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A SELECTED BIBLIOGRAPHY OF REMOTE SENSING 

APPLICATIONS TO SOIL SCIENCE 

By Thomas R. Loveland, Daniel ~- Carter, Technicolor 

Graphic Services, Inc. ll, 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. 

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

· 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 Extension 
Specialist--Land Use, University of Missouri, Columbia. 
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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 Gardner, 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, 
F. E.,. 1965, Method of soil analysis: Madison, .Wisconsin, American 
Society of Agronomy, 1574 p. 

Buckman, H. 0., and Brady, N. C., 1974, The nature and properties of 
soils (8th ed.): New York, Macmillan Publishing, 639 p. 

Buol, S. W., Hole, F. D., and McCracken, R. J., 1973, Soil genesis 
and classification: Ames, Iowa, Iowa State University Press, 
360 p. 

Marshall, C. E., 1977, The physical chemistry and mineralogy of soils: 
New York, John Wiley and Sons, 313 p. 

Soil Survey Staff, 1951, Soil survey .manual: USDA Agricultural 
Handbook 18, Washington, U.S. Government Printing Office, 
503 p. 

Soil Survey Staff, 1975, Soil taxonomy - A basic system of soil 
classification for making and interpreting soil surveys: 
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. 
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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, 0. 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 Acaqemy 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., 19~8, 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. 
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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. 801-8~3. 

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. 
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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 indications: 
Remote Sensing of Environment, 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 o-f 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, 7t~ 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. 
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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: Photograrnrnetric 
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,-xlberta, 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 Photogramrnetry 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. 
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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 Soci~ty of 
America Journal, v. 40, no. 4, p. 553-558. 

Morrison, R. B., f969, 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: Tullahom~ 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. 
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Mintzer, 0. W., 1969, Applications of color aerial photography in 
engineering soils studies, in New horizons in color aerial 
photography: Washington, D~., 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 i~ 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, 1st, 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, 0. L., and Baumgardner, 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, 0. 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 Environment, 2d, Ann Arbor, Michigan, 1962; 
Proceedings: Ann Arbor, Michigan, University of Michigan, Institute 
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 dif~ering 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. 

Borin, F. J., 1978, Thermal infrared remote sensing of soil moisture­
what can be expected from HCMM data, in International Symposium on 
Rem9te Sensing of Environment, 12th, Manila, Philippines, 1978, 
Proceedings: Ann Arbor, Michigan, Environmental Research Institute 
of Michigan, v. 3, p. 2101-2108. 

Idso, S. B., Schrnugge, 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, n~. 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,-xan Arbor, Michigan, 1971, Proceedings: 
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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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