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A SELECTED BIBLIOGRAPHY OF REMOTE SENSING

APPLICATIONS TO SOIL SCIENCE

By Thomas R. Loveland, Daniel B. Carter, Technicolor

1/

Graphic Services, Inc. =, and William C. Draeger,

U.S. Geological Survey

ABSTRACT

The bibliography contains approximately 200 references dealing
with the application of remote sensing technology to the identification
and analysis of soils. The scientific papers and reports listed
describe procedures and methods used in data collection and include
specific applications of those data to soil studies. Most citations
discuss current work from 1970 to 1978 and all references are cate-

gorized according to the type of remotely sensed data used and their
application.

1/ Sponsored by the U.S. Geological Survey, Contract Number 14-08-
0001-16439.



INTRODUCTION

The world's soil resources for the production of food and fiber
that are required to meet the needs of an expanding population are
decreasing in quantity and quality. Some of the best arable lands are
being removed from agricultural production as a result of degradation
and by conversion to nomagricultural uses such as highways, subdivisions
and shopping centers. To aid the wise use and conservation of our soil
resources, new tools that enable proper inventorying, planning, and
monitoring of soil use are needed. One such tool, remote sensing,
involves the use of aerial and space remotely sensed data to survey the
type, use, quality, and distribution of soil resources. Remotely sensed
data can be used to ascertain and interpret a variety of soil character-
istics and together with ancillary data and field checks can be used to
investigate physical and chemical properties of soils and determine how
these properties affect land utilization.

The study of soils using remotely sensed data is fundamentally
the .same as field investigation of soils in that one must consciously
consider the soil-forming factors such as climate, parent material,
organisms, relief, and time. The difference is that the perspective
has changed from which the effects of these factors are viewed; the
effects are observed from the air or space and as a result, only surface
characteristics are seen. The soil profile characteristics must be
initially inferred based on the soil surface properties and later must
be checked through actual field investigations to verify soil
characteristics and conditionms.

Remotely sensed data have several attributes that contribute to
their utility in soils analysis. The synoptic view allows the analyst
to see regional characteristics and patterns and to make inferences
based on visible and known soil relationships. Remotely sensed imagery
can record reflected or emitted energy from both the visible and
invisible regions of the electromagnetic spectrum. This can yield soils
"information not interpretable from conventional visible light imagery.
Finally, the image is a temporal benchmark that permanently records
surface conditions and thus can be used for soils mapping and for
monitoring land use changes which affect soils. These characteristics
combine to make remotely sensed data a valuable soil survey and
inventory tool. While this technology will not eliminate traditional
field survey methods, it can improve the efficiency and accuracy of
soils inventory and analysis.
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This bibliography contains approximately 200 references to papers
describing the use of remote sensing in the analysis of soils. It is
organized by imagery type (black-and-white photography, multispectral
scanner, thermal infrared, etc.) and, where applicable, is subdivided
into sections dealing with different applications using that specific
type of imagery. The bibliography lists many but not all significant
papers dealing with remote sensing and soil science. Most citations
span the period from 1970 to 1978 with some important references before
that time also listed.

The authors gratefully acknowledge the bibliographic contributions
and thorough review provided by Dr. Chris J. Johannsen, State Extemsion
Specialist--Land Use, University of Missouri, Columbia.




BIBLIOGRAPHY

Basic Soil References

The following citations discuss the fundamentals and terminology
of soil science., They cover topics ranging from soil genesis and
morphology to soil classification and taxonomy. Because the quality of
an interpretation is based on the analyst's understanding of the soil
forming factors and their interrelationships, these references may be
helpful in determining how soil bodies will appear on remotely sensed
imagery.

Baver, L. D., Gardner, W. H., and Gardmer, W. R., 1972, Soil physics
(4th ed.): New York, John Wiley and Sons, 498 p.

Black, C. A., Evans, D. D., White, J. L., Ensiminger, L. E., and Clark,
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Buckman, H. 0., and Brady, N. C., 1974, The nature and properties of
soils (8th ed.): New York, Macmillan Publishing, 639 p.
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and classification: Ames, Iowa, Iowa State University Press,
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New York, John Wiley and Sons, 313 p.

Soil Survey Staff, 1951, Soil survey manual: USDA Agricultural
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503 p.

Soil Survey Staff, 1975, Soil taxonomy - A basic system of soil
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USDA Agricultural Handbook 436, Washington, U.S. Government
Printing Office, 753 p.

Tisdale, S. L., and Nelson, W. L., 1975, Soil fertility and fertilizers
(3d ed.): New York, Macmillan Publishing, 694 p.

Remote Sensing of Soils: Background Information

These references contain discussions of the basic properties and
appearances of soils on remotely sensed imagery. The citations deal with
inventory techniques, information extraction and mapping procedures, and
methods for examining or locating areas having specific soil properties.
In addition, various types of images (black and white, color, etc.) are
discussed to familiarize the analyst with general image characteristics
that are associated with each image type. More specific discussions of
image characteristics are contained in the sections that follow.




a. Remote Sensing Bibliographies

Krumpe, P. F., 1976, The world remote sensing bibliographic index:
Fairfax, Virginia, Tensor Industries, 619 p.

b. Basic Principles and Applications

Frost, R. E., 1960, Photo interpretation of soils, in Colwell, R. N.,
editor, Manual of photographic interpretation: Falls Church, Virginia,
American Society of Photogrammetry, p. 343-402.

Minzer, O. W., 1968, A comparative study of photography for soils and
terrain data: Fort Belvoir, Virginia, Army Engineers Topographic
Laboratory, Technical Report 38-TR, 58 p.

Myers, V. I., 1970, Soil, water and plant relations, in National
Academy of Sciences, Remote sensing with special reference to
agriculture and forestry: Washington, D.C., National Academy of
Sciences, p. 253-297. .

1975, Crops and soils, in Reeves, R. G., editor, Manual
of remote sensing, v. 2--INTERPRETATION and APPLICATIONS: Falls
Church, Virginia, American Society of Photogrammetry, p. 1745-1813.

Parker, D. C., 1968, Developments in remote sensing applicable to
airborne engineering surveys of soils and rocks: Ann Arbor, Michigan,
University of Michigan, Center for Remote Sensing Information and
Analysis, Paper no. 81, 18 p.

Way, D. S., 1978, Terrain analysis - a guide to site selection using
aerial photographic interpretation (2d ed.): Stroudsburg,
Pennsylvania, Dowden, Hutchinson and Ross, Inc., 438 p.

Wiegand, C. L., and others, 1971, Multibase and multiemulsion space
photos for crops and soils: Photogrammetric ‘Engineering, v. 37,
no. 2, p. 247-156.

c. Spectral Reflectance of Soils

Bowers, S. A., and Hanks, R. J., 1965, Reflection of radiant energy
from soils: Soil Science, v. 100, no. 1, p. 130-138.

d. Ground Data Collection

Jackson, R. D., Reginato, R. J., and Idso, S. B., 1976, Timing of
ground truth acquisition during remote assessment of soil-water
content: Remote Sensing of Environment, v. &4, no. &4, p. 249-255.



e. Use in Soil Survey

Bie, S. W., and Beckett, P. H. T., 1973, Comparison of four independent
soil surveys by air-photo interpretation - Paphos area/Cyprus:
Photogrammetria, v. 29, no. 6, p. 189-202.

Evans, R., Head, J., and Dirkzwager, M., 1976, Airphototones and soil
properties: Remote Sensing of Environment, v. 4, no. 4, p. 265-280.

Johnson, C. G., 1972, The proposed advanced mapping system for the Soil
Conservation Service, in American Society of Photogrammetry
Annual Meeting, 38th, Washington, D.C., 1972, Proceedings:

Falls Church, Virginia, American Society of Photogrammetry,
p. 152-159.

Weismiller, R. A., and Kaminsky, S. A., 1978, Application of remote-
sensing technology to soil survey research: Journal of Soil and

Water Conservation, v. 33, no. 6, p. 287-288.

f. Soil Moisture Studies

Myers, V. I., Wiegand, C. L., Heilman, M. K., and Thomas, J. R., 1963,
Remote sensing in soil and water conservation, in International
Symposium on Remote Sensing of Environment, 4th, Ann Arbor,
Michigan, 1963, Proceedings: Ann Arbor, Michigan, University of
Michigan, p. 801-813.

Heilman, J. L., Myers, V. I., Moore, D. G., Schmugge, T. J., and Friedman,
D. B., 1978, Soil moisture workshop, Beltsville, Maryland, 1978,
Proceedings: Washington, D.C., National Aeronautics and Space
Administration, and USDA Science and Education Administration,

NASA Conference Publication 2073, 100 p.

g. Salinity Studies

Myers, V. I., Carter, D. L., and Rippert, W. J., 1966, Remote sensing
for estimating soil salinity, in Journal of the Irrigation and
Drainage Division, Proceedings of the American Society of Civil
Engineers: New York, 92, IR4, Proc. Paper 5040, p. 59-68.

Black-and-White Photography

Black-and-white photos have the longest history of use in remote
sensing of soils. However, recent advances in color, color infrared,
thermal and other types of imagery have reduced the importance of black-
and-white photography for soils studies. For this reason, only the most
recent or important references are listed.




a. Use in Soil Survey

Baldwin, Mark, Smith, H. M., and Whitlock, H. W., 1947, The use of aerial
photographs in soil mapping: Photogrammetric Engineering, v. 13,
no. 4, p. 532-536.

b. Soil Moisture Studies

Curran, P. J., 1978, A photographic method for the recording'of
polarised visible light for soil surface moisture indicatioms:
Remote Sensing of Enviromment, v. 7, no. &4, p. 305-322.

c. Engineering Applications

Kihlblom, Ulf, 1972, The reliability of the interpretation of soils
from aerial photographs in highway planning practice, in
International Symposium on Remote Sensing of Environment, 8th,
Ann Arbor, Michigan, 1972, Proceedings: Ann Arbor, Michigan,
Environmental Research Institute of Michigan, v. 1, p. 755-764.

Color and Color Infrared Photography

Color and color infrared photography have been used with increasing
frequency for soils studies; as they often facilitate the separation of
different soil properties because of subtle changes in soil colors.

Uses of color and color infrared imagery for the preparation of soil
surveys, for mapping soil limitations, and for monitoring soil erosion
are among the important topics referenced in this section. As the large
number of studies utilizing this type of imagery precludes a complete
listing of available articles, only the most recent or important
studies are identified.

a. Use in Soil Survey

Anson, Abraham, 1967, The use of color aerial photography in the
reconnaissance of soils and rocks: Materials Research and
Standards, v. 8, no. 2, p. 8-16.

1970, Color aerial photos in the reconnaissance of
soils and rocks: Photogrammetric Engineering, v. 36, no. 4,
p. 343-354.

Carroll, D. M., and Evans, R., 1971, The application of remote sensing
methods to soil mapping in England and Wales, in International
Symposium on Remote Sensing of Environment, 7th, Ann Arbor,
Michigan, 1971, Proceedings: Ann Arbor, Michigan, Environmental -
Research Institute of Michigan, v. 2, p. 1443-1446.

Cihlar, Josef, and Protz, Richard, 1972, Color film densities for soils
P.I.: Photogrammetric Engineering, v. 38, no. 11, p. 1091-1098.



Cihlar, Josef, and Protz, Richard, 1973, Surface characteristics of
mapping units related to aerial imaging of soils: Canadian Journal
of Soil Science, v. 53, no. 3, p. 249-257.

Frazee, C. J., Westin, F. C., Gropper, J. L., and Myers, V. I., 1972,
Remote sensing of soils, land forms, and land use in the northern
Great Plains in preparation for ERTS applications: Brookings,
South Dakota, South Dakota State University, Remote Sensing
Institute, SDSU - RSI-72-02, 26 p. :

Garvin, L. E., and Pascucci, R. F., 1973, Remote sensing and analysis of
soils and vegetation resources in the California desert, in
Conference on Remote Sensing in Arid Lands, 4th, Tucson, Arizona,
1973, Proceedings: Tucson, Arizona, University of Arizona,

p. 359-374.

Gerbermann, A. H., Gausman, H. W., and Wiegand, C. L., 1971, Color and
false color IR films for soils identification: Photogrammetric
Engineering, v. 37, no. &4, p. 359-364.

Goosen, D., 1967, Aerial photo-interpretation in soil survey: Rome,
Italy, United Nations Food and Agriculture Organization, Soil
Bulletin 6, 55 p.

Higgins, G. M., and Ibrahim, K., 1970, Integrated reconnaissance survey,
soils and vegetation of Thal, 1968: Lahore, West Pakistan,
Directorate of Soil Survey, 160 p.

Jawade, P. M., and Sprinivasan, T. R., 1974, Applicability of a systematic
air photo-interpretation procedure for the presentation of large
scale soil maps, in Symposium on Remote Sensing and Photo Interpreta-
tion, 7th, Banff, Alberta, 1974, Proceedings: Ottawa,

Ontario, Canadian Institute of Surveying, v. 1, p. 157-163.

Kim, S. T., Lewis, A. J., and Schilling, P. E., 1974, Optical film
density values from color IR photography for wetland soils mapping,
in American Society of Photogrammetry Fall Meeting, Washington, D.C.,
1974, Proceedings: Falls Church, Virginia, American Society of
Photogrammetry, p. 323-331.

Krishnamurti, G., and Srinivasan, T. R., 1973, Interpretation of satellite
photos with and without support aerial photography for soil and land
use mapping, in Shahrokhi, F., editor, Remote sensing of Earth
resources: Tullahoma, Tennessee, University of Tennessee Space
Institute, v. 2, p. 281-287.

1974, Comparison of small scale soil maps prepared by
conventional methods and air photo interpretation procedure:
Photonirvachak, v. 2, no. 2, p. 47-52.



Kuhl, A. D., 1970, Color and IR photos for soils: Photogrammetric
Engineering, v. 36, no. 5, p. 457-482.

Milfred, C. J., and Kiefer, R. W., 1976, Analysis of soil variability
with repetitive aerial photography: Soil Science Society of
America Journal, v. 40, no. 4, p. 553-558.

Morrison, R. B., 1969, Photointerpretive mapping from space photographs
of Quaternary geomorphic features and soil associations in northern
Chihauhua and adjoining New Mexico and Texas: Denver, Colorado,
U.S. Geological Survey, USGS Interagency Report NASA-164, 24 p.

Reeves, C. C., and Allen, B. L., 1972, Orbital and aerial (RB-57)
photography for mapping soils and geology in semi-arid west Texas
and eastern New Mexico, in Conference on Remote Sensing in Arid -
Lands, 3d, Tucson, Arizona, 1972, Proceedings: Tucson, Arizona,
.University of Arizona, p. 12-45.

Weaver, J. E., Parkhurst, W. H., Ward, J. F., and Almond, R. H., 1977, A
preliminary training guide for utilizing high-altitude color-infrared
photography in compiling soil maps: NASA Johnson Space Center, .
Lockheed Electronics Company Report, JSC-11720, 99 p.

b. Specific Soil Property Applications

Condit, H. R., 1969, Spectral reflectance of soil and sand, in New
horizons in color aerial photography: Washington, D.C., Society
of Photographic Scientists and Engineers, p. 3-16.

Mintzer, 0. W., 1968, Photo-interpretation of soils using color, in
Smith, J. T., Jr., editor, Manual of color aerial photography:
Falls Church, Virginia, American Society of Photogrammetry,

p. 427-430.

Parry, J. T., 1969, Soil studies using color photos: Photogrammetric
Engineering, v. 35, no. 1, p. 44-56.

c. Soil Moisture Studies

Kearney, M. S., 1977, Photometric detection of soil moisture using color
and color infrared films, in Shahrokhi, F., editor, Remote sensing of
Earth resources: Tullahoma, Tennessee, University of Tennessee
Space Institute, v. 5, p. 435-452.

d. Engineering Applications

Johnson, G. 0., 1974, Compiling preliminary foundation data with photo-
interpretation and existing information on soils and geology, in
American Society of Photogrammetry Annual Meeting, 40th, St. Louis,
Missouri, 1974, Proceedings: Falls Church, Virginia, American
Society of Photogrammetry, p. 523-530.



Mintzer, O. W., 1969, Applications of color aerial photography in
engineering soils studies, in New horizons in color aerial
photography: Washington, D.C., Society of Photographic
Scientists and Engineers, p. 145-164.

e. Erosion Monitoring

Bergsma, E., 1974, Soil erosion sequences on aerial photographs: The
ITC (International Institute for Aerial Survey and Earth Sciences)
Journal, no. 3, p. 342-376.

Morgan, K. M., Gerhard, B. L., Kiefer, R. W., Daniel, T. C., Bubenzer, G. D.,
and Murdock, J. T., 1978, Prediction of soil loss on cropland with

remote sensing: Journal of Soil and Water Conservation,.v. 33, no. 6,
p. 291-293. )

Stereorthophotography

Stereorthophotos have not been used extensively for soil studies
but results obtained thus far indicate that they often provide some
advantages in mapping soil units. Citations in this section discuss
accuracy improvements and the prediction of soil properties using
stereorthophotography.

Crosson, L. S., and Protz, R., 1972, Use of stereoscopic orthophotos for
soil-terrain analyses, in Canadian Symposium on Remote Sensing of
the Environment, 1lst, Ottawa, Ontario, 1972, Proceedings: Ottawa,
Ontario, v. 2, p. 347-352.

1973, Prediction of soil properties from stereorthophoto
measurements of landform properties: Canadian Journal of Soil
Science, v. 53, no. 8, p. 259-262.

1974, Better soil maps with orthophotos: Journal of Soil
and Water Conservation, v. 29, no. 3, p. 135-137.

Polarimeters and Spectrophotometers

References listed in this section describe the uses of instruments
that measure the polarization (polarimeters), or the quality (wavelength)
of light reflected from soils (spectrophotometers). Although these
instruments produce no imagery, they are a means of remotely sensing
soils. The studies listed discuss light polarization and spectral
signatures of soil bodies as functions of specific soil properties such
as soil moisture.

Beck, R. H., McFee, W. W., Robinson, B. F., and Peterson, J. B., 1976,
Spectral characteristics of soils related to the interaction of soil
moisture, organic matter, organic carbon, and clay content: West
Lafayette, Indiana, Purdue University, Laboratory for Applications
of Remote Sensing, LARS Information Note 081176, 82 p.
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Cipra, J. E., Baumgardner, M. F., Stoner, E. R., and MacDonald, R. B.,
1971, Measuring radiance characteristics in soil with a field
spectroradiometer: Soil Science Society of America Journal,

v. 35, no. 6, p. 1014-1017.

Condit, H. R., 1970, The spectral reflectance of American soils:
Photogrammetric Engineering, v. 36, no. 9, p. 955-966.

Montgomery, O. L., and Baumgardmer, M. F., 1974, The effects of the
physical and chemical properties of soils on the spectral
reflectance of soils: West Lafayette, Indiana, Purdue University,
Laboratory for Applications of Remote Sensing, LARS Information
Note 112674, 110 p.

Montgomery, O. L., Baumgardner, M. F., and Wiesmiller, R. A., 1976, An
investigation of the relationship between spectral reflectance and
the chemical, physical, and genetic characteristics of soils: West
Lafayette, Indiana, Purdue University, Laboratory for Applications
of Remote Sensing, LARS Information Note 082776, 147 p.

Planet, W. G., 1970, Some comments on reflectance measurements of wet
soils: Journal of Remote Sensing of the Environment, v. 1, no. 2,
p. 127-129.

Schockley, W. G., Knight, S. J., and Lipscomb, E. B., 1962, Identifying
soil parameters with an infrared spectrophotometer, in Symposium
on Remote Sensing of Enviromment, 2d, Ann Arbor, Mlchlgan 1962,
Proceedings: Ann Arbor, Mlchlgan Unlver31ty of Mlchlgan Instltute
of Science and Technology, p. 267-294.

Stockhoff, E. H., and Frost, R. T., 1971, Polarization of light scattered
from moist soils, in International Symposium on Remote Sensing of
Environment, 7th, Ann Arbor, Michigan, 1971, Proceedings: Ann Arbor,

Michigan, Environmental Research Institute of Michigan, v. 1,
p. 345-364.

1974, Remote detection of soil surface moisture, in
International Symposium on Remote Sensing of Environment, 9th,
Ann Arbor, Michigan, 1974, Proceedings: Ann Arbor, Michigan,
Environmental Research Institute of Michigan, v. 1, p. 707-724.

Stockhoff, E. H., Frost, R. T., and Buerger, E. J., 1973, Remote soil

moisture measurements: Philadelphia, Pennsylvania, General Electric,
Space Sciences Laboratory, 26 p.
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Thermal Infrared Sensing

Thermal infrared sensing is increasing in importance for soil
investigations. This imagery is most frequently used for the mapping
of soil moisture and temperature regimes. The items listed in this
section cover these applications as well as uses for soil surveys and
for the detection of saline seeps. Discussions of optimal times and
dates for the various applications of thermal infrared imagery are also
included.

Bartholic, J. F., Namken, L. N., and Wiegand, C. L., 1972, Aerial
thermal scanner to determine temperatures of soils and of crop
canopies differing in water stress: Agronomy Journal, v. 64,

-no. 5, p. 603-608.

Blanchard, M. B., Greenley, R., and Goettelman, R., 1974, Use of
visible, near-infrared, and thermal infrared remote sensing to
study soil moisture: Moffett Field, California, NASA Ames
Research Center, NASA Technical Memorandum X-62-343, 8 p.

Bonn, F. J., 1978, Thermal infrared remote sensing of soil moisture -
what can be expected from HCMM data, in International Symposium on
Remote Sensing of Environment, 12th, Manila, Philippines, 1978,
Proceedings: Ann Arbor, Michigan, Environmental Research Institute
of Michigan, v. 3, p. 2101-2108.

Idso, S. B., Schmugge, T. J., Jackson, R. D., and Reginato, R. J., 1975,
The utility of surface temperature measurements for the remote
sensing of soil water status: Journal of Geophysical Research,

v. 80, no. 21, p. 3044-3049.

Kiefer, R. W., Scarpace, F. L., and Frazier, B. E., 1974, Thermal imagery
analysis for soil studies, in American Society of Photogrammetry Fall
Meeting, Washington, D.C., 1974, Proceedings: Falls Church, Virginia,
American Society of Photogrammetry, p. 122-127.

McLerran, J. H., 1968, Infrared sensing of soils and rocks: Materials
Research and Standards, v. 8, no. 2, p. 17-21.

Moore, D. G., Horton, M. L., Russell, M. J., and Myers, V. I., 1975,
Soil moisture and Evapotranspiration predictions using Skylab data:
Brookings, South Dakota, South Dakota State University, Remote
Sensing Institute, SDSU-RSI-75-09.

Myers, V, I., and Heilman, M. D., 1969, Thermal infrared for soil

temperature studies: Photogrammetric Engineering, v. 35, no. 10,
p. 1024-1032.
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Pratt, D. A., and Ellyett, C. D., 1978, Image registration for thermal
inertia mapping and its potential use for mapping of soil moisture
and geology in Australia, in International Symposium on Remote
Sensing of Environment, 12th, Manila, Philippines, 1978, ‘
Proceedings: Ann Arbor, Michigan, Environmental Research Institute
of Michigan, v. 2, p. 1207-1217.

Reginato, R. J., Idso, S. B., Vedder, J. F., Jackson, R. D., Blanchard,
M. D., and Goettelman, J., 1976, Soil water content and evaporation
determination by thermal parameters obtained from ground-based and

remote measurements: Journal of Geophysical Research, v. 81, no. 9,
p. 1616-1620.

Rosema, A., Bijleveld, J. H., Reiniger, P., Tassone, G., Blyth, K., and
Gurney, R. J., 1978, "Tell-us''--a combined surface temperature, soil
moisture and evaporation mapping approach, in International Symposium
on Remote Sensing of Environment, 12th, Manila, Philippines, 1978,
Proceedings: Ann Arbor, Michigan, Environmental Research Institute
of Michigan, v. 3, p. 2267-2276.

Schmer, F. A., Werner, H. D., and Waltz, F. A., 1970, Summary - Remote
sensing soil moisture research, in NASA Annual Earth Resources
Program Review, 3d, Houston, Texas, 1970, Proceedings: Houston,
Texas, NASA Manned Space Center, MSC-03742, v. 3, p. 49-1 to 49-9.

Werner, H. D., and Schmer, F. A., 1971, Applications of remote sensing
techniques to monitoring soil moisture: Brookings, South Dakota,
South Dakota State University, Remote Sensing Institute, SDSU-RSI-
71-4, 133 p.

Microwave and Radar Imagery

Microwave and radar remote sensing activities deal principally
with the assessment of soil moisture conditions. Citations covering
this topic discuss primarily the affects of surface roughness of soils
and how this affects moisture properties. A less prevalent but promising
application is the use of microwave and radar imagery for reconnaissance
soil surveys. Relationships between soil moisture content, vegetative
cover and soil classifications can sometimes be inferred from this type
of imagery. The importance of sensor calibration for obtaining reliable
soils information is a theme covered in many of the items listed.

a. Use in Soil Survey

Burke, W. J., and Paris, J. F., 1975, A radiative transfer model for
microwave emissions from bare agricultural soils: Houston, Texas,
NASA Johnson Space Center, NASA Document TMX-58166, 29 p.
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Edgerton, A. T., 1969, Microwave radiometric studies and ground truth
measurements of the NASA/USGS southern California test site:
El Monte, California, Aerojet-General Corporation, Space Division,
104 p.

Lepley, L. K., 1973, SLAR for mapping urban land use, desert soil, and
vegetation, and emergency landing sites, in Conference on Remote
Sensing in Arid Lands, 4th, Tucson, Arizona, 1973, Proceedings:
Tucson, Arizona, University of Arizona, p. 97-106.

Kondratyev, K. Ya., Timofeev, Yu. M., and Shulgina, Ye. M., 1971, On the
feasibility of determining surface soil characteristics from remotely
sensed microwave radiation, in International Symposium on Remote
Sensing of Environment, 7th, Ann Arbor, Michigan, 1971, Proceedings:
Ann Arbor, Michigan, Environmental Research Institute of Michigan,

v. 3, p. 1917-1920.

Morain, S. A., and Campbell, J. B., 1972, Reconnaissance and soil surveys
from radar imagery: Lawrence, Kansas, University of Kansas, Center
for Research, Inc., Center for Remote Sensing, CRES Technical
Report 177-23, 22 p.

1974, Radar theory applied to reconnaissance soil surveys:
Soil Science Society of America Journal, v. 38, no. 5, p. 818-826.

b. Specific Soil Property Applications

Ellerbruch, D. A., Jesch, R. L., Jones, R. N., Bussey, H. E., and
Boyne, H. S., 1978, Electromagnetic scattering properties of soils
and snow, in International Symposium on Remote Sensing of
Environment, 12th, Manila, Philippines, 1978, Proceedings:

Ann Arbor, Michigan, Environmental Research Institute of Michigan,
v. 2, p. 957-974.

Kennedy, J. M., and Edgerton, A. T., 1967, Microwave radiometric sensing
of soils and sediments: El Monte, California, Space General
Corporation, 14 p.

Lundien, J. R., 1966, Radar responses to laboratory prepared soil
samples - terrain analysis by electromagnetic means - Report 2:
Vicksburg, Mississippi, U.S. Army Waterways Experiment Station,
Technical Report 3-693, 150 p.

c. Soil Moisture Studies

Basharinov, A. Y., Borodin, L. F., and Shutko, A. M., 1974, Passive
microwave sensing of moist soils, in International Symposium on
Remote Sensing of Environment, 9th, Ann Arbor, Michigan, 1974,
Proceedings: Ann Arbor, Michigan, Environmental Research Institute
of Michigan, v. 1, p. 363-365.

14




Batlivala, P. P., and Dobson, Craig, 1976, Soil moisture experiment
(Kansas) - Documentation of radar backscatter and ground truth data:
Lawrence, Kansas, University of Kansas, Center for Research, Inc.,
Remote Sensing Laboratory, RSL Technical Report 264-7, 197 p.

Batlivala, P. P., and Ulaby, F. T., 1975, Effects of roughness on the
radar response to soil moisture of bare ground: Lawrence, Kansas,
Center for Research, Inc., Remote Sensing Laboratory, RSL Technical
Report 264-5, 44 p.

1977, Estimation of soil moisture with radar remote sensing,
in International Symposium on Remote Sensing of Environment, 1lth,
Ann Arbor, Michigan, 1977, Proceedings: Ann Arbor, Michigan,
Environmental Research Institute of Michigan, v. 2, p. 1557-1566.

Birchak, J. R., Gardner, C. G., Hipp, J. E., and Victor, J. M., 1974,
High dielectric constant microwave problems for sensing soil
moisture: Proceedings of the Institute of the Electrical and
Electronics Engineers, v. 62, no. 1, p. 93-98.

Chadwick, D. G., 1973, Integrated measurement of soil moisture by use
of radio waves: Logan, Utah, Utah State University, Utah Water
Research Laboratory, 98 p.

Cihlar, Josef, and Ulaby, F. T., 1974, Dielectric properties of soils as
a function of moisture content: Lawrence, Kansas, University of
Kansas Center for Research, Inc., Remote Sensing Laboratory, RSL
Technical Report 177-47, 61 p.

1975, Microwave remote sensing of soil water content:
Lawrence, Kansas, University of Kansas, Center for Research, Inc.,
Remote Sensing Laboratory, RSL Technical Report 264-6, 183 p.

Cihlar, Josef, Ulaby, F. T., and Mueller, Raymond, 1975, Soil moisture
detection from radar imagery of the Phoenix, Arizona, test site:
Lawrence, Kansas, University of Kansas, Center for Research, Inc.,
Remote Sensing Laboratory, RSL Technical Report 264-4, 32 p.

Dickey, F. M., Moore, R. K., King, C., and Holtzmann, J., 1972, Moisture
dependency of radar backscatter from irrigated and non-irrigated
fields at 400 MHz and 13.3 GHz: Lawrence, Kansas, University of
Kansas, Center for Research, Inc., Remote Sensing Laboratory, CRES
Technical Memorandum 177-33, 25 p.

Eagleman, J. R., 1974, Moisture detection from Skylab, in International
Symposium on Remote Sensing of Environment, 9th, Ann Arbor,
Michigan, 1974, Proceedings: Ann Arbor, Michigan, Environmental
Research Institute of Michigan, v. 1, p. 701-705.

15




Eagleman, J. R., and Lin, W. C., 1976, Remote sensing of soil moisture
by a 21 cm passive radiometer: Journal of Geophysical Research,
v. 81, no. 21, p. 3660-3666.

Estes, J. E., Mel, M. R., and Hooper, J. 0., 1977, Measuring soil
moisture with an airborne imaging passive microwave radiometer:

Photogrammetric Engineering and Remote Sensing, v. 43, no. 10,
p. 1273-1281.

Hirosawa, H., Komiyama, S., and Matsuzaka, Y., 1978, Cross-polarized
radar backscatter from moist soil: Remote Sensing of Environment
v. T, no. 3, p-» 211=217.

Hoekstra, P., and Delaney, A., 1974, Dielectric properties of soils at
UHF and microwave frequencies: Journal of Geophysical Research,
v. 79, no. 11, p. 1699-1708.

King, C., 1974, Agricultural terrain scatterometer observations with
emphasis on soil moisture variations: Lawrence, Kansas, University
of Kansas, Center for Research, Inc., Remote Sensing Laboratory,
CRES Technical Report 177-44, 49 p.

Lee, S. I., 1974, Dual frequency microwave radiometer measurements of
soil moisture for bare and vegetated rough surfaces: College Station,
Texas, Texas A & M University, Remote Sensing Center, 230 p.

Moore, R. K., Ulaby, F. T., and Sobti, A., 1975, The influence of soil
moisture on the microwave response from terrain as seen from orbit,
in International Symposium on Remote Sensing of Environment, 10th,
Ann Arbor, Michigan, 1975, Proceedings: Ann Arbor, Michigan,
Environmental Research Institute of Michigan, v. 2, p. 1141-1147.

Newton, R. W., Lee, S. L., Rouse, J. W., Jr., and Paris, F. J., 1974,
On the feasibility of remote monitoring of soil moisture with
microwave sensors, in International Symposium on Remote Sensing :
of Environment, 9th, Ann Arbor, Michigan, 1974, Proceedings:
Ann Arbor, Michigan, Environmental Research Institute of Michigan,
v. 1, p. 725-738. ‘

Peck, E. L., Larson, L. W., Farnsworth, R. K., and Dietrich, T. L., 1975,
Comparison of aerial passive gamma and passive microwave techniques
for measurement of soil moisture, in International Symposium on
Remote Sensing of Environment, 10th, Ann Arbor, Michigan, 1975,
Proceedings: Ann Arbor, Michigan, Environmental Research Institute
of Michigan, v. 2, p. 1235-1243.

Poe, G. A., and Edgerton, A. T., 1972, Soil moisture mapping by ground
and airborne microwave radiometry, in NASA Annual Earth Resources

Program Review, 4th, Houston, Texas, 1972, Proceedings: NASA
Johnson Space Center, v. 4, p. 89-1 to 89-22.



Poe, G. A., Stogryn, A., and Edgerton, A. T., 1971, Determination of |
soil moisture content using microwave radiometry: El Monte,
California, Aerojet - General Corporation Microwave Division,
U.S. Department of Commerce, National Environmental Satellite
Service Report 1648R-2, 18 p.

Rao, R. G. S., and Ulaby, F. T., 1977, Optimal spatial sampling
techniques for ground truth data in microwave remote sensing of
soil moisture: Remote Sensing of Environment, v. 6, no. &,

p. 289-301.

Schmugge, T. J., 1977, Microwave radiometry for soil moisture sensing,
in Remote Sensing of Soil Moisture and Groundwater, Toronto,
Ontario, 1976, Workshop Proceedings: Ottawa, Ontario, Canadian
Aeronautics and Space Institute, p. 184-205.

Schmugge, T. J., Gloersen, P., Wilheit, T., and‘Geiger, F., 1974, Remote
sensing of soil moisture with microwave radiometers: Journal of
Geophysical Research, v. 79, no. 2, p. 317-323.

Schmugge, T. J., Meneely, J. M., Rango, A., and Neff, R., 1977, Satellite
microwave observations of soil moisture variations: Water Resources
Bulletin, v. 13, no. 2, p. 265-281.

Srinivasan, T. R., Rao, R. G., and Ulaby, F. T., 1976, Sampling
techniques for ground truth data acquisition in microwave remote
sensing of soil moisture: Lawrence, Kansas, University of Kansas,
Center for Research, Inc., Remote Sensing Laboratory, RSL Technical
Report 264-11, 32 p.

Ulaby, F. T., 1973, 4-8 GHz microwave active and passive spectrometer
(MAPS): Lawrence, Kansas, University of Kansas, Center for Research,
Inc., Remote Sensing Laboratory, CRES Technical Report 177-34, 66 p.

1973, Radar measurements of soil moisture content:
Lawrence, Kansas, University of Kansas, Center for Research, Inc.,
Remote Sensing Laboratory, CRES Technical Report 177-35, 28 p.

1977, An evaluation of radar as a soil moisture sensor,
in Remote Sensing of Soil Moisture and Groundwater, Toronto,
Ontario, 1976, Workshop Proceedings: Ottawa, Ontario, Canadian
Aeronautics and Space Institute, p. 169-183.

Ulaby, F. T., Batlivala, P. P., Cihlar, Josef, and Schmugge, T. J., 1975,
Microwave remote sensing of soil moisture, in Earth Resources
Survey Symposium, Houston, Texas, 1975, Proceedings: Houston, Texas,
NASA Johnson Space Center, NASA TMX-58168, v. I-D, p. 2207-2232.

Ulaby, F. T., Cihlar, Josef, and Moore, R. K., 1974, Active microwave

measurement of soil water content: Remote Sensing of Environment,
v. 3, no. 3, p. 185-203.

17



Wiesnet, D. R., 1972, The NOAA/NESS program of remote sensing of soil
moisture, in Conference on Remote Sensing of Arid Lands, 3d,
Tucson, Arizona, 1972, Proceedings: Tucson, Arizona, University
of Arizona, p. 66-71.

Multispectral Scanner (MSS) Data

The use of multispectral scanner data for soils studies has increased
dramatically since the launch of Landsat 1 in 1972. Relatively limited
use of aircraft-based MSS data for the collection of soil information
was made prior to that time. The most common use of MSS data in the
field of soil science has been for reconnaissance soil surveys.
Investigators have used MSS imagery to detect and infer such soil
properties as soil moisture, salinity, and clay and organic matter
content. Landsat MSS imagery has been used to measure the extent of
erosion and to monitor erosional sequences. The uses of MSS data are
many and the volume of literature covering these topics is immense.
Hence, only the most recent and readily available materials are listed.

a. Use in Soil Survey

Acton, D. F., and Stonehouse, H. B., 1971, Experimental program on the
application of remote sensing for soil surveys in Saskatchewan:
Saskatoon, Canada, Saskatchewan Institute of Pedology, Publication
R94, 7 p.

Baumgardner, M. F., Kristof, S. J., and Melhorn, W. N., 1974, Mapping of
soils and geologic features with data from satellite borne multi-
spectral scanners: West Lafayette, Indiana, Purdue University,
Laboratory for Applications of Remote Sensing, LARS Print 110872,
10 p.

Brack, E. V., 1975, An investigation into the use of multispectral
photography for soil surveying in upland England, in Shahrokhi, F.,
editor, Remote sensing of "Earth resources: Tullahoma, Tennessee,
University of Tennessee Space Institute, v. 4, p. 255-265.

Cipra, J. E., Swain, P. H., Gill, J. H., Baumgardner, M. F., and
Kristof, S. J., 1972, Definition of spectrally separable classes
for soil survey research, in International Symposium on Remote
Sensing of Environment, 8th, Ann Arbor, Michigan, 1972, Proceedings:
Ann Arbor, Michigan, Environmental Research Institute of Michigan,
v. 1, p. 765-770.

DeGloria, S. D., and Carneggie, D. M., 1974, Mapping soil and associated
resources in northeastern California using ERTS-1 and supporting
aircraft data, in Symposium on Remote Sensing and Photo Interpre-
tation, 7th, Banff, Alberta, 1974, Proceedings: Ottawa, Ontario,
Canadian Institute of Surveying, v. 1, p. 65-74.

18



Dillman, R. D., and Vincent, R. K., 1974, Unsupervised mapping of geologic
features and soils in California, in International Symposium on
Remote Sensing of Environment, 9th, Ann Arbor, Michigan, 1974,
Proceedings: Ann Arbor, Michigan, Environmental Research Institute
of Michigan, v. 3, p. 2013-2026.

Dudal, R. J., and Pecrot, A. J., 1977, The application of ERTS imagery
to the FAO/USESCO soil map of the world-final report: Rome, Italy,
United Nations, Food and Agricultural Organization, 5 p.

Evans, R., 1975, Multiband photography for soil survey in Breckland,
East Anglia: Photogrammetric Record, v. 8, no. 45, p. 297-308.

Frazee, C. J., Rahn, P. H., and Cole, R. S., 1975, Soilscapes interpreted
from Landsat imagery: Brookings, South Dakota, South Dakota State
*University, Remote Sensing Institute, SDSU-RSI-75-05, 15 p.

Heilman, J. L., Kanemasu, E. T., Bagley, J. 0., and Rasmussen, V. P.,
1977, Evaluating soil moisture and yield of winter wheat in the
Great Plains using Landsat data: Remote Sensing of Environment,
v. 6, no. 4, p. 315-326.

Hilwig, F. W., Goosen, D., and Katsieris, D., 1974, Preliminary results
of the interpretation of ERTS-1 imagery for a soil survey of the
Merida Region, Spain: The ITC (International Institute for Aerial
Survey and Earth Sciences) Journal, no. 3, p. 289-312.

Iyers, H. 5., 1975, Use of additive color viewer for interpretation of
ERTS imagery for soil mapping with respect to a part of north-
western India, in Shahrokhi, F., editor, Remote sensing of Earth
resources: Tullahoma, Tennessee, University of Tennessee Space
Institute, v. 4, p. 293-299. '

Kirschner, F. R., Kaminsky, S. A., Hinzel, E. J., Sinclair, H. R., and
Weismiller, R. A., 1977, Quantification of soil mapping by digital
analysis of Landsat data, in International Symposium on Remote
Sensing of Environment, 11th, Ann Arbor, Michigan, 1977,
Proceedings: Ann Arbor, Michigan, Environmental Research Institute
of Michigan, v. 2, p. 1567-1573.

Kristof , S. J., 1971, Preliminary multispectral studies of soils:
Journal of Soil and Water Conservatiom, v. 26, no. 1, p. 15-18.

Kristof, S. J., and Baumgardner, M. F., 1972, Changes of multispectral
soil patterns with increasing crop canopy: West Lafayette,
Indiana, Purdue University, Laboratory for Applications of Remote
Sensing, LARS Print 102372, 30 p.

19



Kristof, S. J., and Zachary, A. L., 1971, Mapping soil types from multi-
spectral scanner data, in International Symposium on Remote Sensing
of Environment, 7th, Ann Arbor, Michigan, 1971, Proceedings:

Ann Arbor, Michigan, Environmental Research Institute of Michigan,
v. 3, p. 2095~-2108.

Lewis, D. T., Seevers, P. M., and Drew, J. V., 1975, Use of satellite
imagery to delineate soil associations in the Sand Hills region of

Nebraska: Soil Science Society of America Journal, v. 39, no. 2,
p. 330-335.

Mahlstede, J. P., Epstein, A., Carlson, R. E., Fenton, T. E., and
Thomson, G. W., 1974, Remote sensing in Iowa agriculture: identifi-
cation and classification of Iowa's crops, scils, and forestry
resources using ERTS-1 and complimentary underflight imagery: Ames,
Iowa, Iowa State University, Agricultural Experiment Station, 71 p.

Mathews, H. L., Cunningham, R. L., Cipra, J. E., and West, T. R., 1973,
Application of multispectral remote sensing to soil survey research
in southeastern Pennsylvania: Soil Science Society of American
Proceedings, v. 37, no. 1, p. 88-93.

Mathews, H. L., Cunningham, R. L., and Peterson, G. W., 1973, Spectral
reflectance of selected Pennsylvania soils: Soil Science Society
of America Proceedings, v. 37, no. 3, p. 421-424.

May, G. A., and Peterson, G. W., 1975, Spectral signatufé selection for
mapping unvegetated soils: Remote Sensing of Environment, v. &,
no. 3, p. 211-220.

May, G. A., Peterson, G. W., Borden, F. Y., and Appligate, D. M., 1974,
A method of specifying remotely sensed units for soil sample points,
in International Symposium on Remote Sensing of Environment, 9th,
Ann Arbor, Michigan, 1974, Proceedings: Ann Arbor, Michigan,
Environmental Research Institute of Michigan, v. 1, p. 83-90.

Pacheco, Rafael, and Dawoud, H. A., 1976, Exploratory soil survey of
north and south Kordofan: Wad Medani, Sudan, Soil Survey
Administration, UNDP Project for Strengthening the Soil Survey,
Soil Survey Report No. 81, 105 p.

Parks, W. L., and Bohenheimer, R. E., 1973, Delineation of major soil
associations using ERTS-1 imagery, in Symposium on Significant
Results Obtained from the Earth Resources Technology Satellite-1,
New Carrollton, Maryland, 1973, Proceedings: Greenbelt, Maryland,
NASA Goddard Space Flight Center, NASA SP-327, p. 121-125.

20




Purnell, M. F., DePauw, E. F., and Khodary, 0., 1976, Soil resources
regions of the Blue Nile, White Nile, Crezira, and Khartoum
Provinces of the Sudan: Wad Medani, Sudan, Soil Survey
Administration, UNDP Project for Strengthening the Soil Survey,
Soil Survey Report No. 80, 149 p.

Seevers, P. M., and Drew, J. V., 1973, Evaluation of ERTS-~1 imagery in
mapping and managing soil and range resources in the Sand Hills
Region of Nebraska, in Symposium on Significant Results Obtained
from the Earth Resources Technical Satellite-1, New Carrollton,
Maryland, 1973, Proceedings: Greenbelt, Maryland, NASA Goddard
Space Flight Center, NASA SP-327, p. 87-95.

Seevers, P. M., Lewis, D. T., and Drew, J. V., 1973, Application of
ERTS-1 imagery in mapping and managing soil and range resources in
the Sand Hills region of Nebraska, in Earth Resources Technology
Satellite-1 Symposium, 3d, Washington, D.C., 1973, Proceedings:
Greenbelt, Maryland, NASA Goddard Space Flight Center, NASA SP-351,
v. 1, p. 225-232.

Westin, F. C., 1973, ERTS-1 MSS imagery--its use in delineating soil
associations and as a base map for publishing soils information, in
Earth Resources Technology Satellite-1 Symposium, 3d, Washington,
D.C., 1973, Proceedings: Greenbelt, Maryland, NASA Goddard Space
Flight Center, NASA SP-351, v. 1, p. 183-193.

Westin, F. C., and Frazee, C. J., 1975, Landsat-1 data-its use in a soil
survey program, in Earth Resources Survey Symposium, Houston, Texas,
1975, Proceedings: Houston, Texas, NASA Johnson Space Center, NASA
TMX-58168, v. I-A, p. 67-69.

Westin, F. C., and Myers, V. I., 1973, Identification of soil
associations in western South Dakota on ERTS-1 imagery, in
Symposium on Significant Results Obtained from Earth Resources
Technology Satellite-1, New Carrollton, Maryland, 1973, Proceedings:
Greenbelt, Maryland, NASA Goddard Space Flight Center, NASA SP-327,
p. 965-972.

Worcester, B. K., and Moore, D. G., 1978, Delineation of soil-landscapes
in the Sudd region of Sudan on Landsat imagery, in Intermational
Symposium on Remote Sensing of Environment, 12th, Manila,
Philippines, 1978, Proceedings: Ann Arbor, Michigan, Environmental
Research Institute of Michigan, v. 2, p. 1155-1166.

Yassoglov, N.. J., Skordalakis, E., and Koutalos, A., 1973, Application
of ERTS-1 imagery to land use, forest density, and soil investi-
gations in Greece, in Earth Resources Technology Satellite-1
Symposium, 3rd, Washington, D.C., 1973, Proceedings: Greenbelt,
Maryland, NASA Goddard Space Flight Center, NASA SP-351, v. 1,

p. 159-182.

21




Zachary, A. L., Cipra, J. E., Diderickson, R. I., Kristof, S. J., and
Baumgardner, M. F., 1972, Application of multispectral remote
sensing to soil survey research in Indiana: West Lafayette, Indiana,
Purdue University, Laboratory for Applications of Remote Sensing,
LARS Print 110972, 12 p.

b. Specific Soil Property Applications

Evans, R., Head, J., and Dirkzwager, M., 1976, Air photo-tones and soil
properties~implications for interpreting satellite imagery: Remote
Sensing of Environment, v. 4, no. 4, p. 265-280.

Frazee, C. J., Rahn, P. H., Westin, F. C., and Myers, V. I., 1974, Use
of ERTS-1 imagery for land evaluation in Pennington County, South
Dakota, in International Symposium on Remote Sensing of Environment,
9th, Ann Arbor, Michigan, 1974, Proceedings: Ann Arbor, Michigan,
Environmental Research Institute of Michigan, v. 1, p. 549-568.

Hoffer, R. M., Holmes, R. A., and Shay, J. R., 1966, Vegetable, soil,
and photographic factors affecting tone in agricultural remote
multispectral sensing, in Symposium on Remote Sensing of Environment,
4th, Ann Arbor, Michigan, 1966, Proceedings: Ann Arbor, Michigan,
University of Michigan, p. 115-134.

Kristof, S. J., Baumgardner, M. F., and Johannsen, C. J., 1974, Spectral
mapping of soil organic matter: The ITC (International Institute
for Aerial Survey and Earth Sciences) Journal, no. &4, p. 479-489.

MacLeod, N. H., 1972, Spectral reflectance measurements of plant soil
combinations, in NASA Annual Earth Resources Program Review, &4th,
Houston, Texas, 1972, Proceedings: NASA Johnson Space Center, Texas,
v. 1, p. 6-1 to 6-11.

Montgomery, O. L., and Baumgardner, M. F., 1974, The effects of the
physical and chemical properties of soil on the spectral reflectance
of soils: West Lafayette, Indiana, Purdue University, Laboratory
for Applications of Remote Sensing, LARS Information Note 112674, 110 p.

Parks, W. L., Sewell, J. I., Hilty, J. W., and Rennie, J. C., 1974,
Utilizing ERTS imagery to detect plant disease and nutrient de-
ficiencies, soil types, and soil moisture levels: Knoxville,
Tennessee, University of Tennessee, Remote Sensing Unit, 53 p.

Richardson, A. J., Wiegand, C. L., Gallsman, H. W., Cuellar, J. A., and
Gerbermann, A. H., 1975, Plant, soil, and shadow reflectance
components of row crops: Photogrammetric Engineering and Remote
Sensing, v. 41, no. 11, p. 1401-1407.

22




Stoner, E. R., and Horvath, E. H., 1971, The effect of cultural practices
on multispectral response from surface soil, in Intermnational
Symposium on Remote Sensing of Enviromment, 7th, Ann Arbor, Michigan,
1971, Proceedings: Ann Arbor, Michigan, Environmental Research
Institute of Michigan, v. 3, p. 2109-2113.

Wiegand, C. L., 1974, Reflectance of vegetation, soil, and water:
Westlaco, Texas, U.S. Agricultural Research Service, 89 p.

c. Soil Moisture Studies

Heilman, J. L., Kanemasu, E. T., Bagley, J. 0., and Rasmussen, V. P.,
1977, Evaluating soil moisture and yield of winter wheat in the
Great Plains using Landsat data: Remote Sensing of Environment,
7. &, Bo. %4, p. 315,

Sewell, J. I., and Parks, W. L., 1972, Multispectral photography in soil
moisture determination and soil series differentiation, in IEEE
Annual Region Three Convention, 10th, Knoxville, Tennessee, 1972,
Proceedings: Washington, D.C., Institute of Electrical and
Electronics Engineers, p. M51-M54.

Werner, H. D., and Schmer, F. A., 1972, Application of remote sensing
techniques to cropland and rangeland soil water inventory:
Brookings, South Dakota, South Dakota State University, Remote
Sensing Institute, SDSU-RSI-72-16, 102 p.

Werner, H. D., Schmer, F. A., Horton, M. L., and Walz, F. A., 1971,
Application of remote sensing techniques to monitoring soil moisture,
in International Symposium on Remote Sensing of Environment, 7th,

Ann Arbor, Michigan, 1971, Proceedings: Ann Arbor, Michigan,
Environmental Research Institute of Michigan, v. 2, p. 1245-1258.

d. Salinity Studies

Huntington, G. L., 1973, Use of ERTS-1 data in identificationm,
classification and mapping of salt-effected soils in California
(UN327): Berkeley, California, University of California, Space
Sciences Laboratory, 12 p.

Richardson, A. J., Gerbermann, A. H., Gausman, H. W., and Cuellar, J. A.,
1976, Detection of saline soils with Skylab multispectral scanner
data: Photogrammetric Engineering and Remote Sensing, v. 42, no. 5,
p. 679-684.

e. Erosion Monitoring

Morrison, R. B., 1972, Evaluation of ERTS-1 imagery for an inventory of
Post-1890 accelerated erosion, in Conference on Remote Sensing in
Arid Lands, 3d, Tucson, Arizona, 1972, Proceedings: Tucson,
Arizona, University of Arizona, p. 44-65.

23



Morrison, R. B., and Cooley, M. E., 1973, Application of ERTS-1 Multi-
spectral imagery to monitoring the present episode of accelerated
erosion in southern Arizona, in Symposium on Significant Results
Obtained from the Earth Resources Technology Satellite-1, New
Carrollton, Maryland, 1973, Proceedings: Greenbelt, Maryland,
NASA Goddard Space Flight Center, NASA SP-327, p. 283-289.

Rao, D. P., 1975, Applied geomorphological mapping for erosiom surveys =
the example of the Oliva Basin, Calabria: ITC (International
Institute for Aerial Surveys and Earth Sciences) Journal, no. 3,

p. 341-350.

Ryland, D. W., Schmer, F. A., Moore, D. G., and Lidster, W. A., 1974,
Evaluation of ERTS-1 and aircraft data for assessing internal
drainage in irrigated agriculture, in International Symposium on
Remote Sensing of Environment, 9th, Ann Arbor, Michigan, 1974,
Proceedings: Ann Arbor, Michigan, Environmental Research Institute

"of Michigan, v. 1, p. 653-691.

Wiegand, C. L., Gausman, H. W., Lesmer, R. W., Richardson, A. J., Everitt,
J. H., and Gerbermann, A. H., 1977, Soil, water, and vegetation
conditions in south Texas: Weslaco, Texas, U.S. Agricultural
Research Service, 104 p.

24




Digital Analysis Techniques

This section contains primarily studies dealing with digital
analysis of MSS data, however a few articles discuss digital analysis
of color and color infrared photography. Scientists have found that
digital analysis of Landsat MSS data can reduce compilation time and
increase the accuracy of soil surveys. Others have shown the utility
of digital analysis techniques in identifying soil properties, limita-=
tions, and capabilities. The use of digital analysis techniques by soil
scientists is relatively recent.
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