared Film (9-inch format) was exposed in two
cameras. A 6-inch lens and a 12-inch lens provided scales of 1:120,0Q0
and 1:60,000 respectively. The 1:120.000 scale color infrared photography

was used for direct comparison with the Ektachrome Type S50-397, which

16



TABLE 2. IMAGERY ACQUISITION SCHEDULE

IMAGERY ACQUISITION BY NASA

. FILM TYPE/
DATE ATIRCRAFT MISSION ALTITUDE SENSOR WAVELYIGTH
4 June 72  ‘RB 57 205 60,000 ft RC8, 6" lens 2443
RC8,.6" lens 50397
Zeiss 12" lens 2hh3
Hasselblad, 40 mm 24kh3
RS~T7 - Thermal 10-12 micron
ol June 73  NP-3 235 3,500-  RS-14 Thermal 8-14 micron
4,000 scanner
PMIS K-band
PRT 5
3-7 May T4  RBST 273 60,000 RC8, 6" lens 2443
RCB, 6" lens S0397
Zeiss, 12" lens 2443
Hasselblad, 40 mm 2443
and 80 mm lenses
Hasselblad -3 2h02
camers multispectral
40 and 80 mm lenses
31 May Th NP-3 272 2,500~ PMIS K-=band
4,000
RS-114 8-1k micron
12 June T4  RBS5T 284 60,000 same as Mission 273.

IMAGERY ACQUISITION BY INVESTIGATORS

3 0ct T3 Cessna

Cessna

T May Th

5,000

5,000

17

Hasselblad, 100
mm lens 3 camera
multispectral

Zeiss, 6" lens

PX, 2402
2443
EKMS, 2448

2Lh3
PX, 2ho2



was exposed at the same scale., The 1:60,000 photography used to verify
information derived from the smaller scale photography.

1. Aerochrome Infrared Film, Type 2443, 9-inch format, 6-inch lens,
scale 1:120,000. The exposure on the film is good t@ excellent, A
slight density difference is noted along one edge of the film. Color
saturation is good and the color rendition appears normal for this film.
Subject contrast is high but detall in some highlights is washed out.

‘Land use patterns are readily distinguished but individual units
are not easily discerned. Water bodies such as lakes, ponds, rivers
and streams are easily seen. Patterns are observed in larger water
bodies which may be indicators of waterborne pollutants. A wide dis-
parity is noted in the color rendition of water bodies, and it is obvious
that factors other than pollution are contributing to tonal appearance.
Some of these factors are depth of water, surface roughness, sun angle
and water coloration.

The 1:120,000 scale photography is useful in preparing land use maps
of a general nature and is excellent for long-term monitoring of urban
expansion. However, the detail available at this scale is not adequate
to make positive identification of all observed features. The photography
obtained in the 9-inch format with the longer focal length lens (12-inch)
was used wherever greater detail was needed in the study.

2. Aerochrome Infrared Film, Type 2443, 9-inch format, 12vinch
lens, scale 1:60,000. The exposure on this film is good to excellent.

A slight density difference is noted along one edge of the filmJ Cplor

saturation is good and the color rendition is normal for this film type.
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Subject contrast is high and occasional loss of detail is noted in
lighter areas.

The detall observed in this photography is excellent. Center
markings on highways may be seen, and individual automobiles are seen
on highways and in parking lobts. Vegetation is readily sepzrated as to
type and size. A peculiarity of the imagery is the three-dimensional
appearance of the red vegetation. This appearance is very helpful in
determining relative vegetation heights. Surface water is contrasted
sharply with the background and drainageways are traced with relative
ease. Patterns appearing in ground features lead to the speculation
that relative surface molsture differences in soils may be seen. Water
depth is difficult to estimate but is indicated by changes in the blue
rendition of the water. An example seen on the imagery is a large
syimming pool, in which the water is a very light blue 4t one end
gradually becoming dark blue at the opposite end. This color gradation
is affected by other factors and 1s not a reliable indicator in all
instances. It was found in this study that the aerial photography did
not give enough information to allow direct monitoring of point sources
of water pollution. It does, however, provide information on gross
pollution in water bodies, primarily in those cases where the pollution
is highly visible and contrasts with the normal coloration of the
water. The ability to do detailed land use and drainage mapping from
this scale photography is a principal asset. Smaller scale photography
is also useful in land use mapping, when supplemented with adequate

larger scale photography for detail checking.
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3. Aerochrome Infrared ¥ilm, Type 24h3, 70-mm format, LO-mm lens,
scale 1:450,000. This photography was considered least useful to the
study due to some vignetfing of the image and a wide exposure variance,
ranging from poor to excellent.

Thermal Imazery (RS-T)

Sources of thermal pollution are essentially point sources, and
therefore patterns indicative of thermal pollution are generally recog-
nized as thermal plumes emanating from sources such as industrial areas,
thermoelectric generating plants (nuclear and conventional fuels), and
sewage treatment plants. The detection of thermal plumes is possible
on the small scale thermal Imagery, but no quantitative asseésment of
actual temperature differences is possible, since calibrated tempera-
ture data are not available, The evidence of thermal pollution is there-
fore based entirely on relative tone signatures, for example, on a posi-
tive film the rendition of dark tones indicates cool temperstures, while
light tones indicate warm temperatures.

The thermal imagery was obtained with the RS-7 infrared scanner,
sensitive to the 10.2 to 12.5 micron spectral range, which is the
far-infrared region of the speetrum. Most thermal imagecy is acquired
at night to avoid the effect of reflected radiation and at altitudes
under 10,000 feet so the resolution will be sufficient for the detection
of thermal point sources. This high altitude, daytime imagery was done
on an experimental basis, and with some interesting results. In terms

of the objeetives of this study, few evidences of thermal pollution
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patterns could be seen. The only clearly identifiable man-made plume

i
on the original iﬁagery was the plume of the Point Beach Huclear Power
Plant (located at point 4, Figure 5) where thermal differences could be
extending about two miles southward of the plant.

The plumes of several rivers entering Lake Michigan and Green Bay
include the Milwaukee, the Fox, and the Menominee Rivers, points 3, T,
and 1, respectively in Figure 5. It is normal for the water of rivers
entering Lake Michigan and Green Bay to be warmer than the lake water
during the spring and early summer seasons. Differences as high as 20°F
were measured by the investigators. Therefore, it is difficult if not
impossible to estimate how much of the relative warmnth of these river
plumes is due to natural causes and how much due to heat added from
industrial sources. Low altitude, nighttime, thermal scans would provide
much more information for this type of problem.

A noticeable aquatic thermal pattern is illustrated at point 2,
Figure 5. This pattern is interpreted to be related to major circulation
patterns within Green Bay. The fact that the patterns are confined to
the water area suggests that the signal does not result from aimospheric
temperature differences. The original RS-T7 imagery provided numerous
patterns related to lake cufrents énd long shore currents in Lake
Michigan. The effect was similar 4o current turbidity patterns seen
of the same areas on ERTS MSS bands four and five at approximately the
same scale as the RS-T imagery.

Thermal patterns on the land surface were complex. The most

readily distinguishable patterns were forested areas (for example,
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point T, Figure 5) contrasted with cleared agricultural areas and small
lakes. Urban areas were nolt distinct, but always of a light tone on the
original imagery, suggesting a "heat island" effect. An example is the
city of Sheboygan (point 5, Figure 5). Tonal differences of the urban
areas compared to the surrounding countryside suggest ERTS MSS band 7

in appearance.

One of the most noticeable terrestrial patterns on the RS-T imagery
is a dark swath with a northwest to southeast orientation, located
between Green Bay and Lake Winnebago (point 6). The probable cause of this
cold signal is judged to be precipitation occurring shortly before the
time of flight, resulting in higher soil moisture content in this area.
The only weather stations located within the dark toned area are Brillion
and Kewaunee, which reported 0.68 and 0.69 inches of precipitation,
respectively, on 4 June (see Appendix I).

Mission 235, 24 June 73

In June 1973 the NASA NP-3 aircraft flew the RS-1l infrared scanner
and the passive microwave imaging system (PMIS) over the test area.
Little infrared imagery of usable quality was obtained due to ground
fog over the study area. The usable imagery obtained was not in the
prime study areas and evaluation was not completed.

The PMIS (Passive Microwave Imaging System) is a recently developed
sensor which has not been tested for many potential remote sensing’

applications. A variety of microwave sensors has been used to measure



parameters of water or ice surfaces, and several federal agencies have
sponsored successful research on determination of sea state, water
surface temperature, water salinity, oil pollution of water surfaces,
and sea mapping.

PMIS System Characteristics

Passive microwave systems do not provide their own energy source.
These sensors respond to the energy emitted, reflected and transmitted
from surfaces scanned by the sensor. The sum of these three types of

energy constitutes the "brightness temperature"

of an object. Emitted
and reflected energy have an inverse relationship, with their sum being
equal to one or "unity". This relationship means that objects which

are good reflectors of energy, such as metal roofs and arecas of concrete,
are generally poor emitters of energy - and vice versa.

The greater variance of reflectivity in any given area, as opposed
to variance in emissivity, causes reflected energy to make up the major
portion of a microwave signal recorded during daylight hours. Night-
time imagery records mostly emitted signals. This variance in reflection
and emission causes the differences perceivable on the imagery. According
to the Earth Obsérvatibns Aircraft Remote Sensing Handbook prepared by
NASA (Houston), the airborne PMIS gathers brightness temperature data
(10.69 GHz: in degrees Kelvin) from two scanning antennae, one for
vertical polarization and one for horizontal polarization. Black and
white images on a video monitor and digital magnetic tapes are’generated

aboard the aircraft.
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The imagery sppplied for evaluation was a computer-processed false
color rendition ofithe scene scanned by the PMIS; each color represented
a temperature range of about 4 degrees Kelvin. A total of 64 colors was
used. A computer printout of the area represented by the color transparency
was supplied with the temperature for each footprint (color segment )
given.

The PMIS imagery was acguired on a single flight line of the NASA
NP-3 aircraft at an average altitude above the terrain of 4300 feet.

The flight line was centered on the Fox River which drains Lake Wlnneoaéy/
and discharges into Green Bay, about 40 miles to the northeast. The /
land-use patterns along the Fox River covered by the PMIS swath include
most of the land-use categories to be found in the eastern Wisconsin

test area and form a good basis to examine the applicability of PMIS
imagery to land-use patterns in the Great Lakes region. Recent studies
conducted at the University of California, Santa Barbara, have suggested
that passive microwave imagery could be useful for general land use
mapping.

The PMIS system has severe limitations as a remote sensing tool for
land-use m@pping, however, These include low resolution and small-area
coverage. The scanning geometry of the PMIS system is shown in Figure
6 and the formula for determining the size of the PMIS foutprint is
shown in Figure T. Applying the formula to the imagery evaluated in
this report, the following dimensions are obtained: Footprint length,

L6) feet; footprint width, 185 feet; aircraft NADIR to footprint, 5035
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feet, It is interﬁsting to note that from an altitude of 4300 feet, the
PMIS footprint sizé is slightly narrower but considerably longer than
the 264 foot circle which comprises a single unit (Pixel) for the ERTS
multispectral scanner from an altitude of 496 miles. The PMIS imagery
evaluated has a resolution somewhat less than that of the satellite MSS
sensor.

Several interpretation approaches were used in the evaluation of
the PMIS imagery. The initial approach was to match visually the major
patterns of the PMIS imagery with those as seen on Aerochrome IR trans-
parencies and with black and white prints of the study area. A Bausch
and Lomb Zoom Transfer Scope (ZTS) was used to match the scales of the
imagery for visual comparison and interpretation. It was anticipated
that major patterns identified on the photography as forest or agricul-
tural land, residential and industrial areas would correlate with the
microwave imagery.

It was not possible to identify the major patterns on the PMIS
imagery. The only dependable pattern agreement was the land-water
boundaries representing the Fox River and the shore of Green Bay.

In some cases other kinds of differentiation coﬁld be observed, for
instance, the boundary between the central business distriet in the
city of Green Bay and established residential‘areas where there wére
mény trees. Wet areas and small ponds produced a distinctive signa-
ture on the PMIS imagery and could be compared to the photo record

for shape and size. The major problem was that such relationships were
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not consistent from place tec place and pattern interpretation based on
the PMIS imagery without conventional photography as ground truth was
not feasible.

An attempt was made to correlate the computer printout to the
color transparency; A direct correlation could not be made and in many
cases a unique footprint shown in the color transparency could not be
located on the digital printout for the corresponding scan line. It
was possible in most cases to correlate the particular cultural or
natural feature as shown on the color infrared with outstanding foot-
prints on the PMIT imagery. A summary of interpreted relationships
is shown in Table 3. Possible causes of this lack of correlation are,
(1) individual scan lines are not properly synchronized with the computer
printout, (2) the imagery may show unique segments when the brightness
temperatures do not change significantly, or (3) the time index printed
on the imagery or the time indication on the computer printout may be
incorrect. The best method of evaluation was a simple visual comparison
of the PMIS imagery to conventional photography.

The particular PMIS computer imagery evaluated in this project did~
not provide satisfactory results for the purposes of investigating land
use. Wetlands were visible on the imagery, but the possibility of
confusing such terrain with various other phenomena that produce similar
tonal of signatures is too great to be overlooked. One cluster of
buildings may appear as a white or pink area on the imagery, wﬁile a

similar group of adjacent buildings is not represented at all. Of two
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TABLE 3. TYPICAL PMIS SIGNATURES

Temp Range OK - Polarization Interpreted Phenomena

;  50-82 Vertical -

! Horizontal -

P ‘

g

L 83-122 Vertical -
Horizontal Water, Agricultural Land -

123-226 Vertical Water, Wet Lands, Industrial Areas (Metal Rovfs)

Horizontal Water, wetlands, Residential Areas, Industrial

Areas (Metal Roofs)

207-258 Vertical "Boat Berths", Residential Areas, Industrial

| Areas (Metal Roofs), Agricultural Areas, Heavily
t , Vegetated Areas, Isolated Metal-Roofed Buildings,
Trailer Park, Bare Soil Areas

| Horizontal Residential Areas, Industrial Areas (Metal Roofs),
Agricultural Areas, Heavily Vegetated Areas

250-300 Vertical Industrial Areas, Residential Areas
Horizontal Residential Areas



adjacent ponds of similar size, one may be visible and the other not
shown. On the basis of color or tone signature, heavily vegethated arcas
cannot be separated from résidential or industrial areas. In some
cases, land could not be distinguished from water on the microwave
imagery. Some roofs showing\white on the imagery could be mistaken for
ponds, as they also may be white on the imagery. This type of identi~
fication problem dominated correlative attempts based upon color and
tone on the PMIS imagery.

It is hoped that further experimentation with PMIS will provide more
satisfactory results. The ability of the PMIS to obtain surface informa-
tion through cloud cover is a an asset and couid prove a valuable tocl
in remote sensing of water and wetland resources.

With regard to possible practical applications of the PMIS as a
remote sensing tool in the Eastern Wisconsin test area, it would appear
there are severe limitations, especially for terrestrial applications,
These include low resolution coupled with small area coverage, in addi-
tion to the difficulties of scan line identification and numerical
correlation of the colors represented on the imagery. This evaluation
did not include most of the traditional applications of passive micro-
wave sensors which are primarily related to water surfaces. Also the
use of PMIS for the differentiation of soil moisture was not sufficiently
tested due to the uniformity of soil type within the Fox River valley.
The few areas of wetlands or fill were for the most part detectable. A
comparison of PMIS imagery with RC-8 photographic imagery is shown in

Figure 8. The scale of the PMIS imagery in Figure 8 is slightly smaller
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Figure 8. Comparison of PMIS imager with high altitude color infrared
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in its long axis compared to the RC-8 photographic image so that com-
parable points do not register exactly left and right. Although both
originals were in color, this black and white reproduction provides con-
siderable information on signature comparability. The major water bodies,
Green Bay and the Pox River, are easily defined in both types of imagery.
These areas have been filled with dredge spoils, but are mostly low and
wet. The residential areas (pt 4, Figure 8) appear as a warm signal in
the PMIS, probably due to dense tree growth. The central business
district of Green Bay, (pt 2) gives a mixed signal. The arc of cold
(1ight toned) signals just below this point is an error, due to a tilt

of the sensing aircraft at this point. (Paper mills, pts. 3, Figure 8)
provide a cold PMIS signal, and are highly reflective in the photographic
wavelengths.

For land-use mapping and other terrestrial applications in the
eastern Wisconsin test area, the PMIS does not appear to be a practical
tool. The only clear advantage it has over other available sensors is
that imagery can be acquired under adverse weather conditions. Although
more detailed processing at the PMIS ground data station and imagery
acquired at a lower alititude would provide more detail, it appears
unlikely that this sensor could provide data for land-use mapping com-
parable for most practical applications to either thermal scanning or

vhotographic sensors.
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Missions 273 and 284, May-June 19T7h

Extachrome type S0-397 2A Filter (Mission 273) scale 1:114,000:

The 9-inch format Ektachrome type S0-397 was exposed in a RC-8
metric camera equipped with a 6-inch lens and a 2A filter. The film
is slightly underexposed or dark and the color balance appears ncormal.
Some detail is lacking in water bodies due to the exposure. Overall
detail is good and land-use patterns are easily observed. Contrast
varies from good in the center of the frame to low around the frame
edges.

Aerochrome IR film, type 24h3 12 Filter (mission 273), 9-inch format,
6-inch lens, scale 1:11L,000:

The film is considerably overexposed (1light) and vignetted. Frame
corners are dark and the center is light. Subject contrast is high with
some detail washed out in highlight areas. Film color balance appears
shifted to green.

Aeroechrome IR film 12 Filter, type 2443 (mission 273), 9-inch
format, 12-inch lens scale 1:57,000:

The exposure, color balance and detall of this film are excellent.
A slight density difference occurs between the center of the film and
the edges as well as a slight color shift associated with the density
change. Several large marks (scratches or abrasions), are noted on
many frames of the film bat these did not cause problems in interpre-
tation of land use features. They do, however, show up on enlargements

of the imagery and detract from its overall appearance. This film



and scale of photography provides all of the information needed for
gross land use maﬁping and, as was discussed earlier, was used wherever
greater detail was needed to verify mapping from the smaller scale
photography.

Aerochrome Infrared, type 2443, 70 mm format (2 1/4" square)
12 + 30B filter:

The photography flown on 3 May 1974 was exposed with 40 mm lenses
on the Hasselblad cameras while the photography flown on T May 1974
was exposed with 80 mm lenses. The usefulness of the two days' pho-
tography varied considorably. Large patterns such as urban areas,
large lakes or ponds and streams can be seen but finer detaill needed
for land-use mapping is missing. The probable cause for such poor
resolution is atmospheric attenuation coupled with exposure variances.
The 70 mm format is more difficult to work with when doing mapping and
is considered the least desirable for land-use mapping.

Mission 272, 31 May Th

This mission was a repeat of Mission 235, a low altitude thermsl and
microvave scanning flight by the NASA NP-3 aircraft. Only the PMIS
imagery from Mission 235 was analyzed with any detail because ground fog
obscured much of the RS-1l4 thermal imagery. Mission 272 was flown on
31 May T4, approximately 2100 to 2400 hours local time. Flight lines
indicated in Figure 3, are applicable to both Mission 235 and 272.

Aircraft coverage of the Fox River was at 2500 feet (radiometric altitude).
The rest of the coverage, including the Lake Michigan shoreline and the

Manitowoe, Sheboygan and Milwaukee Rivers wae at approximately 3500
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feet (radiometric altitude). This evaluation focuses primarily on the
RS-1l imagery of the Manitowoc River and briefly on the larger scale
coverage of the Fox River. PMIS data acquired during this mission was
not received by the investigators nor was data resulting from the PRT-5
radiometric thermometer intended for correlation with the RS-1lL imagery.

The RS-14 thermal scan provided imagery in the 8 to 1t micron
wavelengths. The imagery was acquired at night so that only emitted
thermal radiation would be recorded. The clarity of the thermal imagery
acquired during Mission 272 is excellent., Except for the presence of
scan lines, much of the imagery approaches photogfaphic gquality in
terms of information content available for interpretation.

The primary consideration in this evaluation of RS-14 thermal
imagery is its application to the Corps of Engineers mission work. The
acquisition of thermal imagery is consider:bly more expensive than that
of photographic imagery. This discussion compares the information con-
tent of the thermal imagery with color infrared photographic imagery
acquired during Missibn 273.

Details of the RS-1) thermal scan of the Manitowoc River were
compared with a 1:60,000 scale color infrared photograph acquired 23
days prior to the thermal scan. Figure 9 is a negative rendition of
this RS-lﬁ imagery. Very little water detail is visible in either type
of imagery except at the wider portions near the river mouth. On the
RS-14 imagery, temperature differences attributed to the mixing of

cooler lake wabter with that of the river can be detected as a gradual

36



EPRODUCIBILITY OF 1HE
BEORIGINAL PAGIE IS POOR

e S5

Figure 9. RS-1l imagery of the Manitowoc River (negative rendition)
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shading from the harbor area to approximately one mile upstream.  This
differentiation ig not obgervable in the color infrared imagery. An
indication of a warm signature resulting from sewage plant effluent is
visible near the harbor entrance on the RS-1L imagery but not on the
Zeiss imagery. This small plume was readily detectable, however, on
color infrared imagery acquired by the investigators at an aircraft
altitude of 5,000 feet two months prior to this flight.

Details of drainage, apparent soil moisture differences and
forested areas are as evident as those on the color infrared photograph
used for comparison. Agricultural land use patterns, such as differ-
entiation of field boundaries, roads and other cultural patterns, are
readily apparent on the RS-14 imagery. Apparent differences in surface
materials on roads were noted on the RS-1k imagery but not on the color
infrared. The RS-14 imagery of the urbanized area of Manitowoc dis-
plsyed considerable detail, particularly street patterns and large
building structures.

A section of the Fox River between Neenah and Menasha is shown to
illustrate the clarity of wetlands delineation on the RS-14 imagery
(Pig. 10). A black and white reproduction of an RC-8 color infrared
imag of the region to provide a geogrdphic reference. The warm shallow
water within the wetlands and in a small stream entering the wetland
area provide detail generally not available on photographic imagery.

The analysis of the RS-1h4 thermal imagery as compared to color
infrared photographic imagery indicates that many of the patterns dis-

played on the thermal imagery are readily detectable on photographic
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imagery, especially color infrared emulsions. In cases where relative
temperature information is desired for a land or water surface, there is
no substitute for the thermal séanner. However, for most purposes,
sufficient information can be obtained much more economically with

aerial photography. For instance, the identification of effluents in
water bodies can be done whenever the effluent enters a water body with

a different turbidity or color. There were few cases where effluent
plumes identifiable on the RS-1k4 imagery did not create an identifiable
signature on either high altitude color or color infrared imagery. 1In
the study area, color infrared and/or color imagery acquired at a similar
scale to the thermal imagery can be used to locate most types of effluents.
However, details of the plumes such as the size and concentration within
mixing zones, would be far better depicted by thermal imagery. Although
much detaill on land use patterns is portrayed in the thermal imagery,

its application in a mapping program should be limited to a few specialized
areas. For general mapping efforts the low resolution, narrow field of
Eoverage, lack of geometric control and high expense preclude the use of
thermal imagers. For specialized applications the thermal scanner may

be the only feasible sensor, for example, the delineation of impervious
areas within a city, or differentiation of small drainage patterns

within a wetlands area.

70 mm Hasselblad multi-spectral photography, 2 1/4" sq. black and white,

25, 47 filters, 2h02, 2442 film

The Hasselblad system was used to obtain black and white photography

of the test areas which would approximate the various spectral bands
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used in the ERTS-1 (blue, green, red and near IR). The quality of the
photography is poor in mqst instances. The film is grainy; some rolls
show extensive water spotting;,resolution is poor and contrast is flat.
The 2402 film with 25 filter produced the best result for single band
viewing and was the only band considered suitable for gross land-use
mapping (level 1); color reconstruction of selected scenes was attempted
using the multi-spectral viewer. The usefulness of this technique
(optical mixing) was limited due to the gquality of the photography. It
is possible to emphasize natural and cultural features using the multi-~
spectral viewer but in no instance was more information obtained from
this technique than could be obtained from the larger color transpar-
encies.

Mission 28k, 12 June 197h

Mission 284 was flown on 12 June 1974 and additional photography of
lines 22 and 23 obtained. The cameras used were two Wild RC-8 metric
cemeras (9-inch format, 6-inch lens), the Zeiss metric camera (9-inch
format, 12-inch lens), and L4 Hasselblad cameras with 80 mm lenses. The
Hasselblad cameras exposed plus-X Aerographic film, type 2402 through
a 12, 57 and 47 filter and Aerochrome IR, type 24L3, through a 12 +
CC 30B filter. Nine-inch Aerochrome IR, type 24L3, was exposed in one
of the RC-8 cameras and in fhe Zeiss cemera with a 15A filter. The
other RC-8 camera exposed Ektachrome (Sd;397) through a 2A filter. This
photography is excellent and is technicaliy some of the best received

from NASA.
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LAND USE ANALYSIS

The initial ;tep in,ﬁhe land use analysis portion;of this study was
to determine land use mapping criteria which would permit a quantitative
comparison to water quality measurements. Most urban and many agricultural
point sources can be directly related to a potential for aquatic or
other types of pollution but meaningful areal measurements cannot be
obtained (Fig. 4). Although changes in number and types of point sources
will occur as land use patterns evolve, the size of the site or land
area occupied by a typical point source is not directly related to the
intensity or type of pollution. The development of a data base for land
use/water quality comparisons was, therefore, restricted to levels I,

II, and IIT land use categories that lend themselves to area measure-
ments rather than enumeration of point sources. The investigation was
then focused on the regional relationship of land use categories to
sediment loading in streams.

The USGS Land Use Classification System (Anderson, et. al., 1972)
was selected for use in this investigation. "The classification system
ubilizes the best features of existing widely used classification systems
to the extent that they are amenable to use with remote-sensing, and it
is open-ended_so that regional, state, and local agencies may develop
more detailed land use classification systems, at third and fourth
levels, to meét their particular needs and at the same time remain
compatible with each other and with the national system." (Anderson,

et. al., 1972). An outline of the system is shown in Table 4. This
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TABLE 4. LAND USE CLASSIFICATION SYSTEM FOR USE
WITH REMOTE SENSOR DATA

Level T

Urban and Built-up Land

Agricultural Land

Rangeland

Forest Land

Wated

Nonforested Wetland

Barren Land

Tundra

Permanent Snow and Icefields
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Level IT1

Residential

Commercial and services
Industrial

Extractive

Transportation, Communications,
and Utilities

Institutional

Strip and Clustered Settlement
Mixed

Open and Other

Cropland and Pasture

Orcipards, Groves, Bush Fruits,
Vineyards, and Horticultural
Areas

Feeding Operations

Other

Grass

Savannas (Palmetto Prairies)
Chaparral

Desert Shrub

Deciduous

Evergreen (Coniferous and
Other)

Mixed

Streams and Waterways
Lakes

Reservoirs

Bays and Estuaries
Other

Vegetated
Bare

Salt Flats

Beaches ‘

Sand Other Than Beaches
Bare Exposed Rock

Other

Tundra

Permanent Snow and Icefields



system ics adaptable to three levels of organization. Levels I and IT
are readily mappeé from most types of aircraft photography and require a
minimum of ground truth data for verification. The only extensive
ground truth needed would be that required for some level III land use
mapping. Level I1 mapping was accomplished on a small area primarily to
compare content and efficiency of mapping from ERTS~1 vs. high altitude
aireraft imagery (Haugen and Splett, 1974). The only level III cate-
gories utilized were to differentiate between open agricultural land and
that with a cover crop.

A variety of high altitude imagery was obtained by NASA in May and
June of 1972 and 1974 for this project. For land use mapping, the color
infrared imagery acquired from the RC-8 (6" lens) and especially the
Zeiss (12" lens) cameras was most suitable. Approximate scales were
1:120,000 and 1:60,000 respectively. The RC-8 color infrared trans-
parencies were contact printed to obtain black and white negatives and
were enlarged to a print scale of 1:63360 for use with acetate watershed
outline maps prepared from USGS 15 minute topographic maps. Altheugh
the Zeiss 1:60,000 provided the greatest detail, mission restrictions
précluded.cdmplete area coverage with this cemera. Interpretation was
done directly on the acetate overlays. The 9"x9" color transparencies
were placed on & nearby light box for constant reference during this
procedure.

Analysis of 1972 Imagery

The East and West Twin River watersheds were selected for the
initial mapping effort because the photography showed obvious color-

density differences between the two streams, which suggested apparent
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variations in sediment load. The object was to correlate the apparent
changes in sediment load to land use., BSince the 1:120,000 color infrared
imagery provided the greatest amount of information on land use differences,
it was used for land use interpretation. Basic details such as roads,
streams and watershed boundaries were transferred directly from the base
map to an acetate overlay with predrawn linear features to provide

control for distortions on the black and white photo enlargements.

Land use for the Twin Rivers watersheds was mapped using the basic
procedures already described. Colors were chosen for the manuscript
map based on their optical density to allow measurement of areas through
color densitometer planimetry. The photo base map and the manuscript
land use map are illustrated in Figures 11 aqd 12. Unfortunately the
colors most sultable to color densitometry ﬁ; not reproduce well in
black and white photography, so the categcries are difficult to discern
in the illustration.

The instrument used was an Antech model A-12 densitometer, which
consists of a tlack and white TV camers especially modified for uniform
segsitivity across its entire scan area, a color TV receiver, and an
electronics package including a digital planimeter. The instrument
converts density levels into different voltages which are then displayed
‘as discrete colors and/or numerical values. The range of density values
examined is adjustable, and the assignment of specific colors to given
density values is operator-controlled. A "color window" féature
permits the anélysis of a variable sized square'or rectahgular area

within the scanned area. The planimeter feature provides a direct
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recdout of the proportion of the window in a given color or density
level. Using the densitometer planimetry method, 97-99% accuracy is
achieved, provided the inifial mapping is correct.

Tne color window must be calibrated to correspond to a known area
on the acetate or base map. Since the mapping was done at a scale of
1 inch equels 1 mile, a grid network (Fig. 13) representing 16 square
inches on the base map, or about 10,240 acres onvthe ground wvas estab~
lished. This block size was selected because it yielded maximum
results in terms of accuracy and size measurement. The grid was applied
to the Twin Rivers watersheds and the resulting measurements are indi-
cated in Tables 5 and 6.

In the above analysis an experiment was accomplished using the color
densitometer to measure land‘use arcas directly from the color and color
infrared imagery. Color filters were employed to emphasize tonal patterns
and to vary contrast differences indigenous to the imagery. The obvious
advantage of this procedure is' that manual mapping of land use would be
eliminated and data for comparison to stream sedimentation and other
water quality measurements could be obtained directly. Also, maps of
land use could be compiled by simply photographing the individuvual sections
on the densitometer screen during that procedure.

The direct measurement of land use areas from the photography proved
to be feasible for limited areas. Only those areas with light-toned
soils provided sufficignt color density contrast between open fields and
crops and other vegetation. Other land use categories, notably forest

and roads, almost aiways could be distinpuished and directly measured.

L8



h

32 3
/‘/‘j\/\
Zi(~\\Jg:\\\\§§££; 29 20

J e

25 24 23 2
West Twin River (Eost Twin River
Watershed Watershed

33 16 |7 I8 RS 20
\\/\ /

15 \1\4 13 |2 IS

N\
6 7 8 9 1§>
N | ~
tigure 13. Grid used for densitometer measurement.

49




TABLE 5. AREA OF LAND USE TYPES, EAST TWIN RIVER WATERSHED

i
4
i

Meas. Forest Urban Agriculture Other¥*

block % Acres % Acres % Acres % Acres
1 4.6 el 12.7 1301 8.4 860 0.9 72
10 _ 15.7° 1608 1.8 184 k3.1 43 4.1 420
9 8.3 850 5.1 522 27.1 2775 1.0 102
13 h.9 503 0 15.4 1577 1.2 123
12 27.6 2826 0 59.5 6093 3.1 317
11 9.7 993 0 29.8 3052 3.5 358
20 9.0 922 .5 358 Ly, L L5k 2.8 287
19 36.0 3686 1 10 55.1 5642 I 481
18 .9 07T 0 0 19.8 2028 2.2 225
23 .3 236 0 0 3.5 358. 0.1 10
22 24,0 2458 0 0 55. 4 5673 1.1 113
21 7.4 1782 0 0 51.2 5243 2.7 277
30 13.1 1341 0 0 39.3 Lo2y h.3 Lko
29 33.1 3389 0 0 52,1 5335 5.3 543
28 3.k 348 0 0 7.6 778 0.5 51
32 10. 4 1065 0 0 6.2 635 3.0 307
31 2.6 266 0 0 .9 297 1.1 113
Totals 28 3,430 3 2,375 6l 53,330 5 5,257 83,41k “

¥ This category includes watershed boundary lines, roads, rivers, etc.
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TABLE 6.

AREA OF LAND USE TYPES, WEST TWIN RIVER WATERSHED

Meas. Forest Urban Agriculture Other¥
block % - Acres % Acres % Acres % Acres
1 15.7 1608 16.0 1638 15,2 1556 6.1 625
2 18.8 1925 4,2 430 39.8 4076 3.5 358
3 9.0 922 0 0 22.0 2252 0.7 717
T 6.8 696 2.8 287 23.4 2396 .8 819
15 8.0 819 0 0 24,3 2488 2.9 297
14 11.1 1137 .6 573 60.1 6154 2.2 225
8 17.1 1751 .1 522 T2.2 7393 5.1 522
9 6.4 655 .1 10 3h.7 553 3.3 388
12 0.6 61k 0 0 1.0 102 0.1 10
13 29.2 2990 0.9 92 39.2 Loik 6.1 625
16 18.2 1864 0 0 T7.2 7905 1.8 205
17 21.2 2171 8.2 8140 65.7 6728 3.1 317
18 1. Y 1h7s 0 ) b5.1 4618 1.6 164
25 6.5 666 0 0 34,7 3553 1.h 143
2l 15.4 1577 0 0 65.8 6738 10.1 1034
23 2Lk, 3 2488 0 0 54.8 5612 5.1 522
22 0.2 20 0 0 T.7 789 0 0
28 9.4 963 0 0 18.2 1864 0.9 92
29 0.4 Iy 0 0 1.3 133 0 0
27 8.0 819 3.6 369 36.3 3717 T T2
26 5.7 581 0 ' T.7 789 .2 225
0 0 0 0.9 92 0 0
33 2.1 215 0 13.5 1382 0 0
Totals 22 16,000 4 L, 761 67 77,904 6 7,360 116,025

¥ This category includes watershed boundary lines, roads, rivers, etc.
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However, the method was not considered feasible because all of the level
I categories could not be measured exactly from place to place within
watershed areas.

The next approach to land use mapping involved hand colored overlays
on frosted acetate, but with three important differences from the
original effort on the Twin Rivers watersheds. First, a subcategory was
created to distinguish "open' agricultural land, essentially areas
of bare soil where crops had not yet reached sufficient density (maturity)
to produce a signature on the color infrared imagezy. Such land, being
more subject to erosion, would contribute directly to turbidity differ-
ences in streams. The'turbidity differences were apparent in the imagéry
and could be measured by the analysis of water samples. Secondly, this
mapping effort was done directly on an overlay of the 1:120,000 color

;nf%ared imagery. The geometric control originally provided by USGS base

maps was not believed critical to the measurement of land use areas.
The smaller scale together with the procedure of mapping directly from
the color infrared imagery was considerably faster. The third differ-
ence was the production of a strip map which furnished a sampling of
land use units representative of the watershed area. Two grids - one
with two square miles, and one with eight square miles were prepared
for equal sampling to include at least one mile on each side of the
stream. The small grid square was used where the stream was more or
less straight, the larger grid was used where streams bifurcated or

major curves were encountered.
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Two watersheds were mapped and measured using this procedure, the
Oconto (1060 square miles) and the Manitowoc (557 square miles). The
Oconto, located in tﬁe northern part of the test area, is in a pre-
dominantly forested area with Tew apparent sources of aquatic pollution.
The Manitowoc watershed had a proportion of land use categories typical
of the Eastern Wisconsin test area, Measurements of land use areas for
the Oconto and Manitowoc watersheds using the strip mapping method are
‘given in Appendix 2. This technique resulted in a mapping area épproxi—
mately one third of the total watershed.

There 1s a bias in the use of strip mapping for measurement of land
use categories within a watershed because land use within two miles of a
stream is not necessarily representative of the proportions of land use
within the entire watershed. However, it can be argued that for purposes
of studying the relationships among land use practices, stream sedimen-
tation and other water gquality measurements, the resultant data from this
procedure is pertinent.

Analysis of 1974 Imagery

Several changes in the mapping approach were made based on experience
gained in the mapping effort described above utilizing the 1972 imagery.
Instead of using colors on a single overlay map as in the initial pro-
cedure, greater measurement accuracy could be achieved with the densito-
meter /planimeter by delineating land use with black ink on separate
overlays for each category. Although mapping with colors is the more

rapid method, boundaries are not as distinct and measurement with the
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densitometer is more difficult. This is due to the unavoidable density
differences in the colored patterns on acetate and also to the similarity
of color densities.

The East Twin River watershed was selected as a test area for this
mapping approach. This watershed is small (approximately 131 square
miles) comparéd to the Oconto and Manitowoc watersheds, and water samples
had been obtained at several locations along the Bast Twin River. The
1974 color imagery was used to prépare a black and white photographic
base map at a scale of 1:63360. The 1974 color infrared imagery was
overexposed and eould not be utilized for enlargement.

Five acetate overlay maps were prepared for the East Twin River
watershed at a 1:63360 scale representing agriculture (open), agriculture
(closed), forest, urban, and water. This total watershed map provided
an accurate basis for evaluation of previous and future mapping tech-
niques, A reproduction of these overlays with base photo map can be
found in pocket (Appendix III). The time required to map an entire
watershed at the 1:63360 scale was too gréat with regard to the principle
objective of obtaining quantitative land use data for several representa-
ti&e watersheds.

Therefore, a second sampling technique was devised and tested for
precision against thé totally mapped East Twin River watershed. One
square mile (one section) was established as the sampling unit. A
computer-generated listing of random numbers was obtained to provide a
25% sample for grid matrices of 3X3, hxh, 6X6, and 12X12 units. The

different sizes were necessary to provide a "best fit" when the grids
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wvere systematically overlayed on the irregularly shaped watershed. The
grid is illustrated in Figure 14. The grids were applied to a watershed
mosaic composed of USGS topographic maps. The random numbers, identified
as to row and column for each grid, were used to locate the one square
mile.sample areas. Frequently roads, consplcuous on the imagery.,
followed section lines. The exact location of a section-sized area was
varied slightly from the location indicated by the grid so as to conform‘
to these boundaries for ease in subsequent mapping. For the East Twin
River watershed the 25% sample provided 36 one-mile squares to be mapped.

Measurement was done with the color densitometer as previously
described. In this case, two factors contribute to greater measurement
accuracy; 1) the color window could be calibrated to conform exactly to
the one square mile size, and 2) the black ink patterns created only
one density level so the density settings of the instrument remained
constant. To verify the sampling method, the entire Bast Twin River
watershed map overlays were measured using larger grid squares and the
results compared. These results indicated that the 25% sample was within
8% of the values obtained from the total sample for all categories and
within 4% for the majority of categories. The bias experienced with the
étrip mapping approach was avoided.

For the mepping and measurement of the Oconto and Manitowoc water-
sheds, the 25% sample approach was used. Overlay maps were produced
from the 1:120,000 color infrared imagery. This imagery, although over=
exposed, contained enough detail to permit direct interpretation.

Further time saving resulted from combining the mapped categories on a
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single sheet of acetate. Seven separate borderless s(:.:ures representing
each of the categories was mapped in columnar form on an acetate overlay.
This permitted mapping all factors within the section sequentially, and
provided a systematic basis for the subsequent densitometer measurement
of areas. TIn this manner, level T mapping of a square mile section could
be accomplished in approximately T to 15 minutes, depending on the number
of categories present and pattern complexity. An illustration of these
overlays is shown in Figure 15.
SOILS OF MANITOWOC, EAST TWIN AND OCONTO RIVER WATERSHEDS

Assessment of the soils was needed to examine the relationship
among land use, soil, aésociaﬁion and stream sedimentation. The soil
information used in this investigation was obtained from soil sur?eys
and maps prepared by the U. S. Department of Agriculture. Details on
soil assoclation, topography, pareﬁt material and classification according
to the Tth approximation can be obtained from the Legend For Overlay
Soil Map of Wisconsin (Wis. Geol. & Nat. History Survey, 1968).

Manitowoe River Watershed

The approximate percentages of the principal soil groups that occur
in. the Manitowoc River Watershed (Fig. 16) are: The Soils of the South-
eastern Uplands (20%), Soils of the Northern and Eastern Clayey and
Loamy Reddish Drift Uplands and Plains (50%) and Soils of the Stream
Bottom and Major Wetlands (30%) (Fig. 13). The Southeastern Upland
soils developed in loess and sand or loamy till and are located in the
headwater area of the watershed. The parent material for the soils

found on the Reddish Drift Uplands and Plains is'primarily clay and
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Oconto River
Sample No. 204

Figure 15. Example of separate overlay mepping for a single square
mile section. Numbers refer to land use ca
shown in Appendix II.



Solls of the Manitowoc River Watershed
Manitowoc, Wisconsin
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Legend

[E Solls of the Southeastern Upland l m Solls of the Stream Bottoms and Major Wetlarfis

B 2 - Hochheim, Teresa and Brookston silt loam

. . J 4 - Newton, Plainficld and Norocco sand and loamy sand, and
B12 - Teresa, Hochheim and Nenno silt loam (rotling) shatiow peat solls
B17 - Teresa, Onawiy, Fox and Sialter silt loant and loams : J11 - Zittay, Poyymn, Poy and Borth loams and ailty clay leam
B24 - Teresa, Hochheim amd Nenno silt loam {gently undulating) J13 - Raw acid sedye and woody peat solls with thin moss cover-
. ing; Cable and Freer gilt Inam
. l J15 - Slightly acid to alkaline sedgte and woody peat and muck
D Soils of the Northern and Eastern Clayey and Loamy

solls; Pella, Poygan and Brookston s1lt loam and silty

Reddish Drilt Uplands and Plains ' clay loam

1 4 - Kewaunce, Hortonville, Manawa and Poyparn it loam and -
. 8ilty clay loam
18 - Onaway loam: Teresa, Hortonville, Fox and Casco loams
110 - Kewaunee, Manawi and Poyian silty clay loam
U3 - Kewaunee, Maniwa, Foyian and Hortonville loams and silt
foama: Tuntin loamy sand
115 - Kewaunee, Kolliery and Manwa #lt Ioin aud Joama
120 « Kewaunce, Oshkosh, Masiwa wnd Poygin allty clay loam

Figure 16. Soil groups of the Manitowoc River watershed.
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Soils of the East Twin River Watershed
Two Rivers,Wisconsin

", Lake
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Legend

Soils of the Southeastern Upland

B17 ~ Teresa, Onaway, Fox and Salter silt loam and lams
« . B32- Piano and St. Charles (stratified substratum), Warsaw
and Fox silt loam

Soils of the Northern and Eastern Clayey and Loamy
Reddish Drift Uplands and Plains, .

il - Kewaunee,- Hortonville, Manawa and Poygan siit loam
. . and siity clay loam
I11 - Kewaunee, Manawa and Poygan silt loam and loams
113 --Kewaunee, Manawa, Poygan and Hortenville loams
and silt loam; Tustin loamy sand

m vSous of the Stream Bottoms and Major Wetlands
J4- Newton, Plainfield and Morocco sand and loamy sand;
shallow peat soils
J15 - Slightly acid to alkaline seduze and woody peat and muck

solls; Pella, Poygan and Drookston silt loam ang silty
clay loam

Soil groups of the East Twin River watershed.
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silt. These soils occur in the central and lower reaches of the drainage
system on 2-12% slopes. The Stream Bottom and Wetland Soils are loecated
throughout the watershed 6n level plains and are usually poorly drained.
The parent materials for these soils are glacial sandy outwash and
organic materials, calcareous clayey lacustrine sediments and sandy and
loamy glacial drift.

Fast Twin River Watershed .

The same soils groups that appear in the Manitowoc Watershed occur
in the Bast Twin River Watershed (Fig. 17) but the percentages differ
as follows: Soils of the Southeastern Uplands (55%), the Northern end
Eastern Clayey and Loamy Reddish Drift Uplands and Plains (L40%) and
Stream Bottom and Major Wetlands (5%) (Fig. 15). The distribution of
these soils is similar to that of the Manitowoc.

Oconto River Watershed

The Oconto is the largest of the three watersheds (Fig.l) and
contains the greatest number of soils.  The approximate percentages of
the principal soil groups are: +the Soils of the Southeastern Upland
(1%), the Soils of the Northern and Eastern Sandy and Loamy Reddish
Drift Uplands and Plains (L48%), the Soils of the Northern Silty Upland
and Plains (5), Soils of the Northern Loamy Upland and Piains (22%), the
Northern Sandy Upland and Plain (17%), and Stream Bottom and Major
Wetland (7%) (Fig. 18). Generally the silty and loamy soils occur on
moderate to steep slopes in the headwater regions. Coarse grained

deposits are found in the gently rolling and level plain positions in
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Solls of the Oconto River Watershed

Oconto, Wisconsin

() sote ot e sotreasters vpana
B30 « Fox and Casco loams, Boyer sandy laam
Solls of e Northern and Eastern Sandy and Loamy
Reddiah Dedt Uplands and Plains
B 1 « Emmet loamy s3nd. Oawar loams: Omegs lmmy sand
B2+ Oranay an Solow loams; Lmmet and Undertill sandy
loam; Angelica laams
B4« Onanay, Lezernill, Eranet, Alban and Sotons loams
B § «Solens, Onteay, Argelies and Wauecon inne
812 « $nawano, Keowns, Grandy and Au Gres leamy sand and

sandy loam
B13 « 30w 300 ant Cranby loamy sand and sandy loam; peat
and mack soils

P Bolls of e mnumymmvuu'
78« Nambavgh and Goodman siit loam; Padus and lron River

P 6« Antigo ant Norrie 3!l Toam, Onamia and Keanan leams
FI0 « Sambavgh siit lam, Padas ond lron River loama: peat

soils
723 « Antigo and Bedl 0ilf loam: Oramia lame

Figure 18. Soil groups
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the central portién of the watershed. Finer textured soils (silts and
clays) are Tound in the lower reaches of the river.
WATER QUALITY DATA FROM MANITOWOC, EAST TWIN AND OCOHTC WATERSHEDS
Water samples were taken in Junc and October 1973 and May 19Tk as
part of the ground truth for the NASA photo mission. Suspended soclide
were determined on all of the samples at USACRREL according fc Pro-
cedures used by the Wisconsin Department of Watural Resource, Division
of Environmental Protection and the U. S. Department of Agriculture.

Manitowoc River

The field sample sites are located in Figure 19. The June 1973
suspended solids data vary from 30 mg/l to 105 mg/l with an average of
70.1 mg/1l (Table 7). The precipitation immediately preceding and during
the sampling period, 19-21 June, averaged 0.45 inches. During October
the sﬁspended solids in the Manitowoc River decreased to an average of
6.3 mg/l. The samples were obtained on 8 October and for the six days,
3-8 October, only 0.1 to 0.2 inches of precipitation cccurred in the
watershed. In May of 1974 the average amount of suspended solids in
the river was 14.3 mg/l. For the six days up to and including the
sampling date of 3 May the precipitation averaged 0.2 inches., The sus-
pended solids data from the same monthly time periods from 1965—1968
indicate the same trend as the data obtained from this study (Tables
6 and 7. |

Bast Twin River

Suspended solids determinations were made at four sample sites in

the East Twin River (Fig. 19). The average suspended solids from the
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TABLE 7. WATER QUALITY DATA: MANITOWOC RIVER

Sample Turbidity Suspended Seolids Orpanic Matiter Won-orgsnic Organic
(JTu)#* (rg/1) (mg/1) (#) (%)

1. June 1973

(21) h3 31.8 25.h4 69 31
(3) 39 29.8 9.6 69 32
(2) 18 63.h 18.6 T1 29
(3) 52 105. 4 16.2 85 15

Ave, T0.1

2. October 1973

Hwy 141 (3) 2 5.0 - - -

Harbor (1) 5 7.6 - - -
Ave. 6.3

3. May 1974

Harbor (1) 10 16.5 - - -

Mill Road (3) 10 16.9 - - -

Clark Mills (2) 2 10.3 - - -
Ave. 1L.3

*JTU - Jackson Turbidity Units
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TARLE 8., VWATER QUALITY DATA: BAST TWIN RIVER

Turbidity Susrended Solids Organice nlai-gr NIz Groonn’
(JTU) (mg/1) (mg/1) (%)
12 - - - -
18 28.6 8.6 7O 30
15 39.6 8.2 79 21
26 38.0 ©16.h 57 43
Ave. 35.4
20+ 22,k - - -
Y 3.7 - - -
Ave., 13.0
2 L, 08 - - -

73 sempling was 35.4 mg/l and precipitation during the preceding
was 0,39 inches, The October data were collectei con the eighth

uspended solids and precipitation for 3-T7 October avesraged

and 0.28 inches. The May sampling was taken on %ine third and

1 mg/l of suspended solids. The precipitaticn averazged 0.22
the six days from 28 April to 3 May. This data ccmpared

with that obtained by the Wisconsin Department of Iatural

(1965-1968).

66



Dceonto River

The three water sampling sites for the Ocento River are shown in
Pigure 19. The 19 June 1973 samples yielded an average of 61.9 mg/1 of
suspended solids. ‘The average precipitstion during 1U4-18 June was 0.15
inches. In October 1973 and May 19Th the water samples collected
contained very little suspended solids and much of this was in organic
form. These data correspond to data taken during similar intervals in

1965-1969 (Wisconsin Dept. of Watural Resources 1968).

TABLE 9. WATER QUALITY DATA: OCOHTC RIVER

2le Turbidity Suspended Solids Organic Matter Non-organic Organic
(JTU) (mg/1) (mg/1) (%) (%)

L973

r ) ol 52.6 9.2 83 17

1h1 35 1.2 16.8 76 2k
Ave., 61.9

ar 1973

141 2 2.2 1.5 59 41

7k

1kl 22 3.4 - - -

les 2 1.h - - -
Ave. 2.9
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LAKD USE/STREAM SEDTMENTATION RELATTICHSHIPS

The land use maps prepared from the HASA RE-5T imagery for the
Manitowoe, Fast Twin River and Oconto watersheds indicate that the
agricultural land comprises the majority of the land area in the Mani-
towoe and East Twin River, Th% and 66% respectively but only 27% in the
Oconto; the major unit in the Cconto watershed is forest comprising 50%
of the landscape. When these percentages are compared to the suspended
solids date teken from the Manitowoc, East Twin and Oconto River water-
shed, the results show that as the percentage of agricultural land
increases, the amount of sediment in the stream increases (Table 10).

TABLE 10. LAND USE, SUSPENDED SOLID, SOILS AND PRECIPITATICH
DATA FOR THE MAWITOWQC, EAST TWIN, AND OCONTO RIVER

WATERSHEDS
Precip.
Agr Agr TForest Urban Wetlands Other Suspended BSoil Five Days
Watershed Total (open) closed and Solids Tex~ Preceding
Acres (%) (%) (%) (%) Woter (%)  Average +ture Mission
(%) mg/1 (inches)
Manitowoe 368,380 35 39 17 2 5 2 14.6  Pine 0.2
East Twin 88,264 36 30 18 5 2 9 L.l Medium 0.2
to fine
Oconto 18 9 50 1 16 6 2.4 Coarse 0.1

Supporting data for this reiamionship also can be found in the soils
data. The finer textured soils and the largest percentage of these soils
can be found in the Manitowoc Wabershed. The headwater area of the East

Twin contains medium to fine grained surface sedimént but toward the
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mouth of the river there are Tiner grained soils. However, in the
Qconto the soils are primarily developed in sandy and loamy deposits
which are very coarse grained. Also, in this watershed there is a lsrge
percentage of organic soils so the suspended solids would consist of a
large percentage organic matter. These data reveal that the Manitowoc
Watershed has the greatest percentage of agricultural land, the finest
textured scils and had the largest amount of particulate matter in the
stream (Fig. 20) during the test, and the Oconto has the least percent-
age of agriculturél land, the coarsest textured soils and the lowest
amount of suspended solids in the stream (Fig. 21). The precipitation
data also supports these findings. During the five days before the 19Tk
photography and ground truth mission there was more rainfall in the
Manitowoe River watershed and the least amount recorded was in the
Oconta River watershed (Table 6, Appendix I).

To provide a more direct basis for comparing waber quality parameters
to signatures contained in remote sensing imagery, multispectral measure-
nents of reflected and incident light were made in conjunction with
water sampling during Mission 235. An Exotech ERTS Ground Truth Radi-
ometer was employed.

Multiple correlation analysis indicated that reflectivity of the
streams sampled is related linearly to incident and reflected radiation
in ERTS MSS band 5 (Fig. 22).' A multiple correlation coefficient (R) of
0.85 and a standard error of estimate for suspended solids in streams of
3.8 mg/l was obtained. The measurement and estimated values are shown

in Table 11l. The range of suspended solid concentration during the test
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TABLE 11. COMPARTSON OF SPECTRAL MEASUREMENTS AND SUSPENDED SWDIM“VT LOAD AT WATER SAMPLING SITES.

3

ca—

Stream/Sampling Date/ Reflected Radiation Incident Radiation2 Suspended Solids 3
Site Local Time Band Band Measured ast.
1 2 3 L 1 2 3 It (Mg/1)
‘Oconto River 2 May Th .0h .05 .03~ .00 .30 .38 .30 .34 3.1 2.16
Hwy 141 1530

| Oconto River 2 May Th .10 .12 .08 .0b .30 .0 .32 .36 1.h 6.2k
' Stiles 1600

| Manitowoe River 3 May T4 .12 .20 .10 .02 .58 .70 .18 .08 10.3 6.590
’ Clark's Mills 1120
{Vanltowoc River 3 May Th .22 .32 .18 .08 .66 .82 .6k .64 16.9 12.65
; Mill Road
{‘Manitowoc River 3 May Th .30 .Lk2 .20 .08 .56 .80 .64 .80 16.5 19.19
' Harbor 1300
| Bast Twin River 3 May Tk b .2k L1k .06 60 .Th .60 .78 k.08 8.81
, Mishicot 1330
1
| Fox River 3 May TL .16 .2h 2k .00 .16 .16 .16 .60 19.1 17.22
’ Wrightstown 1030
| Fox River 2 May Th .16 .20 .11 .00 .28 .32 .2k .28 12.2 12.40
' Green Bay 1315

Bast Twin River 3 May Th .16 .20 .08 .02 46 .60 L6 .56 10.1 8.34

Photo 1500

1Spectral Range of Bands: 1 (0.5-0.6p); 2 (0.6-0.Tu); 3 (0.7-0.8u); 4 (0.8-1.1n)

no

Reflectance measurements are based on a 2 milliwatt,. full scale reading (Emw/cmz); incident measuremeats are
based on a 10 milliwatt full scale reading (10 mw/cm®)

3Estimated according to Eq. y = h.Sg + 62.5X. -1hk.5%_, where y = estimated suspepded solids (Mg/1). A
reflected 0.6-0.Tp radiation (mw/cm x5), X? = Tneideft 0.6-0.7u radiation (mw/cm™)

]
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period was low, 2-20 mg/l, but the high correlation with radiated and
incident light measurements suggests that the relationship would also
exist for higher concentrations of suspended sediment in the streams,
Further sampling of a wider raonge of suspended sediment concentrations
with concurrent incident and radiated light measurements would permit
the-estimation of stream se@}ment loads based on digital density measure-
ments of remote sensing imagéry in the .6-.T micron wavelength for this
test area.

A trial application of the Universal Soil Foss equation (USDA,
1965) did provide estimates of soil loss that correlated with observable
and mesasurable differences in turbidity of the East and West Twin
Rivers, but it was apparent that refinement was necesssary for the input
data to the Universsl Soil Loss Equation to provide meaningful results
for tﬁe variety of streams in the test area. It is believed that this
could be accomplished with further work, based on imagery and other soil
data.

RESﬂLTS AND CONCLUSIONS

The primary focus of this investigation has been to examine the
feasibility of using remote sensing methods to rapidly and economically
assess, on a regional scale, the effect of land use as it influences
sediment‘loading of streams. A test area, consisting of several major
vatersheds in Eastern Wisconéiﬁ, was selected for the development and*

evaluation of techniques to achieve this objective.
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A wide variety of aserinl remote sencors was applied to the test
arca for evaluation and development of data pertinent to the assessment
of the relationships betveen land use patterns and the sediment lozd in
streaw.. By far the most useful imagery supplied hy N2SA for the inves-
tigation was the color infrared acquired at 60,000 feet with 9 inch
format RC-8 and Zeiss cameras. This combination of sensors was judged
to be adequate for any regional scale land use mapping effort to level
IT of the USCS land use classificabion, and, with appropriate ground
truth support, level III detail is feasible.

Sensor evaluation inclides ‘the following:

High Altitude BS3-T Thermal Scamner - This imagery, acquired
during daylight hours from an altitude of 60,000 feet provided a small
scalef(l:l,OO0,000) thermal map of much of the study area. General land
use p;tterns could be observed as well as large water circulation patterns
in Lake Michigan and Green Bay. The apparent swath of a recent rain
showver could be readily located on the landscape. The only man-made
effluent identified were thermal plumes from a nuclear power plant. The
detection and mapping of major circulation patterns in large water bodies
would be the primary reéommended application Tor this sensor for high
altitude operation.

High Altitude Multi-spectral 70 mm (Hasselblad) Photography - This
gensing tool did not provide'significant data input for the study. The
small TO mm format is difficult to work with, and the multispectral and
color infrared imagery acquired with the Hasselblads did not contain any

information that was not more easily obtained from the 9 inch format



cameras. Although the acquisition cost of 70 mm imagery would be sonc-
wvhat less than 9 ineh formal imagery, interpretation for most purposes
is wore difficult ard time consuming and would probably offset any
ecenomy gained by the lower original cost. This is alco true of the
multispectral photography acquired at 5,000 feet by the investigators
with a L camera Hassclblad system.

High Altitude Color (80 397) - This imagery was usable for most
purposes of this study, bubt was surpassed in utility by the 9 inch
format color infrared (24h3) emulsion. A major effort was made during
the course of the study to correlate stream color differences apparent
in the color imagery with water quality parameters, such as suspended
sediment load and chemical pollution. Densitometric determination of
Munsell color egquivalents were determined at a large number of sample
pointg. The results of this effort were considered indecisive because
1) the general color balance of the imagery provided varied widely from
flight to flight, 2) the loss of density detail as compared to originals
on the duplicate imzgery provided by NASA, and 3) the influence of many
uncontrollable variables on photographic color such as the angle and
intensity of sunlight and atmospheric haze. It is believed the method
could be developed to apply to small areas, single flight line surveys,
but does not apprar feasible for fegional area surveys or with high
altitude imagery. |

-PMIS - The PMIS (Passive Microwave Imaging System) imagery was
acquired on Mission 235 on the Fox River valley at an altitude of 4300
feet, Because PMIS is a new sensor, and few terrestrial applica=

tions have been demonstrated for it, considerable effort was devoted
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to the interpretation and evaluation of the imagery. Other than land-
watar boundaries, it was nob possible to consistently identify major
patterns on A 64 color photographic rendition of the PMIS scanning data.v
Further, exhaustive abtempts to correlate individual segments of the
PMIS scan between the computér—generated Talse color imagery and the
digital cOmputer printout provided were unsuccessful. Sigﬁatures of
individual scan segments could be correlated with photographic color
iﬁfrarea imagery, however, for some types of features such as large
buildings with meﬁal roofs or sméll impoundments in agriculiural areas.
There are Severe 1imitations concerning the PMIS as a remotc sensing
tool for terrestrialqphenomena in the eastern Wisconsin test area. In
’additién to scan line identification and éorrelation difficulties, the
sensor at the altitude flowﬁAh55>poorer spatial resolution than an ERTS
MSS pixel, coupled with a comparatively narrovw: field of wview, Although
_more detailed processing at phe PMIS ground data station and imagexry
acquired at & loﬁer altitude would provide more detail, it appears un-—
1ikéiy that this sensor could provide data for land ﬁse maﬁping com=
parable in’quélify or ﬁtility to ‘the more readily available thermal
'scanning or ﬁhotographic sensors. The PMIS sensor was criginally
designed fér the microwave‘imaging'of water sﬁrf&ce characteristics, an
application that ﬁas not'teSted in this investigation.‘ For these applifi
cations, PMIS may well T’)’e the best: s»énsor”"ava.ilable. Howéver," probléms

relating to image correlation and resolution Would still appear to apply.
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R8-1h Thermal Scanner - This imagery in the 8-14 micron range
was acquired during Mission 272 at altitudes ranging from 2500 to 3500
feet of the Wisconsin shoreline and several watershed areas. Tt was
compared for information content with color infrared photographic imtzgery
obtained during other missi:ns. Analysis indicated that many of the
patterns displayed on the thermal imagery are readily detectable on
color infrared or coior imagery. This. information included effluents in
water bodies, detailed land use, soil moisture and drainage patterﬁs,
and urban patternsl Where actual temperature information is desired,
there is no substitute for the thermal imagery. Recommended specialized
applicatiohs include monitoring snd mapping details of effluent'plumes

for size and concentrations, differentiation within wetlands, impervious

areas -in urbanized settinzs, or vherever relative temperaturerinformation
is de;ired. For general maﬁping efforts, the lack of geometric‘control,
narrow field of view, and highyéXpensekwould appear to preclude the use
of this sensor. |

<Land Use Analysis - The principal objectives of the land use analysis
éérﬁioﬁ of’£nis‘iﬁVéstigation were to dévelqp §‘data Base reflecting
 fégi6ha1 differéncés”vithin the test afea7fbr:cqmpéfison’with stréam k_
sedinent loading data, and to determiﬁe the mosﬁ efficient and effecti#e
approaches “to land use mapping’based on thefimaggry provided by NASA,

~ The USGS LandbUse'Qlaésifiﬁaﬁion;Sysﬁem,for<Remote'Séﬁ§ing as

incorporated because it is widely used, is cdmpatible with most other
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commeonly used classifications, and is sufficiently flexible to accom-
modate specialized applications,  Although initial mappirg efforts were
confined to level T of the system, subscquent mappingvincorporatéd levels
II and IIT to provide more pertinent data on erosion potential of agri-
cultural land.

The final mapping of the large watersheds of the Manitowéc aﬁd the
Oconto was done using the twenty-five percent sampling épproach.~ For
greater efficiency of measurcment, categories of land use were mapped
sequentially in célumnar form on a single sheet of frosted acetate, and
directly from 1:120,000 color infrared imagery. In terms of measurement
~with the color densitometer, this was consideréd to be the most accurate
énd,fapid approach to deﬁerminiﬁg land use area of a watershed.

Following the final mapping, comparisons were made with the earlier
kétrip\mapﬁing efforts of the Oconto and Manitowoc watersheds. Regional
difféieﬁces,were noted. Strip mapping of fhe Oconto resulted in ovérf
esti@atibn of the emount of sgricultural land (56% vs. 27%) compared tor
- the randeJsampling method.  Forest was considerably underestimated,‘QS%
Vs, 50%. Fof the M'aniﬁbwoq5 however, the strip mapping approéchﬂproduced
,a>51ight underéstimateldf agricﬁlturél iand;_6é% Xg,'fh%,’aﬁd an. over-
“estimate of the foreSf“gategory, '25%\ vs. 17%. The vla,rrldx use distribution
of the Oconto'waxershed'iskprobabiy typical‘of a dominantly forested
v Qfea; wheré/mbst of’thefagficﬁltufe is_near,the'streams. In. the Maﬁi;
towec waﬁershéd; vhere the agricultural potential ié fﬁlly develqped;;

’ﬁhe majority“ofvthe'remaining forest is nearrthe streams. The strip;ﬁap;
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approach, therefore, has a built-in bias which can vary depending upon
the land use devalopment history'and also the nature of the terrain.
The application of this mapping approach should he confined to cases
where prior information is obtainable on general distribution of land
use types within the watershed. A flow diagram of the land use mapping
effort is shown in Figure 23.

A cost effectiveness analysis was performed on the various land
use mapping approaches. Thevresults are summarized in Table 12.  The
strip mapping approach; using colored pencil on a single acetate over;gy
of original scale photography, provides the'festest nethod of obtaining
land use measurements. Including analysis, .4 houﬁs per eouare‘mile
was reéuired. For the areas sampled with a 25% random semple and a
combined sequential overlay map as pre v1ously descrlbed 1.1 and 1.3
hoursfﬁere spent per square mile of sample. The 25n sample of the East
Twin Riverywatershed required’slightly ﬁore, 3.2 hours ‘per square mile
of sample because the'mapping was done ‘on separate overiays; The results
of the cost effectiveness analysms are 51m11ar to those shown in a NASA
sponsored study by Vegas (1973) although the mapping obaectlves vere
Vmore general than this appllcatlon

kVarlous appxoaches to the actual mapplng of Tand use were tested,
but all 1ncorporated the- USGS clas ification system.’ The ability to.
measure mapped areas rapldly‘was a flrst requlrement for any of ihe,
‘ ,mapp1ng.proce§ures.~ The measurement devlce in all'cases was the plani—e
; meter'component'of a color_deneitoﬁeﬁer. This:reduired that'all mapped

categories be distinguishable on the basis of their gray scale densiuy.
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LAND USE MAPPING AND ANALYSIS

FLOW DIAGRAM

Preliminary Analysis

r ‘1. Selection of areas
to be mapped .
2. Classification selection

Sampling Procedure

I |

Total Watershed Strip Map 25% Random Sample
. : ~ Color Map
- P from CIR
Sepirate Overlays on - ' . Combined Overlay
B&W Enlargements ; l Mapping on CIR

{ Measurement ]

Evaluation - of

Technique
Data Base for ‘ Results and | Comparison to Water
Future Comparisons | | Recommendations - Quality Measurements

Tigure 23. Flov disgram of lend use mapping and analysis. .

L
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TABLE 12. COST EFFECTIVERESS ANALYSIS

Sguare Mile

8o

Bast Twin Manitowoc Qcento
25% Total 25% 25¢ Strip

]Enlafgements 1.5 1.5 2 3 -
Overlays b b 8 8 -
Sanipling 8 ~ 20 20 16
Mapping 29 65 - - _

Separate

Combined = . 120 155 40
Measurement 8 12 30 35 - 35
Tabulation of h 16 20 30 10

Data- ’
Analysis 60 60 60 60 30
Hours/ 11k.5/ - 158.5/ 260/ 311/ 131/
No. of Sg. 36 1kl 150 250 3kL
Mile Samples - Tt
Hours/ 3.2 1.1 1.7 0.L



The Tivst lafge‘watershed'map to be produced was of the Kest and
West Twin Rivers watershed. This mapping was done in color on frosted
acetate and included only Level I of the USGS classification. Measure-
ment with the densitometric planimeter was done according to a grid
system previously described. A.cdhcurrent atteﬁpt was also made to
measure land use cabegories directly from color or color infrared imagery
using the densitometric methed. This method worked for Level I mapping
categories only in limitea areas with light toned soils.

The second méthod applied to obtéin land use data involved sampling
rather than mapping ﬁhe entire watershé&. Colored acetate strip maps
were made of fwo-large watersheas, the Manitowoc and the Oconto. The
sampling grid:was:conétructed so that the sample included db~1east one
mile pf land on eithei side of any’stréam. This comprisedvépprokimately
oﬁe third of the entire watershed area.,

The third méthod involved a dualuapproéch; one watershéd; the East)
© Twin R’:‘Lverk, was mapped in its entirety on six separate clear ac;'e{,ate
‘ ovériays. The mapping was accomplished iﬁ ink to~simplify theidenSité—

‘ metrié‘measﬁrement. The land ﬁsé of this ﬁatershed was meésurédkfirst'
for~the entire wateréhed, thenIQﬁ:fhe basis of'é 25 pércent'raﬁdom:séﬁple.
1The‘re5ults,of this comparisgn wére ﬁhat gll of the major maspping gate—f
gories (Agriculfure élosed,~Agri¢ultﬁré open, and Foiést)'wére Within”
vfour percentage‘points of‘being eéual. Largér differendgs wére noted,for
,categories such as’Urbaﬁvaﬁd Water where the'area'inQOlved‘was quité'r
small (see Appendix IT). Based on this compsrison, it vas decided that
}fbr subseqﬁent méppingféfforts the 25% random samplé approach wouid 

provide sufficiently adcurate‘dafa; and result--in greaté%“éfficiehcy.
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The analysis of the relationship between stream sedimentobion and

land use practices indicated that the amount of suspended'solids measursi
from water samples increased Qith the percentage of agricultural land
within the watérshe&. Soils and precipitamion data were also compared
to the suspended solids measured for the various sf;eams. The Manitowoc
vatershed had the greatest percentage of agricultural land, the finest
textured soils, and the largest amount of particulate matter in the
stream during the test. The dconto had the least percentage of agri-
cultural land and the coarsest textured sqils, and the lowest ampunt of
suspended solids in the stream.

The use of high altitude color or color infrared imagery to charac-
tefize sediment loading of individual streams did not appeaf practical in
the qgantitative sense. - The effects of image duplicating, processing,
photo color balance;‘atmospheric haze,; and time of day of the imagery all
serve to decrease the informational conteﬁt of the high altitude aerial
image. Major differencésk&mong thé streams were observeble in some‘of,:
the imagery;‘ Thé Oconto is dark on most s§enes, probably reflécting the
high organic .and low suspended solid content Qf thé‘stream; The East
Twin and the Manitowoc are generally more turbid, and this appearé'in
most of thekimagery.k Aftempfs to measure and characpgrizé stream ¢o1or
rdifferences ﬁsing‘thefDensitometer—Muﬁseil’system,df ﬁotation (Rib, 1963)

were not sufficiently consistent to be of value. However, a comparison

o
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of miltispectral measurements made wilh a hand held radiometer in
conjunction with waler sampling during Mission 23% was successful. A
multiple correlation coefiicienl (R) of 0.85 was oblained belween inéideni
and reflected radiation in fthe ERTS M35 band 5 (.6-.7 micron) and measured
suspended solids concentrations in the streams. A trial application of
the universal soil loss equation (USDA, 1965) aid provide estimates of
soil loss that correlated witﬁ’obéervableiand measurable differences in
turbidity of the East and West Twin Rivers, but it was appatent that
refinement was necessary for ‘bhe ;anut data.to the Universal Soil Loss
Equation to provide meaningful résﬁlts for:the variety of étreams in the

- test area.k Iﬁ is believed that-thié‘COuld be sccomplished with further
work, based oﬁ imagery and othsr,sqii data.

RECOMMENDATIONS AND APPLICATIONS

This investigationvﬁas aduressed_two primary areas of application
for éeméte sensing techniques: _l) Mépping and quantificaﬁion'of land
use, and 2) the relaﬁionship of lagdvuéé to streom sedimentation.

The application for land:uggimapping based on aerial or satbellite
imagery has been well documented in the‘literature. Conflicting demands
for land(utilizationvresﬁlfing.frgm,no?mal economic growth together with
the,regulatory réquirements of‘tﬁé maﬁy'Congressional Acts indicdte
clearly that'morevdamé on iand ﬁselwill have'to bé generated and~con—k
,tinually:updated. The‘evaluation'of a‘Widevvariety of imagery types in
this study ied to’the'conclus10n‘thai;high,éltitude color infréred

imagery was the most universally acceptable for the mapping and measure—



!

ment of land use ﬁypes. Based on this imagery a rapid and cost effective
approach to’the mapping and measurement of land use categories was
demonstrated. The basic mapping approach developed in this investi-
gation is now a part of the Corps of Engineers Handb@ok on "Remote
Sensing of the Environment (Haugen and Splett, 1974).

The comparison of land use to stream sedimentation demonshrabed

&

that a relationship could be shown based primarily upon data derived‘fv
remote sensing means. This type of data is necessary for the predic?iwn
of impact on streams and harbors of land use chunges within a wate;ﬁ?é&,
A major problem in defining a land use-stream sedimsntation relati?nS?ip
was the sparseness of published water quality daté, especially fﬁf1‘
'streamé avay from major populatign centers.

The collection of data on water quality, especially sediﬁénﬁfim;d;

L% : i
could be accomplished quickly and with minimm expense if a 4shs btunk

were ﬁeveloped which would include incident/reflected rad;ﬁﬁicu’ﬂéasurements
’with’each water sample made; With an adequate sémpling o%gr,@‘;egional
areakand,throughout a repfeséntgiive range  of naticnal coﬁdi?ions,
monitoring of streém‘éediment léads by remoté sensing methodé buid e

instituted as a practical énQ;efficient techniQﬂe.
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Appendix 1

Precipitation and Temperature Data
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Station

Tireen Bay
Kevaunee
Two Rivers

Station

Green Eay
Kevaunec
7o Rivers

3
75/46

62 /17

Fost Twin Wetershed and bordering stations

Precipitation (inches)

Octorer 1973
4 2 6 1 8 2 REY] 1l 12
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09 - - ) U -- .80 .03

Temperature (OF)

October 1973 (max/min)
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a— — ———

6h/hh 69/41 67/uh G2/5h  Th/sh T3/59 8L/62 79/6L 70/52
61/hp T0/40 69/46 60/59 6h/53 61/55 66/5h 67/53 6T/57



ment of land use types. DBased on this imagery a rapid and cost effective

‘approach to the mapping and measurement of land use categories was
- demonstrated. The basic mapping approach developed'in this investi-

gation is now a part of the Corps of Engineers Handbook on "Remote

Sensing of the Environment (Haugen and Splett, 19Th).

The compérisoh'df,land<use to stream sedimentation demonstrated
that a relatioﬁéhiﬁ could be shown based primafily wpon data derived by
remote sensiﬁg meéns.: This type of data is necessary for the predictionb
of impactvon stre;mé and. harbors of land use cl..nges within a watershed.
A.maJOr problem in defining a land use~sﬁream sedimentation relationship
was the sparseness of published water QQality daté, especi@;ly‘qu”
stfeamé away from major population centers. .

The colleétion of data on water qualiﬁy, especially sedimént 10&&,
could¥be accpmplisﬁéd'duickly and with minimum eXpensé'if a data banz

were developed vhich would include incident/reflected radiation measurements

- with each water sampl=s made; With an adequate Sampling‘over a regional

area and throughout a representativé‘range of national conditions,
monitoringjof stream sediment loads by remote sensing methods could:be

insﬁiﬁuﬁéd as a_prdéﬁicalbanQ'éffiéient'techniqnei'17'
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Station

Two Rivers’

Kewaunee
Green Bay

Station
Two Rivers

Kewaunee
Green Bay

Rast Twin Watershed 2nd borderiig stations

Precipitation (inches)

197h
April May
8 2 3 1 2 3 k3
olo - o olll' badad - - 003 - - 035
- - - - - - - .89
- T —— ekl T vlT 00 1015 :

. Tempverature (°F)

May 197k (max/min)
9 2 &
6o/k6  60/L5 66/LT

61/47 55/hk  65/h5
65/k9 61/h4 69/L9



Fasgt Tyin Watershed and bordering stations

Siation 1
Kewsunee -
Green Bay -
Two Rivers -
Station 1
Green Bay 83/55
Kewaunee 73/54
Tvo Rivers 69/53

Tl et

Precipitation (inches)

15

.08
.26
T

15

80/58
68/5u4
67/5k4

June 1973
16 17 18
w20 10
00)4- : 505 Lakad
015 QOl .-

Temperature (OF)

June 1973 (max/min)

16 17
80/58 80/59

6L/50 60/50
¥0/54  65/50

1=k

18

80/56
66/49

- 62/h9

19 20
- .05
T .01
- .06
19 20

82/63 T7/58
72/53  17/58
67/51  T3/51

[,

21

73/58

Th/56-

75/b7

BT re1ds
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£77- 10149
4
TABLE 2
Precipitation and Temperature Data for ;
lanitowoc River VWatershed ;
4
. Precipitation (inches)
1972
EEX vw June
gtetion 29 30 31 1 2 3 N
Appleton R ITe) .35 - - - .05 -
Bl’illion 2 - 577 ool - facdnd 7 .60 .68
Chil’bon . 23 . 61 - e iadast Y 28 T
Green Bay .06 .13 - .01 - .07 -
Manitowoc. .22 .58 - - .03 e .02
Temperature (°F)
1972
(max/min)
Hay ; June
Station 29 30 3} 1 2 3 4
Appleton 71/50  56/4k  68/h0  79/53  Bl/sh  B5/61 75/56
Chilton - 83/6k  71/h3 67/39 79/52  85/55 84/60  78/52

Green Bay 7W/48  58/41  71/39  83/53  83/50  88/55  75/52
Hanitowoe 67/55 65/h2  65/h1  Bo/h3  77/52  82/54  81/55

REPRODUEI 1Y OF THR
QRIGTAT: B4 .1 15 POOR

% LN

1-5



CONTE T LT A L A SR e e v e Lt e T L e

A IAVILY |
Hanitowoe Watershed and Bordering Stations
Precipitation (inches)
June, 1973
Station 1h 15 16 7 i8 2 20 21
Appleton™ =~ .20 .05 .10 - — .05 .08
Brilliocn e == «35 .10 A1 - .05 -
Chilton - T .25 .15 - -— .05 --
Green Pay - .26 ot .05 -k T 0L .15
Hanitowoe - - .15 .03 ~— - Noill -
Temperature (°OF)
June 1973 (mex/ min)
gtetion ik 15 16 1 8 19 20 2
~ Appleton 81/58 80/65 82/58 78/58 - 78/56 ~ BO/6L  73/61  70/61
Chilton 8l/52  83/53  Bh/GL B1/63 B0/53 BL/6lL  81/53  75/55

Green Bay 83/55 80/58 80/58 80/59 81/56 82/63 77/58  73/58 .
Manitowoe 81/55 72/54 B0/55 TO/5k  69/52  84/51  82/57 76/57



e

3 <.
ity ot

Brsas et

Appleton
Brillion
Chilton

Green Bay
Manitowoc

Station

“Appleton

Chilton

Green Bay
¥anitowoc -

4 5 6 7 8 9
6l/h7
ol

Manitowvoe Watershed and Bordering Stations

Precipitation (inches)

October 1973

4 3 6 7z 8 9

L1 - .02 .02 - 82

.05 -— - .07 - “e

.20 - -- .10 -~ .15

L3 - .01 - - .63
© .07 -- - 21 -- -

Temperature (°F)

October 1973 (max/nin)

68/43
68/L6
69/
- 69/L2

62/48
67/41.
67/ 4k
6l/h1

61/52
62/51.
62/ 54
61/52

73/55
70/53
Th/ 5k
67/60

71/62
73/60
73/59
6h/59

72/50
6y@2

1-T

10
78/63

79/60

81/62
69/59

.02

.05
.02

78/63
78/62

79/61

6%%l

.50
.86

7
.

+ 1S

12

70/55

72/60

70/52 .

67/59



LTINS e g

Station

Applecon
Brillion
Chilton
Green Bay
lanitowoc

'Statibn

Appleton
Prillion
Chilton
Green Bay
Manitowvoe

Manitovoc Watershed and Bordering Stations

Precipitation (inches)

1974

3 1 2 3 4 5 &

29 2 S I
03 = == D Ob ee .35 02 --
e T
TR & NERS: LRt
T e e T L7 == 1,15 - -
T -- - e= 03 == ,28 09 --
Temperature (°F)
Mey 1974 (max/min)
29 30 3
68/5u‘ 65/49 69/51
66/55 68/15 68 51
- 65/49 61,/ 1 69/L9
67/55 61/k6 ﬂJhg
ﬁEPRQDUQEﬂ Y OF B
e Pa 19 megf

1-8
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TABLE 3

Precipitation and temperature data for Oconto River Watershed

Precipitation (inches)

1972
May 7 June
Stetion - 29 30 i1 2 3 4
Breed .10 .56 - - - - -
Crivitz High Falls - .40 - - - - -
TLakeyood : .80 .18 - T 0] - -
Oconto T 39 -- - J05 i es -
Shawano o ' 27 .06 - ~- - - -
= .0
Temperature ("F)
1972 (mex/min)
HMay ' June -
Station | 29 30 31 i, 2 3 L
Breed 8h/60 67/ 70/28”?J82/h2 8o/bk  89/4T  89/39
Crivitz High Falls 86/68 T2/h2 68/36 T2/6  T6/48 76/50 86/h9
Lakewood 79/52  75/40 - 70/30 8i/W7 81/46 B7/50 - B2/h3
Oconto | T3/h2 B34 68/h3 - 85/k7  81/51 90/49
Shawano | 8l/s1 67/he  Te/32  B0/48  Bh/u6  88/h5  BT/uk

1-9



Station

Breed

Crivitz High Falls
Lakewood

Oconto

Shawano

Station

Breed

Crivitz High Falls
Lakewood

Oconto. -

Shawano .

Oconto Watershed and bofdering stations

Precipitation (inches)

1l

g

- 35/k9

- oL/60

83/45
- 78/50
- 81/k8

,85/h7

June 1973
15 6 17
';" T . ) 01)4'
- T -
- T .05
- - » T

0 ]
Temperature (;F)

June 1973 (max/min)

15 16
83/61
89/66
75/58

- 81/60
75/6h

17

7554
80/55
73/51
T2/56
78/53

86/62
83/59
83/55
80/57

1-10

A\

\\\

\
18-
.03

12

18

78/56
TL/5k
75/56
Th/57
78/53

.194

.0k
T

.06

19

84 /60
- 73/60
81/60
75/59
76/5h4

20
A1
.10
.03

.03
Oh

20 .

83/57

8o/58
78/55
80/57
80/61

2

75/51
16/56
73/52
T2/5h4
80/51



“Station

ireed

Crivitz High Falls
@akeyood .
Jeonto

Shawano

itation
L

Breed
1 rivitz High Falls

‘akewood
conto
Qhawano

i
B

Oconto Watershed and hordering stations

jw

75/%0

T3/40
73/h0
65 /44

73/49

Precipitation (inches)

October 1973

Bosoos T8
A7 .05 - 07 -- .-
.32 - - T -- o5k
.10 - - .03 .- .84
.10 -36 - DO( baded ‘ el

-ll - - ' '05 - = 1.09

Temperature (OE)

October 1973 (maw/uin)
Y5 6 7 8

To/U9 68/29 TO/e8 62/49 7T3/5h T3/59
74/h2 T2/30 70/29 T3/33 TO/60 66/5h
TO/47 €8/32 65/30 60/U8 T2/52 6€8/5T

N0

73/8%  65/37 70/3T 65/37 62/52 6%/55

T0/45  69/30 68/30 6o/u6“72/h9 (T2/54

10

22
1.10
.09
.39

10

76/52
75/58
70/58
65/59
75/:5

11
.56
.10
15
27
+29

11

78/56
75/6k
71/60
T7/59

78/53

a9

12

75/60

Do R INARIN

12/5k o

75/62~.
78/51‘




e

4

station

freed

LSrivitz High Falls
Lakewood

“dconto

fhawano

Station

preed
Crivitz High Falls

Lakewood
Peonto

“Shawano

Oconto Watershed and torderine stations

Precipitation (inchesl

30

72/3

T1/bk
65/L0
69 //ll»)-l-
68/47

197k
0 X 2
103 006 -
- O -
T - -
- Y -

Temperature (°F)

May l97h

3

T1/h7
70/45
T0/4G
59/47
70/49

1-12

.16

o

.10

Ol
.26
19

.Oh
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Planimetric Densitometer Measurements



Planimetric Densitometer Readings
for 1972 Strip Map
Manitcwoe River Watershed
Manitowoc, Wisconsin

Open Closed .
Sample Agriculture Agriculture Forest Urban Other R
No. (02-01-~02) (02-01-01) _ (0k4) (01) ‘
1 3.8 0 0 85.7 10.5
2 21.1 2h.1 9.2 k0.5 5.1
29.4 39.5 19.0 I T.h
4 30.6 41.2 19.5 0 8.7
5 36.0 35.0 22.9 0 6.1
6 33.9 31.8 18.1 10.4 5.8
7 38.2 41.9 1k.2 0 5.7
8 7.3 19.7 69.9 0 3.1
9 29.5 36.1 23.7 3.2 7.5
10 | 3h. 37.2 22.3 0 6.1
11 C31.7 33.3 5.1 O 3.9
12 ©10.2 | 25.7 58.3 0 5.8
13 33.1 38.9 23.5 0.2 4.3
1k . 30.9 338 2.2 18.1 5.0
15 309 k0.6 w.e o W7
16 25.8 33,5 2 1.1 5.4
a7 o215 381 21.6 v 0 6.8
: 18 - 25.9 _’h6.6 | =18.7 o 1.2 7.6
19 13‘36.h" , 38.8 ; ; 7.9 2.6 b3

20 6.2 2.8 3718 0 62

2-1




Open Closed

Sample Agriculture Agriculture Forest Urban Other
No. (02-01-02) (02-01-01) (ok) (01)
zi 26.1 39.0 28.0 0 6.9
22 28.6 32.9 30.3 0 8.2
23 19.3 45.5 29.1 0 6.1

2l 25.8 35.0 - 32.0 0 7.2
25 - 31.7 L4.0 ©18.5 0 5.8
26 32.9 52.0 8.0 0 7.1
27 28.2 33.8 30.6 0 7.4
28 35.9 . h2.1 13.6 | 0 8.4
29 33.8 34.3 25.5 0 6.4
30 28.5 54.8 10.6 0 6.1
31 32.7 4.9 18.4 0 4.0
32 - 29.9 36.9 28.h 0 4.8
33 23.6 4.9 26.4 0 5.1
3 3T.7 49.3 7.7 o 5.3
35 26.1 39.3 5.2 23.4 6.0
36 26.7 48.5 189 0 5.9

‘ 37 o | 37.3 46.1 6.8 1.3 8.5
38 181 42.6 31,2 0 8.1
39 30, ,

-

- 36.2 L 219 0 5.2



Open

Acres per Land Use Category

for 1972 Strip Map

Manitowoc River Watershed

Manitowoc, Wisconsin

: 13ul ,“i>

Sample Agriculture Aggiziiiure Forest Urban  Other Total Acres
No. (02-01-02) (02-01-01) (oh) (01) in Sample Box
1 194 0 0  h388. 538 ’ 5120
2 1080 123k ki 207k 261 5120
3 1505 2022 973 241 379 sleé’f
4 1567 | 2109 1998 0 Lh6 ﬁ151éo
5 | 1843 1792 1172 0 313 5120
6 1736 1628 927 532 . 297 5120
7 1956 2145 727 0 292‘ 5120
8 37h 1009 3579 0 158 5120
9 1510 1848 1213 '16& i 385' 5120
10 1761 1965 11k 0 312 5120
1 599 1705 2616 0 200 5120
T 522 1316 2985 0o 297 5120
13 1695 1992 1203 10 220 5120
14 11582 17130 625 ,1927;» 256 5120
15 .éoh3k 2079 T80 240 5120
16 . 1321 - 1715‘ "..1751 5t  276 5120
37 1408 1951 ih13j o 3 5120
18 1326 é386 . 95?1 @ 389 5120
19 1864 ;,1987;.' 016 133 220 5120
 26“ "’?526  : 1935 0. 318 5120



Op=n Closed ;
Sample Agriculture Agriculture Forest Urban Other Total Acres

No. (02-01-02) (02-01-01) (oL) (01) in Sample Box
21 1336 1997 1434 0 353 5120 ;
22 146k 168L 1551 '_0 421 5120
23 988 2330 g0 0 32 5120
2l 660 896 879 0 185 2560
25 406 563 237 0 Th 1280
26 421 666 102 0 91 1280
21 361 w39 0 95 1280
28 lmok 539 17h o 107 1280
29 b33 - k39 326 0. 8 1280
30 . 365 (031 136 o 18 1280
31 418 | 575 236 0 51 1280
7SN '383 , 12 36L 0 61 1280
33 302 S 515 - 338 0 65  1239 '
3k uge o 631 99 d 68 ';.1280<,_"
35 33 503 66 300 T 1280
% 7' 342 e 621 2li2 o .1§M,¥f‘~«1zég; 1
‘}.?37" oM s 87 B 15§," ;'1280;21
a8 232 ’5#51 399 0 1q§';» 1280
39‘  o112 1853 1428 | o  | 26%" | -:Sizd;'
TOTAL 7’: 38;663 50,601 36,281 8905 8820 113,360
| ﬁvgiaZZtal ' 28:‘ 3 e 6 v:; 6k 100 o



Planimetric Densitometer Percentages
(corrected to 100%)
from 1972 Strip Map
Oconto River Watershed
Oconto, Wisconsin

Open Llosed

Sample : *Agriculture Agriculture Forest Urban Other
Mo, (02-01-02) (02-01-01) (oh) (01)
o ", 0.5 b1 39.4 1.9 Sh.l
2. 7.7 8.4 33 383 8.3
3 26.h4 - 36.9 26.4 6.3 4.0
4 '38.5 31.5 29.3 - 0.7
5 27.0 b7 26.0 - 2.3
6 | 10.9 30.4 1.1 2.9 14,7
T B 1.5 | 1.5 g1.6 - 9.4
8 ";/ B 120 53.2 12.9 .1
9 et 3 b7 2.3 7.8
0 23.h o 35.6 i 7.0
1n 215 o2 o 29.9 - by
12 2%o0 319 or8 13.0 3.3
13 23.5 8.5 19.7 - 8.3
w251 35.8 34.3 - 7;“-8
5 ks 28 48.6 - 8.5
16 "_':1H.3 - 36.2 39.6 - © 9.9
w0 B0 T ok - 2.9
’18; ki7‘ 12,0 S 339 26;2' - 7?9;
19 103 395 38.6V’f 110 0.6

T~ I S TR




Open Closed

Sanple Agriculture Agriculture Forest Urban Other
No. (02-01-02) (02-01-01) (ok) (01) ,

21 1.k 16.1 - 63.9 - 5.6 |
20 8.7 31.9 55.1 S ua
23 7.3 13.3 70.8 - 8.6
2h - 1.1 5.4 85;6 F - 7.9
25 o 6.1 - 2k.1 65.0 - 4.8
26 2.2 S 11.6 79.6 2.1 L5

o1 0.6 8.3 88.7 - 2.4
28 1.6 5T 87.4 - 5.3
29 = - 8.2 - 1.8
30 - | 1.0 91.7 - 7.3
31 ! 13.8 70.6 b5 11.1
32 0.6 18.5 66.8 - 4.1
 33' f 1.3 2. ' 91.3 L= 5.0
w19 53.5 18.9 o 8.1
35 26.9  55.1 13.2 . 4.2
% 12 o395 Mg - 3.2

| o 25.2 o s38 163 - 4T

8 31.3 | u2.3 237 - 2.7
39 " } 23.3 W6 29.4 . - 2.7
o 137.3@ , 320  2&,7 } A 6.0
hik‘ LA s 6.6 25.6 - 2.6
e 8 8T W6 - 3.9

2-6




Open Closed

Sample Agriculture Agriculture Forest Urban Other
No.  (02-01-02) __ (02-01-01)  (Oh) (01)
43 - 32.9 ¥3.1 18.7 - 5.3
M - | 5.7 79.1 - 15.2
45 - - oh.2 - 5.8
46 - - 95.6 -y
bt - - o 97.7 - 2.3
48 - - 96.9 - 3.1
b9 - - 95.8 s 4.2
50 L - 8.7 - 15.3

‘;51 1.8 | - ‘ 85.5 = 12.7
52 | - 8.8 82.6 - 8.6
>3 - - 96.9 - 3.1
s - - %9 - 3.1
55 - O 2.9




Acres per Land Use from Planimetrie
Densitometer Percentages of 1972 Strip Mep
Oconto River Watershed

Oconto, Wisconsin-

Open Closed :
Sample  Agriculture Agriculture Forest Urban ~Other Total Acres.
No.  _(02-01-02) (02-01-01) (ok)  (01)
1 26 210 2017 97 2770 5120
2 | 39h' 430 1910 1961 hos - 5120
3 1352 . 1889 1352 322 205 5120
L 1971 1613 1500 - 36 ‘5120
5 1382 2289 1331 - 118 5120
6 558 . - 1557 2104 148 - 7153 5120
T T 77 41485 - 481 5120
8 891 137 272k 660 108 5120
9 ih18 | 1920 1265 118 399 5120
10 1198 17hl 1823 - 358 5120
11 11101 2263 1531 - | 225 5120
12 1229 1633 1423 ‘666 169 5120
13 1203 2483 1009 - h25 5120
1 | 1285 1833 1756 - | 246 5120
15 Th2 1ksh 2ugy - 435 5120
16 132 1854 2027 - 507 5120
17 922 1418 2632 - 148 5120
18 61k 1736 2365 - - ko5 5120
197_ | 528 2022 | j1976 563 - 31 5120
20 1126 1203 o2 - 319 5120

2-8



Closed

Samplei Agrgiiiture Agriculture TForest Urban Other  Total Acres
No. (02-01-02) (02-01-01) (oh) (01) :
21 737 82l 3272 - 287 5120
22 LL6 1633 | 2821 - 220 5120
237 37k 681 3625 - Lho 5120
2L 56 276 4383 - Los 5i20
25 312 1234 3328 - 246 5120
.26 113 594 ho75 108 230 - 5120
o7 31 o5 541 - 123 5120
28 82 292 4475 - 271 ‘5120
29 - . 5028 . - 92 5120
30 - 51 4695 - 37k 5120
31 - 707 3615 230 568 5120
3 543 ouT 3h20 - 210 5120
33- 67 123 L6Th - 256 5120
3k . 998 2739 968 - 415 5120
35 1377 2852 676 - 215 5120
36 635 o022 2299 - 164 5120
37 1200 2755 835 - 240 5120
38 1603‘ 2166 | 1213 - 138 yslzorkk
39 1193 228} 1505 -, 138 :'5120'
4o T Mo 316 - T 1280
~:hi' hél | 168 328 - 33 1280
‘fhé“- , 420 751’,‘ 59 - 50 1280
43 h21 552 239 68 1280

Sl i Al

2-9
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Open - Closed :
Sample  Agriculture  Agriculture Forest Urban Other Total Acres

No. (02-01-02) (02-01-01) (oh) (o1) in Sample Box
uk - B 1013 - 9% 1280
45 - - 1206 = - Th 1280
46 - - 122k - 56 | 1280
W - - 1251 - 29 1280
148 - - 12w - ‘b0 1280
b9 - RS 1206 - s 1280
50 - - 1084 - 196 1280
51 23 - 109k - 163 - 1280
Cse - 113 1057 - 120 1280
53 - ' - 1240 L ko - 1280
5i L 2o - ko 1260
55 - - 1243 - 3 1280

~ TOTAL 55,334 30,398 114,639 1873 14,916 220,160




Planimetric Densitometer Readings
of Randomly Selected Sections for
Manitowoe River Watershed

Manitowoc, Wisconsin

. 2=11

Open Closed _ ‘
Sample Agric Agric.  Forest Wetlands Urban Water Other Clouds Total Error
- No. (02-01-02) (02-01-02) (O) (06) (o1)  (05)
1 47.5 52.5 1.9 - - - 1.0 - 102.9 +2.9
“35‘;,10;0 8.0 1.6 - - - - 96.7 Bzg:%
3 32.9 3. b 2.7 2k.h - - 0.5 - 94.9 -5.1
L 37.4 hi.s 6.3 "h.6 - - 1.9 - 91.7 -8.3
5 4.2 Ly b - - - 2.k 2.9 - 96.9 -3.1
6 56.0 33.6 1.6 - - - b7 - 95.9 =Lk.1
T | 31,1 b1.5 16.2 - - - 2.4 - 91.8 -8.2
8 36.2 35.3 19.3 2.8 . - T - - 98.3 -1.T
9 331 53.4 13.1 - - - 1.8 - 101.h  +1.L
10 7.7  5;.1 1k.0 5.4 - 5.6 2.3 - 96.1 =-3.9
11 - - 9é.h 5.0 - - - - 97.4 -2.6
12 - 2.2 - - - - 2 - 92.7732212
13 34.0 43,2 35.0 - - - 1.9 - 11k.1 +1h.1
385 h3.1 7.3 - - - he o - 93.1 -6.9
15 36.0 M0 124 - = - 1.h - 96;8 _3.2
16 21.3 _ 18:9f  2o.u'vv - - - 0.4 31.6  98.6 -1.b
a7 oAtk 132 3.1 - - - -~ - 100.5 Bfg:g
18 k3i,o 1905 51.7 < ;‘ - - - 102.2 +2.2
19 %4 W61 1k - - - - - 98.9 =i 1
20 39.0 . 521 sk - . - w7 - 12 w2



Sample Agric

Open

Closed
Agric

Forest’ Wetlands  Urbhan Water Other Clouds Total Error

No. (02-01-02) (02-01-02) (OL) (06) (01)  (05)
21 k2.1 27.8’ 28.1 - - 4.5 0.8 - 103.3 +3.3
22 17.0 57.7 11.9 4.5 - - - - 91.1 -8.9
23 26.6 31.5 BT - - - 1.0 - 103.8 +3.8
2 36.2 33.7 9.0 10.9 - - 4.9 - 9h,7 -5.3
25 33,0 28.7 346 - - - 2.1 - 98.4 = -1.6
26 23.9 15.4 - 2.8 - - - - - 1018 2]
27 k2,2 51.1 6.8 - - - - 5.3 105.4 +5.k
28 o 5.7 5.4 4.8 - - - 4.2 - 100.1 +0.1
29 k2.k 25.8 30.4 - - - o2 - 98.8 -1.2
30 52.3 3k.0 21.8 - - - - - 108.1 +8.1
31 3.0 37.5 283 - < b1 - - 100.9 0.9
32 51.9 he. ko 8.3 - - - 34 - 106.0 +6.0
33  5L.9 7.2 12.2 - - - - - '91.3 8.7
3l 56.0 35.5 3.9 - - - 6.8 - 102.2 +2.2
35 30.8 4.0 17.0 - - - - - 91.8 -8.2
36 43.6 ';f26.7 21.6 - - - 6.0 - 97.9 -2.1
37 M7 46.6 k11.6 ; - - - 3.7 - - 103.6‘,+3.6
3 43.0 o2 164 - - 1.9 11 - 1026 +2.6
39 38;0 51.5 86 - - 1.5 11 - 100.7 +0.7
kho  21.1 58.2 3 3.0 1.0 - 3.0 - 99.7 -0.3
45,5 N1 193 - - - - o

!

26

2-12



Open

- Sample Agric

Closed
Agric

Forest Wetlands Urban Water Other Clouds Total

\

Error

No. (02-01-02) (02-01-02) (ok)  (06)  (o1) (05} ,
k2 o 27.5 12.2 - 27.1  35.8 - 3.6 - 106.2 +6.2
43 Tk 28.0 5.8 - 3.6 09 - - 93.7 6.3
Ly k3.3 43.5 2.7 - - - 5.8 - 95.3 -kL.7T
45 50.5 3h.1 3.6 - - - bs - 92.7 =T7.3
b6 k9.7 7.3 2.7 - - - 0.5 - 100.2 +0.2
b7 b1Lb 35.3 15.1 - - 3.9 - - 957 -h3
L8 31.2 37.9 22.7 - - - 5.5 -f' 97.3 -2.7
ko 51.3 h2.5 bk - - - 3.4 - 101.6 +1.6
50 30,0 149.3 h8 - g - 106 - 9.7 ~5.3
51 38.3 2.3 5.6 : - - 5.2 = 101k +1.4
52 27.9 20,1 209.2 143 - - 01 - 91.6 -8.k
53 5.7 31.4 6.3 5.1 - - ok - 98.9 -1.1
sk ks 13.6 5.1 - - - 33 - 100.0B73:2
55 20.8 72.5 5.9 - < - 2.0 - 1012 A2
56 25.8  6h.6 kB - - - 1.6 - 968 -3.2
5T 39.3 327 T.h 2.8 - 12,5 2.5 - oT.2 -2.8
58 k0.7 8.9 19.1 - - oz - 98.9 1.1
59 b3 55.6 3.9 - - - 1.0 - 101.’8_‘ :+-_1.;8_ e
60 36.2 36.0 | 19.0 - - - 2.9 - 9kl -5.9
r,sif , h8,9 .1 1hg = : - 0.8 - 1057 #5.7
 ’1.6é:  58.1 ug;T; _ I=d.9   - & e 0.5 - 16é.2 %2.2'»
2-13



3
ot

Open Closed

Sample Agric Agric Forest Wetlands Urban Water Other Clbuds Total Error
No. (02-01-02) (02-01-02) (Ok) (06) (o1) - (05) | lh :
63 3.7  39.h | 8.8 7.0 - 1.9 3.7 - 93.5 =6.5
6l 9.9 10.1 63.0 1.9 - - 2.5 - 93.4 , -6.6
65 4h7.h h8,2' B - - ~ ;h - 96.0 ~k4.0
66  33.3 k3.5 8.7 - - 7.8 1.2 - 94.5 -5.5
67 2k, 0 70.3 9.1 o - - 2.5 - 105.9 +5.9
68 k2.6 h2.5 - 19 - - 3.0 - 90.0 ~10.0
69 47.4 h2.2 7.5 - - 27 - - 99.8 -0.2
70 56.0 7.7 . 0.5 - < 4.6 - - 108.8 +8.8
71 37.7 - k5.3 2.8 s - : s 0.8 - 108.6 +8.6 .
4 T2 k0.8 48.7 16.6 - - 3.3 - - 100.4 +9.4
73 ho.1 47.6 6.y - 8.3 3.1 - - 1055 #5.5
T4 50.1 k3.9 - - - - 0.9 - ok.9 -5.1
75 W1k 41.0 6.9 o e - 0.7 - 90.0 -10.0
76 ek 303 - 3.2 - - 2k - 9k3 5.7
o TT o Skl 37.8 - - - - 5.2_ by 971 2.9
18 45,1 . hégz_ 2.0 0.9 - = h.jﬂ - 95.5 =4.5
] 79’ 15.2 11.8 b9 s9.5 - - - o1k -9.6
80 o 38.h 28,6k 9.0 - - 86 1.7 -  96;3 -3.7
81  35.0 | 11,7? » 6.0 ‘_é,l kjvao;é 10.5 ,’7i3 : -“'.“k93;é 6.8
82 21.9 ‘_ 5.7 5.6 - N R CTERE
83  30.8 . "éo.h‘ , 8.2 1 - .,i =  ; S ;_-:',1oélo +2.0
B 212 638 L5 - - - k6 - otil -2.9
21k

REPRODUCIBILITY OF TH
B
~ ORIGINAL PAGE IS PoOR




opsentit

Rl Amingas

e

Open Closed ( | ‘
. Sample Agric Agric Forest Wetlands Urban Water Other Clouds Total Error.
No. (02-01-02) (02-01-02) (ok4) ,  (06) (o1)  (05)
85  50.4 .2 1.6 - - - 31 - 99.3 =0.7
86 2.9 W4 1.7 - - - 0.6 - 9h6 -5.b
87 341 55,1 - - - - T - 96,6 3.k
88  33.9 23.9 N 29.2 - 20.2° - - ‘107.2'u+7;2
89 - - - - 92.0 2.9 - - 94.9 ;5.1
92 27.8 54.8 1.0 - 6.6 - 1.8 - 92.0 -8.0
91  25.9 30.1 3'2, 23.5 - 5,8 1.0 - 9h.5 -5.5
92 3.6 4.3 35.1 51.7 - 1200 - - 109.7 +9.7
93 36.9 155 167 17.3 - 7.6 0. - ob.k -5.6
ob M7 b0 - - - 9.% 6.5 -  101.6 +1.6
95  26.8 b1k 22.0 - 1.6 - h,s - 96.4% -3.6
96  16.1 149.3 33.7 - - - 0,5 - 99.6 =-0.L
97 2k k0.0 29.2 - - - b3 - 97.6 vnz.h
98 .'us;s  ' : ol.5 27.9 - - | - 4.7 = 102.%  +2.h
99 3Lk 1f.2  33.0 9 - - - - 91.0 -9.0
100 331 ah.8 1.0 - - EETREE -y (R 91.6 -8.k
o1 0.7 6.8 6.2 213 - - - - 97.0 3.0
102 ‘3;.6 436 a5 - T ol s - 1041 +h.1
103 17.7 3.9 1.6 6.2 - - 34 ol | 1pro BE3.2
104 _26;;‘ 0.3 32.8 S -2 - 1083 +8.3
106 ‘§h,$,,' 26,1 12,9 e 5.5 3.7  :;-. :,9éf7::—7.3
2-15



fanitine sl S

e e

S T -

Closed

Sample Xgi?c Agric Torest Wetlands ﬂrban Water Other Clouds Total Error
No. (02-01-02) (02-01-02) (Oh) (06) (01) (05) .
106 39.2 34,6 10.6 - - 9.1 5.6 - 99f1 -0.9
107 36.6 58.7 3.5 - - - - 2.5 - 1014% +1.h
108  33.7 53.5 5.1 - - - o.h - 92.7 -T.3
109 k0.3 37.8 9.0 - - - ky - 91.5 -8.5
110 22.1 32.0 27.5 - - 1.9 8.2 - 101.7 +L.7
111 1b.6 12.2 29.9 33.0 - 6.7 - - 96.4 -3.6
112 '37.9, Lk, 8 10.3 - - - 0.7 - 9éi8 -7.2
113 1.8 6.4 78.5 - - - 2.9 - 102.6 +2.6
11k 16.2 57.0 17.3 1.6 - - - - 92.1 -T.9
115 34.3 35.h4 12.9 7.1 - 5.4 0.8 - 95.9 -h.1
116 - 51.6 52.3 - - - - - - 103.9 +3.9
117 26.4 12,4 54,2 - - - - - 93.0 -7.0
118 146.5 she 3.3 - - -3 = 107.T 1.7
119 23.7 31.1 37.2 - - - 52 - 97.2 -2.8
120 6.6 h.3 8l.2 3 - - 05 - 95.6 -k}
121 2h.y 1k.9 | 61.0 - = 0.1 - - 100.1 +0.1
122 1T 333 56.5 ai - - - 1072 472
123 | 16.8 37.0 32.5 - B.o 3.4 L6 - 102.3 +2.3
124 15,1, | 30.7 . s2.8 - - 1.9 2.0 - 102.5 +2.5
125 123 561 23.6 2.8 - - - lia 94.8 -5.2
126, ,uo;3,»» 36.1 22.2g» - - - 1.8 - 100.4  +0.k
2-16



Open. Closed . T

| Sample Agric Agric ~ Fovest Wetlands Urban Water Other Clouds Total Error
No. (02-01-02) (02-01-02) (Ok) (06) (o1)  (05)

‘127  28.6 27.9 3.9 - - - 5.8 - 100.2 +0.2
128  21.0 54.8 6.2 - - 1.5 1.5 = 105.0 +5.0
129 10.7 43,2 32.3 - - 9.7’ 5.1 - 101.0 +1.0

130 26.6 60.9 5.8 - - - 5.5 - 96.8 -3.2
131 k.7 40.7 12.9 - - - 2.8 - 101.1 +1.1

132 17.0 4.9 236 k1.2 - 3. 0.7 - 100.8 +0.8
133 58.0 29.5 1.0 - - - 2.4 - 90.9 -9.1
134 - 29.0  16.3 - 0.7 9.1  37.3 - 0.3 - 92.7 =T.3
135  Lh.5 %0.9 10.6 - - - - - 96.0 -4.0
136  15.9 k2.3 .2 30.7 - . - - 103.1 +3.1
137 56.2 28.1 13.9 - = - 0.5 - 98.7 ~1.3
138  26.h 30.5 25.5  18.2 - - 1.3 - 101.9 +1.9
139 ha.s 646 - - - - 1.0 - 108.1 +8.1
o 38T BT 150 31 - == - 955 ks

1 289 28,5 - 323 6.2 . - - '1.6‘_ - 97.5 ~2.5
142 58.5  38.5 1.0 ‘e - - - - 98.0 -2.0
W3 23.8 M35 101 135 - - = - 909 -9.1
AWy 534 37.3 13.2 - g - = - 103.9 +3.9

s 15.8 25.6 T8 SR W R 0.8 - 99.7 Bfgzg

146 53.9 39.8 BN 1.7 1.8 - 97.2 -2.8
147 30.8 V'h7}9 5.2 = 2.8 E 3.3 - 90.0 -10.0
148 30.0 57.3 pipe T - as - 92,017?8.0
149 3k 1T e = ,,uﬂé e ’]wf"l - ‘lzleO-O‘BS?fS




A

_—

/

Acres per Land Use Category
of Randomly Selected Sections for
Manitowoc River Watershed

——Manitewece, Wisconsin .

; Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside

No. Open Closed  (Ok) (06) (o1) (05) Watershed
(02-01-02) (02-01-01) B
1 295 326 12 e e T 0 0
2 85 53 10 S e e e ko2
3 221 231 18 164 - -— 6 - .
oy 259 288 Wy 29 = - 20 - _
5 311 203 - — = 16 20 - -
6 373 224 11 = | - -— 32 il _—
T 215 287 116 — - 22 - e
8 236 230 126 18 -— 30 - —— —
9 209 337 83 - - — 11 - -
10 118 340 93 36 -- 31 16 - —
11 — - 6T 33 - ERIES S -
12 -— - 16 SRS L. o i 62l
13 187 237 192 em  em == 2k - _
b 263 295 50 - e f; 32 - -
15 238 .rjlb 8 - - - 10 - —
16 177 ‘100 132 e = —= 4205 --
17 111 8 20 == e ee e em k25
18 19k 122 ‘; L R R i
19 2u8 éga S SR -
20 oM 39 % - = o 30 - e
o1 261 12 17hA"  *_;\ L= 28 5 e



~ Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open Closed  (Ok) (06) (o1) (05) Watershed
(02-01~02) _(02-01-01) i

22 120 405 83 32 — e em e --;
23 16k | i9h 275 i -— e 7 _— -—
ok 2ky 2217 6L T3 - - 35 - - -
- 25 215 o187 '225‘ - - - 13 e -
26 150 97 | 18 -~ — em e - 375
21 256 311 % I e e e 32 e
28 3% 98 0 - B— — —= 28 e -
29 275 167 197 o ey —
30 310 ool 129 L e LR Ll e L
- 31 | 197 238 179 - - 26 -- | - -—
TS 312 255 50 - — == 23 - e
33 36k 190 86 L s e —
b 351 2é2 o - _— e= k3 -
35 - éih ' ;367 119 = - S en il -
36 . ~'28§;1‘ 17k S - - = ko - -
5w -é57 . 288 72 <
38 ‘f‘éSB ;1 102 e == 12T e -
39 f:;éuz o 21 55 - —- 10 6 - -
o o 1 2 19 M Celage =t e
b1 5 i168  310 29 BT R— | -  Q-l i e
b 165 B - 2 2 ;_:,"25 i
),(3  | “;18‘7 S f50 e P _'_’ ¥ o
W 200 291 18 :-; R n;;" — -
L5 347 218 25 — IR 50 —- e




Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Out51de

- No. Open Closed (o4) (06) (o01) (os) Watershed
(02-01-02) (02-01-02)
46 318 303 17 —_— e -_— 2 - -
W 27t 236 01 e e 26 = o L
48 - N 205 2kh9 149 —— - - 37 —— _—
b9 323 268 28 — e = 21 -- -
50 | ‘202 332 32 _— - -— Tk _— -
51 2h2 330 | 35 - - - 33 - -
52 194 139 203 99 - -—- 5 - -—
53 360 203 b1 33 - — 3 — —
5k 29 & 35 - - - 20 - ‘L69
v55 132 458 37 - - - 13 —- -
56 170 h27-~ . 32 - - -— 11 -— —_—
57 259 215 k9 18 -- 82 17 - -
58 263 252 12k e e =1 - -
59 260 39 ol Ll T a g e -
60 2L5 230 122 i - 13 _; os
61 295 248 90 em e e T am e
k6é 364 267 6 | — - - 3 — -
63 223 269 60 R Y S, e
64 68 €6 430 5k j - — 19 - -
65 315 321 e £ RNt S -
66 223 2094 59 e - 53 11 - i3
67 ank he3 55 e e e 18 - _
68 300 299 11 — - — 30 - g
L w i RIS S0 T S RN

L o e At Al L AARAA 8,0kt A e et 20 A e



LN

' Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside

L=

AP

No. Open Closed (ok) (06) (o1) (05) Watershed
(02-01-02) _(02-01-02)
69 30k 271 48 - — AT e - _—
70 329 279 4 - — 28 e - _—
71 220 265 145 - e e 10 - -
72 259 284 97 _— — 20,  —m _— _
73 ek2 288 o -- 50 ’_20 _— - —
Tk 337 205 -- R S —
75 201 287 L8 - s T —
16 33u 266 - 22 — == 18 - -
7T 356 - 2hg —_— - - — 35 — _—
78 302 289 13 6 - em 30 - —
79 107 82 3k h17 - - - - —
8o' 255 190 126, - -— 57T 12 - =
81 '239 80 1 13 11 T2 sh o -- —
82 187 ©uol - Vo -
83 193 379 51 et L R -
,8& 179 420 10 - —_— - 31 - -
.85 322 285 iov - -~ - 23 - -
86 289 293 52 - R 6  -- —
87? 226 | 365 - - — = 49 e e
88 202 ‘1h3 - 17k - 121 e- - —
| 89 - . -— - 619 21 - -= -
o0 102 31 T e M6 e 16 - -
2-21



 Sample Agriculture Agriculture Forest Wetland Urban Water Other

Clouds Area Outside

2-22

No. Open Closed (ok) (06) (o1) (05) Watershed
(02-01-02) _(02~01-02) .
91 175 203 55 159 - 39 9 - -
92 2l 28 209 306 - T3 - e —
93 | 249 105 113 117 - 51 5 - -
o4 263 277 - -— == 59 b1 -- -
95 178 274 146 — 1 - 31 - ie
96 103 317 216 - - ~— ‘ L _— -
97 158 262 191 —- - - 29 _— —
98 283 153 17h - e =e 30 - -
99 220 121 232 67 - - T _—
100 230 103 284 - - - 23 — -
101 5 45 410 180 - _— - - —
102 194 268 95 ~ T 36 -~ -
103 113 2h2 T4 bo - - 21 - 150
104 153 236 192 - - - 59 - -
105 - 306 179 - 89 - - 38 28 - —
106 253 223 68 — - 59 37 e ——
| iOT;; 231 <370 22 = == m= AT - —
108 231 367 35 -~ - = ‘T - e
109 280 262 63 —— e == 35 - -
1o 139 202 173 N 51 - e
111 97 81 198 219 == U5 .- S -
112 260 307 kk 0 e - - 3 -
113 92 40 - e

S S




A
e

Semple Agriéulture Agriculture Forest Wetland Urban Water Other Clouds Area Outside L
No. Open Closed (ok) (06) (o1} (05) Watershed i
(02-01-02) (02-01-02) g r

11k 113 395 121 1L - - — - T
|15 228 236 86 M -- 36 T - -
Pf 116 318 302 — i = e e e _— }
“é 117 T 86 373 — - - Ei L -— %
. 18 27h 320 20 — e e= 26 - -
| 119 156 205 oLk Clll e i em 35 e _— E
120 bl 29 562 em em e 5  m — ;
121 15k 95 . 390 LT MR -
| 122 10k 199 337 — e= - SO —
123 10k 232 204 - 50 21 -1 B — -
124 - 9k 191 317 - — 5 33 _— -
125 83 379 160 18 me e e e en
126 257 230 1 wi em el 12 e e
) 127 | 182 178 yznz IR SR 38 - —
128 18 - 333 159 | - == 9 11 - -
.} 129 60 274 205 = == - 6L ko S
{&' 130 176 ko2 E -
: 131 283 25k 82 " i — - ‘?1 - o
TI, 132 108 95 150 262 - 2 3 - -—
'P  i33]_ bos 206 }' ‘7:. - — - 22 ,—; -
boas 200 112 5 63 256 - v - - §
Wg v135’, 208 i  S 272‘ A R
& 136 .. 98 263 88 191 - -’-_‘ - - -
% 2-23




iSample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
' No. Open Closed (ok) (06) (o01) (05) Watershed
(02-01-02) (02-01-02) :

137 361 182 90  em em e b e

;138 . 166 191 160 11k - - 9 e .
139 250 380 - —~ - == 10 i -
mo 259 p59 100 2L = em e oo
k1 189 187 o212 Y1 = = 11 - —
e 382 o520 6 T S _ —
3 167 307 TL 95 e == e i
wh 329 230 BL = e em ===
s 101 - 16h 11 7 -— == 6 - 351
6 355 262 - e e 11 12 — —
147 217 337 36 —- 20 - 30 @ -- -
18 207 396 15 L e e 22 - -
149 150 109 = e R R L 361

T Totai 31977‘ 35476 15565 3541 1754 1292 2251 '237' 3267

Percentage 35 39 17 o2 12 o

of total : e

watershed .

(92093 acres)

2-24




£ st M g .

Planimetric Densitometer Readings
of Randomly Selected Sections for
Oconoto River Watershed
Oconto, Wisconsin

PRSI
s

{ ' Open Closed o
Sample Agric Agric Forest Wetlands Urban Water Other Clouds Total Error
(E No. (02-01-02) (02-01-02) (O4) }(06) (o1)  (05) ,
i§~'1-7 ~ NO IMAGERY k ;
- g - - 8.3 3.8 - 0.1 6.5 - 95.7 -L.3 f
i; ‘9 NO IMAGERY | |
;: ‘0 - - 95.7 3.9 = 0.3 - - 99.9 -0.1 i
o 7.5 kL0 W2 2.9 - - 1.2 - 96.8 -3.2 ;
.- 0.5 846 9.3 - - 3.8 - 8.2 -1.8
o ién 3.3 - 8L.2 7.3 - 2.6 - - 97.k -2.6 %
o - - 91.8 0.6 - 48 1.6 - 98.8 -1 é
T - - 5.7 26.9 - - - 102.6 +2.6 ;
[ 16 S 83.1  11.2 - - 3T - 98.0 -2.0 g
[4 wo - - 95.2 - - - - . g5 b8
48 o - 9k.0 2.0 - S - - 96.0 -k.0
19 - ot 97.8 - - A - 97.8 -2.2
%’ 20 - - 95.1 3.3 - - 0.8 4 99.2 -0.8
j o1 - - 97.0 ;/‘ | - - h.6Vk - 101.6 +1.6
| 2é - R TR 85.9' 17.2 A - 2,9 - " 106.0 +6.0
J, 22 - 93 BT 5.0 - - 35 - 1055 455
'§: 26 - 19 87.h 1" 1 - 5.6 ,»'8.h,"; 105.0 #5.0 :%
85 - 186 8.8 b - 3.2 3.0 - 108.0 +8.0
i' é6‘;7, - T0.5 L - 9.3 11.3 - ;" 95.8 -k4.2



Open Closed

fep—

EESCtlereseey - ]
[ERS
O

W7

3

2-26

0.8

Sample Agric Agric  TForest Wetlands Urban Water Other Clouds Total Error
No. (02-01-02) (02-01-02) (Ok4) (06) (o1)  (05)

27 R - 57.9 17.1 - 12.0 3.2 - 100.8 +0.8
28 10.h4 28.8 13.0 4.9 22.8 15.4 9.9 - 105.2 +5.2
29 - 23.3 13.5 1.1 - 3.0 5.9 106.7 +6.7
30 - - 8.2 6.6 - 10.3  10.0 105.1 +5.1
B2T.h4

31 - 0.8 76.0 - - - - 10k,2 +h.2
32 - - 98. 4 - - 0.1 - 98.5 -1.5
33 - 30.7 ,hs.h - - 12,5 15.2 106.8 +6.8
3L - 6.6  83.1 3.5 - 5.3 10.1 . 108.6 +8.6
35 - 0.5 62.4 - - 23.1 16.2 102.2  +2.2
36 - - 9k.5 3.6 - 0.2 - 98.3 ~1.7
37 - < 83.1 0.7 - 12.1 = 95.9 ~b.1
38 - . T.3 8h, 1 6.7 - 2.k 0;1 1od.é'v+o.6
39 S 59.0 LY 10,0 12.2  16.0 105.3 +5.3
Lo - 6.5 4.5 - - 5.9 7.1 9k.0 -6.0
n - - 865 5.2 - 1.9 5.8 99.4 -0.6
ho - o136k 1.1 - - 7.8 9&,3 -5.7
43 - ‘f'o,3 88,1 2}9,f - 0.5 9.6 101.h +1.hL
s _ _ 7.3 6.5 L 9.éj T.6 100;6 +0.6

'*4 ks - = MLk 2.2 - 57 1007 100.0 -
% - 0.7 :"'ithl ComT - 362 128 95.5 4.5
- 21 ot i - » - ‘100.2“+0.2



Open Closed

i Sample Agric Forest Wetlands Urban Water Other Clouds Total Error

Agric

No. (02-01~-02) (02-01-02) (Ok) (06) (o1) (05)

48 - 1,0 89.7 - 1.0 8.2 - 99.9 -0.1
Lo - T.7 78.1 0.6 7.6 6.3 - 100.3. +0.3
50 - - 82.1 2.5 12.3 7.0 - . 103.9° +3.9
51 - - 82.0 2.1 15.2 0.6 - 99.9 -0.1
52 - 5.1 87.0 - v8.3 5.9 . - 106.3 +6.3
53 - - '96.h 0.1 - 8.2 - 10k.7 +h.T
5k - 4.5 80.3 3.5 6.1 11.9 - 106.3 +6.3
55 - - 95.4 3.5 - - - 98.9 -1.1
56 - 0.5 87.8 1.6 6.8 6.5 - 103.2 +3.2
57 - 8.9 8.7 4.9 b1 5.2 - 101.8 +1.8
58 - 6.6 83.9 1.6 - 121 - 10k.2 +ho2
56 8.9 25.3 58.0 - k.3 10.3v - 106.8 +6.8
60 - - 97.5 - - 2.9 - ‘1oo.h +0.4
61 - 1h.0° 82.2 11.4 - 0.8 - 108.% +8.L
62 13.2 - - 65.9 9.5 - 6.5 - 95.1 -k.9
63 2.7 1.9 - | 4.3 | 13.é 6.2 - 98.3 -1.7
64 - 1.2 .5 3.1 Ly 6.2 - 106.4 +6,h
65 - V26.1" 61.0 - 8.9 12.9 - 108.9 +8.9
66 0.3 13.4 81.2 - 2.4 8.2 - 105.5 +5.5
61 . o 95.5 Cha 0.7 - - 100.3 +0.3
68 - - 96.3 0.7 - W6 - 1016 -1.6
69' 5.8 3.4 ,50;1‘~ o7 5.3 10.h4 - 99.7 ,-0.3‘
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C2h, T

. Open Closed ’
. Sample Agric Agric Forest Wetlands Urban Water Other Clouds Total Error
No. (02-01-02) (02~-01-02) (Ok) (06) (o1) . (05)
iz 48 - 1.0 89.7 - - 1.0 8.2 - 99.§ -0.1
- b9 - 7.7 78.1 0.6 - 7.6 6.3 - 100.3 +0.3
| 50 - - 82.1 2.5 - 12.3 7.0 - 103.9 43,9
51 - - 82.0 2.1 - 15.2 0.6 - 99.9 -0.1
52 - 5.1 87.0 - - 8.3 5.9 - 106.3 +6.3
53 - - g6.4 0.1 - 8.2 - 10k, 7 +L.T
. sh - b5 80.3 3.5 - 6.1 11.9 - 106.3 +6.3
55 - - 95.4 3.5 - - - - 98.9 -1.1
1 56 - 0.5 87.8 1.6 - 6.8 6.5 - 103.2 +3.2
st - 8.9 78.7 4.9 - b1 5.2 - 101.8 +1.8
} 58 - 6.6  83.9 1.6 - - 1l2.1 - 104.2 +k.2
1 59 8.9 25.3 58.0 - - ¥.3 10.3 - 106.8 +6.8
4 60 - g 57.5 - - 2.9 - 1004 +0.k
] 61 - 1h.0 82.2  11.h - - 0.8 o 19§.u +8.%
62 13.2 - 659 9.5 - - 6.5 - “95.1 -h.g
[ 63 2.7 1.9 - Th.3 - 13.2 6.2 - gR.3 1.7
,'; 65,”5‘ - 12 9Ls 3.1 - L.k 6.2 - 106.4  +6.k
5'65 | - 26.1 6.0 - - 8.9 12.9‘ = 108.9 +8.9
66 0.3 134 BL2 S e 2.4 8.2 - 105.5 #5.5
67T - - 95.5 ko1 - 0.7 - - 100.3 +0.3
e - - %3 0T - - W6 - 1016 -1.6
69 5.8 3.4 50. 1 - 5.3 0.8 - 99.7 -0.3

et




Open. Closed

| Bample Agric Agric Forest Wetlands Urban Water Other Clouds Total Error
No. (02-01-02) (02-01-02) (Ok) (06) (o) (05)

B

70 6.1 10.5 45.0 10.6 - - 1.3 - 100.9 726.5
71 - 2k.9 41.6 23.1 - - 0.5 - 90.1 -9.9
T2 - 4.6 k.1 2.6 - - 0.5 - 161.2' +1.8
73 - - 85.0  11.0 - 2.7 7.0 - 105.7 +5.7
Th - 12.5 8L.h - - - 3.3 11.3 - 108.5 +8.5
5 - - 87.1 h.5 - 2. 9.5 - 103.5 +3.5
76 - 21.3 A1 26.2 - - 4.6 - 106.2 +6.2
7 - 29.7 27.6 23.9 - - 13.6 - 9h.8 -5.2
78 2.5 21.2 50.2 19.1 - - 8.1 - 10L.1 +1.1
79 3.8 13.3 83.9 -’ - - 6.0 - 106.1 +6.1
80 1.1 - | 98.2 - - 2.7 1.9 - 103.9 +3.9
81 4.0 38.3 50.2 - - - 13.L - 105.9 +5.9
82 | - “6;8 89.9 - - - 8.0 - 10L.7  +h4.7
83 6.4 il 6h.2  18.3 - - 88 - 97.7 -2.3
84 3.3 75.9 - - 13.1 - - - - 92.3 -T.7

"55], - 13.7 29.6 8.1 - 0.7 6.9 - 99.0 =-1.0
86 - - 11.2 90.1 - 2.5 - - 103.8 +3.8
87 12.1 .8 80.1 - < - 2.1 - 1024 +2.%
88 13.9 | 82.3 Lo 1.1 - 1.65 '6.9 - 105.8 +5.8
Bo ‘1.ov1‘ - %.3  61.8 - 2.1 . - - 1012 .2

} 9b- k2.2v' 2.7 57.1  10.1 - ‘16.0 9.0 -‘4" 97.1 -2.
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i
: Open Closed : _
Sample Agric Agric Forest Wetlands Urban Water Other Clouds Total Error
No. (02-01-02) (02-01-02) (Ok) (06) (o1)  (03)
91 - - 95.0 by - - - - 99.4 -0.6
1 92 35.1 - u5.7 21.8 - - 6.4 - 109.0 +9.0
93 3.3 0.7 92.9 by - - - - 101.3  +1.3
:i; ol - 1. 3.1 sz - 0.8 5.1 -  101.5 +1.5
{1 95 - - 95.1 | '7.9 - - 1.1 - 10k,1 +h.1
I 96 o - 95.8 2.2 - - 3.8 - 1022 +2.2
' 97 - 8.7 83.0 o - ko 8.2 - 103.9 +3.9
08 - 21.6 212 143.6 - 0.7 T.1 - oh.2 5.8
E; 99 3.6 - 3.4 58.2 - - 19 - 95.1 -k.9
100 0.8 6.9 46.1 13,2 - = 3.3 - 100.3 +0.3
,f 101 0.4 - 10.2 81.3 - - - - 91.9 -8.
w2 - - 79.8°  21.3 |  5” 3.6 - - 2067 4T
103 e - - 88.5 0.8 g 7.6 10.9 - 107.8 +7.8
'ﬂ “10b - 2,07 W2 s9.2 - - 1.0 5 106.4  +6.h
05 - 1.0 - 86.1 - S - 97.% -2.6
H? 1106 T2 - 90.6 o0k - - 5.6 - 103.8 +3.8
fj iﬁ%rk", SR 93.0 M7 - L3 1.3 -  100.3 +0.3
; 108 - w1 96 2.9 _ - 39 - 1025 #2.5
ﬂ? 109 - - 5.6 T 8.2 5.2 - 105.0 +5.0
,119 : v'- - o7.9 - o -0 ;_ - o83 1.7
gé‘ 111 - - 9.0 10.9 - - = - 100.9 +0.9
o
30




N i e

Open Closed

Sample Agric Agric Forest Wetlands Urban Water Other Clouds Tofal Error
No. (02-01-02) (02-01-02) (Ok) (06) (o1)  (05) :
112 - - 92.5 4.8 - 1.9 - 99.? -0.8
113 2.5 - 1.2 26.1 - - 3.7 103.5. 43.5
11l 1.9 25.1 Th.3 - - - - 101.3 +1.3
115 19.6 25.1 56.1 7.1k - - 1.7k 109.6 +9.6
116 3.0 31.2 60.4 6.5 - 0.1 3.0 101.2 +1.2
117 - 5.7 60.0 38.9 - - - 104.6 +4.6
118 » 18.2 43.0 38.6 - - 3.6 103.4 +3.&
119 - - 95.2 - - 3.6 - 98.8 -1.é
120 0.5 - 98.6 - - - - 99.1 -0.9
121 - 21.0 72.6 - - 2.5 5.9 102.0 +2.0
122 27.6 18.9 6.2 - - - 12.2 10&?9 +h.9
123 - 45.8 us.z‘ | 2.8 - 1.9 Lo 99.7 -0.3
12k = 2.9 70.0  22.2 - - 5.8 100.9"+6.9
125A - 6.8 82.0 2.8 - 0.% 1.9 - 93.9 -6.1
1258 < 27.8 58.1 10.9 - - 0.9 C9T.T -2.3
126 - 0.3 97.3 - - 1 - ©99.0 -1.0
Aot 5.1 2.9 8&.5 3.0 - 3.0 5.9 10b.h +h.b
128 - , 56.5 3 25.8 5.6 - - Lo 92.1 -7.9
129 -4 25.7; 62.0 6.2 - - - 93.9  -6.1
130 6.5 | 4.6 27.5 - i - 12.2 - 91.8 -8.2
13 - - oh.8 W1 - - o8 99.7 -0.3
,MQ,Q_gl
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Sperrettucins

. e

; Open
Sample Agric

Closéd
Agric

Forest Wetlands

Urban Water Other Clouds

Total Error

51.3

104.8

No. (02-01-02) (02-01-02) (OL) (06) (o1)  (05)
132 - - 95,0 2.2 - 0.8 k4.3 102.3  +2.3
133 = 9.3 84.0 - = 3.4 7.8 1045 +k.5
134 1.7 312 46. 4 - - 1.7 5.6 96.6 -3.k
135 b2 5&Q3 39.4 3.4 - 4.8 - 106.1 }6 x
136 10.0 33.0 36.4 8.4 - 2.6 - 90.k -9.5
137 16.6 - - 79.1 - 0.9 6.5 103.1  +3.1
138 1.9 16.4 s5h.1 22.3 - 3.9 - 98.6 -1.b
139 - 19.0 ©57.8 12.0 - Lk 3.5 96.7 =-3.3
1ko - 4.8 WS - _ 190.8 5.5 100.0 B18.k
11, 3.9 - 89.4 6.9 - a3, 103.4  +3.L
142 - 6.5 72.8  13.5 - 1.3 - 1041 +k.3
143 5.8 k.7 79.3 - - 0.7 3.7 - lok.2 k.2
W4 168 k2T 318 - - 6.6 - 97.9 -2.1
145 19.6 61.3 16.% - - b7 J/2.6  104.6 +L.6
W6 19.5 5.9 62.3 8.0 - 5.9// 3.1 104.7 +h.7
1&7 - 26.7 49.6 13.5 5.4 - : 7/ 5.7 100.9 +0.9
148 12.1 27.0 52.0 - - /5.8 - 97.8 -2.2
1o 11k 41.6 6.0  2h.1 - f///‘s.s 5.7 o3 5.7
150 s By 92.5 5.9 -/// 2.k - 100.8  +0.3
| 151 22.1 21.3  3h.2 6.4 ,/ﬁf - 6. 96.1 -3.6
152 28.9  15.8 8.8 - -l 4.8



i ey

Open Closed
Forest Wetlands Urban Water Other Clouds Total Error

b ot

' 156

2-33

Sample Agric Agric
No. (02-01-02) (02-01-02) (Ok) (06) (o1)  (05)
153 20.3 4o, b 23.8 - 3;2 0.6 7.1 - 0L L +h.h
154 20.4 k 36,4 8.9 29.h - - 5.7 - 100.8 +0.8
155  12.5 28.8  43.7  20.4 - - 1.5 - 106.9 +6.9
16.4 39.7' 38.0 - - - 6.1 - 100.2 +0.2
157  21.1 51.7 1.9 13.8 - - - - »98.5 " -1.5
158 35.3 4.3 10.6 - - - 32 - 96.14 -3.6
159 8.2 8.4 - 81.2 - - - - 97.2 -2.8
160  12.2 39.2 - 49.7 - - - - 101.1 +1.1
161, - 17.0 - 16.5 - - 2,5 65.5 101.5 +1.5
162  17.0 17.3 - 19.6 - - 1.9 5k0  109.8 +9.8
163 . 29.6 "19.3 - 50.0 - - - 5.5 10h,h  +h.b
164 30.6 5.9 55.3 - - - - - 91.8 -8.2
165 26,0 k.1 35.2 - = 1.h 0 - - 103.7 +3.7
166 27.7 . 22.° 53;0 = - - - - 103.2 +3.2
167 22,6 29.k L2 . - 5.4 6k - 108.0 +8.0
168 58.6 41.3 - 3.9 - - - - 103.8 +3.8
169 26.5 17_2v - - - | 2;5v - 63.1 109.3 ’+9;3.
170 17.6 48.7 30.6 - - - 1.6 - 98.5 1.5
171 23.8 3.6 - 40.3 - - - 3hs 102.2 2.2
a2 - 3.1 69.1  36.3 - 2 - 108.8 +8.8
3 - = 56.9;: 52,5 - R - 109.4% +9.h



Open

Closed

Sample Agric Agric Forest Wetlands Urban Water Other Clouds Total Error
No. (02-01-02) (02-01-02) (o) (06) (o) (05)
174 28.6 36.9 29.0 2.4 - - - - 96.9 -3.1
175 14.8 23.1 56.9 - - 0.4 - - 95.2 -h.8
176 1kh.3 54.7 36.6 - - - 0.2 = 105.8 +5.8
T 8.7 50.7 12.0 2.9 - - 46 - 98.9 -1.1
178 14.6 33.5 42.8 - - - 3.2 - 9k.1 -5.9
179 22.2 k2.0 29.2 - - 2.8 k7 - 100.9 +0.9
180  25.0 53. 4 26.0 - - - - - 1044+ k4
181 27.0 55.0 14,5 - - - 7.3 - ‘103.8 +3.8
182 - - 35.2 ~7h;3 L - - - 109.5 +9.5
183 - - 7.2 22.2 - 9.6 - - 109.0 +9.0
184 23.8 22.7 31.1 - e - - - 97T.6 -2.k
185 | 24.8 | 25.h k9.9 - - - - - 100.1 -+0.1
186 8.0 2.7 50.6 21.2 - 10.8 - - 93.3 6.7
{187 375 , 32.7 12.3  15.0 - = 9.8 - 107.3 +7.3
188 3L.5 28.2 .4 - - 5.7 11.0 -  90.8 -9.2
i 189  26.3 52.4 - 5,hvv h;o - - 6.8 - 9k.9 -5.1
190 .19.8  39.2 o % - - 7,? - ~19o.3' 9.7
é 191 2.3 43.5 23.h‘ - - - 5.2 - 93.4 6.6
12 - S 94,8 6.3 e 0.3 - - 1004+
5 193 - - g1.8  2h9 - - - - 106.T +6.7
Ai‘ 194 V"16;1  1h.h 58.3 - - 7:10.7 - - 99.5 =0.5
5 2-3)

AL T



o el Rl st g

R it bl

196

2-35

Open Closed
Sample Agric Agric  Forest Wetlands Urban Water Other Clouds Total Error
No. (02-01-02) (02-01-02) (Ok) (06) (o1)  (05)
195 1k4.3 33.9 L - - - - - 102.9 +2.9
TS 57.6 35.0 - - - - - 1048 +4.8
197 3.7 23.2 §7.9 21k - 3.2 4.5 - 103.9 +3.9
198 | 15.8 39.8 33.8 - - 5.6 - - 95.0 -5Lo
1§9 28.4 56.7 10.3 - - " ks 1.2 - 101.1 +1.1
200 31.6 30.5 - 20.5 - 6.2 2.1 - 90.9 -9.1
201 36,1 h3.h - 13.2 - 3.3 9.3 - 105.3 +5.3
202 13.1 47.5 . 32.9 - - - 0.5 - 9h;o 6.0
203 - b3 ,55.0 31.2 - 10.k4 - - 100.9 +0.9
} 204 15.7 23.8 45,3 11.0 - 2.2 - - 98.0 -2.0
205 11.4 31.0 W7.6 - - 3.5 - - 93.5 -6.5
206 15.0 28.0 AR 30.0 - 3.k 3.0 - 93.8 -6.2
207 16.5 20.7 12.7  36.9 - - 73 - ok.1 -5.9
208' 12,2 10.1 - 249 - - - 57.9 105.1 +5.1
209  23.2 ho.b - 30.1 - 5.7 S e 99.4 -0.6
210 - 13.8 - 18.3 - - - - 100.0 B6T7.9
211 - - 86.8  11.8 - - 6.4 -  105.0 +5.0
212 - - 28.4 76.2 - - - - 1ok.6 ‘+h{6
213 29.6 31.3 3.8 - - - = - 92.7 7.3
21k 11,0 Lo - 23.6 - 2.8 6.1 - 93.k 6.6
215 20.8  28.2 5.3 kL LT ~ e 95.7 -h.3
216 7.0 15.6 - 66.9 - “ 6.4 - 95.9 -h.1




Open Closed

Sample Agric Agric  TForest Wetlands Urban Water Other Clouds Total Error
No. (02-01-02) (02-01-02) (oOk) (06) (o1) (05)
| 217 21.2 13.2 12.1 25.6 - 5.6 3.2 21.5 ° 102.ﬁ +2.h
- - 2h.2 - k3.5 L0.0 - - 107.7 +7.7
219 5.4 b5 - 61.8. - 3.7 - - 95.4 - -h.6
220 19.61' 56.6 »17;0 - - - - - 92,6 =T.h4
221 23.0 60.0 8.0 - - - 15.5 - 106.5 +6.5
222 8.8 - 10.h 83.8 - - - - 103.0 ;3.0
223 - - - 3.7 - - 1.8 32.5  100.0 B62.
22k - 3.6 93.0 - - - - - 1 96.6 -3.h
225  28.1 h7.8  15.5 - - 1,8’ 6.6 - '99.8, -0.2
226 18.7 8.6 10.8 22.4 12.5 12.9 10.8 - 96.7 =-3.3
227 22.6 35.9 b7 10.3  12.7 - 6.3 - 1 92.5 =T.5
228 2.9 20.2 39.3 25.1 - - 8.9 - 96.4 -3.6
229 22.1 W 7 3.8 - - - 10.8 - 109.h +9.4
230 6.2 7.8 - 8.5 - - 1.6 79.2  103.3 +3.3
231 56.9  25.1 o 8.9 - - T8 - 99.3 -0.7
232 9.1 - - - 8h.2 59 - = -99.2 -0.8
233 5.6 - 92.1 - - - e 97.7 -2.3
234 18.6  26.6 39.6 - - -1 - 92.5 -T.5
235; 6.5 k. 30.4 - - 2.9 0.5 - 91.4 -8.6
236 25.8 7.k - 20.3 - - - - 93.5 -6.5
237 BUSE 8.6 8.0 . 10.3 46,4 5.9 “ - 93.3 6.7
2-36
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2-37

Open Closed
Sample Agric Agric Forest Wetlands Urban Water Other Clouds Total Errcr
No. (02-01-02) (02-01-02) (0k) (06) (o1)  (05)

238 10.0 T1.9 2.} - - 6.6 - 90.9 -9.1
239 20.k4 - 58.2 - - 2.6 9.2 - 90.4% -9.8
2ko h0:5 12.8 - 2.9 - 9.3 - 36.1  101.6 +1.5
ok 42,6 40.5 - 6.7 - 2.3 - 2.3 9hk.h -5.¢
2h2 46.9 12.2 - 26.5 - 7.8 - - 93.4 -6.6
243 20.0 - - 58.0 - - - - 100, B0
2kl 5.5 - 76.8 - - 5.5 7.0 - 9k.8 -5.2
245 13.9 h6.1 26.1 - - 6.2 2.7 - 95.3 -L.7
246 21.2 51.1 20.8 - - - 1.0 - oh.1 -5.9
2hT 9.k 55.6 19.h - - 2.6 11.6 - 198.6 -1.b
208 203 62.8 7.2 - B, Sk - 9T 5.3

2o 3.3 - 63.3 - - 12 9.2 - 90.0 -10.0
250 8.6 L2.8 33.9 - - - T - 92.4 7.6
051 20.8 52.5 15.5 - - 1.6 0.6 - 93.0 7.0
252 10.0 37.3 Lo.k - - - 5.5 - ' ok.1 -5.9
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N ——

‘Acres per Land Use Category

of Randomly Selected Sections for
Oconto River Watershed
Oconto, Wisconsin

L Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside

praippmste

[UovS——

No. Open Closed (oh) (06) (o1)  (05) Watershed
(02-05) (02-01) '
1 — — _— S I -
2 _— - - - - - - - -
3 - - - _— - — = e -
) _— _— _— — e B s -
5 _— - _ - - - - s -
6 — - - - - —_— - - -
7 - . - o —_ em e _—
8 - - 570 26 -— - L - -
9 - [ — A —— - —— - -
10 - - 61k 26 - - - - -
11 50 271 292 19 - - R -—
12 - 3 551 61 - — 25 - -
13 22 - 553 48 - 1T == == _—
~1h - - 595 b o - 31 10 - e
15 — - b2 168 - B L —
16 - -- 543 73 i - 2h - -
| 17T - - yého R - - - ==
18 - - 627 13 == == e - en
19 - - 610 R IR S —
20 - i 614 21 -- —— 5 - -
21 — i 611 — - — 29 - —
RN 2-38 o =



e e

Somiamtnn g, PR

Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside

res

——— JrrTa—— T IO S gbimini
B AR e e TR e pm—rs
T e i < PSRN — Lenstugn N

No. Open Closed (ok) (06) (or) (05) Watershed
(02-05) (02-01)

22 - — 51T 10% - — 19 - s
23 - 57 532 30 -- -— 21 - -
ok - 13 531 11 - 34 51 - -
25 -- 110 L65 27 - 20. 18 - -
26 —_ 31 . k71 - - 62 76 - _—
27 - - | 368 109 - 80 83 - ——
28 63 175 79 30 138 93 62 - -
29 - 139 439 6 -- 18 38 - -
30 - - L5 4o - é3 62 - .
31 - 5 W] —= e e em - 168
32 - - '6'39 B 1 - - -
33 - 181 289 - - 3 k9h - -
3y e o uer 21 -- 32 60 - -
35 - T3 301 il s 100 - -
36 -; - 615 2h - R - -
37 e - sk 5 - B - - -
38 - 46 535 M3 - 15 1 - -
39 - 41 358 9 61 ‘:7h 9T -- -
4o L b5 506  —= - 4o kg - -
h1 - - 557 34 ~— 12 37‘ - -
b2 - 145 43l 8 - — 53 = i
43 - 2 556 18 - 3 6 - i
Lk —_— L 'hgé S 59 48 - -
L — 265 14 - 293 68 — ;-

L5




T

Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside

No. Open Closed (oh) (06) (01) (05) Watershed
(02-05) (02-01) ; .
46 - 5 2715 31 -- 243 86 - —
b - 13 622 em =5 em o -
48 - 6 575  e= - 6 53 - --
49 — k9 498 Y - 49 kO - -
50 . - S5 45 - 76 Wk - -
51 == - 525 13— o7 5 - -
52 - 31 522 — - 50 31T - —
53 A e 588 1 e e s - -
sk - 27 - L8 21 36 T1 I —_—
55 . S 618 22 - e 2l —
56 - 3 5Lk 10 -- - R T -
5T - 56 ko5 31 — 26 32 - -
58 — ko - 515 - 10 - —_ 5 — .
59 53 151 W - em 26 Bh s
60 < e -~ 621 _— = - 19 - -
6 - L I
6 8 o M2 6 e e M6 e
65 17 13 w86 Mo e e
6L - T o sk8 18 - 26 b1 - ——
65 - ‘,: 152  ,:‘ 356  -- - 52 80  -- =
66  , 2 8L ﬁg; i ey 15 51 _;' —
67 . S . ‘E 46097 '26 " +; ‘ s . ‘ .
68 e R 607 b ‘-Q, e RO e -

2-40




‘Sample, Agriculture Agriculture Forest Wetland

Urban Water Other Clouds Ares Outizide

No. Open Closed (ok) (o6) (o1) (05) Watershed
| (02-05) (02-01) ;
69 37 22 319 157 —— 34 71 - —
76 39 67 288 68 - - 8 - 170
1 - 175 292 162 - - 11 —_— -
T2 - 29 591 1T - - 3 - -
73 - -- 512 66 - 16 46 - -
Th -— 73 "h77 - - 19 T1 -— -
75, - - 538 28 - 15 59 —_— _—
76"‘ - 128 265 157 - -— 90 - _—
77‘ - 206 186 161 ~— - 93 - —_
78 16 134 ‘317 121 - - 52 — -
79 23 80 498 - - - 39 - .
80 T - 604 o= e= AT 12 -- -
81 25 231 302 a— - 82 - _—
82 - L2 548 - - - 50 - -
83 hé - b20 120 -- — 58 - —
8l 25 / so1 - 91 - S -
85 Sa 89 191 311 -- 5 LY - e
86 - - | 69 556 - 15 e - —
87 76k 4o 502 - e - 13 e _—
88 Bl R S = T
89 6 - 230 392 -- 12 - - -
90 s 18 65 - ok —

376

2-41
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¢ Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside

No. Open Closed. (oh) (06) (o1) (05) Watershed
(02-05) (52-01) ‘
91 - — 612 = 28 - - - - - E
92 204 - 266 127 - - 43 —_ —
93 21 4 587 28  -- B e ?
o - % 194 361 - 5 31 -- o =
95 - - 58k 4 em ee T en -
96 3 — 600 - - -—
97 - 54 511 -— - 25 50 _V-- -
98 - 16 akh 295 - 5 50 —— L
99 . 2k - ‘211 391 —— -— 1l -— _—
100 5 hl 294 -« 276 - - 21 - - :
101 3 - T2 565 - Lol L _ %
102 - - 488 130 s 22 i R ;
103 . _— 522 5 = 45 68 = oo
. 10k — 12 265 355 -= o= == — — §
105 i 13 56T e e e - - %
106 Lk T, 558 3 Tl 3 e S
107 | - - 593 30 '_% 8 9 e |
108 - .26 572 !;,18 e - 2h - -- §
109 - = 3 = - 293 33 - R
- 110 -— | - 637 e 3 - ~‘;_ RS T g
111  j -- - sn 69 L e e
112 e e 597 - 3L - ‘ 12 - o -
113 15 — o 160 - B - -

2-h2



 Sample Agriculture Agriculture F

orest Wetland

Urbén Water Other Clouds Area Outside

No. Open Closed (ok) (06) (o1) (05) Watershed
(02-05) (02-01) ‘
11k 12 159 - 469 - - - - - -
115 113 145 325 b -- -~ 16 - _—
116 19 197 382 b - 1 - - -
117 - 35 367 238 - — e - -
118 - 113 266 239 - -— 22 - -
119 - - 617 - - 23 - — _—
120 3 — 637 - - — - - ——
121 - 132 455 - - 16 37 - -
1- 122 168 115 281 —  -- -— 16 - -
123 - 29} 290 18 - 12 26 - o
12y - 18 Ll 141 - - STV - -
1254 = 46 557 19 -- 3 15 -- -
125B - 182 380 T - - 7 e _—
126 e 2 69 - - TR o
127 31 18 517 18 - 18 38 - -
128 - 390 o178 39 - — 33 - e
129 - 175 ho1 ue‘ - - 2 e a—
© 130 45 316 90 - -- 85 b - -
131 L - 609 26 = = 5 - —
132 | -= - 59 i - 5 27 -- --
133 - 11-57 513 -— - 21 k9 - -
13h - 7 | 207 307 S 11 38 - =
135 25 327 239 20 - 29 -



- Bample Agriéulture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open Closed (ok) (06) (o1)  (05) Watershed
- __(02-05) (02-01)
Y136 T 233 258 60 - 18 - - —
137 103 - - Lol - 6 Lo -— -
i} 138 12 107 ’351 145 - 25 - - _—
139 - 126 382 79 — 29 2l -— -
1ko - 95 266 - - 127 34 - 118
‘1h1 2k - ‘553 43 - - 20 — -
T 1ke - Lo Ll 83 - (T — -
1&37 36 90 186 _— - Y oo2h - _—
§ 1hY 110 279 208 I — 43 e - -
145 120 37h 100 -- - 29 L -
146 119 36 380 49 -— 36 20 - -
E b7 169 315 86 )T — 36 - —
a8 19 177 346 I R -
149 M 282 Mo 163 - 37 Lo - -
150 - . 567 38 —- 15  —= - -
151 W 181 eer M2 - - W3 - -
152 176 96 S5 314 em em e e —
153 124 302 146 i 20 b 4L - _—
1s) 130 ‘231 57 187 - — 35 - _
155 |  "(3 ~ 172 261‘ 7 >122;_ - - 12 - -
.156" 105 25y ‘ éh3 -_— - e 38 -— -—
157 137 336 T 90 e e em - -
158 234 31k B (o R I - N -

Lol 2-m4



Sample Agriculture Agriculture Forest Wetland Urban Water Othef Clouds Area Outside
To. Open Closed (oh) (06) (01)  (05) Watershed

; (02-05) (02-01)

it 159 53 54 - 533 - - - _— -

160 1T 248 -— 315 - - = -

?f 161 -~ 107 - 04 -- - 16 413 | _—

i 162 98 100 - 113 -+ - -— 17T 312 _—

| 163 181 118 : - 307 - - _— 3 —

164 | 212 43 385 Q— - - - - -

165 160 25), a7 — - R — -

166 ate 139 | 329 _— A - -

167 133 173 261 - _— 32 W1 - _—

168 361‘ 255 - ) TR — - -

169 15k 105 0 - —  —= 15 - 366 -

170 11k ‘, 317 199 — - — 10 - -

171 149 23 e 252 em e= == 216 -

172 e " 20 hot 21k - -~ - —_— —

173 — 35 305 - il B Rl s -

i 189 o 191 16 . == == e == e

B 175 99 155 383 — - 3 - = -
! 176 86 330 021 - - ~ 3 R AU

| 77 186 | 328 8 19 - | ;“  29 = —

’“?; s 67 221 23°,f.!"“ - - % e -

179 266 185 = - 18 30 -- -

»é 183 e | 328" ~15§v‘ ; k’;-;, ‘_;A o _;"’ e

ﬂj 181 166 . 339 89 —_— e e W6 = __;



Urban Water Other Clouds Area Qutside

S—

- = o -w"’, !-".‘

2-46

Sample Agriculture Agriculture Forest Wetland
No. Open Closed (ok) (06) (o1)  (05) Watershed
(02-05) (02-01.) ' -
182 - - 206 43k — - - — —
183 - - L52 131 — 5T 0 _— _—
184 156 1k9 335 - - _— - — _—
185 159 162 319 - _— - —_— - e
186 55 18 347 146 - T4 — _— -
187 223 194 73 89 - - 61 - -
188 220 198 101 _— - o 8L - _—
189 178 353 36 o1 = - k6 - s
190 139 275 169 - i - 57 -— —
191 1h5 297 160 — - .= .38 - -
192 -~ - 598 bo o - D e L —
193 - - - 489 151 - - - — -
194 10k | 93 ‘ 3Th - — 69 - - -—
195 89 ;‘211 340 -— - — e - -
196 Th 352 21k - - _— = - --
197 23 143 295 132 - 20 27 == —
198;" | 106‘ 269 227 = 38 - - -
199 180 3"59, | €5 o= - 20 T - -
c00 223 215 SR 1 43 15 - -
201 219 263 — 80 —_— _20  58 - _—
202 - 89‘ "322' . 223‘ - - _— 6 - -
203 - o7 39 198 -- 66 - - -
204 102 156 206 72 = A4 e= - _



Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside

No. Open Closed (oh) (06) (o1)  (05) Watershed
(02-05) (02-01)
205 78 212 326 - -— 2l _— —_— —_—
206 102 190 98 204 - 23 23 -- -
207 112 ‘1ho 86 250 - - 52 —_— -
ﬂf 508 75 62 - 152 » - - - 351 -
209 149 255 - 101 - 36 9 - -
b 210 - 88 - - 117 - - - - 435
.21l - — 528 T2 - -~ ko - -
) 212 - - 717h 466 — — -_— T -
§ 213 205 216 219 — - e em . mh -
2 75 340 - 161 - 19 45 - -
.g 215 139 189 35 27T == - e e —
; 216 W7 10k - khs5 - - Ly - —
: 217 132' 82 76 160 - - 35 21 134 -
; 218 - - 1hk - 258 238 i _—
e 103 o1 - M5 - 25 - - -
_E' 220 131 392 117 — - — - - e
. e 138 359 M - - - 95 - -
{ 222 ‘ 5k - 65 521 @ -- T T s
]  223 - L — 2k — 11 208 397
22k o 2l 616 - - R e
,i 225 180 306‘:; 99 e- - 12 k3 - -
;), 206 124 57 . : 148 83 85 71 - s
. 156 o7 33 71 88 —- b5 - =
|




~ Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside

23

No. Open Closed {ok) (06) (o1)  (05) Watershed
(02-05) (02-01)
228 19 13k 260 166 - - 61 - _—
229 123 259 191 _— - R _—
230 38 49 - 52 - - 11 kg0 -
231 367 166 - 58 - — 49 - L
232 59 - - - Sh3 38 - - -
233 36 - 60k S — - = o _—
23k 128 183 273 _— - - 56 - -
235 11h 285 211 -- - 20 10 - -
236 77 323 - 1ko - - - - -
237 95 58 55 69 32b 40 -- - -
238 -- 70 502 17 == == 51 - -
239 143 e 408 L 18 TL - _—
240 255 81 ;— 18 - 59 - 227 _—
2h1 '289 275 —_— 46 - 15 <= 15 i
oho 323 83 — 181 == 53 = - --
243 128 -- - 3 e e e - 1k
oy 3 s 517 - = 37 k9 - -
”'2&5 : 93 309 177 — b2 19 - -
2h6 W3 w6 1kl i e - 10 - -
2hT »61 36i’ 126 _— - 715 - —
2u8 137 L23 k9 -_— - - 31 - -
2lig o3 - 4hs5 o = 100 - et
250 59 294 o3k e em o em == -



Btz b

Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open Closed (ok) (06) (or)  (05) Watershed
(02-05) (02-01)

251 156 360 106 i 11 T - —
252 Th 253 274 - - - 39 - -
i%fTotal 14065 27660 78763 19386 1551 L4998 6182 2766 1429
_ Percentage 9 8 51 12 1 3 L 2

 of total
. watershed

(155371 acres)

" 2-Ug
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