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ABSTRACT 

Multispectral video (MSV) images were used to 

measure phenological changes in cultivated and 

uncultivated vegetation communities surrounding the Palo 

Verde Nuclear Generating Station (PVNGS). Multispectral 

video imagery was acquired from aircraft on seven dates 

between the middle of June and the end of September, 

1986. Images representing three sites near the PVNGS 

were selected to calculate Ratio Vegetation Index (RVI) 

values for seven surface cover types. Mean RVI values 

were tested sequentially for change, plotted as a 

function of time, and then compared to a moisture index 

and the crop calendar. MSV detected changes in 

cultivated vegetation corresponding to the crop calendar. 

Changes in natural vegetation and the non-vegetated cover 

types were also detected, but did not correlate to the 

moisture index. There is insufficient evidence to 

determine if detected changes in uncultivated vegetation 

were the result of phenological changes or electronic noise. 

x 



CHAPTER 1 

INTRODUCTION 

'Change' in geographic applications is 
synonymous with process and sequence. 
To be able to identify change accurately 
and consistently within a spatial 
framework is important. The ability to 
view objects and/or phenomena in their 
spatial context through time in a 
consistent manner is one of the most 
important contributions of remote 
sensing to geographic applications. 

- Estes, 1985 p.1101 

The purpose of this study is to determine if 

phenological changes in natural and cultivated vegetation 

can be detected and measured by radiometric values 

acquired with an airborne multispectral video camera. 

Multispectral video (MSV) is a new, experimental method 

of image acquisition which can be used to measure ground 

reflectance. Changes in plant condition are often 

accompanied by corresponding changes in leaf reflectance 

characteristics, which can be measured with radiometric 

techniques. Computer processing of remotely sensed, 

multispectral imagery provides a quantitative tool for 

measuring vegetation reflectance in a spatial framework. 
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Video is a new source of multispectral imagery: the 

purpose of this study is to determine if video can detect 

and measure change in natural and cultivated vegetation. 

In the arid environment, natural plant 

communities exhibit seasonal changes closely linked to 

patterns of temperature and precipitation. During months 

of adequate moisture, desert plants grow new stems and 

leaves, retaining water within leafy tissues and stems. 

Changes in plant moisture content directly affect plant 

radiance characteristics. Comparisons of sampled 

reflectance values should show changes in reflectance 

values over time. In natural vegetation communities, 

these changes should correspond in large part to seasonal 

variations in temperature and precipitation. 

Like natural vegetation, agricultural crops also 

possess seasonal patterns of growth. These patterns are 

not determined by natural cycles of moisture, but are 

determined by human practices of planting, irrigation and 

harvest. In Arizona, most farm managers follow a crop 

calendar, so that the timing of planting, irrigation and 

harvest are standardized. As a result, agricultural 

crops have distinctive growth patterns which should be 

evident in video-derived measurements of crop canopies. 
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I present data from an area near Wintersburg, 

Arizona, which was surveyed during the spring, summer and 

fall of 1986. Data were collected as part of a project 

by the Department of Soil and Water Science at the 

University of Arizona to detect and monitor possible salt 

deposition near the Palo Verde Nuclear Generating Station 

(PVNGS). A multisensor instrument package, including an 

Exotech four band radiometer and a Xybion MSV camera, was 

carried aboard light aircraft to collect radiance data. 

Analysis radiometer data showed a pattern of change in 

cultivated vegetation corresponding to the crop calendar, 

but no significant change in desert vegetation (Huete, 

1987). 

Of the data sets generated for the 1986 survey, 

the set produced by the Xybion MSV camera has higher 

spatial resolution and greater sample density than the 

set produced by the Exotech radiometer. As a result, the 

Xybion camera may have been more sensitive to changes in 

ground radiance than the Exotech radiometer. However, 

the video camera has not been radiometrically calibrated 

and presents some optical and electronic sources of noise 

which are not present in radiometers. Therefore, the 

brightness values (BVs) recorded by the video camera have 

not been correlated with absolute measurements of 



reflectance, but serve instead as a surrogate for ground 

radiance. The purpose of this study is to determine if 

changes in BVs for cultivated and uncultivated ground 

targets are measures of vegetation change or simply 

random variations resulting from system noise. 

In this study, images acquired on seven dates 

between June and September 1986, are quantitatively 

analyzed to detect and measure change. BVs representing 

red and near infrared radiance are ratioed to create a 

dimensionless index of plant condition. Index values are 

collected from a spatially representative sample of 

specific surface cover types, including two crops, three 

natural vegetation communities and two non-vegetated 

types. Mean sampled values are then compared to 

determine if changes between sequential mean index values 

are statistically significant. The direction and 

magnitude of change in sampled values are compared to a 

moisture index for desert vegetation and the crop 

calendar for cultivated vegetation. 



CHAPTER 2 

BACKGROUND AND LITERATURE REVIEW 

Biogeographers have traditionally concerned 

themselves with the study of the spatial distribution of 

plant and animal communities and their dynamic 

relationship to the physical environment. Remote sensing 

techniques offer quantitative methods for evaluating 

these relationships. Recent development of lightweight 

MSV systems introduces a new tool for examining plant 

communities at a large scale. 

Plant Phenology 

Interactions between plant communities and the 

natural environment exhibit change over time as a result 

of seasonal climatic variation and human activity. 

Phenology is the study of recurring biological events and 

their interrelationships with climatic and meteorological 

variables (Lieth, 1974-b; Justice et. al., 1985). The 

phenology of desert plants is closely linked to the 

annual cycle of temperature and precipitation. 

Phenological studies of ten plant species at the 

Nevada Test Site in the Mojave Desert showed that spring 



growth patterns were linked to the amount of winter 

rainfall and its occurrence relative to periods of low 

temperatures (Ackerman and Bamberg, 1974-)* Unlike the 

Sonoran Desert, the Mojave has a pattern of wet winters 

and dry summers. Brief summer rains allow the plants 

survive through the early summer months, but most drop 

their leaves and become dormant during late summer months 

characterized by high temperatures and low rainfall. 

At the Jornada Experimental Range in New Mexico, 

which has wet summers and dry winters similar those in 

the Sonoran Desert, a phenological study of shrubs and 

grasses showed two contrasting seasonal cycles (Warren 

and Hutchinson, 1984-) • Dominant shrub communities began 

leafing out in March, reaching full leaf in June and 

showing little growth over the summer, while the grasses 

showed maximum growth during the summer rains. 

Unlike natural vegetation, the phenology of 

agricultural crops is determined by human practices of 

planting, irrigation and harvest. Two crops, cotton and 

alfalfa, are used in this study. Farmers use a 

standardized crop calendar to determine appropriate times 

for planting and harvesting these crops. While both 

crops are low, leafy plants which require irrigation, 

growth patterns are significantly different. Alfalfa is 
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a fast growing crop which is planted and harvested on a 

monthly basis. In contrast, cotton grows more slowly, 

requiring a six month growing period to mature. In 

southeastern Arizona, cotton is planted in between March 

15 and April 15, and reaches maturity in late August. At 

this time the amount of water supplied by irrigation is 

reduced to stress the cotton, causing it to produce 

fibrous seed bolls, which comprise the commercially 

desirable part of the plant. In September, the cotton 

bolls are harvested and remaining leaves and stalks 

plowed under. 

Radiometric Detection of 
Vegetation Condition 

The physiological condition of vegetation can be 

detected based on changes in spectral reflectance, the 

percentage of incoming electromagnetic radiation of a 

specific wavelength returned by a target. Chlorophyll 

causes absorption in the red portion of the spectrum 

while the spongy mesophyll leaf structure causes 

significant reflectance in the near infrared. A healthy 

plant with no deficiency of moisture and nutrients 

typically has a high infrared reflectance and a low red 

reflectance. As a result, measurements of radiance in 

these wavelengths are useful for evaluating vegetation 

condition (Jackson et. al., 1980; Jensen, 1983; Justice 
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et. al., 1985; Weiser et. al., 1986; Malingreau, 1986; 

Huete, 1987). 

Radiometric Vegetation Indices 

Radiometric vegetation indices can be obtained by 

transforming radiance values in different spectral bands 

to represent plant canopy characteristics. A variety of 

vegetation indices based on different transformations of 

various spectral bands have been investigated by numerous 

investigators. The simplest index is a ratio of two or 

more spectral bands, while others are calculated as 

orthogonal distance from an empirically determined soil 

line; more complex indices rely on cluster analysis of 

multiple spectral bands. 

Ratio-derived indices have several advantages 

over more complex indices. A ratio vegetation index 

allows remotely sensed radiance values to be used 

regardless of units, since the units will cancel out, 

yielding a dimensionless number. A ratio index may be 

the only choice when radiometric calibrations are not 

available, as is the case in this study. Ratio indices 

also minimize the effects of solar zenith angle, 

atmospheric effects, cloud layers and soil background 

(Huete, 1987). 
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The simplest ratio-derived vegetation index, the 

Ratio Vegetation Index (RVI), was chosen for this study. 

The RVI is calculated as a simple ratio of red to near 

infrared (nir). When a plant is healthy, red radiance is 

low, while nir radiance is high: a ratio of nir radiance 

over red radiance results in a high index value. When a 

plant is less vigorous, the index value is lower. A 

slightly more complex ratio index is the Normalized 

Difference Vegetation Index (NDVI), which has been used 

by several investigators for evaluating arid vegetation 

communities (Jackson, 1980; Justice, 1985; Huete, 1986; 

Hutchinson et. al., 1987). 

Radiometric studies of various crops over time 

have shown that infrared reflectance increases 

proportionally to red reflectance a plant greens up. As 

a result, the RVI peaks as the plant reaches maturity and 

then decreases as the plant begins to senesce (Jackson 

et. al., 1980). Radiometric studies at the Jornada 

Experimental Range showed seasonal changes in spectral 

reflectance of desert vegetation could be related to leaf 

growth (Warren and Hutchinson, 1984). Grasses exhibited 

increasing RVI values between May and September, while 

shrubs showed a peak RVI value in May which decreased 

slightly over the summer months. 
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Remote Sensing of Seasonal 
Change in Vegetation 

Remote sensing is one technique of measuring 

phenological changes in plant radiance. Imagery acquired 

from aircraft and satellites can be digitized to create a 

two dimensional array of radiance values in several 

bands. The array provides a spatial framework for 

radiance values and a high sample density. The X and Y 

coordinates can be used directly for location, or can be 

transformed to a geographic coordinate system, such as 

longitude and latitude, the Universal Transverse Mercator 

system (UTM) or the State Plane Coordinate system. 

Typically, digital images comprise an array with tens of 

thousands or even millions of cells, so that large 

numbers of contiguous cells can be sampled to represent 

an area. 

Early experiments in characterizing phenological 

changes with remote sensing employed aerial photography 

on which chanrges in plant reflectance were interpreted 

from variations in tone (Brunnschweiler, 1957; Olsen and 

Good, 1962; Moraine, 1974; Gammon and Carter 1979). 

Recent studies have used satellite images, especially 

Landsat multispectral data, to quantify seasonal changes 

(Steiner, 1969; Ashely and Rea, 1975; Honey and Tapley, 

1981). 
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Several recent studies of phenology at a global 

scale have employed imagery from a meteorological 

satellite sensor, the Advanced Very High Resolution 

Radiometer (AVHRR) (Justice et. al., 1985> Henricksen and 

Durkin, 1986, Malingreau, 1986). These investigations 

displayed integrated NDVI images representing specific 

seasons based on imagery acquired daily by the AVHRR. In 

addition to creating global maps, NDVI values 

representing certain areas were sampled to create 

temporal curves of vegetation growth. A related study, 

Henricksen and Durkin (1986), demonstrated a strong 

relationship between AVHRR-derived NDVI values and 

measurements of available moisture. 

Moisture Indices 

Two climatic variables which determine the amount 

of moisture available for plant growth are temperature 

and precipitation. Precipitation is a measure of the 

amount of water which reaches the earth's surface from 

the atmosphere; it is measured in units of length, such 

as inches or millimeters. Evapotranspiration is the 

amount of water which is lost from the earth's surface as 

a result of evaporation and the transpiration from 

plants; like precipitation, it is also measured in units 

of length. Potential evapotranspiration is the amount of 
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water which could be lost to the atmosphere as a result 

of evapotranspiration under ideal conditions. Ideal 

conditions include one hundred percent cover of short, 

green, grasslike plants with no deficiency of water and 

nutrients (Strahler and Strahler, 1983; Arkley and 

Ulrich, 1962). 

Direct sampling of precipitation requires only a 

rain gauge. Direct measurement of potential 

evapotranspiration is more difficult, requiring a more 

complex instrument, such as a lysimeter. However, 

potential evapotranspiration can be estimated using mean 

monthly temperatures and day length over a one year 

period (Thornthwaite, 194-8). A set of graphs and tables, 

often called the Palmer-Havens nomograms, was introduced 

in the late 1950's to simplify these calculations (Palmer 

and Havens, 1958). Potential evapotranspiration is 

calculated based on meteorological measurements only; 

considerations of soil moisture storage, plant type and 

percent cover, and other edaphic relationships are 

ignored. Nonetheless, estimates of potential 

evapotranspiration can be compared with measurements of 

precipitation to provide a rough measure of available 

moisture. 
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In the Henricksen and Durkin study (1986), 

calculation of available moisture was based on a 

meteorological model developed by the United Nations Food 

and Agricultural Organization (FAO) to evaluate moisture 

availability for rain fed agriculture in arid areas. The 

model uses a simple ratio of precipitation plus stored 

moisture over potential evapotranspiration to calculate a 

Monthly Moisture Index (MMI). The MMI is a dimensionless 

index which is used to characterize moisture 

availability. A lag correlation analysis of satellite-

derived NDVI values and calculated MMI values showed a 

very strong relationship between the moisture 

availability and vegetation response (Henricksen and 

Durkin, 1986). 

Multispectral Video 

Multispectral remote sensing applications are not 

limited to satellite imagery or ground based radiometry. 

In recent years, a demand for inexpensive, rapidly 

available imagery has lead to the development of 

lightweight, computer compatible video systems. These 

new video systems are significantly more flexible than 

conventional remote sensing techniques, offering the ease 

of 35mm photography while providing spectral data for 

computer analysis. Video is not, however, a replacement 



for conventional remote sensing techniques. Most solid 

state video sensors have an array 320 columns by 480 

rows. As a result, video images have lower spatial 

resolution than photographic images of comparable 

coverage. Video is most suitable for low altitude 

evaluation of linear features and large scale phenomena, 

such as canals and rivers or individual agricultural 

fields. Several types of video sensors are coming into 

common use. The first type is an unmodified off-the-

shelf color or black and white home video system. This 

type of system is most useful for immediate visual 

interpretation, and is commonly used to supplement small 

format photography. A second type of video sensor has 

extended sensitivity in the near infrared, and produces a 

color image similar in appearance to color infrared film 

(Meisner and Lindstrom, 1985). 

Several types of multispectral cameras are 

currently available. One type uses multiple imaging 

units each with a different filter (Richardson, Menges 

and Nixon, 1985; Nixon, Escobar and Menges, 1985). 

Others use a single camera with different filters to 

acquire video images in different bands (Hodgson, et. 

al., 1981; Vleck and King, 1984; King, Vleck and Shemilt, 

1985). When linked to a video digitizer and image 
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processor, multispectral cameras produce imagery which 

can be analyzed using the same methods applied to LANDSAT 

data. These systems have been demonstrated successfully 

for investigating a variety of plant and soil 

interactions, including distinguishing weeds from crops, 

and detecting differing levels of fertilizer application. 

(Richardson, Menges and Nixon, 1985; Nixon et. al., 1985; 

Ammon et. al., 1987). 

The Office of Arid Lands Studies at the 

University of Arizona has recently purchased a MSV image 

analysis system from Xybion Electronic Systems 

Corporation. The system includes the Xybion MSV camera, 

a Panasonic VHS video cassette recorder and a Compaq 

micro-computer with video "frame grabber". The Xybion 

camera is a black and white camera with extended 

sensitivity in the near infrared. The camera separates 

bands within the electromagnetic spectrum by means of a 

filtered high speed shutter. A high speed wheel rotates 

between the lens and the imaging chip. The wheel has six 

slots for filters and rotates at 600 RPM. The result is 

that the imaging chip is covered by a different filter 

every 1/60 second; the sequence of filters is repeated 

every 1/10 second. Therefore, the system records six 

sequential video fields, each in a different spectral 
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band. Unlike conventional video imagery, MSV cannot be 

interpreted by simply displaying the tape on a video 

monitor. An image so displayed would consist of two 

overlayed video fields and hence an overlay of two 

separate bands. In order to separate individual bands, 

the video signal must be digitized using the Xybion Image 

Capture and Analysis System (XICAS) program housed on the 

micro-computer. 

The Xybion camera, recorder and power packs 

comprise a lightweight, compact system which is easily 

mounted in a light aircraft, such as a Cessna 172 or 182. 

The Xybion system offers a great deal of flexibility in 

spatial, temporal and radiometric resolution. The 

spatial resolution is variable as a function of lens 

focal length and flying heights, which are limited only 

by the choice of platform and lenses. The temporal 

resolution is potentially very high, since a researcher 

can get coverage as often as an aircraft can fly 

overhead. Radiometric resolution can be adjusted by 

changing filter wheels and lenses. 

The Xybion system has been flown for a variety of 

applications since its arrival in May of 1986, including 

crop assessment (Ammon et. al., 1987), soil mapping 

(Nolin, 1987) and measuring vegetation parameters 
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(Hutchinson et. al., 1987). A number of technical 

problems remain to be solved before the system is made 

fully operational, but the system has already proved to 

be a valuable tool for these studies. This study took 

place in parallel with the above studies and serves to 

demonstrate the ability of multitemporal video imagery to 

detect phenological changes in natural and agricultural 

vegetation. 



CHAPTER 3 

ENVIRONMENTAL MONITORING AT 
THE PVNGS SITE 

The natural environment near Wintersburg, 

Arizona, has been a subject of intense study since the 

original proposal to build the PVNGS in the early 1970s 

(APSC, 1982). With the plant now on line, the area 

continues to be carefully monitored for signs of 

environmental degradation resulting from plant 

operations. The Office of Arid Lands Studies has 

participated in assessing the effects of possible salt 

drift from the cooling towers (Foster, et al., 1984.). In 

1986, multispectral remote sensing techniques were 

evaluated as a possible monitoring tool (Huete, 1987). 

The Study Area 

The area selected for study surrounds PVNGS which 

is located at^approximately 33°20'N 112°50'W, about 13 

kilometers (km) north of the Gila River near the small 

town of Wintersburg (Figure 1). The topography 

immediately surrounding the plant is relatively flat, and 

is situated at an average elevation of approximately 305 

18 
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meters (m) above mean sea level (amsl). There are several 

low volcanic hills within the study area which rise 30 to 

60 m higher than the surrounding plain. To the west and 

northwest stand the Palo Verde Hills with peaks rising to 

approximately 610 m amsl. To the east and southeast lies 

the Buckeye Valley containing the Gila River. The land 

to the northeast is characterized by nearly level ground 

extending uninterrupted towards the urban center of 

Phoenix. 

Observation of Climate near PVNGS 

For this study, I have assembled climatic and 

meteorological data from weather stations at Tonopah and 

Buckeye, Arizona. The closest station to PVNGS is 

Tonopah, located approximately 13 km to the northwest. 

The next closest station is Buckeye, 21 km to the 

southeast. PVNGS operates its own meterological station 

to monitor conditions at the plant site, but data from 

this station were not available for use in this study. 

To characterize the climate at PVNGS, I have 

examined thirty year averages for Buckeye from Sellers 

and Hill's Arizona Climate 1931-1972 (197-4). Climatic 

averages for Buckeye are based on thirty years of data, 

from 194-1 to 1970. Climatic data for Tonopah is also 

reported by Sellers and Hill, but is based on only 15 
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years of data, from 1951 to 1966. Meteorological 

measurements at Tonopah and Buckeye for 1986 were 

reported to the National Oceanic and Atmospheric 

Administration (NOAA), which published them on a monthly 

basis in Climatological Data - Arizona (NOAA, 1986). 

According to these sources, the climate at 

Buckeye is warm and arid, having an average annual 

rainfall of approximately 190.5 millimeters (mm) 

(Appendix 1). Mean annual temperature is 21 °C and may 

range from lows near freezing during winter mornings to 

summer midday highs exceeding 4.3°C. Approximately 20 mm 

of precipitation falls each month between November and 

March, and again during the summer months of July and 

August. Peak precipitation typically occurs during the 

summer as a result of sudden sporadic afternoon 

thunderstorms (Sellers and Hill, 1972). 

The pattern of precipitation at Buckeye in 1986 

deviated from the average pattern slightly, in that the 

majority of the summer rains fell in July, and that 

October was unusually wet. Potential evapotranspiration 

typically exceeds precipitation in all months except 

December and January. Conditions in 1986 were no 

exception, with evaporative demand exceeding 

precipitation in all but two winter months. 
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The climate at Tonopah is very similar to that at 

Buckeye, sharing the same annual average temperature 

while receiving only slightly more precipitation, 198.9 

mm. In 1986, the pattern of precipitation was similar to 

the thirty year averages at Buckeye with the majority of 

the summer precipitation falling during August. June and 

September were completely dry, with only a trace of 

precipitation in July. Potential evapotranspiration 

exceeded moisture inputs from precipitation for all 

months except January. 

Natural Vegetation 

Vegetation communities surrounding the PVNGS site 

was mapped prior to the construction of the power station 

(APSC, 1982). More one hundred and twenty five species of 

uncultivated species of vascular plants have been 

observed at the site. Areas of low relief are dominated 

by xerophytic shrubs such as the creosote bush (Larrea 

divaricata) and the saltbush (Atriplex spp.). Mesquite 

(Prosopis spp.) lines many of the washes. Numerous 

species of the cactus (Cactaceae) family are also 

present, as are a number of species of ephemeral grasses 

(family Gramineae). The vegetation at the PVNGS site has 

been mapped into four dominate associations: the 

creosotebush plain association, the saltbush plain 
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association, the mesquite wash association and the 

creosote bush/cactus hill association (APSC, 1982). 

The area surrounding the plant is not virgin 

desert; prior to construction of the facility, 

approximately 50% of the surface was covered by 

cultivated land (APSC, 1982). Today, the power plant 

covers several hundred acres and additional land has been 

put into agricultural production. Agricultural land 

includes active fields of alfalfa and cotton as well as 

several vegetable crops. Some fields which are not 

planted are plowed to expose bare soil. Others have been 

abandoned and invaded by natural desert vegetation. 

1986 Aerial Survey at PVNGS 

During the summer of 1986, a series of ten 

flights were undertaken to acquire radiometric 

measurements of agricultural and natural vegetation at 

the site (Table 1). On each date two passes were made 

along a D shaped flight path around the plant: a high 

pass at approximately 2743 m above ground level (agl) 

followed by a low pass at 152 m agl. 
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TABLE 1 

VIDEO ACQUISITIONS AT PVNGS 

day of date flight 
the year mm-dd-yy number 
107 04-17-86 1 
111 04-21-86 2 
143 05-23-86 3 
174 06-23-86 4 
189 07-08-86 5 
207 07-26-86 6 
220 08-08-86 7 
235 08-23-86 8 
256 09-13-86 9 
270 09-27-86 10 

remarks 
no imagery; bad shutter 
no high altitude pass 
no high altitude pass 
used in this study 
used in this study 
used in this study 
used in this study 
used in this study 
used in this study 
used in this study 

On each date, a four sensor array was carried 

aboard a Cessna 182 equipped with a special "swing out" 

mount. The array consisted of two non-image sensors: an 

Exotech four band radiometer and an Everest infrared 

thermometer. In addition to these sensors were two 

cameras: an RCA color video camera and the Xybion MSV 

camera. The radiometer and infrared thermometer provided 

the bulk of the quantitative data for Huete's study. 

Imagery from the color and MSV cameras was used to 

establish spatial control for the Exotech and infrared 

thermometer, but the imagery was not quantitatively 

analyzed for Huete's original report. All the spectral 

analyses in Huete's report were based on Exotech 

radiometer data. 
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The Exotech radiometer is a four lens 

instrument sensitive in four spectral bands: the blue 

(0.4-5-0.52um), green (0.52-0.60um), red (0.63-0.69um) and 

nir (0.76-0.90um) . The instrument measures ground 

radiance as a function of voltages generated within the 

sensor by a photo-electric cell. Numbers representing 

voltages are recorded by a polycorder, an automated field 

book. The radiometer used for the PVNGS study was set to 

take a measurement each 1.5 seconds, with a field of view 

of 15 degrees. The aircraft carrying the sensor was 152 

m agl moving at a speed of approximately 14-5 km/hr. In 

this configuration, the sensor imaged an area 4-0 m in 

diameter, whose centers were consecutively spaced 4-0 m 

apart (Appendix 2). Therefore for a transect 

representing a 16.2 hectare (forty acre, quarter section) 

square field would consist of ten complete observations 

in each band. 

NDVI and a Soil Brightness Index (SBI) were 

calculated from the radiometer data. Spatial and 

temporal curves were plotted for both these indices, as 

well as for thermal data (Huete, 1987). Temporal NDVI 

plots for cotton produced smooth curves starting with low 

values in April, peaking in late August and dropping off 

in late September. In contrast, NDVI transects for 
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alfalfa followed an irregular sawtooth pattern which 

varied from field to field. Transects representing 

natural vegetation were nearly flat, showing only minor 

changes compared to cotton and alfalfa. 

Video imagery has a much higher sample density 

and spatial resolution even for high altitude passes. 

The MSC-02 video camera a uses a charge coupled device 

(CCD) mounted behind a high speed filter wheel. The 

filter wheel on the University of Arizona's camera is 

intended to simulate Landsat Thematic Mapper bands and 

contains six filters: a blue band (0.4-75-0. 530um) , a 

green band (0.520-0.580um), a red band (0.615-0.680um), a 

"red edge" band (0.719-0.729um), a nir band (0.800-

0.900um) and a panchromatic band (0.400-0.700um). 

At 274-3 m agl» with a 17 mm lens, the video 

camera images an area 14-20 m wide by 1065 m long, 

consisting in digitized format of 76,800 pixels, each 

representing a square approximately 4-*3 m on a side. At 

this resolution, a 16.2 hectare field is represented by 

more than 8,000 observations. Since the MSV images each 

1/10th of a second over a million observations in each 

band are possible during ten seconds while the aircraft 

transits the field. 
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While the Xybion MSV offered several advantages 

over the Exotech system in terms of spatial control and 

sample density, the system required additional 

development in terms of software and noise reduction. As 

a result, the video data could not be processed in time 

for the original PVNGS project. With the exception of 

internal reports, this study comprises the first formal 

analysis of video data from the PVNGS site. 



CHAPTER A 

METHODS 

Multispectral video images acquired during the 

1986 survey were transformed and sampled to create a data 

set for quantitative analysis. Mean RVI values and 

standard deviations for fourteen video image windows were 

chosen to represent seven surface cover types. Two 

agricultural crops, three natural vegetation associations 

as well as open water and bare soil were each sampled on 

seven dates. Changes between dates were tested for 

significance. Mean RVI values were plotted as a function 

of time to create temporal curves similar to NDVI curves 

created by Huete with the Exotech radiometer data. An 

index representing moisture conditions on each date was 

calculated for comparison with RVI curves for natural 

vegetation communities. 

Site Selection 

Three sites, A, B and C were selected for image 

analysis (Figure 2). These sites were selected for their 

variety of vegetation types and an abundance of easily 

identifiable ground control points. 

28 
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Site A is located approximately 3 km northwest of 

the PVNGS cooling towers (Figure 3)* This site includes 

a number of surface types, including open water, mesquite 

wash, alfalfa, cotton and saltbush plain. 

Site B is located approximately 5 km southwest of 

the PVNGS cooling towers (Figure 4). Surface types that 

are represented at this site include cotton, alfalfa, 

mesquite wash, saltbush plain and creosotebush plain. 

Site C is located approximately 5 km to the 

southeast of the PVNGS cooling towers (Figure 5). 

Cotton, bare soil, and creosotebush plain are present 

within the site boundaries. 

Image Selection 

Of the six available bands, the green, red and 

near infrared bands were used in this study. Image 

selection and preprocessing were performed using the 

XICAS system housed on the Compaq microcomputer. For this 

study default image processing parameters were used. 

Default resolution for digitizing a video field is 320 

rows by 240 columns, producing an image with 76,800 

pixels. Each pixel is 8 bits deep, producing a grey 

scale from 0 to 255. 
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Selecting images for digitization was an 

interactive process. To "grab" images of each of the 

three study sites, video tapes of multispectral coverage 

acquired on each date were played into the XICAS system. 

As desired scenes appeared in the video monitor, they 

were captured with the XICAS frame grabber routine. A 

sequence of six images, each in a different spectral 

band, was digitized and recorded to a temporary memory 

buffer. This process was repeated for each of the dates 

and sites. All seven dates were available for site A and 

site B; the first date is missing from site C. Of the six 

available images, the green, red and nir were saved for 

processing. Remaining images were discarded. 

Noise Reduction 

Several sources of noise are present in the video 

system. The worst of these is a vignetting effect 

observed in the nir band of the camera. The visual 

effect is a "hot spot" near the center of the image. BVs 

decrease over a range of about 40 units over the screen 

radially from a center somewhere in the upper left 

quadrant of tjie screen. In high frequency images, such 

as scenes of urban areas or desert shrub communities the 

spot is not readily apparent because of true variation in 

BVs. However, lower frequency images, such as an image of 
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an agricultural field or a forest canopy, can be badly 

marred by the vignetting effect. 

David Ammon, a graduate student in Agricultural 

Engineering and staff technician, and I suspect that 

internal reflection within the optics of the MSC-02 

camera is the most likely cause of vignetting (Ammon, 

personal communication). In addition, there may be focus 

problems due to chromatic abberation of nir radiation 

passing through a lens designed primarily for admitting 

visible light. Flat black paint used to darken the sides 

of the optical path within the camera may not absorb nir 

radiation as efficiently as it absorbs visible light. 

All of these possibilities need to be explored further so 

that the source of the vignetting may be understood and 

eliminated from the imagery. 

The current solution to vignetting is to remove 

the "hot spot" from each infrared image with a series of 

preprocessing routines. A template image is created by 

averaging a number of scenes and subtracting a constant 

equal to the minimum BV of the averaged image. Scenes of 

relatively low frequency, such as bare soil or a full 

canopy are best for averaging as there are fewer features 

that must be averaged out. A series of twelve infrared 

images is digitized from video tape and averaged to 
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eliminate ground features and produce a uniform image. 

The lowest BV is subtracted from the image to zero the 

edges of the image, leaving only the spot. The result is 

the template image which may be subtracted from any nir 

image acquired from that mission. 

Since the geometry and intensity of the spot vary 

with the aperture and lighting conditions, it is 

necessary to create a template image for each mission. 

For processing the Palo Verde images, I created a library 

of template images, one for each date. The template 

representing a particular date was subtracted from the 

scene representing a given site on that date. The same 

seven templates were used on all three sites to ensure 

consistent results. 

A second type of noise present in the Palo Verde 

imagery is a repeating sequence of dark and light "noise 

bars". Detailed examination of the noise bars showed 

dark lines with a variation of approximately 10 BVs. 

Equipment testing showed that the bars were caused by 

electrical interference originating from the aircraft 

electrical system. In more recent flights this problem 

has been eliminated by powering the camera system with 

batteries. 
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To reduce the effect of noise bars in the Palo 

Verde images, a two dimensional, three by three box 

filter was applied to each of the three component images. 

A larger, one dimensional spatial filter would have been 

a more elegant solution, but was not an option within the 

XICAS software. By modifying the three by three filter 

and applying it twice, similar results were achieved. 

The filter assigned an the following weights: 

0 10 <— Two dimensional 
0 10 noise filter 
0 1 0 

The resulting filter served as a one dimensional 

low pass filter, averaging noise along the vertical axis 

of the image. The filter was applied to each image twice 

increasing its effective range to a five by one filter 

with the weights of: 

1 <— Resulting one dimensional 
3 noise filter 
5 
3 
1 

This filter acted as smoothing filter, averaging 

each pixel with four adjacent pixels in the T direction. 

In addition to reducing noise in the Y direction, this 

filter also smoothed real changes in the image, such as 

field boundaries, or outlying shrubs. While this filter 
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did not affect mean values used in this study, it did 

reduce the variance within each sample. 

Transfer and Scene Registration 

Video images were grabbed and noise reduced on 

the Compaq microcomputer, and then transferred via wire 

to an Earth Resource Data Analysis System (ERDAS) image 

processing system housed on the Office of Arid Lands 

Studies' PDP 11/24- min-computer. ERDAS is a commercial 

image processing system which includes both image 

processing functions and cartographic utilities. 

The first step in processing the video image data 

in ERDAS was scene registration. Scene registration is 

the process of geometrically registering the component 

images of a scene to create a multiband image which may 

displayed as color composite. Three bands of image data 

for each scene were downloaded into ERDAS for 

registration: a green image, a red image and a nir image. 

Component images were subsetted into a single scene with 

three bands. The resulting false color scene served as a 

basis for visual interpretation of the video images. I 

color coded the images on the display screen so that the 

green image would appear blue, the red image appear 

green, and the nir image red. The resulting scene looked 
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like a color infrared photograph, and provided sufficient 

detail for visually locating ground control points. 

Spectral Transformations 

Once component images of a scene had been 

registered, the vegetation index image was produced. The 

RVI was calculated as a simple ratio of red BV to nir BV 

for each pixel in a scene. 

RVI = BVnir / BVred 

The RVI has a range of zero to infinity, but 

since these were 8 bit images, 255 was the maximum value 

possible to display. Saturation was not a problem with 

the Palo Verde data: most of the images sampled for this 

ratioed for this report yielded ratios between about 0.9 

and 2.3. Therefore, I scaled each RVI image by 100 to 

produce an image with adequate contrast to display within 

the 0 to 255 range. The RVI image was then subsetted 

with the color composite to create a four band scene. 

Geometric Rectification 

Multidate replication of image geometry is 

impossible with conventional aircraft, since thermal 

turbulence and cross winds vary date to date, resulting 

in unpredictable variations in flight lines and altitude. 

These variations are reflected in images as differences 

in orientation and pixel size. To compare scenes of 
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different dates, it was necessary to geometrically 

rectify each scene to a map base. 

I drafted a surface cover map for each of three 

sites using a number of cartographic and remote sensing 

products. The base for each map was 1:21,120 black and 

white aerial photographic enlargement. Field boundaries 

were updated with imagery from the color video camera. 

Geometric control was established from a number of maps 

(Appendix 3)* Crop types were determined from the 

diagrams supplied in Huete's feasibility study (Huete, 

1987). Each site map was digitized on the Calcomp 

plotter in vector format and converted by ERDAS into a 

raster map file. Once in ERDAS map format, map 

coordinates for each cell could be read off the graphic 

screen with a cursor. Coordinates were recorded for 

ground features, such as road intersections, field 

boundaries and washes which were depicted on the map and 

could matched in the imagery. 

The process of warping an image to match image 

coordinates with ground coordinates is known as 

georeferencing. In digital format, it is the 

transformation of image coordinates to geographic 

coordinates. All the scenes used in this study were 

georeferenced. In cases where an image did not register 
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with a map because of differences in scale and 

orientation, it was necessary to rotate and stretch the 

image. Control points in each scene were matched to 

control points on the site map. A transformation matrix 

was used to calculate a polynomial to warp image 

coordinates to match map coordinates. Since the warped 

scene did not have the same orientation or number of 

pixels as the original scene, pixels in each of the four 

bands were resampled. 

Each four band scene was resampled with the 

nearest neighbor algorithm because it is the simplest and 

the fastest. This algorithm overlays the map grid over 

the image grid and assigns the BV of the nearest input 

pixel the value of the output pixel (Showengerdt, 1983; 

Avery and Berlin, 1985) • BVs are not recalculated but 

merely relocated. All values from the original scene are 

preserved. 

Each scene was fit into a framework corresponding 

to the digitized map of each site. A cell size of 4-.6 m 

was chosen, since this cell size closely approximates the 

pixel size for the video images. The result was a four 

band scene which had been rotated and stretched within 

the map frame. Where parts of the map frame did not 

contain image data, the scene was assigned zero values. 
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Once the images had been georeferenced, the images were 

registered in time. Temporal registration is the process 

of matching images acquired on different dates of the 

same area. Once the images from each scene had been 

georeferenced, temporal registration was simply the 

process of overlaying multiple images. 

Sampling 

BVs representing surface cover types were sampled 

from the RVI images. A box cursor was used to window 

areas of interest from a false color image displayed on 

the screen. Windows within each scene were selected by 

eye and the corner coordinates recorded. These 

coordinates were then used to create windows within each 

scene representing surface cover types of interest. A 

total of fourteen windows were selected for the three 

sites, representing seven surface cover types. Two crops 

were sampled: cotton and alfalfa. Three windows where 

chosen to represent cotton and four for alfalfa. Three 

associations of natural vegetation were sampled: 

creosotebush plain, saltbush plain, and mesquite wash. 

Two windows each were used to represent the creosotebush 

association and the mesquite wash, while only one window 

was representing the saltbush plain was chosen. Two non-

vegetation cover types were also sampled: one window 
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representing bare soil and one window representing open 

water. 

Once the windows had been created, I computed 

statistics for each using ERDAS. Statistical output for 

each subset image included a histogram, mean, standard 

deviation, range, median and sample size for each bands. 

The mean, standard deviation and sample size for each RVI 

image were entered into LOTUS, a commercial spreadsheet 

program. 

Detection of Change 

A mean RVI value representing a window of pixels 

sampled from an image for a given date were compared with 

a mean value representing the same subgroup in space, but 

sampled from the subsequent date. Mean RVI values were 

plotted for each window on each date as a function of day 

of the year. Graphs were created for each of the seven 

surface cover types, with multiple curves on each graph 

where there were more than one window for a particular 

cover type. The graphs were scaled to maximize the 

depiction of change within a cover type. The resulting 

plots serve as a graphic depiction of vegetation index 

change over the growing season. A Z-test was then applied 

to compare mean values between two subgroups. The Z-

score is a probability that two means could have been 
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sampled from the same population (Orkin and Drogin, 

1975). 

Evaluation of Moisture Conditions 

In order to relate the RVI curves moisture 

availability, I calculated a dimensionless moisture 

index, based on the FAO1s MMI model to estimate the 

amount of moisture available to natural vegetation 

(Henricksen and Durkin, 1986). 

MMI = (P + S)/aETp 

where: P = total monthly precipitation 
S = moisture surplus carried over 

from the previous month 
aETp = adjusted mean monthly potential 

evapotranspiration 

While this model has been developed to determine 

moisture conditions for rain fed agriculture, it can also 

be applied to characterize moisture availability for 

natural plant communities. 

From climatological data (Sellers and Hill, 1974.; 

NOAA, 1986), I extracted mean monthly values for 

temperature and precipitation for both the long term data 

and the 1986 values. I used the Palmer-Havens (1958) 

graphic method to estimate potential evapotranspiration 

based on mean monthly temperatures. I adapted the MMI to 
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create an Interval Moisture Index (IMI) similar to the 

MMI but based on the interval between flights: 

IMI = (Pi + Si)/aETpi 

where: Pi = total precipitation between flights 
Si = moisture surplus carried over 

from the previous interval 
aETpi = adjusted mean daily potential 

evapotranspiration between flights 

IMI values were calculated based on daily 

meteorological data for the days between flights to 

create an index describing moisture conditions at the 

time of each observation (NOAA, 1986). IMI values were 

plotted against time to create a curve characterizing 

moisture conditions. The IMI values serve as the basis 

for predicting RVI response for natural desert 

vegetation, as the MMI values predicted the NDVI response 

in the Henricksen and Durkin (1986) study of African 

vegetation. 



CHAPTER 5 

RESULTS AND DISCUSSION 

Mean RVI values were not the same between dates, 

but changed over time. The change was greater for the 

cultivated vegetation tha;n for the other surface cover 

types, but nearly all showed statistically significant 

change over time. Temporal curves for each cover type are 

distinct, while the multiple curves representing the same 

cover type are similar, indicating that the temporal 

curves can serve as a "signature" for each cover type. 

Significance Testing 

In nearly all fourteen cases, the Z-scores showed 

that change between all of the seven dates was detected, 

significant at the 99 % level (Table 2). There were only 

four instances where change was detected with less than a 

99% confidence interval. Z-scores were not significant at 

the 99% level for the open water in the stock pond at 

site A between day 189 and 207 and between day 235 and. 

256. The eastern strip of the alfalfa field at site B 

was similarly stable between days 256 and 270, as was one 

sample representing the creosote plain at site C. All 
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TABLE 2 

SUMMARY OF VIDEO-DERIVED RVI VALUES 

Z* = +2.58 at the .99 level of significance 

CULTIVATED VEGETATION 

cotton field #1, site A: window 2; n =3600 
DATE DAY RVI SD Z-SCORE 

JUNE23 174 81 .217 2.448 
JULY8 189 87. OU 2.789 93.73 
JULY26 207 92.367 3.583 70.74 
AUGUST8 220 119.689 7.964 187.72 
AUGUST23 235 223.955 14.669 374.80 
SEPT13 256 160.507 9.442 -218.22 
SEPT27 270 138.936 7.567 -106.96 

MAX 223.955 
MIN 81.217 

RANGE 142.738 
AVERAGE 129.098 

;on field #2, site C: window 10; n = 2059 
DATE DAY RVI SD Z-SCORE 

JUNE23 174 
JULY8 189 105.529 4.028 
JULY26 207 128.755 9.066 106.23 
AUGUST8 220 120.395 6.936 -33.23 
AUGUST23 235 176.751 15.381 151.56 
SEPT13 256 210.860 18.504 64.32 
SEPT27 270 171.434 9.680 -85.67 

MAX 210.860 
MIN 105.529 
RANGE 105.331 
AVERAGE 152.287 



TABLE 2 (continued) 

cotton field 
DATE 

JUNE23 
JULY8 
JULY26 
AUGUST8 
AUGUST23 
SEPT13 
SEPT27 

#3> site C: 
DAY 
174 
189 
207 
220 
235 
256 
270 

MAX 
MIN 
RANGE 
AVERAGE 

window 
RVI 

11 ; n 
SD 

= 2059 
Z-SCORE 

alfalfa field #1, site 
DAY 
174 
189 
207 
220 
235 
256 
270 

MAX 
MIN 
RANGE 
AVERAGE 

alfalfa field #2, site 

DATE 
JUNE23 
JULY8 
JULY26 
AUGUST8 
AUGUST23 
SEPT13 
SEPT27 

DATE 
JUNE23 
JULY8 
JULY26 
AUGUST8 
AUGUST23 
SEPT13 
SEPT27 

DAY 
174 
189 
207 
220 
235 
256 
270 

MAX 
MIN 
RANGE 
AVERAGE 

94-885 
123.949 
117.874 
181.533 
229.659 
177.679 
229.659 
94.885 
134.774 
154.263 

A: window 
RVI 

147.115 
195.587 
188.416 
146.234 
226.541 
162.996 
142.593 
226.541 
142.593 
83.948 
172.783 

B: window 
RVI 

208.353 
121.235 
208.397 
147.409 
114.095 
149.928 
121.402 
208.397 
114.095 
94.302 
152.974 

4.053 
7.270 
6.381 
13.296 
12.296 
7.982 

1 ; n = 
SD 
8.968 
15.367 
13.384 
11.044 
13.350 
9.464 
9.596 

158.45 
-28 .50  
195.87 
120.58 
-160.89 

1133 
Z-SCORE 

91.70 
-11.84 
-81.82 
156.02 

-130.71 
-50.96 

6; n = 1725 
SD Z-SCORE 
43.806 
3.749 

22.858 
14.620 
6.367 
34.527 
12.602 

-82.30 
156.29 
-93.35 
-86.77 
42.39 
-32.23 



TABLE 2 (continued) 
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alfalfa field #3, site 
DATE DAY 

JUNE23 174 
JULY8 189 
JULY26 207 
AUGUST8 220 
AUGUST23 235 
SEPT13 256 
SEPT27 270 

MAX 
MIN 
RANGE 
AVERAGE 

alfalfa field #4> site 
DATE DAY 

JUNE23 174 
JULY8 189 
JULY26 207 
AUGUST8 220 
AUGUST23 235 
SEPT13 256 
SEPT27 270 

MAX 
MIN 
RANGE 
AVERAGE 

B: window 7; n = 1200 
RVI SD Z-SCORE 

209.272 46.351 
123-950 5.685 -63.29 
142.847 22.809 27.85 
120.080 16.645 -27.93 
172.914 28.215 55.87 
108.945 5.791 -76.93 
108.538 7.628 -1.47 
209.272 
108.538 
100.734 
140.935 

B: window 8; n = 2416 
RVI SD Z-SCORE 

134-309 5.102 
181.136 17.058 129.27 
212.655 16.120 66.01 
154.661 9.052 -154.19 
241.987 12.849 273.10 
211.665 10.637 -89.35 
165.558 13.600 -131.26 
241.987 
134.309 
107.678 
185.996 

UNCULTIVATED VEGETATION 

uite wash, site A: window 4» 

cv II 

DATE DAY RVI SD Z-SCORE RVI-SOIL 
JUNE23 174 105.071 5.792 

25.649 JULY8 189 117.738 5.912 9.92 25.649 
JULY26 207 101.357 3.871 -15.02 5.545 
AUGUST8 220 93.119 2.745 -11.25 3.675 
AUGUST23 235 100.929 4.084 10.29 14.721 
SEPT13 256 104.881 4.957 3.99 4.344 
SEPT27 270 113.238 4.623 7.99 12.864 

MAX 117.738 
MIN 93.119 
RANGE 24.619 
AVERAGE 105.190 
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TABLE 2 (continued) 

mesquite wash, site B: window 9; n = 1501 
DATE DAY RVI SD Z-SCORE RVI-SOIL 

JUNE23 174 127.272 11 .-473 
JULY8 189 108.001 9.035 -51.13 15.912 
JULY26 207 112.167 7.912 13.44 16.355 
AUGUST8 220 
AUGUST23 235 105.771 9.415 19.563 
SEPT13 256 114.985 10.550 25.25 14.448 
SEPT27 270 113.620 11.913 -3.32 13.246 

MAX 127.272 
MIN 105.771 
RANGE 21.501 
AVERAGE 113.636 

sotebush plain #1, site C: window 12; n = 1092 
DATE DAY RVI SD Z--SCORE RVI-SOIL 

JUNE23 174 
5.765 JULY8 189 97.854 2.419 5.765 

JULY26 207 96.880 3.186 -8.05 1.068 
AUGUST8 220 90.994 2.473 -48.23 1.550 
AUGUST23 235 88.552 2.558 -22.68 2.344 
SEPT13 256 98.548 2.451 93.24 -1.989 
SEPT27 270 99.452 4.193 6.15 -0.922 

MAX 99.452 
MIN 88.552 
RANGE 10.900 
AVERAGE 95.380 

creosote bush plain #2, site C: window 13; n = 1092 
DATE DAY RVI SD Z-SCORE RVI-SOIL 

JUNE23 174 
JULY8 189 97.792 2.708 5.703 
JULY26 207 94.951 2.807 -24.07 -0.861 
AUGUST8 220 97.455 3.339 18.97 8.011 
AUGUST23 235 99.651 3.708 14.54 13.443 
SEPT13 256 103.655 3.315 26.60 3.118 
SEPT27 270 105.579 3.858 12.50 5.205 

MAX 105.579 
MIN 94.951 
RANGE 10.628 
AVERAGE 99.847 
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TABLE 2 (continued) 

bush plain, site A: window 5; n = 3600 
DATE DAY RVI SD Z-

JUNE23 174 92.585 3.436 
JULY8 189 95.663 3.738 
JULY26 207 90.976 3.894 
AUGUST8 220 88.573 3.479 
AUGUST23 235 
SEPT13 256 93.632 3.231 
SEPT27 270 98.901 4.325 

MAX 98.901 
MIN 88.573 
RANGE 10.328 
AVERAGE 93.388 

SCORE RVI-SOIL 

36.37 3.574 
-52.10 -4.836 
-27.61 -0.871 

-6.905 
58.56 -1.473 

NON-VEGETATED SURFACE COVER TYPES 

bare soil, site C: window 14» n = 988 
DATE DAY RVI SD Z-SCORE 

JUNE23 174 
JULY8 189 92.089 2.800 
JULY26 207 95.812 2.156 33.11 
AUGUST8 220 89.444 2.994 -54.25 
AUGUST23 235 86.208 2.487 -26.13 
SEPT13 256 100.537 2.468 128.55 
SEPT27 270 100.374 3.496 -1 .20 

MAX 100.537 
MIN 86.208 -

RANGE 14.329 
AVERAGE 94.077 

. water, site A: window 5; n = 36 
DATE DAY RVI SD Z-SCORE 

JUNE23 174 68.306 9.018 
11 .96 JULY8 189 90.000 6.091 11 .96 

JULY26 207 89.833 4.099 -0.14 
AUGUST8 220 86.778 3.742 -3.30 
AUGUST23 235 92.722 7.712 4.16 
SEPT13 256 92.278 4.488 -0.30 
SEPT27 270 98.306 2.826 6.82 

MAX 98.306 
MIN 68.306 
RANGE 30.000 
AVERAGE 88.318 
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other comparisons between the subgroup means showed a 

significant change between dates. 

Magnitude of Change 

The magnitude of change over the day interval 

between the first and last observations for agricultural 

vegetation was almost 10 times that for natural 

vegetation. The irrigated crops, cotton and alfalfa, 

showed the greatest change over this interval, ranging 

within approximately 106 RVI values. Mean RVI values for 

mesquite ranged within 23 RVI values. The creosote bush 

and the saltbush associations changed the least, 

approximately 10 RVI values. Open water and bare soil 

each changed by approximately 13 RVI values, excluding 

the June 23 observation for water. 

Cultivated Vegetation 

Three curves for cotton, one from site A and two 

from site C, show low values early in the season, peaking 

in late August and early September, and then dropping off 

(Figure 6). These results correspond to responses I 

predicted based on the crop calendar for cotton, and to 

the NDVI curves produced from the radiometer data. In 

June when the cotton was just sprouting, low RVI values 

were observed. By August, when the crop is at maturity, 

high RVI values were observed. In September, when the 
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crop is stressed to produce seed bolls, lower RVI values 

were observed. The two curves from site C are virtually 

identical, while the curve from site A starts lower and 

peaks earlier than the others. Likely this is the result 

of differing schedules of individual farm operators. 

The four RVI curves for alfalfa fluctuate date to 

date, peaking on one observation, bottoming on the next, 

and then peaking again (Figure 7). These fluctuations 

correspond to the monthly cycle of harvest and planting 

for alfalfa. The first two curves from site B share the 

same period, while the curve from site A is offset, 

peaking on the dates when the curves from site B are at 

bottom. The alfalfa curve from site A corresponds 

closely with the third alfalfa curve from site B. 

Different growth curves between fields are likely the 

result of differing cropping schedules. 

Uncultivated Vegetation 

The curves for the creosote bush plain, the 

saltbush plain and the mesquite wash were more difficult 

to interpret (Figures 8, 9 and 10). The saltbush plain 

and the mesquite wash at site A showed a similar curve, 

starting low, peaking in early July, dropping in late 

July, and then rising again. However, an early August 

observation for the mesquite and a late August 
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observation for the saltbush plain are missing, 

complicating the interpretation. The mesquite wash at 

site B had a similar irregular pattern, but a different 

shape. The curves for the creosote bush plain at site C 

started at roughly the same point, and dropped to similar 

levels at the following observation, but then diverged, 

one window rising, the other dropping, then rising. 

Comparison of RVI and IMI 

IMI curves were created based on measurements of 

precipitation and estimates for daily potential 

evapotranspiration for the Tonopah and Buckeye stations 

(Table 3). 

TABLE 3 

CLIMATIC VALUES FOR FLIGHT INTERVALS 

BUCKEYE 
daily 

interval rainfall total avg. total 
Flight Day in days events precip. aETp aETp IMI 

4 174 22 0 0.00 6.89 158.56 0.00 
5 189 15 1 7.36 6.91 103.63 0.07 
6 207 18 3 28.45 6.93 124.71 0.23 
7 220 13 0 0.00 6.80 88.39 0.00 
8 235 15 1 3.81 6.71 100.58 0.04 
9 256 21 3 4.83 5.48 115.06 0.04 
10 270 U 3 2.54 4.72 66.04 0.04 
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TABLE 3 (continued) 

TONOPAH 
daily 

interval rainfall total avg. total 
Flight Day in days events precip. aETp aETp IMI 

4 174 22 0 0.00 6.60 U5.29 0.00 
5 189 15 1 1 .27 6.59 101 .10 0.01 
6 207 18 1 2.29 6.59 118.49 0.02 
7 220 13 0 0.00 6.55 85.12 0.00 
8 235 15 2 24.13 6.53 97.96 0.25 
9 256 21 1 0.25 5.12 107.55 0.00 
10 270 U 0 0.00 3.52 49.29 0.00 

precip. = precipitation between flights in mm 
aETp = adjusted potential evapotranspiration in mm 
IMI = interval moisture index 

None of the RVI curves for uncultivated 

vegetation appeared similar to the IMI curves. The IMI 

curve for Buckeye starts at zero in late June and peaks 

in late July (Figure 11). The curve zeros out on the 

following date, rising shortly afterward and remaining at 

a low value for the remaining observations. The IMI 

curve for Tonopah starts at zero, like the curve for 

Buckeye, but rises only slightly for the month of July 

(Figure 12). Like the curve for Buckeye, the curve for 

Tonopah zeros out for the first flight in August, but 

then peaks suddenly for the last flight in August. There 

was virtually no precipitation at Tonopah between the 

last three flights. 
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Comparison of Cultivated Vegetation 
and Uncultivated Vegetation 

RVI curves for uncultivated vegetation types did 

not correspond well to curves for moisture input from 

precipitation, but several curves do resemble RVI curves 

for cultivated vegetation. The RVI curves for the both 

the mesquite wash and the saltbush plain at site A 

follow a similar pattern as the RVI curve for alfalfa at 

site A. All three curves rise to a peak in early July, 

then bottom out in early August. A similar correspondence 

is seen at site B, where the RVI curve for mesquite 

follows a pattern similar to RVI curves for two alfalfa 

windows, starting at a high value, dropping in early 

July, and rising again in late July. The mesquite curve 

is then interrupted by a missing observation, but changes 

between RVI values for the last three dates correspond in 

direction to those representing alfalfa. 

At site A, the window representing mesquite is 

located adjacent to an irrigation canal leading into the 

agricultural fields; the window representing the saltbush 

plain is located near a ditch draining from the alfalfa 

field. At site B, the window representing the mesquite 

wash is adjacent to windows representing alfalfa field. 

These three natural vegetation communities are very 



61 

likely receiving runoff from the irrigation of adjacent 

agricultural fields, supplementing the natural sources of 

moisture. 

Non-vegetated 
Surface Cover Types 

Bare soil (Figure 13), which I expected to be 

stable, fluctuated more than open water (Figure 14)» and 

showed more change than either the saltbush or the 

creosotebush plain. The soil curve started at low, 

peaked briefly in late July, bottomed out in late August, 

then rose again in September. Ideally, a vegetation 

index curve for soil should be flat, but there are 

several factors that could change the radiance 

characteristics over time including changes in soil 

moisture content, surface roughness or invasion by weeds. 

Consideration of Soil Background 

If the unexplained changes were caused by 

changes in soil moisture, then this would also affect 

soils beneath the natural creosote, saltbush and mesquite 

communities. Soil background may comprise as much of 80% 

of the image windows for natural vegetation, so to 

correct for changes in the soil background, I subtracted 

the soil curve from the curves for natural vegetation. 

The residual, corrected curves did not correspond well to 

either IMI curve any better than the original curves, 
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but one weak correspondence did appear. One of the 

mesquite curves and one of the creosote bush curves 

reached a high RVI value in August, when the IMI curve 

for Tonopah peaked. This single correspondence does not 

explain other fluctuations which do not correspond to 

changes in available moisture. 

Most likely, the observed changes in natural 

vegetation, as well as the soil and the open water are 

the result of the combined effect of changes in target 

radiance and system noise. The environment at the PVNGS 

site is heavily impacted by human activity, and the 

natural vegetation sampled for this study is in close 

proximity to irrigated fields. Insufficient data are 

currently available to attribute changes in natural 

vegetation' to any one cause. The results for the 

agricultural vegetation, which showed greater changes in 

a consistent pattern, can be attributed to phenological 

changes in plant radiance characteristics which were an 

order of magnitude greater than unexplained fluctuations 

in the data. These changes corresponded well to the crop 

calendar, and to the NDVI curves for cotton and alfalfa 

presented in Huete's report (Huete, 1987). 



CHAPTER 6 

CONCLUSION 

The Xybion MSV system was capable of detecting 

phenological changes in agricultural crops, but was not 

able to produce consistent results for the sampled 

natural vegetation communities. Cotton and alfalfa 

produced distinctive temporal signatures which 

corresponded well to the crop calendar. Temporal curves 

RVI produced for the natural vegetation communities were 

not as distinctive and could not be correlated with 

estimated moisture conditions. There are insufficient 

data to explain the changes which were measured: likely 

they are the combined result of optical and electrical 

noise in the instrumentation, uncompensated changes in 

illumination, changing soil background conditions, human 

impacts on the study area and the natural phenology of 

each plant community. 

Remote sensing of arid plant communities is 

difficult due to sparse cover and lack of moisture. Even 

in the wettest summer month of 1986, daily evaporative 

demand typically exceeded inputs from precipitation. 

64. 
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Moisture inputs from precipitation were likely-

insufficient to have caused detectable changes in plant 

radiance. In addition, moisture indices used for the 

PVNGS site were calculated on data from Tonopah, 13 

kilometers to the northwest, and Buckeye, 21 kilometers 

to the southeast. Most of the summer precipitation in 

the lower Sonoran Desert comes as small, localized 

storms; the timing and quantity of precipitation at the 

PVNGS site may have been significantly different from 

that at either Tonopah or Buckeye. 

While the Xybion system has considerable 

advantages over non-imaging multispectral systems, such 

as the Exotech radiometer, it also has several drawbacks, 

the most notable being lack of radiometric calibration. 

BVs generated for each band are not absolute measurements 

of radiances, but instead vary for different focal 

lengths and aperture settings. In addition the optics 

create some abberations which vary BVs across the image 

plane. A calibrated camera with improved optics and 

electronics would yield a more reliable evaluation of 

vegetation. 

Another problem in detecting sparse vegetation 

lies in the correction of the "hot spot". In this study, 

the spot was subtracted from the infrared band of the 

original imagery. This processing introduced a negative 



bias, reducing the sensitivity of the near infrared 

channel. The assumption made in subtracting the "hot 

spot" from the center of the image is that BVs in the 

center are too high and should be corrected to values on 

the outer part of the image. After examining the data 

used in this study and the sweet corn experiment (Ammon, 

et. al., 1987), I feel that this assumption is incorrect. 

The conclusion that I have drawn is that the center BVs 

are the correct values, and that the values on the outer 

part of the image are too low. Thus, the edges need to 

be corrected upward to match values in the center of the 

image rather than adjusting the center pixels downward. 

Subsequent studies which have used the positive 

correction yielded better results for detecting change in 

natural plant communities (Hutchinson, et. al. 1987). 

A second bias was introduced by the smoothing 

filter which was used to reduce the effect of the "noise 

bars". In addition to reducing pixel to pixel variations 

caused by noise, this filter also reduced pixel to pixel 

variations caused by real variations in vegetation 

reflectance. Thus, the variance within each image window 

was reduced. The Z-score is calculated based variance; 

smoothed images bias the Z-score to indicate a higher 

level of significance than would be indicated with an 

unsmoothed image. Lower magnitude changes detected in 
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the natural plant communities, bare soil and open water 

may not have appeared to be significant in the original, 

unfiltered images. Fortunately, the problem of the 

horizontal "noise bars" has been eliminated, so that 

future MSV images will not need to be filtered in this 

manner. 

Despite these sources of bias, the Xybion MSV was 

able to reproduce the results of the Exotech radiometer. 

With additional calibration and a more streamlined method 

of analysis, MSV may be able to replace non-imaging 

multispectral sensors for some applications. New 

developments in video technology are making multispectral 

remote sensing techniques sufficiently flexible and 

inexpensive to be useful for individual farm operators 

and local environmental managers. With no more than a 

modified video camera, micro-computer and light aircraft, 

it is possible to acquire and process multispectral 

imagery for vegetation analysis. At present, this 

technology is not sufficiently refined to reliably detect 

subtle changes in arid plant communities. But when 

applied to an agricultural context, multispectral video 

becomes a powerful monitoring tool. 



APPENDIX 1 

CLIMATIC STATISTICS 

BUCKEYE, 1941 to 1972 

daily monthly 
month temp precip aETp aETp MM I 

J 10.^ 18.80 0.44 13.46 1.40 
F 12.9 17.78 0.80 22.35 1.03 
M 15.1 18.80 1.16 36.07 0.52 
A 19.2 6.35 2.36 70.61 0.09 
M 23.9 2.29 3.99 119.63 0.02 
J 28.5 1.78 6.10 182.88 0.01 
J 32.7 20.32 6.89 213.61 0.10 
A 31.5 32.00 6.17 191.26 0.17 
S 28.4 18.80 5.62 168.66 0.11 
0 21.8 9.U 2.54 78.74 0.12 
N 15.0 13.21 1.05 31.50 0.42 
D 10.8 20.32 0.40 12.19 1.67 

BUCKEYE, 1986 

daily monthly 
month temp precip aETp aETp MM I 

J 14.9 4.57 0.76 23.62 0.19 
F 14.9 22.35 0.83 23.37 0.96 
M 19.6 30.48 1.96 60.71 0.50 
A 22.1 1.02 3.12 93.73 0.01 
M 26.3 7.62 5.26 157.73 0.05 
J 32.5 0.00 6.89 213.61 0.00 
J 32.8 35.81 6.93 214.63 0.17 
A 34.3 7.11 6.71 208.03 0.03 
S 27.0 4.06 4.72 141.48 0.03 
0 20.9 38.61 2.21 68.58 0.56 
N 15.8 5.08 0.76 22.86 0.22 
D 11 .7 40.64 0.36 11.18 3.64 

68 
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APPENDIX 1 (continued) 

TONOPAH, 1986 

daily monthly 
month temp precip aETp aETp MMI 

J 13.5 37.34 0.73 22.50 1.66 
F 13.6 5.08 0.76 21.34 0.93 
M 18.1 11.43 1 .63 50.62 0.23 
A 20.1 0.00 2.54 76.20 0.00 
M 25.5 2.54 4.54 140.61 0.02 
J 31.5 0.00 6.60 198.12 0.00 
J 32.1 3.56 6.57 203.60 0.02 
A 33.3 24.38 6.53 202.47 0.12 
S 25.8 0.00 3.52 105.59 0.00 
0 20.6 0.00 2.18 67.49 0.00 
N 15.7 14.48 0.83 25.04 0.58 
D 10.9 0.00 0.36 11.25 0.00 

temp = average monthly temperature in degrees C 
precip = total monthly precipitation in millimeters 
aETp = adjusted potential evapotranspiration in 

millimeters 
MMI = monthly moisture index 

(from Sellers and Hill, 1974; NOAA, 1986) 
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MONTHLY MOISTURE INDEX 
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APPENDIX 2 

SENSOR GEOMETRY 

The basic equation for calculating the dimensions 
area on the ground imaged by a particular sensor is: 

D = 2 [Hagl * tan (fov/2)] 

where: D = distance on the ground 
Hagl = Height above ground of the sensor 
fov = field of view of the sensor 

For the PVNGS study, two multispectral sensors 
were flown: the Exotech radiometer and the Xybion 
multispectral video camera. 

The Exotech senses a round area on the ground. At 
PVNGS, the Exotech was flown at 152 m with a 15° field of 
view. 

D = 2 [152 * tan (15/2)] = 40.022 m 

Giving a circular area of 40 meters in diameter. 

The multispectral video camera senses a 
rectangular area. The CCD array is 6.6 mm by 8.8 mm. At 
PVNGS, a 17 mm lens was used. Therefore the horizontal 
and vertical fields of view can be determined by: 

hfov = 2 [tan-1(4-4/17)] = 29.02° 

vfov = 2 [tan"1(3.3/17)] = 21.97° 
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APPENDIX 2 (continued) 

In digital format, the CCD area is divided into 
320 columns by 24-0 rows. The instantaneous field of view 
can be calculated by: 

ihfov = 29.02/320 = 0.09° 

ivfov = 21.97/240 = 0.09° 

The ifov in both the x and the y directions in the 
image are the same; this geometry means that each pixel 
is square. At PVNGS the video camera was flown at 274-3 m 
agl. Using this value, we find: 

Dh = 2 [2743 * tan (29.02/2)] = U19.90 m 

Dv = 2 [274-3 * tan (21.97/2)] =1064.96 m 

Dpixel = 2 [2743 * tan (0.09/2)] = 4.31 m 

To determine the number of lines displaced as a 
result of aircraft forward motion, we can compare the 
pixel size with the ground distance traveled by the 
aircraft. 

d = r x t 

The C-182 used at PVNGS flew at 145 km/hr, or 40 
m/sec. The camera images at a speed of one images each 
60th of second. Therefore : 

(40 m/sec) * 1/60 = 0.67 m 

The aircraft has moved only 67 cm between images. Each 
line has a vertical projected ground distance of 4«31 
Therefore: 

0.67 m / 4.31 m = 0.155 = 1/6 

The cumulative displacement of six sequential 
images is only one line. In this study, were were 
concerned with only three sequential images, which would 
each be displaced 1/6 of a line relative to one another. 
In digital format, it is not practical to make 
corrections of less than on line, so this minor 
displacement was not corrected. 



APPENDIX 3 

LISTING OF MAP SOURCES 
USED FOR THIS STUDY 

Maps produced by the United States Geological Survey, 
Denver, Colorado and Reston, Virginia 

1:24,000 7.5 minute series quadrangles 

Tonopah 1984- (provisional) 
Wintersburg 1984 (provisional) 
Gillespie 1984 (provisional) 
Arlington 1984 (provisional) 

Buckeye NW 1982 
Hassayampa 1971 

1:24i000 orthophoto quadrangles 

Arlington NW 1972 
Arlington SW 1972 
Arlington NE 1972 
Arlington SE 1972 

1:62,500 15 minute series quandrangle 

Arlington 1962 

1:250,000 Western United States 

Phoenix 1969 

1:500,000 State Map 

State of Arizona 1981 

Other map sources: 

APSC, 1982. Figure 2.2-2. Palo Verde Hills regional 
vegetation map. 

Foster et. al. 1984« Figure 1. Map of irrigated areas in 
the vicinity of PVNGS. 

Huete, 1987. Figure 2 and Figure 3« Map of transects. 
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