














The second step is to generate a printed symbol version of each
township of data, with each cell in its proper physical orientation
in the township. This printout allows for a number of checks on the
data--such as omissions, excess data, NRD boundaries mislocated or
any classifications obviously out of place. Along with the printed
townships there is a total acreage table for each category for each
township and a grand total of acreage for each category for each
county or NRD, depending on how many data are included in each run.
These acreage tables allow for checking whether there are suspi-
ciously high or low acreages for any specified category. These
acreage figures also provide some preliminary data for any data
users who may find the information of value.

Many of the errors indicated above were previously discovered
in the drafting of the color separations. Correcting these errors
not only necessitated changing the data sheets but also altering the
drafted color separations. It is hoped that a majority of errors
will be caught prior to drafting with the review of computer print-
outs.

The final step is to process the punched data with a plotting
routine. This routine results in a plot of each category or combi-
nation of categories for each township. This plot is to the scale
of the drafted version and is used as a template to construct the
color separation for each category for the county or NRD. The use
of the plot as a template removes the time~consuming manual procedure
of transferring classifications from the data sheet to the color
separation. The end result of the use of the computer program is
less time from interpretation to printed product.

WETLANDS INVENTORY MAPS

Three maps, showing the most concentrated areas of wetlands in
Nebraska, have been published. Inventory and publication was sup-
ported by the Nebraska Game and Parks Commission. Each map covers
approximately 9,000 square miles and shows open water, subirrigated
meadows, marshes, and seasonally flooded basins in a four-color
rendition. The inventory information was printed on 1:250,000
topographic base maps to provide a rapid means of geographic loca-
tion. Two maps are of the western and north-central portions of
the Sandhills. The third is of the south-central portion of the
state, in the area of the concentration of seasonally flooded basins.
The maps are available at the main office of Conservation and Survey
Division.

THERMAL INFRARED PROJECTS

The Remote Sensing Center continues close cooperation with
CENGAS in the heat-loss inventory. This project has achieved
national recognition for its role in saving energy. The Center's
photo lab has produced detailed thermograms, from the CENGAS thermal
negatives, of the University of Nebraska campus, and of scores of
buildings in Lincoln.



In a cooperative project with the Lincoln Public Schools we
produced a set of color slides showing areas of heat loss in 16
public schools. The slides showed density-slicing of the thermal
infrared film. For orientation transparent blueprints of each
building were superposed on the TV screen. Detail was sufficient
to show glass bubbles in roofs and the location of heat leaks within
specific rooms. This information is being used to make decisions
on new insulation, roof repairs, and future building design.

In a cooperative project with the Nebraska Air National Guard
and the U.S. Air Force, Rex Peterson has analyzed thermal imagery
of Kirkland and Sandia Bases in Albuquerque, New Mexico. Capt.
Harvey Chace, base engineer, who spent several days in Lincoln,
provided detailed maps which showed steam lines and all of the
approximately 100 large buildings and over 2,200 dwelling units.
The black-and-white thermal imagery was density-sliced on our
Spatial Data System and color slides were taken of individual
buildings to show areas of heat loss.

By varying the brightness and contrast on the Spatial Data
System and using only the black-and~white monitor, steam lines
could be mapped and steam leaks located. This approach was neces-
sary because the particular set of imagery had wider-than-~usual
" spacing of scan lines, making color analysis difficult for spot

targets such as small steam leaks. This method showed also the
location of vents on rooftops. A large amount of heat apparently
escapes from loose covers in ducts of evaporative coolers. Capt.

Chace is now checking the results of the analysis, which includes
inspections for defective or inadequate insulation, and inspection
of specific sections of pipe in buried steam lines. There were
indications that heat losses from portions of certain roofs were
caused by water penetrating roofs and degrading insultation, so
these areas are being examined carefully.

SANDHILLS LAKE MONITORING PROJECT

A pilot project has been approved to assess the usability of
Landsat data for monitoring Sandhills lakes for water levels and
for water quality. Concern has been expressed by several state
agencies as well as by many individuals as to the effect of develop-
ment of intensive irrigation on the water table in the Sandhills.
Excessive use of water may possibly lower the water table to the
extent of lowering lake levels and lessening water table effects on
subirrigated meadows. Additionally, excessive or improper use of
fertilizers in irrigation may result in contamination of the water
table. If contamination becomes excessively high, this may be
reflected in changes of water quality in the lakes.

Landsat computer tape data as well as density-slicing of
images will be evaluated. A preliminary evaluation of tape data
for 1973 of Merritt Reservoir has shown that the tape data reflect
the change in surface acres of the reservoir within 11 percent of
the estimates provided by the U.S. Department of Interior.



Lakes in selected test areas will be monitored on the ground
for surface-level change and water samples will be examined for
gquality chaunge. This ground truth will then be compared with
satellite data for the same lakes.

GEOLOGIC LINEAMENTS PROJECT

Research is continuing on relating geologic structure and
depositional patterns to lineaments and curvilinears.

As a part of a research project with a mining firm, Rex
Peterson analyzed Landsat imagery of parts of Arkansas and
Tennessee for fractures that might be related to lead and zinc
deposits. A very interesting feature in the area was a conspic-
uous circular structure some 50 miles in diameter with one-half
- of the circle offset several miles from the other half along a
right-lateral fault. It turned out that this fault had been
detected by drilling that penetrated intrusives in the Precam-
brian basement and by geophysical surveys. The circles were
important in ranking lineaments, in locating fracture zones, and
in establishing directions and amounts of crustal movement. Fol-
lowing the analysis of Landsat imagery, a comparison was made
with geologic maps. Some lineaments that crossed an entire
Landsat frame were found to correlate with axes of regional
folds. Some short lineaments were on monoclines and faults, and
several lineaments terminated folds.

To locate specific sites it was necessary to project the
Landsat imagery onto a 1:250,000 map, then work up a block of
several 1:200,000 aerial photos and locate on the photos the same
distinctive circular and linear patterns as those on the Landsat
images. The primary location chosen from the Landsat imagery
turned out to be a rediscovery of the largest lead-zinc district
in the area. Another location, at the intersection of three
large circular features, also turned out to have producing mines.
At present, field work and core drilling are proceeding on another
site selected from Landsat imagery.

On a research project with Northern Natural Gas, 1:1,000 air
photo mosaics of three anticlinal, gas-storage structures have
been studied. Having detailed subsurface data as well as geophysical
data of the fields has made it possible to relate certain patterns
in circular features to fold axes and faults. Detailed interpre-
tation of structure by this method appears to be an effective
tool to combine with traditional subsurface and geophysical
methods. Northern Natural Gas is considering using the method in
combination with other techniques in exploration programs.



A study is being conducted on the one-by-two-degree North
Platte [ Nebraska] Quadrangle. Much of this area is covered by
sandhills, so relatively little is known of the geology, except

from subsurface data. It may well be that commercial accumulations
of petroleum exist in the area, because the overall geology is
favorable and drilling has found shows of oil there. In the initial

study, the photo index sheet for the quadrangle (prepared by the
Army Map Service at a scale of 1:360,000) was used to delineate
lineaments and circular features. Lineaments and circular features
from Landsat images were brought to the same scale, then a structural
analysis was made of the combined lineaments and circles. Maps used
for comparison with data derived from images were Carlson's map on
the configuration of the Precambrian surface of Nebraska (1966),
Lidiak's map showing distribution of the Precambrian rocks in the
subsurface of Nebraska (1972), the Bouguer gravity anomaly map of
the area (adapted from Am. Geophy. Un. and U.S. Geol. Surv., 1964),
DeGraw's structural map on the base of the Cretaceous Greenhorn
(unpub.), DeGraw's map showing the thickness of sediments from the
base of the Greenhorn to the base of the Cretaceous (unpub.), and an
unpublished map showing structure of the Pennsylvanian Oread Forma-
tion. A comparison of these maps with lineaments and circles from
images shows some interesting relationships. The most important
lineaments are those that lie tangent to, or bisect, the largest
circles. One circular feature, 45 miles in diameter has a stiking
relationship to structure and there are several places where thick-
nesses of strata change abruptly at lineaments. There appear to be
some relationships between fold axes and circular features that can
be used to interpret fold morphology. This is in line with the
assumption that many of the circular features observable on imagery
are interference, or superposed, folds.

In other areas there are also observable on imagery circular
features along known faults and this type of fracture has been
observed in outcrops at various localities where faults are exposed.
These circular features are in addition to those previously reported
which are related to circular landforms, such as collapse features,
meteor impact craters, salt domes, and volcanic features.

INVENTORY OF MINING OPERATIONS BY REMOTE SENSING

In a July 1976 report (available from the Conservation and
Survey Division), R. R. Burchett and G. R. Svoboda reported that in
1975 there were active in Nebraska 41 limestone quarries; 592 sand,
gravel, and silt or siltstone pits; 8 clay or shale pits; 24 sand-
stone pits; and 1 peat pit. These 666 mining operations disturbed
820 acres and restored 78 acres during the year. An additional 5
acres were reclaimed at sites of inactive and abandoned operations,
making a total of 83 acres reclaimed for the year. The locations
of these quarries, pits, and mines are shown on the attached map.
High-altitude, color infrared photography provided much of the
information relating to the location of the pits and quarries,
whether they were active or not, and the amount of land reclaimed.
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A map showing the location of active quarries, pits, and mines
in Nebraska is part of this newsletter. (See preceding page.)

APPLICATION OF REMOTE SENSING IN THE DETERMINATION WATER QUALITY
IN NEBRASKA RESERVOIRS

In a final report, under the NASA University Affairs Grant,
Dr. Gary Hergenrader and Kelly White, Department of Life Sciences,
UNL, relate the following. Computer compatible tapes from Landsat
can be used to detect and quantify the water-quality parameters of
suspended solids, turbidity, and chlorophyll. It would appear that
the lower levels of meanin%ful detection by this method in Nebraska
reservoirs would be 4 mg/m” chlorophyll, 2 FTU turbidity, and about
3-5 mg/1l suspended solids. Data from Salt Valley Reservoirs indi-
cate that in concentrations up to 109 mg/m3 chlorophyll, 32 FTU
turbidity, and 58 mg/l suspended solids can be measured with fair
accuracy. However, the measurements are not precise enough to
detect subtle changes in the trophic status of a lake or reservoir
or to allow categorization of groups of lakes closely spaced in the
trophic spectrum. It would appear that the data can be used with
confidence to distinguish between and classify lakes at the ends of
the trophic spectrum from oligotrophic to eutrophic.

APPLICATION OF REMOTE SENSING IN ESTIMATING EVAPOTRANSPIRATION IN
THE PLATTE RIVER BASIN

The primary objectives of this study by Blaine Blad and Norman
Rosenberg, of the Agricultural Meteorology Section of the Agricul-
tural Engineering Department at UNIL, are: (1) to develop and test
evapotranspiration models based on crop temperatures, and (2) to
determine the feasibility of using remotely sensed thermal imagery
to supply data on crop temperature for use with these models.
Following are abstracts of their final report supported by the

NASA University Affairs Grant.

The increasing use of thermal scanners on aircraft and satel-
lites makes it likely that data on surface temperature for large
areas will become routinely available. If reliable evapotranspira-
tion methods that incorporate surface temperature data can be devel-
oped, an important tool will then be available for research and
application in hydrology, for irrigation scheduling, and for other
water management procedures.

A "resistance model" stemming from the work of Brown and
Rosenberg and a mass transport (Daltonian) model for estimating
evapotranspiration (ET) were tested on large fields of naturally
subirrigated alfalfa (Medicago sativa L.). Both models make use
of crop canopy temperature data. Temperature data were obtained
with an IR thermometer and with leaf thermocouples. A Bowen ratic-
energy balance (BREB) model, adjusted to account for underestimation
of ET during periods of strong sensible heat advection, was used as
the standard against which the resistance and mass transport models
were compared.
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Daily estimates by the resistance model were within 10 percent
of estimates made by the BREB model. Daily estimates by the mass
transport model did not agree quite as well. Performance was good
on clear and cloudy days and also during periods of nonadvection
and strong advection of sensible heat.

The performance of the mass transport and resistance models
was less satisfactory for estimation of fluxes of latent heat for
short-term (15-minute) periods. Both models tended to overestimate
at low LE fluxes.

In the second part of the Blad and Rosenberg investigation,
crop temperature of alfalfa (Medicago sativa L.) was measured with
an IR thermometer {(Tyr) and with leaf thermocouples (Tpe) - T
of corn (Zea mays L.) was also measured. Thermal imagery of the
alfalfa research sites and neighboring fields was also obtained.

The study was undertaken to determine daily patterns of crop temper-
ature, to compare crop and air temperature, to determine whether or
not alfalfa and corn are consumers of generators of sensible heat

in the climate of the central Great Plains, and to determine the
utility of using remotely sensed thermal imagery to measure crop
temperature.

Tr, and Ty were often closer than 0.5°C but the agreement was
not con51stently better than 1-2°C. Measurements indicated that
daytime thermal inversions existed over alfalfa fields during several
hours on the day studied. Alfalfa was often 5-7°C cooler than air
at the 200 cm level in midafternoon and late afternoon. The inten-
sity and duration of the daytime inversions observed in this study
indicate that significant quantities of advected sensible heat are
supplied to the alfalfa for consumption in evapotranspiration (ET).
This finding supports ET studies reported by Rosenberg (1972) and
Blad and Rosenberg (1974).

The temperatures of corn, alfalfa, and air were compared late
in the growing season. Even though the corn was irrigated, it
exhibited a temperature that was consistently higher than that of
a nearby alfalfa field. It was also warmer than the air except
for short periods in the late afternoon. Unlike alfalfa, corn
generated sensible heat and, therefore, probably used significantly
less water than did the alfalfa.

Quantitative interpretation of the thermal imagery was not
possible but imagery obtained in late spring indicated that wheat
and alfalfa were at approximately the same temperature and both
were cooler than pasture. If the net radiation and crop boundary
layer resistance terms are similar for these three crops, then
the imagery suggests that wheat and alfalfa used water at about the
same rate and that pasture used less water than either.
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CENTER-PIVOT IRRIGATION SYSTEMS INVENTORY

Analysis of imagery of Nebraska from Landsat showed 2,525
center pivots in August 1972 and 8,757 in August 1975. This
represents an increase of center-pivot irrigation systems in
Nebraska of 347 percent in just three years. Two thousand five
hundred and seventy-two of these systems were installed between
1974 and 1975. Nebraska's per capita income gain between 1974
and 1975 was second in the nation (after Alaska) and this was
mostly the result of the enormous acreage of grassland that came
under irrigation.

Distribution of center pivots is shown on two maps in this
newsletter and by two pages of tables. Two of the largest manu-
facturers of center-pivot irrigation equipment have consulted with
us on equipment, imagery, and techniques for counting center-pivot
systems in other states and in foreign countries. This information
is required for the location of new marketing and servicing facil-
ities, including new plants. Our recommendation on equipment for
locating and plotting center pivots is a Wild-Heerbruug microscope
(M7-Zoom) and a Bausch and Lomb Zoom Transfer Scope. This Wild~
Heerbruug microscope has not been used previously (to our knowledge)
for viewing satellite imagery. It has double iris control of light,
colored filters, polarization in the optical train, and variable
intensity of light. There is also dark-field and light-field
illumination with variable intensity. There are probably other
brands of microscopes that would do the job, but the control of
light and the optics on this particular instrument give it an
exceptionally fine capability for finding very subtle graytone
differences, which is essential for locating some center pivots.

A camera lucida built into the microscope permits plotting on a
map the information gained from viewing the imagery. We use both
70 mm and 9" x 9" Landsat imagery and plot on maps of 1:250,000
scale. However, plotting is easier on the Zoom Transfer Scope,

so in most cases, once the difficult-to-~-find pivots have been
located with the microscope, the locations are plotted with the
Transfer Scope. For computer plotting of maps, the legal descrip-
tion coordinates of center pivots are entered in a computer program.
An example of a computer-generated map is attached. Comparative
numbers of center pivots in Nebraska counties, for 1972 through
1975, are shown on the attached printout.

According to Richard O. Hoffman, the principal investigator
on the center-pivot project, counting center pivots is now on a
production basis and can be carried out by a technician. Therefore,
the thrust of research should be placed on an inventory of land
irrigated by all methods. This is now being done by the use of
Landsat computer compatible computer tapes, computer digitizers,
and electronic. density-slicing. Dr. Hoffman is also working on a
mapping model for determining land suitable for irrigation. The
purpose of this project is to investigate the feasibility and test -
the use of the Department of Commerce's Composite Mapping System (CMS)
as a methodology and model for developing a Nebraska map that shows
land suitable for the development of irrigation systems,
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The Nebraska Natural Resources Commission is coding the soil
maps at a 2.7-acre level. These data along with other wvariables
that affect the suitability of land for irrigation--such as slope,
water availability, crop needs, economic factors, and irrigation
technology-—-are being coded for Seward County. The variables in
each group are well agreed upon, but the weighting factor of each
is not. Various weighting schemes have been developed which will
result in several maps of land suitable for irrigation. Phase I
of the project is a feasibility study and phase II will include the
preparaton of a map of the Lower Big Blue NRD showing land suitable
for irrigation under various irrigation systems.
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TABLE 1 INVENTORY BY SATELLITE IMAGERY OF NEBRASKA CENTER-~PIVOT
IRRIGATION SYSTEMS THROUGH 1975

ENGINEERING RESEARCH CENTER DONALD Me EDWARDS
Wil81 NEBRASKA HALL RICHARD Q» HOFFMAN
UNIVERSITY OF NEBRASKA DAVID Das PAPE
LINCOLN, NE. 68588 MARCH 16y 1976
402~ 472 3181 402-472- 3495
COUNTY COUNTY CUMULATIVE TOTALS PERCENTAGE INCREASE
NUMBER NAME 1972 1973 1974 1975 7273 7374 7475
14 ADAMS 17 17 46 B2 < 171 78
26 ANTELOPE 1ol 211 332 472 31 57 42
91 ARTHUR ¢ i5 15 22 N/ZA n 47
85 BANNER 12 35 49 77 192 40 57
86 BL AINE 3 24 39 53 7CC 63 35
23 BOONE 21 27 42 71 29 56 59
65 80X BUTTE 24 93 167 236 288 80 41
63 80YD 2 2 3 3 G 50 167
75 BROWN 167 124 174 230 16 4c 32
9 BUFFALO 35 40 115 153 14 188 33
31 BURT 2 2 3 4 ¢ 5¢C 33
25 BUTLER 3 8 32 67 167 3¢ 109
20 CASS 0 0 Q 1 N/ZA N/ A N/ A
13 CEDAR 7 7 14 34 C 100 143
72 CHA SE 99 339 438C 603 242 42 26
66 CHERRY 42 83 166 210 98 160 27
39 CHE YENNE 11 26 43 31 136 65 83
30 CLAY 26 35 79 127 35 12¢ 61
43 COL.FAX 12 17 24 27 42 41 13
24 CUM ING 1z 12 19 28 C 58 47
4 CUSTER 55 111 183 2383 102 05 30
70 DAKCTA 1 1 3 3 C 2¢¢ N
69 DAWES ¢ 5 12 16 N/A 140 33
18 DAWNSON 26 48 32 113 85 71 33
78 DEUEL 1 15 25 4 1400 67 60
35 DI XON 2 2 2 8 0 G 300
5 DONGE 3 1¢C 23 25 233 1G¢ 25
1 DOUGLAS 4 5 12 12 25 14¢ 2
76 DUNDY 55 15¢ 206 326 173 37 58
34 FILLMORE 25 34 74 152 36 118 105
50 FRANKLIN 4 4 6 19 0 5Q 217
60 FRONTIER 21 21 32 45 O 52 41
38 FURNAS 9 12 13 17 ¢ 8 31
3 GAGE 2 2 27 46 0 1250 70
77 GARDEN 8 36 67 94 350 8¢ 40
83 GARFIELD 4 5 12 15 25 14¢ 25
73 GOSPER 7 8 11 18 14 38 64
g2 GRANT 1 2 4 1¢ 100 1¢C 150
62 GREELEY 10 18 33 66 80 111 74
8 HALL S & 33 56 2G 533 47
28 HAMILTON 20 23 125 205 15 443 o4
51 HARL AN 7 7 8 13 8] 14 €3
79 HAYES 1€ 37 43 63 131 3C 31
67 HITCHCUOCK 7 8 13 15 14 63 15
36 HOL T 699 829 978 1127 19 18 15
93 HOOKER C 3 13 14 N/A 333 s
49 HOWARD 11 12 39 55 9 228 41
33 JEFFERSCN e 2 39 52 ¢ 185¢C 59
57 JOHNSON ¢ ¢ 1 1 N/ZA N/ A 7
52 KEARNEY 73 73 98 137 G 24 49
&8 KEITH 25 43 64 105 72 49 64




82 KEYA PAHA 28
71 KIMBALL &
12 KNOX 33
2 LANCASTER 1

15 LINCOLN G4
87 L OGAN 4
88 LouP 8
90 MC PHERSON 4
7 MADISON 33

46 MERRICK 65
64 MORRILL 12
58 NANCE 11
44 NEMAHA ¢
42 NUCKOLL S 2
i1 OTOE 2
54 PAWNEE ¢
74 PERKINS 78
37 PHEL PS 44
40 PIERCE 79
10 PLATTE 38
41 POLK S
48 RED WILLOwW 13
19 RICHARDSON ¢
81 ROCK 131
22 SAL INE 2
59 SARPY C
6 SAUNDERS 3

21 SCOTTS BLUFF D
16 SEWARD 16
61 SHERIDAN 14
56 SHERMAN 7
80 SI0UX o}
33 STANTON 3
32 THAYER 7
89 THOMAS ¢
55 THURSTON 1
47 VALLEY 11
29 WASHINGTON G
27 WAYNE 4
45 WEBSTER 7
84 WHEELER 47
17 YORK 1C
NEBRASKA 2525

ESTIMATED ACRES
IRRIGATED BY CENTER-
PIVOY IRRIGATION
SYSTEMS, IN THOU~ 354

SANDS

—
B = N e G
CRO = O:N

-
oODCH

—

&£ 2000
JWw~NO=O NN

[
[¢)] —
- O

Do

N s
NPOPL=ONPNOUR=WIN

—~
on

3891

2606
72
136
73
17
26

195
20

20
61
91
32
27

53
19

51
Q

18
99
42

6245

874

67
35
86

310
34
283
23
86

159

163

34

20

339
121
243
839
31
35

232
41
[&)
29

37
130
45
32
11
37

3
69
0

25
136
34

8757

1226

14
167

0
24
425
100
275
21
29
642
27
N/ A

N/ A
156
34
10
13

38
N/A
23
O

N/ A

&
N/A
C
221
29
N/A

NZA
o
118
N/ A

53

54

sS4

97
19
56

200
74

38
40
75

35
57
N/A
45¢
2¢¢
N/ A
(634
22
56
70
240
44
N/ A
21
S0
N/ A
567
20
281
102
256
125
1G¢C
657
67
1C0
113
N/ A
25
157
38
32¢C

60

400
52

24

38
64
40
59
35
N/ A
60
39
37
1460

40

490

17




Nebraska Remote Sensing Center
113 Nebraska Hall

Conservation and Survey Division
University of Nebraska

Lincoln, Nebraska 68588



