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ABSTRACT: Desert biomass for selected years of relatively high and low precipitation was observed with Landsat mul
tispectral scanner data. MSS bands 2 and 4 were video digitized and preprocessed to remove temporally varying gain
and bias factors. Although several vegetation indices and data transformation techniques were used in an attempt to
enhance the signal contrast between desert vegetation and background soil, the relatively simple Difference Vegetation
Index was found most appropriate. It was hypothesized that the increased desert biomass of wetter years may be
significant, in reducing the frequency of dust storms, by forming a greater vegetative cover over dust source regions
and thus increasing the threshold wind speeds required to entrain dust over extensive areas. A lower incidence of
summer dust storms was generally found to be associated with high rates of winter/spring precipitation and higher
biomass reflectance patterns. However, significant variability of reflectance was observed in wet years due to changing
soil moisture and edaphic factors. The possible inability of MSS data to detect slight vegetative cover changes, and the
limitations of the video digitizing technology employed, produced less than ideal correspondence between desert
biomass reflectance and antecedent precipitation.
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FIG. 1. Map showing location of climatic data recording stations and study
sites: Mobile (A) and Picacho (B).

turbations across the region. The paper provides some insight
into the ephemeral vegetation changes likely to occur in concert
with climatic variability, and the results assist us in formulating
a research directive of linking surface change and atmospheric
processes to dust generation.

The climate of central Arizona (Figures 2 and 3) is arid to
semi-arid with precipitation varying from 178 mm to 356 mm
per year (Sellers and Hill, 1974; Brazel et at. 1981). The precip
itation regime displays a bimodal distribution with peaks in
March and August. Temperatures range from 11 degrees C (Jan
uary) to 33 degrees C (June). Potential evapotranspiration ex
ceeds 3, 000 mm per year.

The region is within the Southwest Basin and Range physio
graphic province. Mountains range from 300 m to over 1,000 m
above intervening valley floors. These valley floors consist of
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INTRODUCTION

I T HAS BEEN WELL DOCUMENTED in the remote sensing litera
ture that vigorous green vegetation exhibits relatively high

reflective properties in the near-visible (800 to 1200 nm) portion
of the electro-magnetic spectrum (Lillesand and Kiefer, 1979,
pp. 59-61). The Sonoran desert, between Tucson and Phoenix,
Arizona, is characterized by a high degree of annual precipi
tation variability, and concurrent coverage changes in the amount
of natural vegetation covering the desert surface. Multispectral
Landsat MSS imagery is known for its ability to measure surface
vegetative reflectance, and may therefore have the capability of
documenting the difference in surface biomass between rela
tively wet and dry years (Lulla, 1983). Nickling and Brazel (1984),
Brazel and Nickling (1986), Brazel et at. (1986), and Brazel and
Nickling (1987) have shown that dust storm frequencies are
related to year-to-year variation in winter/spring moisture lev
els. These authors have hypothesized that increased herbaceous
plant cover over possible dust source regions (e.g., abandoned
fields, disturbed desert) playa significant role in reducing dust
generation on a large scale in wetter years.

This study assesses the ability of video digitized Landsat data
analysis to distinguish relative desert biomass of wet and dry
years, and identifies several image analysis problems charac
teristic of the desert environment. An important goal is to de
velop a better understanding of the dust generation process. At
present, it is not possible to directly observe interannual be
havior of dust source regions in the study region (Figure 1),
because little is known of the threshold shear-stress/dust-flux
interrelationships for the variety of surface types in the region.
Also, there is only one location where dust storm frequencies
have been observed in the regions of Figure 1 - Phoenix Sky
Harbor Airport.

Research by Brazel and Nickling (1986) and Nickling and Gil
lies (1986) has suggested several climate/dust relationships that
have led to hypotheses on the relative importance of ephemeral
vegetation cover in this region. These previous studies have led
us to seek more effective ways to express the spatial problem
of dust generation. This paper is one part of a much larger effort
to link surface controls of dust generation to atmospheric per-
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DISCUSSION

Two study target areas were analyzed: (1) Picacho and (2)
Mobile (Figure 1). The Picacho study area (approximately 225
sq km) is located near the base of a large bajada slope compris
ing the southwestern slopes of the Colorado Plateau. The veg
etation of this area thrived throughout the period 1978-79, and
may have also benefited from edaphic factors which brought

sion to use transparencies, rather than digital data from com
puter compatible tapes, was originally governed by budget
constraints and a lack of digital image processing facilities. The
need for digital image analysis became apparent once initial
analysis was under way, and facilities were sought to accom
plish this task. This paper discusses the application of these
remotely sensed data after transformation from hard copy im
agery to digital format through video digitization.

All three image dates were chosen to be as close to 15 March
as possible. Thus, phenological differences in vegetation char
acteristic of the study area are primarily due to available ante
cedent precipitation (Robinove et aI., 1981).

Film transparencies of Landsat multispectral scanner spectral
bands 2 (600 to 700 nm) and 4 (800 to 1100 nm) from March
1975 (Landsat 1), March 1978, and April, 1979 (both Landsat 3)
were selected for analysis. All six film transparencies were video
digitized to enable digital image analysis. To minimize temporal
variability in image gain and bias, the data were histogram
stretched with the minimum signal value set at zero and the
maximum at 255. This procedure is commonly used as a con
venient correction for multispectral analysis (Schowengerdt, 1983,
pp. 152-153), and was used to insure that observed temporal
variability of reflectance within the study sites was produced
solely by changes in biomass. More specifically, sites of mini
mum and maximum reflectance (deep clear water and lush ir
rigated cropland, respectively) were found in the 1979 band 4
image. Raw digitized data from 1978 were found to exhibit these
same values, while the 1975 image needed some histogram cor
rection. The three band-2 images were similarly adjusted before
comparison, using points of mutual minimum and maximum
reflectance. Individual study sites were specifically analyzed us
ing a zoom feature to focus upon the pixels contained within
the study site.

Video-digitization of image transparencies produced a reduc
tion in both spatial and spectral resolution of approximately one
order of magnitude when compared with original data available
on computer compatible tapes. This fact did not present major
difficulties, however, because this study dealt with large target
areas, and it did provide an automatic smoothing of target noise.
While some useful data, potentially available from original com
puter compatible tapes, may have been lost through the use of
hard copy images, video digitization, and necessary histogram
correction, the authors are confident that the general patterns
of reflectance here analyzed are representative of the true scene
characteristics.

The negative of Landsat band 2 was added to the positive of
image band 4 to enhance the Signal contrast between vegetation
and its background, while minimizing signal variability attrib
utable to topographic slope and aspect (Schowengerdt, 1983).
This preprocessing procedure mathematically accomplishes a
result similar to the Difference Vegetation Index (Lulla, 1983),
and has been shown in arid environments to approximate the
results of several more elaborate digital preprocessing proce
dures, some requiring additional spectral bands (Hielkema, 1981).
Other digital preprocessing procedures investigated include band
4/2 ratio, the Vegetation Index, the Transformed Vegetation In
dex, the Green Vegetation Index, the Perpendicular Vegetation
Index (Lulla, 1983, pp. 27-28) and the MSS Tasseled Cap Green
ness and Brightness analysis (Christ and Cicone, 1984). Given
the conditions of this study, none of these improved upon the
results produced by the simple Difference Vegetation Index (band
4 minus band 2).
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METHODOLOGY

In an effort to assess the practicality of employing historic
Landsat data to estimate the desert biomass present during years
with varying amounts of precipitation, film transparencies of
Landsat multispectral scanner data were purchased. The deci-

FIG. 3. Antecedent precipitation for the Mobile study site ("A" on Figure
1). Accumulated precipitation for six, three, and one month prior to image
date.
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FIG. 2. Antecedent precipitation for the Picacho study site ("B" on Figure
1). Accumulated precipitation for six, three, and one month prior to image
date.
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immense fill deposits of silt, sand, and gravel in excess of 2,000
m deep (Pewe, 1981). The basins are characterized by scant
vegetation of mainly Southwest desert shrub and creosote bush
(Lowe, 1964). Extensive abandoned agricultural land spans a
large portion of river valleys within the central part of Arizona.
The corridor between Phoenix and Tucson was heavily irri
gated, but much farm abandonment occurred after the 1950s
due to economic factors and increased well drilling depths. Along
bajada slopes, which border the basins, many colluvial-alluvial
deposits are found with high silt content.

In south central Arizona, 1975 was a dry year, with 20 percent
less than normal annual precipitation. The wet year of 1978
experienced 103 percent above normal values. During the first
quarter of 1979, the recorded precipitation was 124 percent of
normal.
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CLIMATIC IMPLICATIONS

Dust observed at Phoenix, Arizona requires that prevailing
visibility during such events drop below 11 km to be reported
as blowing dust, and below 1 km to be reported as a dust storm.
It is unlikely that such massive dust walls derive their existence
entirely from immediately local sources. In fact, the first analy
sis of a dust front passage during a major mesoscale convective
event in summer was described by Idso et al. (1972) and con
sisted of tracing photographically the movement of a major dust
storm into the Phoenix metropolitan area from the southeast
direction (in the direction of study region B of Figure 1). Brazel
and Nickling (1986) constructed dust roses indicating prevailing
directions of the dust walls that enter the field of view of the
weather observers at Sky Harbor Airport. These observations

even more moisture to the region through near-surface aqUifers
and surface runoff. The second study area, Mobile (also ap
proximately 225 sq km), is located on deep alluvial fill just south
of the Sierra Estrella, near Phoenix.

As shown in Table 1 and Figures 2 and 3, when antecedent
precipitation amounts over both long and short periods are
higher, the mean reflectance values in the two study areas are
also higher. This finding is in general conformance with the
results of Robinove et al. (1981) for a Desert Experimental range
land in southwestern Utah. However, there is a peculiar anom
aly for the Mobile study area (Table 1 and Figure 3). The 1978
reflectance calculations indicate a lower value than for the drier
year 1975. Vegetative cover was, indeed, higher during 1978
(Karpiscak, 1980). Perhaps the MSS data, as used in this study,
could not discriminate the slight increases in vegetative cover
that took place during this first of many very wet winters in
Arizona during the 1970s. However, it is also noted that this
pattern of reflectance, for the Mobile site in 1978, is consistent
with the short term (one month) antecedent precipitation. Given
the considerable amount of bare soil exposed to the imaging
system, it is not unreasonable to think that variations in soil
albedo may overshadow increased reflectance of the sparse bi
omass in this area. Separate solar spectrum albedo (300 to 3000
nm) measurements taken in a similar setting for bare dry ground
and sparse-to-moderate vegetative cover indicate differences of
only 1 to 5 percent (Brazel and Brazel, in press). Similar results
were found by Dirmhirn and Belt (1972) for a sagebrush range
in Southern Utah. The Mobile site is characterized by aban
doned agricultural land with a sparse cover of creosote brush.
This vegetation did not change from 1975 to 1978, but under all
climatic conditions, would remain much more sparse than the
more natural Sonoran brush cover of the Picacho site.

Image dates = 17 Mar 75, 19 Mar 78, and 1 Apr 79.
Long-term precip. = 1 October to image date.
Mid-term precip. = 1 January to image date.
Short-term precip. = 1 March to image date.
Picacho precipitation measured at Casa Grande, Az.
Mobile precipitation measured at Gila Bend, Az.

27.3
27.7
26.6
3.2

17.2
18.6

% silt
and clay

511.4
668.2
780.2
811.3

1132.9
1562.7

lO-m threshold velocity
(em/sec)

17.2
21.8
24.6
32.0
38.6
56.9

Shear velocity
(em/sec)

TABLE 2. THRESHOLD WIND VELOCITY DATA FOR TEST SURFACES

Surface type

have been made since 1948 and provide a climatological record
of frequencies of dust events by direction. A very strong com
ponent of direction is 1400 which is aligned with the 1-10 Inter
state highway and along alluvial slopes in the general direction
of Study point B of Figure 1. Nickling and Gillies (1986), in a
study on dust emission factors for the Environmental Protection
Agency, have provided the first important threshold wind ve
locity data for Arizona type surfaces that are likely to be dust
sources. Within the region of Figure 1 they have studied a range
of land uses and, with wind tunnel tests of those surface types,
have developed lO-metre average threshold wind velocity val
ues. These are presented in Table 2. The sites are ranked by
decreasing susceptibility to dust generation. Of the surfaces that
are in evidence in the region of Figure 1, the following are
probably major point or linear dust sources: (1) river channels,
(2) abandoned agricultural land, (3) disturbed desert, and (4)
scrub desert. The work of Wilshire supports our findings of
these types of surfaces promoting dust (e.g., Wilshire et aI.,
1981). During severe drought years and under highest observed
wind conditions in the region, many other sites could contribute
to the total dust load during an event. Typically, however, Nic
kling and Brazel (1984) have illustrated that wind speeds at 10
m observed during most dust events reach or exceed the thresh
old values for the four above listed surface types. Thus, surface
types that we have registered in subregions A and B are typi
cally those of importance in the dust generation problem. Our
findings indicate that these regions undergo significant vege
tative coverage changes associated with moisture at certain times
in the cool season of the year. This finding is most important,
because vegetative height immediately changes the aerodyn
amic roughness length (thus raising the shear stress required
for dust generation) and acts to retain moisture and reduce
surface area available for dust generation. Study regions A an
B are only case examples of a much larger effort required to
remotely sense potential dust source areas on a year-by-year
basis. With remote sensing technology and an intensive field
effort to monitor dust generation and dust fluxes across the
region, a spatial model of dust generation may be possible in
the near future. Such an approach has been followed in detec
tion of temporally changing irrigation of land in this region by
the Arizona Department of Water Resources, employing landsat
imagery analysis (pers. comm., Arizona Department of Water
Resources, Robert Kelly). However, such an approach for the
detection of possible dust generation in the region will require
much more infield basic research on aeordynamics, vegetative/
moisture relationships, and soil responses to moisture before a
landsat analysis such as in this study can be worked into a.
calibrated spatial model of probable dust emissions from subre
gions of Central Arizona.

Shear velocity necessary to attain for movement of material. The
lO-m value is determined by extrapolation using log profile assump
tion. The lO-m wind velocity is the standard level recorded at a
weather observation station.

Years with high rates of winter/spring precipitation, which
coincide with a lower frequency of subsequent dust storms,
were found to have generally higher biomass reflectance pat-

CONCLUSION

Mine Tailings
River Channel
Abandoned Land
Disturbed Desert
Scrub Desert
Agriculture

2

2

7

7

25

25

No. of
Dust

Storms

99.3

240.0

108.5

338.3

129.3

179.8

Long-term
Antecedent
Precip. mm

26.7

47.2

78.0

95.8

182.8

103.1

Mid-term
Antecedent
Precip. mm

20.6

58.9

68.3

32.3

19.1

15.5

Short-term
Antecedent
Precip. mm

75.0

93.4

96.8

150.8

178.3

122.5

Mean
MSS

Reflectance

TABLE 1. MSS S,GNAL VERSUS PRIOR PRECIPITATION

Picacho
1975

Picacho
1978

Picacho
1979

Mobile
1975

Mobile
1978

Mobile
1979

Test
Area &

Date
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CALL FOR PAPERS

Second International Symposium on
Geotechnical Applications of Ground-Penetrating Radar

Gainsville, Florida
6-10 March 1988

This Conference - cosponsored by the Institute of Food and Agricultural Sciences at the University of Florida and the U. S.
Department of Agriculture Soil Conservation Service - will cover the general areas of geological, pedological, and agricultural
engineering applications of ground-penetrating radar. Some of the specific areas to be considered are

• Geologic investigations
• Hydrogeologic investigations
• Hazardous and toxic waste investigations
• Interpretation of radar data
• Computer modeling
• Soils investigations
• New techniques, applications, and equipment
• Archeological applications
Those wishing to present a paper should submit a summary not to exceed 250 words by 15 October 1987 to

Gregg Schellentrager
USDA Soil Conservation Service
401 SE 1st Avenue
Gainesville, FL 32601
Tele. (904) 377-1092

Idso, S. B., R. S. Ingram, and J. M. Pritchard, 1972. An American Ha
boob, Bulletin of the American Meteorological Society, Vol. 53, No. 10,
pp. 930-935.

Karpiscak, M. M., 1980. Secondary Succession of Abandoned Field Vegetation
in Southern Arizona, Ph.D. Dissertation, The University of Arizona,
Tucson, Arizona, University Microfilms International, Ann Arbor,
Michigan, 219 p.

Lillesand, T., and R. Kiefer, 1979. Remote Sensing and Image Interpretation,
John Wiley & Sons, pp. 59-61.

Lowe, C. H., 1964. Arizona Landscapes and Habitats, Vertebrates of
Arizona: Tucson, Arizona, University of Arizona Press, pp. 1-82.

Lulla, K., 1983. The Landsat Satellites and Selected Aspects of Physical
Geography, Progress in Physical Geography. Vol. No.7, 1, pp. 1-45.

Nickling, W. G., and A. J. Brazel, 1984. Temporal and Spatial Charac
teristics of Arizona Dust Storms (1965-1980), Journal of Climatology,
Vol. 4, pp. 645-660.

Nickling, W. G., and J. A. Gillies, 1986. Evaluation of Aerosol Production
Potential of Type Surfaces in Arizona, EPA Contract No. 68-02-388,
MND Associates, Guelph, Ontario, 48 p.

Pewe, T. L., 1981. Desert Dust: Characteristics and Rates of Deposition
in Central Arizona, U. S. A., Desert Dust: Origin, Characteristics, and
Effect on Man, (T. Pewe ed.) Special Paper 186. Geological Society
of America.

Robinove, C. J., P. S. Chavez, and D. Gehring, 1981. Arid Land Mon
itoring Using Landsat Albedo Difference Images, Remote Sensing of
Environment, Vol. 11, pp. 133-156.

Schowengerdt, R., 1983. Techniques for Image Processing and Classification
in Remote Sensing, Academic Press, 249 p.

Sauerwein, C. H., Jr., 1980. An Application of Landsat Digital Data to Air
Quality Planning in the Tucson Urban Area, M.A. Thesis, Department
of Geography, The University of Arizona, Tucson, Arizona, 91 p.

Sellers, W. D., and R. H. Hill (eds.), 1974. Arizona Climate 1931-1972,
The University of Arizona Press, Tucson, Arizona.

Wilshire, H. G., J. K. Nakata, and B. Hallet, 1981. Field Observations
of the December 1977 Wind Storm, San Joaquin Valley, California
Desert Dust: Origin, Characteristics, and Effect on Man, (T. Pewe, ed.)
Special Paper 186. Geological Society of America.

(Received 23 October 1986; revised and accepted 29 May 1987)

terns. However, significant variability of reflectance was ob
served in wet years due to changing soil moisture, other edaphic
factors, and the possible inability of the Landsat MSS data to
distinguish slight biomass cover changes in areas with sparse
vegetative cover. The use of remote sensing in identification of
dust sources, vegetative dynamiCS, and surface disturbance his
tory is viewed as essential in advancing concepts on dust gen
eration and desertification processes in the desert Southwest.
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