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heterogeneities between all the spectral reflectance measurements. The

coefficient of variation ianged between 4.7% to 9.7%.

TABLE (1): Descriptive statistics for the dry reflectance (%) for four
reference soils over the experimental period (16 days).

Wavelength

(micrometer) MAXIMUM MEAN MINIMUM STD. CV %
SMU:TR Tex. Class:CL ID #: 326
0.45-0.52 11.38 9.90 8.87 0.60 6.06
0.52-0.60 15.76 13.93 13.10 0.65 4.68
0.63-0.69 21.31 19.23 17.81 0.90 4.70
0.76-0.90 28.17 24.16 22.41 1.41 5.84
1.15-1.30 35.75 30.99 27.83 2.04 6.59
1.55-1.75 35.82 32.02 28.17 2.10 6.56
2.08-2.35 31.62 28.41 24.97 1.67 5.89
SMU:TR Tex. Class:SCL ID #: 407
0.45-0.52 14.78 12.53 10.67 1.16 9.25
0.52-0.60 20.90 17.77 15.29 1.56 8.75
0.63-0.69 28.84 24.97 21.97 1.92 7.71
0.76-0.90 34.52 30.70 27.46 2.03 6.61
1.15-1.30 41.23 38.13 34.80 2.01 5.27
1.55-1.75 43.12 39.52 36.21 2.17 5.48
2.08-2.35 39.71 35.76 32.44 2.29 6.41
SMU:CG Tex. Class:SL ID #: 298
0.45-0.52 15.66 13.79 11.15 1.15 8.32
0.52-0.60 21.57 19.06 15.95 1.35 7.08
0.63-0.69 29.17 25.99 22.31 1.62 6.23
0.76-0.90 35.58 31.62 .27.58 1.90 6.00
1.15-1.30 43.98 39.10 34.79 2.15 5.51
1.55-1.75 45.36 40.47 36.36 2.20 5.45
2.08-2.35 41.97 37.10 32.80 2.17 5.86
SMU: CG Tex. Class:SL ID #: 828
0.45-0.52 14.29 13.30 11.57 0.84 6.31
0.52-0.60 21.42 19.56 16.18 1.59 8.14
0.63-0.69 31.47 28.31 22.55 2.76 9.74
0.76-0.90 38.98 34.52 28.46 3.15 9.12
1.15-1.30 46.57 41.90 36.83 3.15 7.52
1.55-1.75 48.11 43.41 38.21 3.23 7.44
2.08-2.35 44.18 39.49 34.08 3.16 8.01
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Field Reflectance Measurements

Ground-based fine-earth spectral data were collected of MAC farm
with the intent of comparing it to ground-, aircraft- and satellite-based
data. Thus, two sites, one for use with SPOT data and the other for TM
data, were chosen to meet two criteria:

1) the site was large to minimize the adjacency effect.

2) the site had uniform spectral properties throughout.

A (16 x 4) pixel target was delimited at each site; the pixel sizes of the
SPOT and TM targets were 20 x 20 m and 30 x 30 m, respectively. Two
sites, as described by (Moran et al., 1987), were necessary since both
satellites follow a polar orbit 9 degrees east of north, but the on-board
detector configurations are quite ‘dissimilar. The SPOT High Resolution
Visible (HRV) dinstrument is a "push broom" scanner with 6000 detectors
arranged linearly in the cross-track direction. Thus, one "look" images
a complete 1ine on the ground in the cross-track direction while scanning
in the along-track direction. The Landsat Thematic Mapper instrument is
composed of 16 detectors arranged linearly in the along-track direction.
The TM sensor images along forward and reverse scans in the across-track
direction. The SPOT target was oriented with the long side of the
rectangle 9 degrees south of east (cross-track direction) and the TM
target was oriented 9 degrees east of north (along-track). The locations

of the target areas is shown in figure 2.
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Ground spectral data were collected using the following: 1) a
Barnes 8-band Modular Multispectral Radiometer (MMR), 2) an Exotech 4-band
Radiometer which had changeable filters similar to TM and HRV bands.
The next table 1ists the TM, HRV, and MMR collected data bands.

Table (2): Spectral bands of the TM, HRV, and MMR.

Spectrum ™ HRV MMR
Label wavelength wavelength wavelength
band # {um) band #  (um) band # (um)

Blue 1 0.45- 0.52 PAN 0.51-0.73 1 0.45- 0.52
Green 2 0.53- 0.61 1 0.50-0.59 2 0.52- 0.60
Red 3 0.62- 0.69 2 0.61-0.68 3 0.63- 0.69
Near IR 4 0.78- 0.90 3 0.79-0.89 4 0.76- 0.90
Near IR 5 1.15- 1.30
Mid IR 5 1.57- 1.78 6 1.55-1.75
Mid IR 7 2.10- 2.35 7 2.08- 2.35
Thermal 6 10.42-11.66 8 10.40-12.50

The Exotech collected data in either the first four TM bands or
the four HRV bands, depending on the filters used. The radiometers were
suspended about 2 meters above the ground using backpack-type yokes. The
operators walked along a transect intersecting the pixel center and
collected 8 or 12 readings within each pixel with each instrument. These
readings were averaged and a single reflectance factor was calculated for
each pixel based on calibrated reflectance panel measurements. The MMR
was carried along a primarily east-west route and the Exotech along a
north-south route. The entire 64 pixel area was sampled within a period

of one hour.
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Aircraft-based spectral data were collected along a route designed
to cover twelve of the largest fields in the farm, including the ground
target areas. Flights were scheduled to coincide with satellite
overpasses and ground-based data collection. The aircraft was flown at
a nominal altitude of 150 m. The airborne sensors included an Exotech
radiometer (with either the TM or HRV filters), and a color video camera.
Information of the video tapes was used to identify the ground location
and target composition of each spectral data sample. The instruments were
installed on a mount that could be positioned to provide a view normal to
the ground surface (Moran, et al., 1987). A small data logger signaled
the device to collect a sample every 2 seconds and recorded the time of
sampling to 0.0001 hr.

The reflectance panel measurements recorded by the ground
instruments during each flight were used to calculate aircraft-based
reflectance factor. This made it possible to compare the output of the
two radiometers over the calibration panel before and after the flight,
calculating a ratio of Exot-HRV voltage to Exot-TM veoltage, and
multiplying the Exot-TM panel readings by this ratio to obtain "HRV
readings" over the panel.

An apparatus to measure the Bidirectional Reflectance Distribution
Function (BRDF) was deployed in two bare soil fields (27 and 15). Over
the bare soil targets, six measurement sets were completed at
approximately (30) minute intervals from 1000h to 1300h MST. Surface

reflectance factors were measured on four dates to coincide with 3 SPOT
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and 1 TM overpass, but due to poor weather conditions and data
transmission failure, no TM scenes and only two SPOT scenes were actually
acquired. Table 3 shows the description of the satellite overpasses for

the two days of Jun 13 and 14, 1987:

Table (3): Description of the Satellite overpasses.

DOY  Sat. Sensor Time Angle™ Azimuth® Weather Condition

87164 SPOT  HRV-1 11:55 +23.0 278.9 Clear, Moderate Haze
87165 SPOT  HRV-1 11:23 -10.7 98.6 Clear, Moderate Haze

*"Azimuth" is the azimuthal location of the SPOT Satellite.

*"Angle" is the angle of orientation of the HRV.

From SPOT Digital Numbers (DN), the surface reflectance factor
values were calculated by use of a radiative transfer model and the
internal calibrator aboard SPOT1. An overview of this method is presented
in Moran et al., (1987); while Holm, (1987) presents a detailed
description of the procedure.

These authors reported that the radiative transfer model related
surface reflectances to the radiances at the top of the atmosphere using
optical depths determined for the SPOT bands from solar radiometer data.
Although the relation between surface reflectance and code radiance values

is quadratic over the full 0 to 1 range of reflectance values, over short
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ranges the relation is nearly Tinear: L = a; (°,;) + b,
where L, is the radiance in band i &t the eye of the sensor,

a;, b, are gain and offset defined by radiative transfer code, and

e ai is the surface reflectance factor (measured from aircraft).
The SPOT internal calibrator gains (c;) were retrieved from the SPOT CCT
header record (Table 4). They were used to estimate radiance at the
sensor: L = dn/c;.
Thus, it was possible to estimate the surface reflectance from SPOT dn,
using the following equation:

° ai * {(dn / C‘-) / ai} - bi (Eqn. 1).

Table (4):  SPOT internal calibrator gains” as retrieved from the header
record on the SPOT (XS) and Panchromatic (CCTs).

DOY 87164 DOY 87165
HRV1 0.862 HRV1 0.870
HRV2 0.799 HRV2 0.898
HRV3 0.893 HRV3 0.909
PAN 0.996 PAN 0.996

*These gains were performed on 5 Jan. 87 and 16 Nov. 86, for HRV-1 and HRV-
2, respectively.

In this manner, reflectance factor values (°_) were estimated from
SPOT XS and PAN digital numbers. These values, presented in Table 33, are

an average of several pixels corresponding to the TM target site in Field
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27. Reflectance factors estimated from BRDF and aircraft-based
instruments are also included in Table 33. The BRDF data (P,) were
collected at the same view angle and solar zenith angle as the SPOT
overpass. The aircraft-based data (%) were collected over the site at the

time of overpass from a nadir-looking view.

SOIL PROPERTIES MEASUREMENTS
With the expanded spectral range of new satellites it is
imperative that more precise field and laboratory assessments of spectral
reflectance of surface soil be made. This is of particular interest if
we want to predict chemical and physical properties in a quantitative
manner from reflectance measurements. The following components which have
an important influence on surface reflection of soils were examined in

this research.

Particle Size Analysis

The pipette and hydrometer procedures described by Day (1965) were
used to characterize the horizons of the 11 pedons plus an additional 20
Ap horizons. These soils were also characterized using a laser-light
scattering technique, which is a rapid analytical procedure. The
relationship between MAC soils, plus other Arizona soils as described by
Cooper et al, (1984), were used to compute the textural classification of
the 552 Ap horizon samples. Additional information about this procedure

is presented below.
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The laser Tight-scattering instrument used in this study is the
Microtrac Particle-size Analyzer Model 7991-0. Which measures particles
size by low-angle forward-scattering of laser light which has passed
through a sample cell (Wertheimer et al., 1978). The laser light is
produced by a helium neon source of 0.6 #m wavelength, and the nature of
scattering is dependent upon the ratio of particle diameter to the
wavelength of the Taser light. The relationship of particle size to the
intensity and angle of scatter of the laser light, after light-particle
interaction, is of prime importance in Microtrac theory. Light intensity
is directly proportional to the particle diameter squared, whereas the
angle of light scatter is inversely proportional to the diameter of the
particle (Jenkins and White, 1975). A photo-detector and microcomputer
convert the scattered light to numerical data describing particle-size
distribution. The concentration is displayed visually, and data we
recorded by a digital printer. A brief description of the operation and
data output of the microtrac, and some of the previous work with the
instrument, are presented in papers by Weiss and Frock (1976), and
Wertheimer et al. (1978). Haverland and Cooper (1981) and Cooper et al.

(1984) describe in greater detail the operation of the instrument.

Soil Color
In March, 1988 groups of 60 soil samples (<2mm) were placed in
small, brown envelopes and sent to 25 professional soil scientists.

Thirty five samples in each set were from MAC farm, and these data are
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included in this dissertation. Each set included the Ap horizons of the
11 pedons. Also 24 samples were selected from the 552 samples used in
this study. The 552 soil samples had been arranged in order from
brightest to darkest (highest to lowest value) and the 24 samples were
sequentially selected so that every set had a complete spectral range of
MAC soils.

The soil scientists were asked to determine both dry and moist
(wet) colors. Moist color was to be read after moistening a sample and
reading the color as soon as the visible moisture films disappeared. This
was the same "wetness" as that used when collecting the reflectance data.
These scientists were asked to read to the nearest chip and also to make
color estimates "in-between" color chips. For the value and chroma color
components this is easily done, because they numerically range from 0 to
9. For example, the nearest chip might be 10YR 4/2, but one could
indicate how it deviates by noting 10YR 4.3/1.8. For in-between estimates
of hue, each of the 7 common color book hues were assigned a numerical
notation as follows: 1- 10R, 2- 2.5YR, 3- 5YR, 4- 7.5YR, 5- 10YR, 6- 2.5Y
and 7- 5Y. A hue notation of 4.3 states that 7.5YR is the closet hue but
it is tending to the 10YR hue. Likewise, a notation of 4.8 means that the
10YR is the closest hue, but it is trending towards the 7.5YR chart.

Organic_Carbon

The colorimetric determination method (Blakemore et al., 1987) was

used to determine soil organic carbon. This method involves a wet
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oxidation of carbon by dichromate, after which the amount of reduced
chromium present is measured. A calibration was made against known
amounts of sucrose which have the same reducing power on dichromate
(measured colorimetrically) which can then be correlated to the amounts

of soil carbon.

Iron Oxides
The Dithionite-citrate method was used to extract the free ijron
(non-silicate), which includes inorganic crystalline forms (goethite and
haematite), plus the fractions extracted by pyrophosphate and acid oxalate
(organic complexes and short-range order inorganic forms). The method 1is
described in Blakemore et al., 1987. It involves an overnight shaking at
room temperature.

Calcium _Carbonate

The procedure used to characterize MAC soils involve dissolution
of the solid phase carbonates by reaction with acid. Quantitation is

achieved by the measurement of evolved CO, as described by Nelson 1982.

SUMMARY OF MAC SOILS DATA SETS AND STATISTICAL PROCEDURES

The 552 sample Ap horizons were characterized as to their
individual reflectances in the seven MMR bands. The sand, silt, and clay
of each sample was also determined. It was not feasible to characterize
all 552 samples for the other soil properties, so a subset of 110 samples
were selected. Our data showed the best correlation between texture and

reflectance was for MMR 4 under wet conditions, so the data for the 552
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soils were arranged from highest to Towest, and 110 samples selected
(every 5th sample). When all data analyses were completed, 9 samples had
some type of missing data, so we chose to work only with 101 samples.
Thus, we have data sets of 552, 101, and 11 samples which were
statistically analyzed and are presented in this dissertation.

Statistical methods used to determine the relationships of
spectral data with soil properties are presented below. The analyses
performed included determining the mean values which measure the center
or the average of the population, and the minimum, and maximum values
which give the range to measure the variability. Standard deviation to
define the data variability (scatter) around the mean to measure the
heterogeneity of the population plus the coefficient of variation was
computed to measure relative variability (Snedecor and Cochran, 1980).

Little and Hills, 1978, reported that the use of the simple linear
regression on all variables, which in this study are the spectral
measurements and soil properties, generate a Pearson’s product moment
correlation matrix. This indicates the correlation between two variables,
disregarding any other variables that are varying simultaneously. A
multiple liner regression was attempted with reflectance measurements as
dependent variables and soil properties as independent variables. One of
the assumptions required for the use of regression is that the independent
variables are linearly independent of each other; however, several of the
independent variables were highly correlated with each other which

invalidated use of the multiple linear regression (Little and Hills,
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1978). However, statistical models were developed by using the
statistical analysis system computer languages.

The fitting of multiple regression models was done by using the
computer subprogram PROC STEPWISE, which give only the most statistically
significant variables. The calibration equation for any soil property,
was based upon the selection of the best combination of the reflectance
data in seven wavelength bands (that is, giving lowest standard error of
estimate in a multiple regression analysis). A1l statistical analyses
were performed using Statistical Analysis System (SAS) package, (SAS, 1982
a,b).

The Discrimination Analysis

In problems of classifying items that may belong to one of several
classes, it is often the case that each item is characterized by a
variable Y. The actual class to which the item belongs is determined by
which of several sets contains Y. When the observation of Y is costly,
inconvenient or impossible it may be necessary or desirable to classify
an item on the basis of an observation X, correlated with Y. Then, a
procedure making optimal use (in the sense of minimizing the risk, i.e.
expected loss) of the variable X may be desired.

In order to evaluate the separability of different soil mapping
units and texture classes, the DISCRIM procedure (SAS, 1982b) was used to
develop a discriminant model that classified each observation and placed
it in the class from which it has the smallest generalized squared

distance. The DISCRIM procedure computes linear or quadratic discriminant
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functions for classifying observations into two or more groups based on
one or more numeric variables. Tables showing errors of commission and
of omission were used to determine the relative performance of the
classification results. For the soil mapping units and texture classes,
I compared the spectral classification with the soil survey ground truth
data by using the previous method.

Another way to evaluate the classes separability, was the analysis
of the soil spectral signatures. The spectral signatures are the basis
for most "separation” techniques in remote sensing. Soil reflecting
surfaces are spectrally separable if their signature curve shapes vary in
at least one wavelength region. Spectral signature analysis becomes more
important in remote sensing when we consider that we are utilizing a
limited number of wavebands to characterize a surface target. Thus,
different reflecting features may not be separable if the wavebands used
to characterize them do not correspond to the wavelength regions
responsible for their unique signatures. Means separation or T-test were
performed to determined whether the means of the spectral responses were
significantly different between the soi]imapping units and also between

the texture classes.
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CHAPTER 3
MAPPING AND CHARACTERIZATION OF THE SOILS ON THE
MARICOPA AGRICULTURAL CENTER
INTRODUCTION

Some of the information presented in this chapter is also
presented in the paper by Post et al. (1988). That paper summarized
selected characterization of the soil series, but it did not include any
reflectance data nor did it summarize the characteristics of the entire
farm. The paper by Suliman and Post (1988) discussed the relationship
between the soil spectral properties and sand, silt, and clay content for
the 552 soil samples, but it included no information on the 11 pedons nor
the specific information for the 101 samples for iron, organic carbon, and
calcium carbonate contents. This chapter presents the basic soil map data
and summarizes the spectral, physical, and chemical characteristics of MAC

soils used as the data base in this dissertation.

THE SOIL MAP OF MAC FARM

Three soil series, Casa Grande, Trix, and Shontik have been mapped

on the farm. Table 5 lists the soil map unit name and the taxonomic
classification for each soil series. Two of the mapping units are
identified as an association of two soil series, which means the soils are
geographically associated but were not mapped separately at the mapping

detail used to complete this soil survey.
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Table (5): List of soil mapping unit names and the taxonomic
classification of the soil series.

Map Unit Symbol and Name Classification of the Soil Series
[o¢] Casa Grande soils, Casa Grande - fine-loamy, mixed,
reclaimed hyperthermic Typic Natrargids
SH-CG  Shontik-Casa Grande Shontik - fine-loamy, mixed,
association, reclaimed hyperthermic Natric Camborthids
IR Trix soils, reclaimed Trix - fine-loamy, mixed

(calcareous), hyperthermic Typic
Torrifluvents
JR-CG Trix-Casa Grande

association, reclaimed

Many factors affect soil formation and ultimately the physical,
chemical, and biological properties of a soil. Two factors in particular
have greatly affected the properties of the MAC farm soils: 1- the
geologic history of these soils and 2- the agricultural development,
especially land-leveling and soil reclamation activities.

Soils of the MAC Farm have formed on a relict basin floor of
Pleistocene age, which has been partly affected by Holocene age (recent)
alluvium deposited adjacent to the Santa Cruz Wash. Water movement
through this area in the recent past was very slow and of low energy,
resulting in a depositional rather than erosional environment near the

Santa Cruz channel. Fine textured recent alluvium makes up the upper
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horizons of the Trix soil, which has been deposited on older soil
material. The Casa Grande soil has not been affected by the deposition
of recent alluvium, and it’s characteristics are different from the Trix.
Figure 5 shows an aerial photograph taken of the farm in the 1930’s prior
to agricultural development. The historic shallow, braided channels of
the Santa Cruz Wash have subsequently been channelized into one large
channel, and it now serves as a drain for irrigation tail waters as well
as carrying overland flood waters.

A1l soils on the farm were strongly saline and sodic prior to
agricultural development. Evidence of this chemical toxicity can be found
adjacent to the farm in native areas where the sodium absorption ratios
range from 20 to 40, and the electrical conductivity of the saturation
extract range from 15 to 40 deciSiemens per meter. Salinization of this
area probably occurred during early or mid-Holocene, and it appears to be
a function of a fluctuating water table present in these soils during that
time period. Although these soils have been successfully reclaimed, they
retain some residual characteristics that require continuous monitoring.
For this reason the taxonomic classification reflects this situation, but
our soil map unit names does indicate that they have been reclaimed.

Four mapping units were identified on the farm (Figure 6), and this
map may suggest that the soils are uniform in properties. This is
somewhat misleading because the soils have been significantly altered from

their original conditions through extensive land leveling operations and
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various soil reclamation treatments. The Casa Grande (CG) and Trix (TR)
mapping units are the most uniform; however the other two units are an
association of two major soils. On site investigations would be required
to determine which soil is present at a given location in these two
mapping units. We estimate that the composition of the Trix-Casa Grande
(TR-CG) association, reclaimed mapping unit is about 65% Trix soil, 25%
Casa Grande soil, and 10% inclusions of other similar soil series. The
Shontik-Casa Grande (SH-CG) association, reclaimed mapping unit is 70%
Shontik soils, 15% Casa Grande soils, and 15% inclusions of other similar
soil series. The Casa Grande soils, reclaimed and the Trix soils,
reclaimed are comprised 85 to 90% of these soils, with minor inclusions
of other similar soil series.

The texture of the surface Ap horizons on MAC farm (0-30 cm
depth) are sandy loam, sandy clay Toam, or clay lToam. Figure 7 shows the
distribution of these three classes on the farm and Figure 8 combines the
soil map and textural map of the farm on one map. The linear boundaries
are related to existing field boundaries, and abrupt changes in surface
textures have been created through the land-leveling process. The Trix
soil has either a clay loam or sandy clay loam surface,and it is higher
in organic matter and therefore darker in color than the other two soils.
The Casa Grande surface is usually a sandy loam or sandy clay loam
texture, whereas the Shontik soil has a sandy loam surface. The Shontik
soil surface is more sandy than the Casa Grande, usually having from 65-

75% (or more) sand content. Appendix B 1ists the specific sand, silt, and
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Figure (6): Soil map of the Maricopa Agricultural Center.
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clay content of the 552 samples used in the study. (Figure 3 shows the

location of each sample on the farm.)

Description of the Soil Series

A soil map does not preclude the need for site-specific
evaluations of the soil which are commonly needed on research study plots.
However, it is useful to have some general descriptive information about
the three soils mapped on the farm.

Presented below are some descriptive information about each soil,
and Table 6 summarizes selected soil characterization data for
each soil series. Only data for the major horizons and ranges are given
rather than specific numbers. If a single number is required, an average
of the two values would be an appropriate number to use.

The Casa Grande soil is a deep, well drained slowly permeable
soil formed in old alluvium. On the MAC Farm this soil typically has a
brown to reddish brown sandy Toam or sandy clay loam surface horizon from
0-30 cm deep. The subsoil horizon from 30 to 60 cm is usually a reddish
brown sandy clay loam, which increases in calcium carbonate content with
depth. Below this horizon at a depth of 60 to 100 cm is a horizon
enriched with calcium carbonate (calcic horizon), which also has a sandy
clay loam texture. The depth to the calcic horizon varies from 25 to 100
cm in depth, but commonly occurs between 50 and 80 cm in depth.

The Trix soil is a deep, well drained very slowly permeable soil

whose upper horizons are formed in fine textured recently deposited
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alluvium, which in turn overlies Casa Grande soil material. Typically
this soil has a dark brown clay loeam or sandy clay loam surface horizon
0-30 cm deep. The upper subsurface horizon ranges from 30 to 100 cm deep,
and it typically averages about 75 cm deep. It has similar
characteristics as the surface horizon (Table 6). Underlying this horizon
is Casa Grande soil material, and it has properties similar to that
described for the subsurface horizons of the Casa Grande soils.

The Shontik soil dis a deep, well drained moderately to
moderately rapid permeable soil found in sandy alluvium. It has a brown
sandy loam surface horizon 0-30 cm deep, and is usually higher in sand
content than the Casa Grande surface horizon. The subsoil horizons extend
from 30 to 100 cm or more, and are very similar to the surface horizons,
also having a sandy loam texture (Table 6). There are no enrichments of
calcium carbonate in this soil above 100 cm; however it is present at

deeper depths.



Table (6):

Summary table of soil

characterization data for the MAC Farm soils.

MAgg%hG TEXT. |Depth {Sand |Clay | Bulk ;g::] % Water-Weight Basis* Organic|CaC0; | CEC
UNIT |[CLASS cm % % Qgg§1§1 Space |-.1 Bar -.33 Bar - 15 Barj Matter{ % ™ |meq/100g
SYMBOL g/cm % %
SH SL 0- 30|65-75(10-15/1.40-1.60{ 40-47| 17-23 |14-19 | 6.6- 7.0 | .4- .6| 2- 5 8-10
SH SL 30-100|65-75|{10-15(1.40-1.60} 40-47) 17-23 |14-19 | 6.6- 7.0 | .1- .2| 4- 6 7- 9
cG SL,SCL| 0- 30|55-65(15-22(1.40-1.60{ 40-47; 16-22 |12-18 [ 7.0- 9.0 | .5- .7| 3- 5 9-13
cG SL,SCL|{30- 70|55-65(15-22|1.50-1.65| 38-43| 16-22 |12-18 | 7.0- 9.0 | .1- .3| 4-20 8-12
ca SCL 0- 30|45-55{22-27(1.45-1.55| 42-45| 18-23 |16-19 | 10 -10.5 | .8-1.2| 3- 5| 13-16
cG SCL 30-100|45-55{22-27|1.45-1.55( 42-45| 18-23 (16-19 | 10 -10.5 | .2- .4| 5-20{ 12-15
TR SCL 30-100(45-55/22-2711.45-1.55( 42-45| 18-23 |16-19 | 10 -10.5 | .6- .8| 3- 6] 15-18
TR CL 0- 30{25-45(27-40(1.40-1.55| 42-47| 21-27 |18-24 [13.5-15.5 |1.2-1.5f 2- 3| 24-27
TR CL 30- 70|25-45{27-40|1.40-1.55| 42-47| 21-27 |18-24 |13.5-15.5 | .5-1.0| 2- 3| 22-26

*Note: % Water (Weight Basis) X Relative Bulk Density = % Water on Volume Basis

%9
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CHARACTERISTICS OF MAC SOILS

Soil Properties

The results of the statistical analysis for MAC farm was performed
in Tables 7, 8 and 9 for the three sample subsets; 552, 101 and 11,
respectively. Appendices B, C, D, E and G give the raw data for these
samples. Statistical parameters were calculated for each of the selected
soil properties and spectral reflectance (%) in seven bands for two
condition, dry and wet. These parameters were the range (maximum and
minimum), mean, standard deviation, and coefficient of variation. The
mean values from tables 7 and 8, dindicated that there were a non-
significant difference due to sample size. The sand content had a very
wide range (81 to 21) comparing with silt (43 to 7) and clay (42 to 9).
The range for the dry reflectance (%) in each band is wider then that for
the wet condition. Chemical properties had the lowest standard deviation,
while the soil separates had the highest. Also, the standard deviation
for wet reflectance was Tlower than that for dry case, for each
corresponding band for 552 and 101 subsets, while for 11 subset that
description was for MMR 6 and 7 only. According to Warrick and Nielsen
(1980), for the classification of the coefficient of variation (CV%) for
soil properties, all the measured soil variables fitted in the second
class which had medium variation (10 > CV < 60%) with exception for dry
case and MMR 5, 6 and 7 for wet reflectance for 11 subset which made it

fit in first class (CV < 10%). The physical and chemical properties had



higher variation than the reflectance data.

reflectance had the Towest variation.
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On the other hand, the wet

Table (7): Descriptive statistics for the 552 samples.
VARIABLE MAXIMUM  MEAN MINIMUM STD CV%
TEXTURE_DATA (%):
SAND 81.00 50.37 21.00 14.00 27.79
SILT 43.00 24.17 7.00 6.89 28.51
CLAY 42.00 25.47 9.00 7.69 30.19
DRY REFLECTANCE (%):
MMR1 20.32 12.66 8.77 1.76 13.90
MMR2 28.23 18.00 12.30 2.45 13.61
MMR3 38.01 25.26 17.27 3.41 13.50
MMR4 44.20 31.01 21.47 3.84 12.38
MMRS 50.21 38.44 27.09 4.11 10.69
MMR6 52.14 39.79 28.22 4.26 10.71
MMR7 47.92 36.8 25.48 4.08 11.28
WET REFLECTANCE (%):
MMR1 8.91 5.17 3.70 0.84 16.25
MMR2 14.24 8.46 5.93 1.57 18.56
MMR3 22.29 13.35 9.06 2.64 19.78
MMR4 27.40 17.92 12.33 3.07 17.13
MMR5 32.35 23.68 18.13 2.88 12.16
MMR6 30.57 22.32 15.45 2.65 11.87
MMR7 22.39 15. 10.47 2.07 13.28




Table (8): Descriptive statistics for the 101 samples.

VARIABLE MAXIMUM MEAN MINIMUM STD CV%

SOIL PROPERTIES (%):

SAND 81.00 50.46  23.00 13.83  27.41
SILT 40.00 23.84  9.00 6.61  27.73
CLAY 41.00 25.70 9.0 7.75  30.16
Fe, 0, 1.27 0.92  0.57 0.18  19.57
0c 0.99 0.43  0.08 0.19  44.19
Caco, 6.70 3.90  1.27 1.12  28.72
DRY REFLECTANCE (%):

MMR1 20.25 12.64  8.94 1.85  14.64
MMR2 28.13 18.04  12.97 2.71  15.02
MMR3 37.95 25.38  18.70 3.91  15.41
MMR4 44.20 31.11  23.80 4.3 13.95
MMRS 40.21 38.58  31.02 4.82  11.46
MMRE 51.25 39.99  32.13 4.58  11.45
MMR7 46.17 36.35  28.71 4.35  11.97
WET REFLECTANCE (%):

MMR1 8.00 5.2  3.78 1.00  19.12
MMR2 13.92 8.60  5.93 1.86  21.63
MMR3 22.29 13.59  9.06 3.09  22.74
MMR4 27.40 18.20  12.65 3.57  19.62
MMRS 32.35 23.82  18.56 3.29  13.81
MMR6 30.57 22.35  17.35 2.95  13.20
MMR7 22.03 15.63  11.59 2.28  14.59




Table (9): Descriptive statistics for the 11 samples.

VARIABLE MAXIMUM MEAN MINIMUM STD Cv%

SOIL PROPERTIES (%):

SAND 72.00 56.20  29.00 16.53  29.41
SILT 42.00 24.30  18.00 8.23  33.87
CLAY 35.00 19.40  8.00 9.54  49.18
Fe, 0, 1.32 0.90  0.70 0.14  15.56
oc 0.68 0.45  0.24 0.15  33.33
DRY_REFLECTANCE (%):

MMRI 14.57 12.95  11.77 0.81 6.26
MMR2 21.25 18.64  16.77 1.26 6.76
MMR3 29.28 25.40  21.69 2.19 8.62
MMR4 34.45 29.99  25.56 2.44 8.14
MMRS 42.63 37.54  32.64 2.57 6.85
MMR6 43.96 39.00  33.93 2.57 6.59
MMR7 40.06 36.13  31.17 2.34 6.48
WET REFLECTANCE (%):

MMR1 8.50 7.11  5.75 1.09  15.33
MMR2 13.74 11.38  8.88 1.91  16.78
MMR3 19.87 16.55  12.49 2.89  17.46
MMR4 22.08 19.15  14.98 2.73  14.26
MMRS 27.12 24.82  21.59 2.11 8.50
MMR6 25.18 23.02  20.79 1.65 7.17
MMR7 18.08 15.90  13.79 1.32 8.30
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Spectral Characteristics

The spectral reflectance of soils is determined by physical and
chemical factors quite different from those of vegetation. Soil is a
complex mixture having various physical and chemical properties, including
moisture content, texture particles, iron oxide and organic carbon, which
determine the amplitude of reflectance curves. Figures 9 and 10 show the
dry and wet soil reflectance curves for the average of two fine earth data
subsets, 552 and 101, respective]y. The spectral curves are characterized
by a generally increasing level of reflectance with increasing wavelength,
throughout band one (MMR1) to band six (MMR6) then decreasing the level
to band seven (MMR7) according to the moisture content for dry case, while
for wet condition, it is decreasing the level from band 5 (MMR5) to band
7 (MMR7). Also, the wet condition reduced the reflectance levels
throughout the spectrum region (0.45 to 2.35um), to about half that of

the dry condition.



MEAN REFLECTANCE (%)

MAC SOILS

Figure (9):

0.800  1.200  1.600  2.000
WAVELENGTH (micrometer)

Spectral curves for the mean reflectance of the
552 samples under dry and wet conditions.

0L



45
40
35
30
25

MEAN REFLECTANCE (%)

MAC SOILS

DRY

0.400  0.800  1.200

1.600  2.000
WAVELENGTH (micrometer)

Figure (10): Spectral curves for the mean reflectance of the

101 samples under dry and wet conditions.

2,400

TL



72

Correlation Matrices

The coefficient of correlation among the selected soil properties
and among the spectral bands for the three sample subsets 552, 101 and 11
Ap surface samples are listed in tables 10 and 11.

Highly significant correlation coefficients were observed among the
soil separates ranging from .75 to .97 in all three sample sizes. Sand
had the higher correlation (-.93 to -.97) with both silt and clay. Clay
is correlated with silt at a lower level (.75 to .86). Organic carbon is
more highly correlated with all soil variable for 11 than that for 101
samples; but, it was significantly correlated with the soil separates for
both cases. Non significant correlation were observed between OC and
Fe,0;. Iron oxide was more highly correlated with soil separates for 101
than that for the 11 samples, however. It was significant for 101 sample
size only. Calcium carbonate had a very poor correlation with all soil

variables (.03 to .13).



Table (10): The correlation matrices for the studied soil properties for three data subsets (552, 101

and 11).

Soil Variables For 552 Samples For 101 Samples

Sand % Siit % Clay % Sand % Silt % Clay % Fe20§% 0oC % CaCO3
Sand % 1.00 -0.96" -0.96, 1.00 -0.96 -0.97, -0.72, -0.26.. -0.03
Silt % 1.00 0.84 1.00 0.86 0.69, 0.23,, 0.04
Clay % 1.00 1.00 0.70 0.27 0.02
Iron Oxide % 1.00 0.16 0.08
Organic Carbon % 1.00 0.13
Calcium Carbonate % 1.00

For 11 Samples
Sand % Silt % Clay % Fe 0% OC %

Sand % 1.00 -0.93° -0.94, -0.50  -0.95,
Silt % 1.00 0.75 0.51 0.83,
Clay 1.00 0.43 0.93
Iron Oxide % 1.00 0.41
Organic Carbon % 1.00

*
significant at SL = 0.01
significant at SL = 0.05

€L
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Correlation Among Spectral Bands

Table 11 presents a correlation matrix to show the relationship

among the soil spectral responses in the seven MMR spectral bands for the
three data subsets. Highly significant correlations were observed among
the spectral bands under dry and wet conditions. For dry condition the
0.45-0.52 band had a poorer correlation with the other bands, especially
with the 2.08-2.35um band. For wet condition, MMR6 (1.55-1.75) and MMR7
had the Towest correlation levels with others. In addition to that band
seven had the lower level than band six overall the spectral bands. That
may be due to the difference of the air-dry moisture content of the
samples and to the water sensitivity of these two bands. For all cases,

the lowest correlation level was exhibited between MMR1 and MMR7.



Table (11): The correlation matrices among the spectral bands for three data subsets (552, 101 and 11)

for dry and wet conditions.

Dry Condition

For 552 Samples

Wet Condition

wavelength
(um) MMR1 MMR2 MMR3 MMR4 MMRS MMR6 MMR7 MMRI MMR2 MMR3 MMR4 MMR5 MMR6 MMR7
.45- .52 1.00 0.97 0.89 0.87 0.87 0.85 0.83 1.00 0.99 0.97 0.96 0.92 0.82 0.76
.52- .60 1.00 0.97 0.96 0.95 0.93 0.92 1.00 0.99 0.99 0.95 0.8 0.80
.63- .69 1.00 0.99 0.97 0.96 0.95 1.00 0.99 0.96 0.88 0.81
.76- .90 1.00 0.98 0.97 0.97 1.00 0.96 0.88 0.82
1.15-1.30 1.00 0.99 0.99 1.00 0.97 0.91
1.55-1.75 1.00 0.99 1.00 0.97
2.08-2.35 1.00 1.00

For 101 Samples
Dry Condition Wet Condition

wavelength
(vm) MMR1I MMR2 MMR3 MMR4 MMR5 MMR6 MMR7 MMRI MMR2 MMR3 MMR4 MMR5 MMR6 MMR7
.45- .52 1.00 0.98 0.92 0.90 0.89 0.87 0.86 1.00 0.99 0.98 0.98 0.95 0.8 0.79
.52- .60 1.00 0.98 0.97 0.95 0.94 0.93 1.00 1.00 0.99 0.96 0.87 0.80
.63- .69 1.00 1.00 0.97 0.96 0.96 1.00 1.00 0.96 0.88 0.81
.76- .90 1.00 0.98 0.98 0.97 1.00 0.97 0.89 0.82
1.15-1.30 1.00 1.00 0.99 1.00 0.97 0.91
1.55-1.75 1.00 1.00 1.00 0.98
2.08-2.35 1.00 1.00

Sl



Table 11. - continued

Dry Condition”

wavelength
(um) MMRI MMR2 MMR3 MMR4 MMRS MMR6 MMR7  MMRL
.45- .52 1.00 0.79 0.48™ 0.45™ 0.51™ 0,53 .48
.52- .60 1.00 0.92 0.89 0.81 0.83 0.80
.63- .69 1.00 0.99 0.88 0.88 0.86
.76- .90 1.00 0.93 0.93 0.92
1.15-1.30 1.00 1.00 0.98
1.55-1.75 1.00 0.99
2.08-2.35 1.00

For 11 Samples

Wet Condition*

MMR2 MMR3 MMR4  MMRS MMR6 MMR7

1.00 0.99 0.97 0.95
1.00 0.99 0.98

1.00 1.0C

1.00

0.91
0.94
0.96
0.98
1.00

0.80
0.85
0.89
0.91
0.95
1.00

oCOoOWoO Nn:“w\'#

_—_0OO00000
L] . . . . . .
OWSI~NNOY OO

*significant at 0.001 level

**significant at 0.05 level

psnon—sigm’ficant

9L
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CHAPTER 4
SPECTRAL SEPARATION OF THE SOIL MAPPING UNITS AND TEXTURE CLASSES
INTRODUCTION

Soil mapping has been practiced by soil scientists for many years
using various tools to assist in determining the distribution of soil
patterns. Remotely sensed data in the form of black and white aerial
photographs were first used to prepare base maps for a soil survey in
Jennings County, Indiana in 1929, and by 1938 most soil surveys in the
United States used air photos.

Launching of the Landsat Satellites in the early 1970s provided
soil scientists with a new tool to aid in the study of soil survey
(Harrison, 1980). Multispectral scanning data analysis is a valuable tool
for delineating and quantifying differences between soils (Kornblau, 1979;
Myers, 1975; Wong et al., 1977; White, 1977). The importance of the Earth
Resources Technology Satellite, now known as Landsat, also provide imagery
to use for soil survey. Westin and Frazee (1976) have investigated
landsat imagery characteristics and realized its uniqueness for providing
a synoptic view of an area. About 3.4 million hectares of soil and
vegetation information is recorded almost at the same moment, and
repetitive coverage is provided every eighteen days. Multispectral
information about ground features is collected in a digital format, and
this quantitative data is available on computer compatible tapes. It is

a well known fact that surface features provide clues to many soil



78
properties. It is these clues, many of them quite subtle and obscure,
that are searched for and used for drawing soil boundaries.

Soil properties are indicative of the soils productivity. Myers
(1983) reported a high correlation between soil productivity and land
capability classes, which of course is related to soil properties.
Inference techniques applied to remote sensing of engineering soil uses
were discussed by Redfield and Thom (1980). They concluded that there is
potential for making quantitative inferences about the distribution of
soil types, moisture, drainage pattern and soil compactness from Tandform
associations. Soil and environmental factors that may affect spectral
soil mapping include soil texture, soil color differences, and in surface
roughness (Kristof and Zachary, 1974). These soil properties that most
affect spectral reflectance of soils are: surface structure (roughness
and crusting), surface moisture which plays an important role in spectral
response of soils, soil erosion and organic matter, iron and clay content
of the top soil. Soil color is also important; however it is a function
of the previously mentioned soil properties. Soil mapping using remotely
sensed data ranges in degree of detail from high order (small scale) to
more detailed surveying work, depending on available data and type of data
acquisition techniques.

Landgrebe (1973) reported that a great deal of soil information
can be extracted from satellite data by computer analysis and/or computer
enhancement of the data. Weismiller et al. (1977), noted that digital

analysis can distinguish surface tones and provide information concerning
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related features such as soil moisture and organic matter contents,
general surface textures, and produce quantitative indications of mapping
unit homogeneity. Complex associations of two (or more) soils could be
studied and separated in greater detail using surface soil measurement of
reflectance (Kristof, 1971). Kristof (1971) added that while a spectral
classification of soils can not by itself distinguish between soils
exhibiting similar spectral responses, it can aid in identifying
meaningful division between soils.

Spectral signature of soils are commonly used to differentiate
soil classes, particularly for computer aided image classification for
soil mapping (Hinzel et al, 1980). Kornblau and Cipra (1983) found that
computer pattern-recognition techniques applied to Landsat MSS data under
range vegetation for one date agreed with soil survey information
developed by conventional means 47% of the time. However, as the
vegetation cover increased, the percentage correct classification by soil
mapping unit decreased (Thompson and Henderson, 1984). Thompson et al.
1983 further reported that a maximum overall classification accuracy of
42% at the soil family level and 58% accuracy at the suborder level of
soil classification occurred by using Landsat MSS. Kristof and
Baumgardner, 1975, reported that Landsat satellite data was found to have
46.5% agreement with field collected information at the soil series level.
They also reported that satellite computer classified maps differentiated
some soil boundaries more accurately using satellite data than using only

standard field mapping methods. Bands in the 0.58 to 0.62 ym, 1.5 to 1.8
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um, and 2.0 to 2.6 ¥m were found to be optimal for classification of soil
and vegetation patterns.

Weismiller et al. (1977) produced a soil inventory from digital
analysis of Landsat data with 30 spectrally separable classes. With the
use of ancillary data and spectral classes, they were able to describe 14
soil subgroups, 7 soil families, and 18 soil series. Kristof and Zachary
(1974) concluded that the best identification and discrimination of soil
series resulted when the variation within a soil series is less than that
between them. Westin and Lemme (1978), being more specific in an attempt
to identify soil associations, reached 75% overall accuracy of
classification, and as soils of associations become shallower with less
vegetation, percent of correct classification increased to 85%. Titriku
(1980) described a visual quantitative comparison between Landsat- and
aerial photograph-derived maps and 70% of land types agreed with each
other. In a computer assisted supervised classification of digital aerial
photos, Mace (1980) concluded that soil series were delineated more
accurately in bare soil areas than the Soil Conservation Service detailed
maps. Similarly, Westin and Frazee (1976) were able to delineate more
soil areas from Landsat imagery than the soil survey map available for the
area.

The use of ancillary data has also been used to improve soil
mapping accuracy. Ancillary data includes of a wide range of information
sources, such as aerial photographs, different kinds of maps, and a

general knowledge of the surveyed area. Weismiller et al. (1977) combined
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digitized topographic boundaries with MSS data and delineated more
meaningful divisions of soils. This technique was effective in increasing
the content of 14 spectral classes to describe soil subgroups, soil
families, and provided possibility of correlating soil series and spectral
classes. Similarly, Imhoff et al. (1980) used geologic maps and
topographic quadrangles to aid them 1in recognizing homogeneous
physiographic positions.

Wong et al. (1977) used quantitative terrain factors such as
slope, local relief... etc., along with automated remotely sensed data as
an aid in classifying soils. They found that, at 95% C.L., any two soil
association areas can be discriminated by at least one terrain factor.
Gross (1982) linked ancillary cartographic information with image data,
and he reported that this method would extend the analysis capabilities
of the analyzer and prove itself useful in saving time and be more cost-
effective.

This leads me to the objective of this chapter, which is to
determine whether characteristic spectral data can be used to identify
different mapping units and texture classes on the MAC Farm. Spectral
signature curves for the soil mapping units and texture classes have been
prepared, and various statistical analyses were used to determine if there

are significant differences.



82
MAPPING UNITS AND TEXTURE CLASSES CHARACTERIZATIONS

Spectral reflectance varies among different soil types and has
been shown to be affected by many soil properties. We know that soil
spectral responses result from the cumulative effects of the heterogeneous
combination of mineral, organic and fluid matter constituting the soil.
The descriptive information for four soil mapping units and three texture
classes is presented in this chapter to illustrate some of the important
soil differences among the MAC Farm soil groupings. A series of tables
present the basic data about the soil properties, and this is then related
to the soil’s spectral characteristics.

There are four soil mapping units identifed on the farm, and each
mapping unit has three surface texture classes: sandy loam, sand clay
loam, and clay loam, except the Shontik-Casa Grande unit which has only
two texture classes, a sandy loam and sandy clay loam. These surface
texture classes have different relative proportions in each mapping unit
as given in Appendix B. The average of the soil variables in each unit
are shown in tables 12 and 13 for the 552 and 101 subsets.

The soils of the Trix mapping unit has the highest values for
iron oxide (1.03%), organic carbon (0.44%), and clay content (29.40 and
34.1%). This unit also has the lowest value for sand content (41.9 to
41.5%). The Trix soil series tends to be the darkest in color but overall
the clay loam texture class in the darkest.

On the other hand, the Shontik-Casa Grande soil mapping unit and

particularly the Shontik soil series has the opposite contents from Trix.
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They have the lowest average values for iron oxide (0.73%), organic carbon
(0.39%) and clay content (15.8 to 14.3%). Also, it has the highest value
for the sand content (69.2 to 71.3%). Overall this soil mapping unit has
the brightest color. The color order arrangement for the soils of soil
mapping units going from the darkest to the brightest are: 1- Trix, 2-
Trix-Casa Grande, 3- Casa Grande, 4- Shontik-Casa Grande (Table 15). The
order arrangement for the soil texture classes going from darkest to
brightest are 1- clay loam, 2- sandy clay Toam, and 3- sandy loam (Tables
16 and 17).

Table (12): Average texture data of the soil mapping unit and their
texture classes using 552 samples.

MAPPING TEXTURE SAMPLE % SAND %SILT % CLAY

UNIT CLASSES SIZE

CG 232 54.6 22.0 23.4
CG SL 92 66.0 17.3 16.7
CG SCL 87 52.7 22.6 24.7
CG CL 53 37.9 28.9 33.2

SH-CG 39 69.2 15.8 15.0
SH-CG SL 36 70.3 15.3 14.4
SH.-CG SCL 3 55.0 22.7 22.3

TR 171 41.9 28.7 29.4
TR SL 14 64.4 18.8 16.8
TR SCL 57 51.2 24.7 24.2
TR CL 100 33.5 32.4 34.1

TR-CG 110 47.9 24.8 27.3
TR-CG SL 11 67.9 15.8 16.3
TR-CG SCL 54 43.2 22.1 24.7
TR-CG CL 45 36.6 30.1 33.3
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Table (13): Average soils physical and chemical properties for the mapping
units and their texture classes using 101 samples.

Mapping Texture Sample Sand Silt Clay Fe303 oC CaCo,
Unit Classes Size % % % 7% % %
CG 40 54,18 22.15 23.68 0.87 0.44 4.04

CG SL i3 66.31 17.00 16.69 0.80 0.32 4.08
CG SCL 17 52.06 22.82 25.12 0.87 0.45 3.98
CG CL 10 42.00 27.70 30.30 0.96 0.58 4.09
SH-CG 10 71.30 14.40 14.30 0.73 0.39 3.69
SH-CG SL 10 71.30 14.40 14.30 0.73 0.39 3.69
TR 33 41.55 28.00 30.46 1.03 0.44 3.83
TR SL 3 68.00 16.33 15.67 0.67 0.44 3.10
TR SCL 8 49.63 25.75 24.63 1.02 0.46 4.11
TR CL 22 35.00 30.41 34.59 1.08 0.43 3.82
TR-CG 18 46.94 25.22 27.83 0.95 0.40 3.82
TR-CG SL 2 64.00 18.00 18.00 0.75 0.48 5.10
TR-CG SCL 9 51.56 22.56 25.89 0.97 0.27 3.78
TR-CG CL 7 36.14 30.71 33.14 0.98 0.55 3.52

Spectral Signature Curves

The most common method of displaying the spectral response of
various soil type is simply a plot of mean percent reflectance vs.
wavelength bands. This is known as a "spectral signature curve". The
spectral curves from sample size 552 and 101 Ap surface samples were
grouped into seven spectral signature curves for each sample size, four
for soil mapping units and three for texture classes. Graphs of the
average reflectance (%) data versus wavelength bands for the soil mapping
units and for texture classes under dry and wet conditions are given in

figures 11 through 16.
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Table (14): The mean reflectance (%) of the soil mapping unit and their
texture classes by using 552 sample under dry and wet
conditions.

GROUP  TEXTURE SAMPLE MMR1 MMR2 MMR3 MMR4 MMRS MMR6  MMR7
NAME CLASSES  SIZE (%) (%) (%) (%) (%) (%) (%)

DRY CONDITION

cq 232 12.70 18.30 25.99 31.88 39.29 40.70 36.99
(1.59) (1.18) (2.97) (3.31) (3.57) (3.70) (3.55)

CG SL 92 12.80 18.70 26.82 32.83 40.13 41.62° 37.96

(1.67) (2.29) (3.09) (3.37) (3.54) (3.60) (3.41)

CG SCL 87 12.57 18.05 25.60 31.54 39.09 40.52 36.78

(1.62) (2.10) (2.80) (3.10) (3.40) (3.60) (3.40)

CG CL 53 12.71 18.01 25.17 30.80 38.13 39.38 35.66

(1.37) (1.95) (2.73) (3.11) (3.51) (3.69) (3.51)

SH-CG SL 36 12.98° 19.30° 28.05 34.17 40.94 42.58 39.02
SH-CG SCL 3 12.01 18.10 26.70 32.74 39.62 41.33 38.16

TR SL 14 14.13° 19.99  27.64 33.43 40.87 42.37 38.81
TR SCL 57 13.33 18.52 25.38 31.04 38.60 39.77 36.19
TR CL 100 12.35 17.17 23.59 29.05 36.56 37.88 34.44

TR-CG SL 11 13.41 19.27° 27.23 33.36 41.17 42.47 38.42
TR-CG SCL 54 12.12° 17.02° 23.72° 29.37 36.93 38.14 34.47
TR-CG CL 45 12.07 16.86 23.35 28.86 36.34 37.50 34.08
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Table (14): - continued: The mean reflectance (%) of the soil mapping

unit and their texture classes by using 552

sample under dry and wet conditions.

GROUP
NAME

TEXTURE
CLASSES

SAMPLE MMR1
SIZE (%)

MMR2
(%)

MMR3
(%)

MMR4
(%)

MMR5
(%)

MMR6
(%)

MMR7
(%)

ca

CG SL
€6 SCL
CG CL

232

WET CONDITION

.41
.72)
.83
.73)
.30
.53)
.88

8.
(1.

9.81
(1.
77
.95)
.94

99
30)

26)

14,
(2.
15.
(2.
13.

(1.
12.

32
14)
70

95

SH-CG SL
SH-CG SCL

TR SL
TR SCL
TR CL

TR-CG SL
TR-CG SCL
TR-CG CL

.14) (2.

.20) (2.
46" 20.
47) (1.
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Table (15): The mean refiectance (%) of each soil mapping unit from 101
samples under dry and wet conditions.

SAMPLE
SMU SIZE MMR1 MMR2 MMR3 MMR4 MMR5 MMR6 MMR?
DRY CONDITION

cG 40 12.07 18.62 26.43 32.40 40.01 41.51 37.79
(1.30) (1.81) (2.56) (2.82) (2.88) (2.97) (2.85)
SH-CG 10 14.16° 20.87 29.93 35.91° 42.23° 43.68 39.88
(2.78) (3.82) (5.07) (5.25) (4.88) (4.74) (4.17)
R 33 12.18° 17.08° 23.63 29.07 36.51 37.88° 34.40
(1.55) (2.28) (3.30) (3.82) (4.15) (4.40) (4.30)
TR-CG 18 12.08° 16.98° 23.69 29.33  37.16 38.44 34.74

(2.10) (2.80) (3.71) (4.23) (4.87) (5.03) (4.72)

WET CONDITION

cG 40 5.48  9.10 14.45 19.19 24.71 23.06 16.12
(0.79) (1.40) (2.26) (2.61) (2.10) (1.99) (1.69)
SH-CG 10 6.41 11.04 17.79 22.70° 27.55 25.33 17.53

(i.13) (2.09) (3.43) (3.90) (3.59) (3.17) (2.28)

R 33 78" '7.60 11.89 16.25 21.99 20.92 14.77
(0.86) (1.55) (2.55) (3.10) (3.22) (2.98) (2.37)
TR-CG 18 4.92° 7.93 12.45 17.06 23.11 21.76 15.06

(0.80) (1.40) (2.29) (2.82) (2.83) (2.78) (2.28)

The soil’s dry reflectance increased continuously from 0.45 to
0.52 pm to 1.55 to 1.75 um where it reached a maximum before sharply
declining in 2.08 to 2.36 um band. Reflectance for wet condition was
generally half that of the dry condition. These results agree with the
Titerature which indicates that moisture and roughness reduce overall soil
brightness, but do not alter soil spectral curve shapes. This supports
the "soil line" theory of one-dimensional soil spectral variance. If
there are only "brightness" variations then one could spectrally
distinguish between different conditions for the same soil. On the other
hand, one could not spectrally distinguish among dry, wet, rough and

smooth conditions for different soils.
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The soils of each soil mapping unit and texture classes were
distinguishable from one another under each conditions, dry and wet, for
both sample sizes. The spectral measurements of soil groups sorted by
color showed that dark colored (highest in clay and OC) groups have a
Tower reflectance than light soils (highest in sand and Towest in 0OC)
especially under wet condition. Therefore, for soil mapping units, TR
soil has Towest reflectance and SH-CG has the highest in wet condition for
552 sand under both conditions for 101 while in the dry condition for 552,
TR-CG has the lowest reflectance. The other two mapping units contain
soils that Tie in between. On the other hand, for the texture classes,
CL has the Towest Tevel while SL has the highest in both conditions, dry
and wet for both subsets. The SCL texture class lies in between. The
physical and chemical properties have a great influence on spectral
reflection. Results in this research show that the spectral analyses is
a valuable tool for delineating and quantifying differences between soils.
These spectral characteristics are not static, but can vary with time as

the agriculture and reclamation processes proposed on these soils change.
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Table (16): The mean reflectance (%) of each texture class from 552

samples.
TEX. SIZE MMR1 MMR2 MMR3 MMR4 MMR5 MMR6 MMR7
DRY_CONDITION
SL 153 13.01 19.00 27.22 33.23. 40.46 41.98 38.32
(1.83) (2.52) (3.40) (3.67) (3.80) (3.85) (3.64)
SCL 201 12.66 17.91 25.05 30.83 38.38 39.68 36.01
(1.76) (2.32) (3.07) (3.45) (3.85) (4.01) (3.86)
CL 198 12.38 17.33 23.96 29.47 36.93 38.22 34.68

(1.64) (2.25) (3.05) (3.51) (3.94) (4.07) (3.90)

WET CONDITION

sL 153 5.94 10.02 16.04 20.97 26.41 24.74 17.43
(0.84) (1.49) (2.39) (2.70) (2.34) (2.25) (1.93)
scL 201 5.06 8.22° 12.96 17.52 23.36 21.97 15.27
(0.63) (1.15) (1.94) (2.37) (2.35) (2.21) (1.78)
cL 198 4.69° 7.51 11.68 15.96 21.88 20.79 14.49

(0.57) (1.00) (1.62) (1.92) (2.05) (1.95) (1.41)

Table (17): The mean reflectance (%) of each texture class from 101
samples.

TEX. SIZE MMR1 MMR2 MMR3 MMR4 MMR5 MMR6 MMR?

DRY CONDITION

sL 28 13.88 20.37 29.23 35.38 42.52 44.11 40.30
(1.40) (1.95) (2.68) (3.12) (3.36) (3.55) (3.52)
scL 34 12.23° 17.40° 24.47 30.26 38.05 39.39 35.69
(1.66) (2.17) (2.88) (3.28) (3.77) (3.89) (3.66)
cL 39 12.11 16.94 23.39 28.79 36.22 37.56 34.08

(2.01) (2.75) (3.66) (3.81) (3.64) (3.62) (3.25)

WET CONDITION

sL 28 6.33 10.72 17.16 22.19 27.31 25.37 17.84
(0.54) (0.95) (1.56) (1.92) (2.02) (1.94) (1.56)
SCL 34 5.06 8.27 13.04 17.69° 23.41 21.80 15.07
(0.59) (1.06) (1.72) (2.11) (2.14) (1.99) (1.58)
cL 39 4.59° 7.35 11.50 15.77 21.66 20.67 14.53

(0.96) (1.73) (2.82) (3.24) (2.90) (2.77) (2.29)
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Mean Separation

T-tests were performed to determine whether the spectral means
for each of the spectral bands for the soil mapping units and the texture
classes were significantly different. I made separation calculations for
physical and/or chemical properties under dry and wet conditions. This
was completed using two sample sizes, 552 and 101. Results of the LSD
tests, as shown in tables 18 and 19, revealed that there were significant
differences, at the 95% confidence level, in sand, silt, and clay contents
between the soil mapping units for the 552 sample size. But for 101, for
sand and calcium carbonate content, there were a significant differences
between CG, TR, and TR-CG but there was no difference between SH-=CG with
either CG or TR. For silt and clay, there was a significant difference
between CG and the other mapping units, but there were no difference
between the SH-CG, TR, and TR-CG mapping units. For iron oxide, there was
a significant difference between CG and TR-CG, but no difference between
SH-CG and CG or TR.

With organic carbon there was a significant difference between
the 1ight colored soils (CG and SH-CG) and the dark colored soils (TR-CG
and TR). There were no differences within each colored group. For the
spectral responses, there were significant differences between CG, TR, and
TR-CG and the OC content. However, there was no difference between SH-CG
and CG for 552 sample size and between SH-CG and either CG or TR for 101

sample size (with some exception in few cases).
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For texture classes, there were significant differences among

them in all cases for 552 sample size with exception in the spectral
response in band 1 under dry and wet condition. On the other hand, there
were significant differences among them 1in physical and chemical
properties for 101 sample size (except that there was no difference in the
organic carbon between SCL and CL). But for the spectral responses, there
were significant differences among them for band 4 and 5 under wet

condition. Otherwise, there were no differences between SL and SCL.
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Table (18): Least Significant Difference (LSD)° for soil mapping units
and texture classes for 552 samples.

Soil Variable Soil Mapping Units Texture Classes
CG SH-CG TR TR-CG SL SCL CL
SAND a b c d; r st
SILT a b c d* r S t,,
CLAY a b c d r 3 t

DRY REFLECTANCE

MMR1 a ab b c. r r s)
MMR2 a ab b c, r [ t,,
MMR3 a a b c,. r s t,
MMR4 a a b c,, r S t,,
MMR5 a a b c,, r s t,
MMR6 a a b c,, r s t,
MMR7 a a b c r S t
WET REFLECTANCE

MMR1 a a b c:: r r s::
MMR2 a a b c,, r 13 t,
MMR3 a a b c,, r [ t,
MMR4 a a b c, r S t,,
MMR5 a a b c, r [ t.,
MMR6 a a b c, r S t,,
MMR7 a a b c r S t

°Means with same letter(s) are non-significant at level noted for that
parameter (The degree of freedom (DF) for SMU = 448 and Tex. Classes =
449) .

*confidence level 0.05.

**confidence level 0.01.
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Table (19): Least Significant Difference (LSD)° for soil mapping units
and texture classes for 101 samples.

Soil Variable Soil Mapping Units Texture Classes
CG SH-CG TR TR-CG SL SCL cL
SAND a ab b . r s "
SILT a b b b** r S t,,
CLAY a b b b, r S t,
Iron Oxide a ab bc c, r S t,,
Organic Carbon a a b b, r S S,,
Calcium Carbonate a ab b c r S t
DRY REFLECTANCE
MMR1 a a a b; r r st
MMR2 a ab b c,, r r S,,
MMR3 a ab b c,, r r S,,
MMR4 a a b c,, r r S,
MMRS a ab bc c,, r r s,
MMR6 a a b b, r r S,.
MMR7 a a b b r r S
WET REFLECTANCE
MMR1 a ab b c, r roos.
MMR2 a ab b c, r r S,.
MMR3 a a b c,, r r S,
MMR4 a ab b c,, r S t,
MMR5 a ab b c,, r s t,
MMR6 a ab b c,, r r S,
MMR7 a ab b c r r S

°Means with same Tetter(s) are non-significant at 1level noted for
parameter (The degree of freedom (DF) for SMU = 95 and Tex. classes = 96).

*confidence level 0.05.

**confidence level 0.01.
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Discrimination Analysis

The discrimination functions were employed to compare the ability
of the spectral data under dry and wet conditions in differentiating among
the soil mapping units and among the texture classes. This procedure uses
the spectral curves for all samples in a given soil mapping unit or soil
textural class and calculates the discrimination function for the data
sets. The discrimination functions were performed for the two sample
sizes, 552 and 101. The classification criterion is based on either the
individual within group covariance matrix or the pooled covariance matrix,
taking into account the prior probabilities of the groups. Tables 20
throughout 23 give the corrected classification percent ages for the
reflectance data for soil mapping units and texture classes, under dry and
wet conditions, respectively. For soil mapping units, the ability for the
corrected classification percents increases with decrease sample size or
with wet condition (in the same sample size) for SH-CG for 552 subset and
for TR-CG (association mapping units, for 101 subset).

That ability increases with increases sample size or with dry
condition (in the same sample size) for CG and for TR. TR soils had the
highest corrected percent for 552 sample size (76.61 to 77.19), and SH-CG
(81.82%) for 101 sample size. On the other hand, TR-CG had the lowest in
both size 552 and 101.
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Table (20): The corrected classification percents of the soil mapping
units by discriminant analysis of reflectance data from 552

samples.
DRY CONDITION
From SMU CG SH-CG 1R TR-CG TOTAL
CG 74.57 5.60 16.81 3.02 100
SH-CG 35.90 56.41 7.69 0.00 100
TR 15.20 2.34 77.19 5.26 100
TR-CG 31.82 0.00 51.82 16.36 110
TOTAL (%) 552(100)
WET CONDITION
From SMU CG SH-CG TR TR-CG TOTAL
CG 72.84 6.47 13.79 6.90 100
SH-CG 30.77 66.67 2.56 0.00 100
TR 14.62 0.58 76.61 8.19 100
TR-CG 29.09 0.00 56.36 14.55 110
TOTAL (%) 552(100)

Table (21): The corrected classification percents of the soil mapping
units by discriminant analysis of reflectance data from 101

samples.
DRY CONDITION
From SMU CG SH-CG TR TR-CG TOTAL
cG 73.33 4.44 13.33 8.89 100
SH-CG 9.09 81.82 9.09 0.00 100
TR 19.44 2.78 75.00 2.78 100
TR-CG 27.78 0.00 44 .44 27.78 100
TOTAL (%) 101(100)
WET CONDITION
From SMU CG SH-CG TR TR-CG TOTAL
cG 66.67 6.67 13.33 13.33 100
SH-CG 9.09 81.82 9.09 0.00 100
TR 19.44 0.00 75.00 5.56 100
TR-CG 27.78 0.00 38.89 33.33 100

TOTAL (%) 101(100)
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For texture classes, as shown in Tables 22 and 23, the percentage

of a correct classification increases, when the sample size decreases in
both dry and wet conditions. For 552 sample size, the wet condition
improves the ability to correctly classify all three texture classes. In
the 101 sample size, an improved classification happened in SCL only, but
for SL and CL it gave the same percents under both conditions for each of
them. Sand Toam soils had the highest corrected percent and SCL had the

lowest in both sample sizes.



105

Table (22): The corrected classification percents of the texture classes
by discriminant analysis of reflectance data from 552 samples.

DRY CONDITION

From Tex. class __ CLAY-LOAM  SANDY-CLAY-LOAM SANDY - LOAM TOTAL
CLAY-LOAM 65.15 28.28 6.57 100
SANDY-CLAY - LOAM 39.80 45.27 14.93 100
SANDY-LOAM 9.80 21.57 68.63 100
TOTAL % 552(100)
WET CONDITION
From Tex. class  CLAY-LOAM __ SANDY-CLAY-LOAM SANDY-LOAM TOTAL
CLAY-LOAM 68.18 27.78 4.04 100
SANDY-CLAY-LOAM 34.83 53.73 11.44 100
SANDY - LOAM 6.54 23.53 69.93 100
TOTAL % 552(100)

Table (23): The corrected classification percents of the texture classes
by discriminant analysis of reflectance data from 101 samples.

DRY CONDITION

From Tex. class CLAY-LOAM SANDY-CLAY-1 0AM SANDY -LOAM TOTAL
CLAY-LOAM 76.19 14.29 9.52 100
SANDY-CLAY-LOAM 34.29 60.00 5.71 100
SANDY - LOAM 6.06 9.09 84.85 100
TOTAL % 101(100)
WET CONDITION
From Tex. class CLAY-LOAM SANDY-CLAY-L0AM SANDY -1 OAM TOTAL
CLAY-LOAM 76.19 16.67 7.14 100
SANDY-CLAY-LOAM 28.57 62.86 8.57 100
SANDY - LOAM 6.06 9.09 84.85 100
TOTAL % 101(100)
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CHAPTER 5

RELATIONSHIP OF SPECTRAL REFLECTANCE WITH SOME
SELECTED SOIL PROPERTIES

INTRODUCTION

Soils are an integral component of vegetation communities. They
form a structured matrix of minerals and organic matter which anchors and
physically supports vegetation while serving as a reservoir of plant
nutrients and moisture.

Soils are a combination of both inorganic and organic
constituents. The inorganic soil fraction differs 1in chemical
composition, particle size, and physical properties. The organics, which
include both 1living organisms and nonliving organic materials, further
alter the soil’s chemical and physical properties. Soil reflectance
properties result from cumulative effects of the heterogeneous combination
of mineral, organic and fluid matter constituting the soil.

One goal of past research has been to establish whether physical
and chemical soil properties could be determined from spectral
measurements in lieu of the conventional physical and chemical analysis.
A number of authors have found a partial relationships between spectral
data and physical and chemical properties of soil samples (Beck et al.,
1976; Montgomery et al., 1976; and Gerbermann and Meher, 1979). Such
relationships are complex and in some cases restricted to certain
concentration levels of elements. Some authors such as Beck et al, 1976

and Montgomery et al, 1976 suggest that a number of soils probably form
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characteristic spectral reflection curves and that soils from different
climatic regions should be analyzed separately.

A laboratory study conducted by Stoner and Baumgardner (1980),
using a spectroradiometer, measured spectral reflectance of 485 surface
soil samples from the U.S. and Brazil. Five distinct soil spectral
reflectance curve forms were identified according to curve shape and
presence or absence of absorption bands. These curve forms were
distinguished as having in common certain differentiating characteristics
pertaining mainly to the organic matter and iron oxide content of the
soils. Curve form characterization included such categories as organic-
dominated, iron-affected, and organic-affected (Stoner and Baumgardner,
1981). These researchers concluded that the spectral reflectance curve
form of a soil is related to its organic matter and iron oxide content.

Recently, researchers have investigated relationships between
soil properties and multispectral data from aircraft and spacecraft,
including the Landsat satellites launched in 1972, 1975, and 1978. Also,
recent research has shown that laboratory spectro-radiometric measurements
of soil can be used to characterize soil reflectance in terms that are
meaningful to soil classification, genesis and survey (Stoner and
Baumgardner, 1981). Other work has shown that laboratory measured
spectral for moist soil are directly proportional in spectral response to
the same field-measured moist bare soil over the 0.52 - 1.75 um wavelength

range (Stoner et al., 1980b).
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Soil texture is a common physical characteristics determined in
the Taboratory and texture is used extensively as a guide to evaluate soil
water storage, water availability, land stability, surface erosion, and
chemical properties. Clay content is the most important texture component
in that relationship (Saxton et al., 1986). Cosby et al., (1984) also
demonstrated that soil texture could be related to hydraulic
characteristics when they applied regression and discriminant analysis to
these and other data. Clay in a porous medium can profoundly affect the
convective and diffusive transport of organic molecules through the
medium.

Soil texture is also expected to influence soil organic matter
content. In some regions, as much as 50% of the soil humus is held by
clay particles in organic-mineral complexes and is thereby protected from
rapid decompositions (Anderson, 1979). Nichols in (1984) using Al horizon
data found that clay percentages correlated with the organic carbon
content in the southern Great Plains area. Kadebra (1978) found a
correlation coefficients of 0.84 for organic C and percent clay in soils
developed from basaltic rocks, but no such relationship was found for
soils from acid rocks. Broersma and Lavkulich (1980) reported that 24-
48% of the organic matter in selected soils of Canada was associated with
the clay fraction and 40 to 60% was associated with the fine silt
fraction. The efficiency of stabilizing active soil organic matter so

that it decomposes slowly is assumed to be a function of soil texture,
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with sandy soils being less efficient than fine-textured soils (Parton et
al., 1987).

Tiessen and Stewart (1983) showed that the analysis of particie-
size fractions for the fine silt fractions had the highest organic carbon
content of the organic-mineral fractions in the A horizons they tested.
These authors also found a large amount of organic carbon associated with
the coarse clay present in the heavier-textured Sutherland soil series.
Other researchers also showed that the major portion of soil organic
matter is found in silt and clay-size fractions (Christensen, 1985;
Schnitzer and Ivarson, 1982). The following ranges were observed by these
workers: 20 to 40% of the total soil C and/or N occurs in silt-size
fractions (2-50 um), and from 35 to 70% in clay-size fractions (<2u m).
Percentages of C and N in these fractions are 1.2 to 4.0 times as high as
those in the whole soil. These data suggest that clay- and silt-size
fractions should be of major importance in soil organic matter studies,
yet Tittle information on the nature and characteristics of the organic
matter associated with different soil particle-size fractions is available
in the literature.

Also of interest in this regard are data reported by Tiessen and
Stewart (1983) on the effects of cultivation on the composition of the
organic matter in different size fractions. Fine silt- (2.0-5.0 um) and
coarse clay- (0.2 - 2um) size fractions were found to contain more stable
organic matter than fine clay. A1l of these data strongly suggest that

organic matter associated with silt size and, to a lesser extent, with
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coarse clay-size fractions, may be more stable than that in the other size
fractions (Catroux and Schnitzer, 1987). We expect that clayey soils
would tend to maintain higher levels of organic matter than sandy soils
if elevation, precipitation, and vegetation type were constant.

According to Stevenson (1972), soil organic matter can be
classified into two main groups, humic and nonhumic substances. Humic
substances represent the most active fraction of the organic matter in
most soils. Its role in soil chemistry is often overlooked because the
complex and variable nature of soil organic matter has been difficult to
elucidate. Benefits ascribed to organic matter include; increased soil
cation exchange capacity, increased water holding capacity, decreased soil
compaction, and improved stability of soil aggregates and retention of
micronutrients, and it plays an important role in adsorption of organic
chemicals by soils (Carringer et al., 1975; Weed and Weber, 1974). To
understand how these factors govern organic matter quality in an entire
soil profile, it is necessary to examine specific soil forming processes
in detail (Schoenau and Bettany, 1987).

Kirschner et al., 1978 and Cipra et al., 1980 examined the
relationship of bare soil patterns to Landsat MSS signatures and found
that the soil classes defined with spectral data were correlated with the
organic matter and drainage classes. Higher organic matter content tends
to lower the reflectance at all wavelengths. In addition, high organic
matter content (>2%) causes a reduction in the slope and results in a

concave or linear shape within the 0.5 to 0.8 m region. The review of
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literature of related work and the results of this study indicate that
soil organic carbon can be accurately predicted only under specified
conditions.

The visual image of reflected 1light is influenced by the complex
interplay of human color discrimination, surface texture, spatial
relationships, and the spectral purity of 1jght. The quality of light
determines the appearance of color. Color exists only in the eyes of the
observer produced by the eye’s reaction to different wavelengths of light
(Kidwell and McSweeney, 1985). The details in the process of color vision
are far from being completely understood (Williamson, 1983). The color
of a sample expressed in the Munsell color notation can be calculated from
its visible reflectance spectrum (Fernandez and Schulze, 1987).

Soil color is a reliable indicator of iron oxide mineralogy, the
amount of organic matter in soils, and other important soil properties
also vary with color, so it seems that soil color could be used as
differentiating characteristic at a relatively high categorical level in
Soil Taxonomy (Curl and Franzmeier, 1984 and Latz et al, 1984). The
measurements of moist soil color are desirable because the moist color is
the one most commonly determined in the field. Little information is
available in the literature on the accuracy of measuring soil color.
However, the following factors have an effect on accuracy and precision
of determining color: the incident light (bright sunlight, overcast,
etc.), the condition of the sample, the color chart surfaces, and the

skill of the person making the match. Visual matching is adequate for
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soil classification and mapping purposes. More accurate and precise
measurements are needed, however, for developing relations between color
and other soil properties, such as, iron oxide and organic matter.

The reflectance measurement of the soil sample can be done with
a high degree of accuracy and precision using a field radiometer. The
reflectance spectrum itself, however, gives little direct information on
the color of a sample in terms understood by most soil scientists.
Fortunately, the sample color expressed in the Munsell Color Notation can
be calculated from its visible reflectance spectrum (Billmeyer and
Saltzman, 1981, Chamberlin and Chamberlin, 1980, and Wyszecki and Stiles,
1982).

The soil color patterns are related to saturation and aeration
because redox reactions involving iron compounds regulate the distribution
and form of iron throughout the soil profile (Schwertmann, 1985). In
humid regions, soil chroma is the color component most responsive to the
oxidation state of iron compounds and, therefore, to aeration patterns
(Evans and Franzmeier, 1986). The essential trace metal iron is known in
many microbes to be absorbed by their chelate-requiring system. Microbes
synthesize and excrete iron chelators into their environment, which,
following complex formation with iron, are absorbed by the microbe
(Neilands, 1979). Iron, an element essential for all organisms, often
occurs in highly insoluble forms within the soil (Emery, 1982).

The availability of iron to plants and soil microorganisms is

enhanced by various biologically produced chelating agents. Oxides and
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oxyhydrooxides of Fe and Al are common cementing agents in soils and
probably serve to bind fine mineral particles to sand grains in many sandy
horizons (Harris et al., 1987). Of all the elements comprising the
crystal structures of clay minerals, iron is one of the most interesting
because it may be oxidized or reduced in situ. Oxidation state is
significant because it affects a member of physicochemical properties of
clays, which are of great importance to many disciplines of science and
in various agricultural applications. Changes in oxidation state occur
during important natural processes such as mineral weathering and water-
logging of soils land sediments (Stucki et al., 1987). The reduction of
Fe*™* to Fe™ by bacteria and the commonly occurring microorganisms has been
demonstrated with Fe in solution, in chelates, and in oxides.

Rezende’s (1980) indicated that iron oxide minerals are largely
responsible for the color of soils. Thus, it seemed probable that a soil
sample could be analyzed for iron oxides directly, without any
fractionation or extraction, thereby avoiding any pretreatment that might
change it from its original condition. Stoner (1979), noted some
absorption features of iron-rich soils around 700 and 900 nm. Rezende
(1980), observed a characteristics concave-convex pattern in the
absorbance curve around (440) to (460) nm that was related to geothite in
some Oxisols. Higher iron oxide contents tend to increase the overall
reflectance, increase the slope, and give a linear to convex shape to the
spectral reflectance curve within the 0.5 to 0.8 m region, while in the

0.8 to 1.1 um region the slope is reduced with increasing iron content
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and ultimately approaches zero. Fe and CaCO; interact strongly in soils
because the Fe oxidation increases as alkalinity increase. Calcium
carbonate influences the system through its effects on pH (Jauregut and
Reisenauer, 1982).

Calcite dissolution is likely a major weathering process in
irrigated soils of arid and semiarid environments. Recent attempts to
relate crusting and dispersion to soil types have included clay type and
rate of soil weathering (Shainberg et al., 1981) as important factors.
Soil weathering rates often do not correlate well with CaCO; content in the
soil. They maintain that at least part of this discrepancy is due to
differences in calcite particle sizes. Also, secondary or pedogenic
calcite coatings on other minerals are commonly observed in soils of
semiarid environments (Suarez and Wood, 1984). Alkaline earth carbonates
play a significant role in salt loading of the Colorado River as they
enter into chemical reactions with water, evaporite mineral species, and
the cation exchange complex of soils and geologic materials (Evangelou et
al., 1984). 1 have investigated how the physical and chemical properties
of soil texture, soil color, iron, organic matter, and calcium carbonate
affect the spectral reflectance of MAC Farm soils, and my results are

presented in the latter part of this chapter.
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THE RELATIONSHIPS BETWEEN SOIL PROPERTIES
AND SPECTRAL RESPONSES

Many authors have found partial relationships between spectral
reflectance and physical and chemical soil properties. (e.g. Kristof,
1971; Montgomery et al., 1976; Broersima and Lavkulich, 1980). I have
investigated the relationships that exist on the MAC Farm soils using
simple- and multiple-Tlinear regressions to compute the correlation
coefficients between soil properties and spectral responses in seven
wavelength bands for the three data subsets studied on MAC Farm. The
soil’s property was considered to be the dependent variable and the
spectral responses in seven bands were independent variables. All
independent variables reported in the MLR equations in this chapter were
significant at the 0.05 level. The Pearson correlation coefficients which
are significant for the 552 and 101 subsets are .254 and .195 and for 11
sample subsets are of 84 and .553 at levels of significance .01 and .05,
respectfully. The Pearson correlation coefficient between the reflectance
data and sand, silt, and clay are given in Table 24. Table 30 shows the
relationship between reflectance and soil color. Tables 28 and 32, show
that correlations with chemical properties iron (oxide) content and
organic carbon and calcium carbonate, respectively. Correlation matrices
were made from the soil spectral responses under dry and wet conditions.
Also, predictive equations were computed under both condition for sand,
silt, and clay content (Tables 25, 26 and 27). The iron, organic carbon

and color components are shown in tables 29 and 31. Soil property
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prediction equations were derived for the three subsets to show the

influence of changing sample size on such relations.

The Relationships Between The Sand, Silt and Clay
Contents and Spectral Responses

Soil separates had a significant correlation with reflectance in
all seven bands under both conditions, dry and wet at the 95% CL. The
only non-significant correlations exist with MMR1 (0.45 - 0.52u m) under
dry condition for 552 and 11 subsets and with MMR2 and sand and silt
contents under dry condition for the 11 subset. In addition, all soil
separates were not significantly correlated with dry reflectance in MMRS,
6, and 7. MMR1 under dry condition and MMR7 under wet condition had the
lTowest correlations with soil separates, and MMR3 and MMR4 had the highest
correlations under both dry and wet conditions. Sand had positive
correlations with the spectral responses while silt and clay had negative
correlations. The reflectance under wet condition gave slightly higher
correlations than that for the dry condition, and decreasing sample size

also increased the correlation levels.



Table (24): The correlation coefficients (Y) for the soil texture data with the spectral bands for
three data subsets under dry and wet conditions.

DRY_CONDITION

552 samples 101 samples : 11 samples
Wavelength Sand % Silt % Clay % Sand % Silt % Clay % Sand % Siit %Clay %
(ym)

.45- .52 0.15° 0.1 _0.20™ 0.35 -0.33 -0.36 -o.os§ o.zoﬁ 0.08'®

.52- .60 0.31 -0.25 0.34 0.49 -0.45 -0.49 0.54 0.36™ 0.62

.63- .69 0.45 -0.38  -0.47 0.58 -0.54  -0.58 0.78 -0.65 -0.80

.76- .90 0.46 -0.40 -0.48 0.60 -0.56  -0.60 0.7 -0.65,. -0.75
1.15-1.30 0.41 -0.36 -0.43 0.57 -0.54 -0.56 O'SZNS 0.50'\5 -0.47'B
1.55-1.75 0.43 -0.37 -0.44 0.57 -0.55 -0.56 0.52 -0.49& -0.4
2.08-2.35 0.43 -0.37 -0.45 0.57 -0.54 -0.56 -.55 -0.52™ -0.51

WET CONDITION

.45- .52 0.63 -0.58 -0.62 0.70 -0.65 -0.70 0.87 -0.69 -0.93
.52- .60 0.67 -0.62 -0.65 0.72 -0.67 -0.72 0.92 -0.76 -0.95
.63- .69 0.69 -0.65 -0.67 0.73 -0.68 -0.73 0.95 -0.81 -0.96
.76- .90 0.69 -0.65 -0.67 0.73 -0.68 -0.72 0.95 -0.82 -0.95
1.15-1.30 0.66 -0.63 -0.64 0.70 -0.66 -0.68 0.91 -0.82 -0.88
1.55-1.75 0.62 -0.59  -0.60 0.64 -0.60 -0.62 0.88 -0.82 -0.83
2.08-2.35 0.58 -0.54  -0.56 0.57 -0.54 -0.56 0.74 -0.67 -0.71

NSnon-sigm’i’icant at .05 level of significance

LTT



118

Table (25): The prediction equations for sand content (%).

For Dry Condition

A) Sand % = 14.80 - 6.79 (MMR1) + 7.08 (MMR4) - 5.50 EEyRS) + §j84 (MMR6
= 0.4

B) Sand % = 3.90 - 6.98 (MMR1) + 4.59 (MMR4) [R? = 0.53]
C) Sand % = 1.87 - 11.51 (MMR1) + 8.00 (MMR3) [R? = 0.86]
--------------------------- For Wet Condition
A) Sand % = 8.33 - 12.09 (MMR2) + 10.81 (MMR3) [R% = 0.50]
B) Sand % = 5.91 + 3.28 (MMR3) [R? = 0.54]
C) Sand % = -33.41 + 5.42 (MMR3) [R? = 0.91]

A - 552, B - 101, C - 11 samples per subset.

Specifically for sand, the MLR coefficient of determination
increase from 46% in 552 sample to 86% in 11 samples under dry conditions,
and it increased from 50% to 91% for wet condition. The most effective
band for prediction of sand content was MMR4 under dry condition and MMR3
under wet condition. Both had a higher partial coefficient of
determination than the others when combined with them for 552 and 101
subset. For 11 samples subset, MMR3 was the most effective band for both
conditions, dry and wet. For all subsets, the second effective band was

MMRI.
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Table (26): The prediction equations for silt content (%).

For Dry Condijtion
A) Silt % = 40.73 + 3.78 (MMR1) - 2.96 (MMR4) + 0.75 (MyRS)
[

R? =0.40]
B) Silt % = 47.80 + 3.18 (MMR1) - 2.06 (MMR4) [R? = 0.46]
C) Silt % = 29.25 + 6.73 (MMR1) - 3.63 (MMR3) [R? = 0.78]

For Wet Condition

A) Silt % = 43.56 + 5.07 (MMR1) - 2.20 (MMR3) - 0.90 (MMR4)
R

[R® = 0.45]
B) Silt % = 43.63 - 1.46 (MMR3) [R® = 0.47]
C) Silt % =72.32 - 2.50 (MMR4) [R® = 0.69]
A - 552, B - 101, C - 11 samples per subset.

The situation for silt content is similar to that for sand except
the coefficient of determination increased with decreasing sample size
from 40% to 78% for dry condition and from 45% to 69% for wet. For the
11 sample subset, the coefficient of determination dry was higher (78%)
than that for wet (69%). For the same subset, the most effective band was
MMR3 for dry and MMR4 for wet condition, which is the reverse of what

occurred in the other two subsets.
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Table (27): The prediction equations for clay content (%).

For Dry Condition

A) Clay % = 45.23 + 3.33 (MMR1) - 3.99 (MMR4) + 3.33 (MMR5) - ligg (gMEg%

B) Clay % = 47.87 + 4.09 (MMR1) - 3.90 (MMR4) +1.31 (MMR7) [R? = 0.55]
C) Clay % = 50.92 + 4.40 (MR3) - 14.09 (MMR4) + 7.44 (MMRS) [R® = 0.94]

For Wet Condition

A) Clay % = 48.46 + 5.74 (MMR2) - 5.36 (MMR3) [R? = 0.47]
B) Clay % = 50.47 - 1.82 (MMR3) [R? = 0.53]
C) Clay % = 71.68 - 3.16 (MMR3) [R? = 0.93]

A - 552, B - 101, C - 11 samples per subset.

The relationship for the clay prediction equations were similar
to sand but slightly different coefficients of determination were noted.
These coefficients ranged for clay from 45% to 94% under dry and 47% to
93% under wet condition with 552, 101 and 11 subsets, respectively. The
most responsive band was MMR4 for dry and MMR3 for wet.

The Relationships Between The Iron Oxide
and Organic Carbon and Spectral Responses

The relationships derived here were from the analysis of two
subsets of 101 and 11 samples. Table 28 shows that iron oxide had a
significant correlation with the spectral responses in all bands for dry

and wet condition except for MMR1 under dry condition for 101 subset;
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however it was not significant for any bands under both dry and wet
conditions for the 11 sample subset.

Inversely, organic carbon had a non-significant relation for 101
sample size and highly significant correlation for 11 samples under wet
condition. In the 11 subset of samples under dry conditions, the
correlation between organic carbon and refiectance was highly significant
with MMR3 and MMR4. It should be pointed out that these relationships

were negatively correlated to both the iron oxide and organic carbon.
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Table (28): The correlation coefficients (r) for the chemical properties
with the spectral responses for two subsets.

Dry Condition

Wavelength
Band 101 sample 11 sample
Fe,05% 0C% Fe,05% oc %
MMR1 -0.19% -0.27 0.05%  -0.14%
MMR2 -0.33 -0.19" -0.24%  -0.68
MMR3 -0.45 -0.10% -0.35"  -0.85
MMR4 -0.48 -0.09" -0.30"  -0.80
MMR5 -0.46 -0.11% -0.14%  -0.59
MMR6 -0.47 -0.10% -0.12%  -0.59
MMR7 -0.48 -0.10% -0.05%  -0.62
"""""""""""""""""""""" Wet Condition
101 sample 11 sample
Fe,05% 0C% Fe,0% 0C %
MMR1 -0.62 -0.08% -~ -0.59 -0.90
MMR2 -0.65 -0.11% -0.55" -0.94
MMR3 -0.67 -0.13% -0.53% -0.96
MMR4 -0.68 -0.13% -0.51% -0.96
MMRS -0.68 -0.05" -0.43"% -0.93
MMR6 -0.64 -0.01% -0.22% -0.91
MMR7 -0.59 0.00% 0.10" -0.79

"non-significant at .05 level of significance



123

Table (29): The prediction equations for chemical properties.

101 Subset
Dry Condition
Fe,0; % = 1.44 + 0.12 (MMR1) - 0.06 (MMR4) [R? = 0.51]
0C % = 0.13 + 0.11 (MMR1) - 0.44 (MMR3) [R? = 0.21]
Wet Condition
Fe,0; % = 1.48 + 0.21 (MMRL) - 0.09 (MMR4) [R? = 0.52]

No equation for OC because no variables were significant.

11 Subset

Dry Condition

0C % =1.29 - 0.11 (MMR3) - 0.20 (MMR5) + 0.40 (MMR6 - 0.16 (MMR7)
[RE = 0.97]

No equation for iron oxide because no variables were significant.

Het Condition

0C % = 1.33 - 0.05 (MMR3) [R? = 0.93]

Fe,0;% = 0.46 - 0.12 (MMR1) + 0.07 (MMR7) [R? = 0.64]

The ability to predict chemical properties in a MLR equation was
different depending on sample size and the specific soil property. I was
able to predict the organic carbon in the soils more accurately than iron
oxides in the 11 sample subset, and I predicted iron oxide content more
accurately in the 101 sample subset. For iron oxide and organic carbon
the coefficients of determination increased with decreasing sample size,
but the effect of sample size for organic carbon was much higher than for

iron oxide. The ability to predict iron oxide was the same for both dry
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and wet conditions (51% to 52%) for 101 subset. While for the 11 samples
no relation exhibited under dry condition for iron oxide.

The Relationship Between The Color Components
and Spectral Responses

The‘relationships between soil color and soil reflectance was
studied for the 101 and 11 soil sample subsets. The 101 subset was
analysed two ways, first using the 101 individual sample data results, and
then the samples were grouped using the soil mapping units and their
texture classes as Tisted in Table 30. There were ten groups (rather than
11 as shown in Table 12) because the SH-CG soil mapping unit only had the
sanay loam texture represented in this data set.

Table 30 presents the correlation coefficients relating color
components to soil reflectance in the seven bands. Hue was negatively
correlated with spectral response in all cases, and generally the
relationships were non-significant. Value and chroma had positive
correlations with reflectance under both dry and wet conditions, and
generally the correlation were significant. Tabie 30 shows that the data
correlations for the 101 sample subset are much better for the 10 groups
than when the data is analysed individually. The correlations were about
the same for all bands, except the MMR]1 band seems to have a slightly
lower correlation to soil color. The correlations for the 11 sample
subset were better than the 101 groups, probably because of the wider
range of colors noted for this smaller sample subset, which tended to

improve the correlation coefficients.
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Table 31 presents a series of MLR equations that were significant
in predicting soil reflectance. Interpretation of this table is
difficult, but it might be summarized as presented below.

Grouping of the samples by soil mapping units and texture classes
was necessary to abstract any significant results from the 101 sample
subset. The variability of color estimations by soil scientists and the
narrow range of colors that exist on MAC farm are the two factors that
best explain why this happens. Hue was not significantly correlated to
reflectance, but chroma and value seem to be about equal in importance in
predicting reflectance. This is contrary to other research results which
identify value as being the most important soil color component. The
reason this is true probably relates again to the narrow range of color
conditions that exist on the farm, and the strong co-variance between
chroma and the soil mapping units (soil series).

The subset of 11 samples were more positively correlated to the
three soil color components in comparison to the 101 data set, and the wet
condition gave the most positive relationship, which was not true for the
101 subset groups. The correlations of the spectral responses with the
nearest chip colors were better than that with in-between colors for the
dry condition, but this was not true under wet condition where they were
about the same. The nearest chip colors when compared to the in-between
were better predictors of reflectance in some cases, but this was not true

for all situations.
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Table (30): The correlation coefficients relating color components to
the spectral responses for sample subset.
101 sample subset

Wavelength Hue Value Chroma Hue Value  Chroma
Band DNC DNC DNC DIB DIB DIB
MMR1 -0.12®  0.05™ 0.08™ -0.09%  0.16™ 0.03®
MMR2 -0.17%  0.09" 0.18" -0.13" o0.21 0.10"
MMR3 -0.21 0.13% o0.27 -0.16"  0.24 0.16"8
MMR4 -0.21 0.14% 0.29 -0.16"  0.25 0.17"8
MMRS -0.21 0.14% 0.29 -0.16%  0.22 0.17"
MMR6 -0.20 0.15"° 0.29 -0.16"  0.23 0.18"
MMR7 -0.19 0.17" 0.29 -0.14"  0.24 0.20

WNC DNC WNC WIB WIB WiB
MMR1 -0.21 0.26 0.22 -0.17% .18 0.28
MMR2 -0.22 0.26 0.25 -0.18"  0.18% 0.31
MMR3 -0.23 0.27 0.27 -0.18" 0.18¥ 0.32
MMR4 -0.23 0.26 0.26 -0.18%  0.18% 0.32
MMR5 -0.22 0.24 0.28 -0.18%  0.16" 0.34
MMR6 -0.19 0.23 0.28 -0.15  0.16" 0.33
MMR7 -0.12 0.10 0.25 -0.10M  0.16" 0.33
the average of 101 samples into 10 groups

Wavelength  Hue Value Chroma Hue Value  Chroma
Band DNC DNC DNC DIB DIB DIB
MMR1 -0.01"  0.41™ 0.65 -0.19%  0.59 0.52"
MMR2 -0.10%  0.47" 0.74 -0.25"  0.68 0.63
MMR3 -0.14"  0.48% 0.78 -0.30"  0.71 0.68
MMR4 -0.15"  0.46" 0.80 -0.34%  0.69 0.69
MMR5 -0.14%S  0.47" 0.86 -0.38%  0.72 0.75
MMR6 -0.14"  0.49" 0.87 -0.37"  0.74 0.77
MMR7 -0.25"  0.51% 0.86 -0.34%  0.76 0.77

Wavelength
Band WNC WNC WNC WIB WIB WIB
MMR1 -0.20"™  0.73 0.80 -0.36  0.61 0.75
MMR2 -0.21%  0.72 0.81 -0.35%  0.62 0.76
MMR3 -0.22% 0.7 0.81 -0.35"  0.62 0.76
MMR4 -0.22%  0.71 0.82 -0.37% 0.6l 0.76
MMR5 -0.18"  0.70 0.83 -0.38"  0.58 0.75
MMR6 -0.10" 0.7 0.83 -0.34" 0,59 0.75
MMR7 -0.03"  0.75 0.84 -0.28%  0.63 0.75
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For 11 sample subset
WaveTength Hue Value Chroma Hue Value  Chroma
Band DNC DNC DNC DIB DIB DIB
MMR1 0.10"S 0.58 -0.25" 0.01%  0.60 -0.21%
MMR2 -0.47"S 0.77 0.38% -0.40" 0.72 0.42N8
MMR3 -0.72 0.75 0.68 -0.55 0.65 0.71
MMR4 -0.71 0.78 0.68 -0.48"  0.66 0.70
MMR5 -0.51" 0.84 0.46"S -0.26"  0.71 0.47%
MMR6 -0.50" 0.83 0.46" -0.27"  0.70 0.47"
MMR7 -0.50" 0.81 0.51% -0.25"%  0.66 0.49"
WNC WNC WNC WIB WIB WIB
MMR1 -0.59 0.91 0.79 -0.65 0.90 0.84
MMR2 -0.67 0.93 0.86 -0.72 0.93 0.89
MMR3 -0.74 0.93 0.90 -0.78 0.94 0.93
MMR4 -0.77 0.92 0.91 -0.80 0.93 0.94
MMR5 -0.73 0.88 0.88 -0.73 0.90 0.89
MMR6 -0.71 0.86 0.92 -0.66 0.90 0.87
MMR7 -0.62 0.71 0.86 -0.54%  0.79 0.77

*significant at SL = 0.01
**significant at SL = 0.05

Mnon-significant at .05 level of significance

(NC) Nearest Chip for color notation for dry (DNC) and wet (WNC)

conditions.

(IB) In-Between for color notation for dry (NIB) and wet (WIB) conditions.
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Table (31): The prediction equations for soil color components.”

For 101 subset

Dry Condition

Chroma,, = 2.02 - 0.44 (MMR1) + 0.25 (MMR4) - 0.02 (MMR7) [R? = 0.24]
For Average of 101 (10 groups)

Dry Condition

Chroma,,. = -3.23-0.34 (MMR2) + 0.32 (MMRG) [R? = 0.84]
Value,, = 4.93 - 0.73 (MMRS) + 0.79 (MMR7) [R? = 0.86]
Chromay,; = 1.02 - 0.41 (MMR1) + 0.21 (MMR7) [R% = 0.75]
Wet Condition T
Value,,, = 2.76 + 0.07 (MMR7) [R? = 0.56]
Chroma,,, = 1.44 + 0.15 (MMR7) [R? = 0.71]
Chroma,, = 2.00 + 0.09 (MMR4) [R? = 0.57]

For 11 -samples

Dry Condition

Hue,,. = 4.53 + 0.14 (MMR1) - 0.09 (MMR3) [R? = 0.79]
Valuey,, = 3.61 + 0.04 (MMRS) [R? = 0.69]
Chromay,, = 3.74 - 0.50 (MMR1) + 0.26 (MMR3) [R® = 0.91]
Hue,,; = 6.00 - 0.08 (MMR3) [R? = 0.31]
Value,,, = 3.80 + 0.08 (MMR3) [R? = 0.52]
Chroma,,, = 4.16 - 1.32 (MMR1) + 1.26 (MMR2) - 0.26 (MMR3)  [R? = 0.95]
Wet Condition T
Hue,. = 3.71 + 0.37 (MMR1) - 0.30 (MMR4) + 0.13 (MMR5) [RZ = 0.91]
Value,, = 2.58 + 0.11 (MMR2) [R? = 0.88]
Chroma,,, = 0.70 - 0.39 (MMR1) + 0.26 (MMR3) + 0.10 (MMR7)  [R® = 0.96]
Hue,, = 3.47 + 0.34 (MMR1) - 0.24 (MMR4) + 0.12 (MMR6) [R? = 0.92]
Value,, = 2.65 + 0.07 (MMR3) [R, = 0.89]
Chroma,,, = 3.46 - 0.54 (MMR1) + 0.43 (MMR3) - 0.11 (MMRS)  [R® = 0.96]

* See table 25 for (NC) and (IB).
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The Relationship Between The Calcium
Carbonate Content and Spectral Response

Table 32 shows the relationship between soil reflectance and
calcium carbonate content for the 101 data set. Under dry conditions
there was a significant correlation with reflectance, but it was not
nearly as strong as for the other soil parameters. Furthermore, the
relationship was better under dry conditions than for wet conditions. It
is interesting that MMR1 did have the better relationship, where in the
other relationships presented in this paper, it tended to be the Towest.
The multiple linear regression equations were all non-significant, and the
reason for this 1is carbonate content for all soil mapping units and

texture classes were approximately the same on the farm.

Table (32): The correlation coefficient for Calcium Carbonate.

Wavelength
Band MMR1 MMR2 MMR3 MMR4 MMR5 MMR6 MMR7

Dry Condition

Wet Condition
Ca CO, 0.19 0.18% 0.17% 0.18% 0.19 0.16% 0.12%

Mnon-significant at .05 level of significance
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CHAPTER 6
THE RELATIONSHIP BETWEEN REMOTELY SENSED DATA
INTRODUCTION

The difference between photographic images and digital images from
remote sensing satellites are somewhat obscured by the fact that satellite
images are often presented in the form of fiim products. In this form
they appear the same as photographs, and can provide no more information
than photographs. However, there are fundamental differences in the way
satellite images and aerial photographs are generated and in the
information they contain (Swann et al., 1988).

Multispectral scanner systems measure spectral responses in
selected wavelength bands and the data is averaged in the bandwidths of
the Landsat and thematic mapper sensors. The Thematic Mapper has a second
generation multispectral scanner on board Landsat-4 satellite launched in
July 1982 and on Landsat-5 Taunched in March 1984.

The MSS bands are: 0.5 to 0.6 (green), 0.6 to 0.7 (red), and 0.7
to 0.8 and 0.8 to 1.1 um (near infrared) whereas the TM bands are narrower
and sample more portions of the spectrum are 0.45 to 0.52 (blue), 0.52 to
0.60 (green), 0.63 to 0.69 (red), 0.76 to 0.90 (near infrared), 1.55 to
1.75 (middle infrared), and 2.08 to 2.35 um (middle infrared). The (TM)
also has a thermal infrared band, but thermal measurements were not used
in this research. The Thematic Mapper also has improved sensitivity over
the Landsat -1, -2, and -3 systems (8 bit quantization as opposed to 6

bit). The Thematic Mapper sensor produces images with some ten times more
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data than multispectral scanners and it’s sensor has a spatial resolution
30 m, as compared to the 79 m on the Multispectral Scanner.

MuTltispectral imagery for the region (0.4 to 2.4 ym) operates by
detecting and recording electromagnetic radiation originating from the sun
that has been reflected from terrain surface. The digital number response
for a pixel (or picture element) is complex, but contains the integrated
reflectance contribution from all of the surface materials within the
instantaneous field of view.

Digital satellite data are a common source of land-use and land-
cover information. This information is usually presented in the form of
maps, which have been increasingly used as intermediate data sources for
quantitative models in digital Geographic Information System (Lauer,
1986). These models typically result in a number which represents the
quality of suitability of a given region for a particular use or
management practice. The accuracy of this quantitative assessment, of
course, depends primarily upon the accuracy of the map(s) from which it
is derived (Prisley and Smith, 1987).

Nelson (1985) listed changing sun angle, atmospheric conditions,
and sensor differences as the three categories of factors which affected
multidate Landsat (MSS) data. Measurements of solar reflected radiation
from satellites also include varying degrees of atmospheric influence due
to factors such as off-nadir viewing, atmospheric aerosol scattering and
clouds. The constituents of a cloudy atmosphere may affect the signal by

scattering and/or absorption. Scattering can either increase or decrease
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the channel signal, whereas absorptions can only decrease the signal.
Absorption and atmospheric back-scattering of electromagnetic energy
affect Landsat signal output. Weber et al., (1975) compared radiance
values measured just above the top of a pine canopy with a spectrometer
at the time of several Landsat overpasses with radiance values measured
by the Landsat scanners. The Landsat measurements were significantly
different from those measured just above the top of the pine canopy by a
spectrometer. This effect doesn’t affect the radiance level detected by
each Landsat scanner band equally (Weber et al., 1975) and they attributed
that to molecules formed of water and oxygen in the earth’s atmosphere.

The information content from large quantities of remotely sensed
images, such as those derived from Landsat MSS, TM, and SPOT satellites,
is best extracted using computer system designed for this purpose. Such
a system is called an Image Analysis System (IAS). An IAS has five
elements: data acquisition, preprocessing, analysis, accuracy assessment,
and information distribution. The usual input for a remote sensing IAS
is a computer compatible tape containing a digital image acquired at a
remote sensing satellite tracking station.

For some agencies, corrections for sensor-related radiometric and
geometric errors will have been performed at the tracking station;
however, the preprocessing subsystem in an IAS usually can perform
additional radiometric, geometric, and atmospheric corrections. These
specialized corrections, not normally provided by image production system,

include corrections for radiometric distortions due to view angle,
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geometric compensation for terrain relief, projections of imagery to a
variety of map projections, and refined atmospheric corrections with the
aid of meteorological information. During the past decade significant
progress was made in the analysis procedures and in the pre-processing of
satellite data, reducing problems associated with atmospheric noise,
geometric distortion, and other limitations associated with the nature of
the imagery and how it is obtained. Currently there are a number of
computer software packages designed to enhance and classify satellite data
in order to present the image, faster, more efficiently and more
accurately to field scientists in the most usable form. The final result
is to give an image as free from errors as possible.

This preprocessed dimage 1is then used for training and
classification (to contain several spectral and/or spatial classes).
After classification, the accuracy is assessed using theoretical
estimation based on class statistics or selected test sites derived from
ground reference information, or both. The derived information can be
distributed in the form of maps, tables, computer tapes, or images.

Studies that utilize Landsat multispectral scanner (MSS) data to
estimate various agronomic parameters have attempted to account for the
effect of the soil background on spectral response of crops (Badhwar and
Henderson, 1981; Huete et al., 1985). Cipra et al., (1980) reported that
the Landsat radiance and spectroradiometer reflectance values were highly
correlated for all four wavelength bands and all correlation coefficients

(r > 0.80) between corresponding wavelength bands of the two sensors were
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significant at the 0.01 level. Therefore, they indicated that the Landsat
and spectroradiometer spectral characteristics were similar for soil color
groups. As either value or chroma increased, reflectance and relative
radiance increased in all bands. Their analysis indicated that soil
colors could be distinguished better with Landsat MSS data (bands 0.6 -
0.7um, and 0.7 - 0.8 um) than with spectroradiometer data (band 0.7 - 0.8
um) at the 0.05 level of significance.

Soil_Roughness

Surface roughness of cultivated soils 1is an important
characteristic in assessing tillage performance, preparing seedbeds and
controlling runoff and soil erosion. Also, the importance of knowledge
of surface roughness in soil management decisions and in describing runoff
processes is widely recognized (Romkens and Wang, 19386). Soil roughness
is an unstable soil properties. It is highest after tillage treatments
and progressively decreases with rainfall. Soil roughness is usually
related to cultivated soil conditions, but sheet erosion which exposes
coarse fragments from the subsurface horizons of the soil make rough
surfaces or erosion pavements on rangelands too (Osborn et al., 1977).

Many researchers have studied measurement techniques which improve
the potential for roughness descriptions and evaluations (e.g. Romkens et
al., 1985 and Onstad, 1984). Studies of disturbed soil under laboratory
conditions prove that the decrease of soil aggregate land clod size
results in an increase of soil reflectances (Mikhaylova and Orlov, 1986).

Because of these outside conditions during soil reflectance measurements,
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one can assume that anisotropic rough soil surfaces are not perfect
diffusing matter, and thus their spectral responses also depend on sun-
soil-surface-sensor geometries (Guyot, 1984; Epiphanio and Vitorello,
1984; King, 1984).

The influence of the particle size on the spectral reflectance of
undisturbed soils measured in the field is clearly Tlower than the
influence of roughness due to soil aggregates and clods. Generally, heavy
soils have a higher organic matter content and a great roughness, both of
which produce of low reflectance. Horvath in 1981 studied the effect of
three different size fractions of coarse fragments (erosion pavements).
He reported that fine gravel and coarse gravel reflectance values did not
differ significantly, but both were significantly different from the
spectral responses of the < 2 mm fraction. Lucas in 1980 found that by
increasing the soil area covered with cobbles (7.5 - 25 cm), the
reflectance decreased in southern Arizona rangelands. Also, he reported
that for the percent cover of <2 mm and 2.0 mm to 7.5 cm did not correlate
with the spectral responses for four bands from 0.5 to 1.1 Um.

The reflectance from anisotropic rough soil surface is strongly
correlated with the area of shadowed soil fragments, and therefore depends
on the degree of soil roughness as well as on the illumination and the
viewing geometry (Cierniewski, 1987). Soil surface shadowing decreases
when soil roughness decreases and with an increase of the sloping angle

and it increases with the sun’s rising (Cierniewski, 1987).
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Wallace (1986) studied the reflectance characteristics of soils

under various soil roughness condition, and she reported that soil lines
for a given roughness condition vary significantly with solar zenith
angle. Monteith (1973) studied the interaction of sun angle and azimuth
with slope angle and Tand aspect, and he reported that such interaction
cause variations in surface 1illumination, which affect spectral

reflectance.

SITES DESCRIPTIONS

Figure 19 show the SPOT satellite image for MAC farm acquired on
June 13, 1987 with a spatial resolution 20 x 20 m. As shown in this
picture the brownish color represents the bare soil fields and the other
colors represent cultivated fields. We are concerned with two field sites
in this part of the dissertation located in fields 15 and 27. SPOT image
show that field 15 has a lighter brown color than field 27 which
represents and agree with the data for the fine earth analysis. Field 15
is the Casa Grande mapping unit with a sandy clay loam surface, texture
while field 27 is the Trix mapping unit with a clay Toam surface texture.
The areas studied in both fields were spectrally uniform as shown on the
SPOT image, and the next section discusses the relationship between SPOT,
aircraft, and ground data and relates in to the spectral properties of the

fine earth soil fraction.
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The Maricopa Agricu1tura1 Center,

SPOT satellite image of
Arizona.

Figure (19)
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The Relationships Among The Collected Data

Table 33 represents the multilevel remotely sensed data for the
site in field 27 on Day Of Year 165. On that day the Exot-TM radiometers
were used on the ground and in the aircraft to collect spectral data. The
MMR radiometer was also used on the ground and of course had been used
before to collect the fine earth data. The fine earth data were the
average of two samples from locations 316 and 317 (Figure 3).

There was very good agreement between the surface reflectance
factors for the fine earth and on the ground field data over the spectrum
range with both the Exot-TM and MMR radiometers. These results are
important because it gives the field data and aircraft data an advantage
over the fine earth data, especially if time and money are limited. There
were many factors to conside when comparing satellite and other remotely
sensed data with the fine earth. Some of these factors are the difference
in the sun angle, view angles, band widths and the difficulty of site
registration (Moran et al., 1987). The SPOT data did not agree in
absolute numbers with the radiometer data. This is related to how the

instruments are calibrated.
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Table (33): The remotely sensed data for site in field (27) DOY 165.

Field Condition

Sensor Sun angle Band 1 Band 2 Band 3 Band 4
ground Exot-TM 62.25 9.51 13.89 19.42 25.09
ground MMR 58.76 9.77 14.05 20.54 24.63
aircraft Exot-TM 56.90 9.89 14.09 19.71 25.43
SPOT satellite 17.00 24.90 33.60
"""""""""""""""""" Fine earth

MMR 51.29 9.79 13.94 19.77 24.98

Roughness Effect

Table 34 represents the reflectance factor measurements estimated
from SPOT (off-nadir) and aircraft-based (nadir-looking) instruments over
the field 15 site. This site had two levels of surface roughness, laser
and rough. The SPOT data collected on two days (DOY 164 and 165) with
different look-angles (+23.0 and -10.70) and different sensor (HRV-1 and
HRV-2). The aircraft-based reflectance measurements were collected on DOY
165 at the time of the SPOT overpass.

The rough level reduce the reflectance throughout band 1 to band
3 for SPOT and band 1 to band 4 for aircraft data due to the increase of
shadow. For the panchromatic band, the rough soil had higher reflectance
than the laser level soil in both days. If we consider that the aircraft

data can be as a ground-based data based, then the look-angle (23.00)
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reduced the reflectance values more than the corresponding one measured
by the aircraft for laser level only. Inversely, relation for the look-
angle (-10.70) illuminated the soil surface and increased the spectral
response level for both conditions (Figure 22). The SPOT image (figure
21) shows the effect of roughness in the field 15 site by the intensity
of the brown color. The rough level areas are darker while the laser
Tevel are brighter. The same occurred in field 29 which had four degrees
of roughness level, but the data was not available at this time for
analysis.

Table (34): The remotely sensed data of Laser and Rough soils for site
in field 15.

SPOT DATA
Roughness
DOY 1look-angle Condition HRV1 HRV2 HRV3 PAN
164 +23.00 laser level 16.30 23.70 32.10 22.00

rough Tevel 12.90 19.60 26.80 18.90

165 -10.70 laser level 19.70¢ 28.20 37.80 19.00
rough level 16.50 25.10 34.00 15.00

AIRCRAFT DATA
™1 ™2 T™M3

165 Taser level 17.60 26.10 33.50
rough level 12.60 20.50 24.30
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Figure (22): Spectral curves of the laser and rough soils
measured by SPOT satellite and aircraft. _
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CHAPTER 7
SUMMARY AND CONCLUSIONS

The research presented is a sequential process, involving studies
that were carried out in field environment, first. Laboratory analysis
for soil properties, second. Out-door measurements of the spectral
responses for the fine earth samples in seven wavelength bands, third.
A combination of both studies and relationships developed entirely on the
basis of data acquired, fourth.

In summary, Chapter one presented the introduction and statement
relative to my research objectives. Chapter two described the Maricopa
Agricultural Center and the experimental procedures used in characterizing
MAC soils. Chapter three included the soil maps of MAC Farm and described
the characteristics of MAC soils. These chapters are important background
information and necessary to fully evaluate the spectral and spatial
characteristics of MAC soils. Chapters three, four and five described the
spectral properties of MAC soils and their correlations with soil
properties. The soils spectral responses depend upcn, or can be related
to, various soil properties. Chapter 6 described the relationships
between different levels of remotely sensed data. Also it showed the soil
roughness effect.

Three subsets of 552, 101, and 11 Ap horizons were studied, and
the mean, maximum, minimum, standard deviation and the coefficient of
variation for each subset and for each studied soil property are given.

The basic spectral data is also presented for these three subsets.
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Therefore, it one knows these properties of the study site, it is
possible to get reasonable numerical values for the bulk density and soil
porosity, water holding capacity, and cation exchange capacity to help on
farm operations and managements. I have not included data on other
parameters which are highly variable from year to year and even within a
growing season, so site-specific analysis must be made if these parameters
are needed.

The soil spectral signature curves showed that the spectral
responses increased throughout the wavelength bands from band 1 to band
6 (MMR6) then decreasing to band 7 (MMR7) due to the water sensitivity of
band seven (MMR7). The wet reflectance reduced the altitude of the
spectral curves all over the spectrum range (0.45 to 2.35 m) without
effecting the curve shape. Also, in wet condition, the maximum was at
band 5 (MMR5) then decreasing to band 7 (MMR7).

From the field check with support of aerial photographs and data
analysis, I was able to identify four soil mapping units and three texture
classes. Two of these mapping units represented two soil series (Casa
Grande and Trix). Others, represented an association of two major soil
series (Shontik-Casa Grande and Trix-Casa Grande), for the entire farm and
within each mapping unit, there were three texture classes (Sandy Loam,
Sandy Ctay Loam and Clay Loam). But for SH-CG, there were two texture
classes only (SL and SCL). Moreover, there were a variation within class
type as between them. There was a great agreement among the spectral

signature curves and soil analysis for the discrimination and separation



144
among soil mapping units and among texture classes for the entire farm
and for each mapping unit. The different was greater between Tight
colored soil mapping units (SH-CG and CG) than between dark soil units
(TR-CG and TR). The same occurred between texture classes, the difference
between SL and SCL was greater than that between SCL and CL. The least
significant difference tests were successfully used in the class types
separation by using sand, silt and clay and iron oxide and by using the
soil spectral responses in some bands. Such results differed with
different sample size (552 and 101).

The discrimination function analysis for the soil spectral
responses showed the wet condition and reducing sample size, increasing
the corrected classification percentages for class types. Also, it gave
higher results for texture classes than that for mapping units. In the
same time, it gave higher results in the major two mapping units than that
for the association mapping units.

The spectroradiometric studies of fine earth soil samples (out-
door) are needed to develop an understanding of the factors influencing
soil reflectance. A variety of soil parameters and conditions
individually and in association with one another contribute to the
spectral reflectance of soils. By using three subsets (552, 101 and 11)
a study of the relationships between soil properties and soils spectral
responses were made. This was done by means of correlation matrix and

simple linear regression.
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For all subsets, the spectral responses in the seven bands were
highly correlated with each other under dry and wet conditions. The
correlation levels for 552 subset were 0.76 to 0.99 and for 101 were 0.79
to 1.00, while for 11 were 0.45 to 0.99.

That, showing the redundancy of spectral information among the
bands. The relationships developed explained that the spectral response
in the MMR3 (red) and in MMR4 (near-infrared) regions were the best for
establishing meaningful relationship between soil physical, chemical and
spectral response of soils. The wet condition gave slightly higher
correlation levels than that for dry condition. Greatest success has been
achieved when increased variations in the soil spectral responses. That
has been done by decreasing sample size and/or by average the subset data
in groups by using soil mapping units and their texture classes. The soil
properties that had significantly correlations with soil spectral
reflectance were sand, silt, and clay and iron oxide. In few cases color
value and chroma (with small sample size and grouped data) and organic
carbon (with small sample size) had a significantly relation with the
spectral responses. Silt, clay, organic carbon, iron oxide contents and
Hue had a negative correlations while sand and calcium carbonate contents
and value and chroma had a positive correlations with the spectral
responses in all bands under dry and wet conditions.

Of all the physical paraméters studied, none is obvious and yet
as complex to define as soil color. Therefore, there was no significant

simple relationships existed for color components when used individual
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samples for 101. But by average that data into ten groups, increased the
variability, such relations existed. Also, there were poor significant
relations between calcium carbonate and spectral response for individual
or average data in all bands under dry and some bands under wet condition.

An attempt was made to relate certain combinations of the spectral
response in seven bands to the soil properties. This was done by means
of multiple regression equations, where the soil property was considered
the dependent, or predicted variable. The best regression equation with
smallest standard error of (y) and highest coefficient of determination
was obtained by the stepwise procedure for each soil variable. The
prediction equations for sand (r? > 0.46), silt (r® > 0.40) and clay (r?
> 0.50) were satisfactory. And for chemical properties, iron oxide (r2 >
0.51) and organic carbon (r® > 0.93) for 11 subsets were also satisfactory,
but for organic carbon (r® = 0.21) for 101 subset and for calcium carbonate
(r2 = 0.07) were not. For color, no such relation existed for 101 samples
except for chroma (DNC) had poor coefficient (0.24). But for the average
of 101 samples and 11 samples, the predictive equations for Hue, Value and
Chroma were with ranges of coefficients ﬂf determination (0.31 to 0.92),
(0.52 to 0.89) and (0.57 to 0.96), respectively. The equations were
existed for value and chroma for the average of 101 samples, while the
equations for all color components were existed for 11 samples.

These results indicated that much of the variation in soil

spectral response is a function of soil color which is a reflection of
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sand, siTt and clay contents and iron oxide content and organic carbon
content.

In chapter six, as known before that an important aspect of remote
sensing is the quantitative determination of earth surface characteristics
by spectroradiometric analysis of imagery collected data by aircraft and
spacecraft and spectral data collected by aircraft sensors. Such analysis
are often supported by similar ground-based measurements. Also, that
analysis for soil type maps, as in field condition, there is as much
variation within class type as between them. A truly perplexing situation
for remote sensing depending on "ground truth" for support. A comparative
study was performed with different level remotely sensed data, including
fine earth data and natural field condition by ground- aircraft- and
satellite-band data.

For this data set, there were an agreement among the ground-based
data for fine earth and for field condition. And between them and
aircraft data. No such relation happened with the SPOT data. Actually,
the collected data for that relation was not enough and such relation
between spacecraft and other vremotely sensed Tlevels need more
investigations to be understood.

Another data set collected for two field surface conditions, rough
and Taser, measured by aircraft and satellite. Since we studied surface
roughness of the same field (site) with different sensor at different sun
angles. So, the results here were not subject to roughness parameters.

At a given sun angle, the reduced altitude of the spectral curves is due
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to the roughness effect on the measurements by the same sensor. The
behave of both levels were the same for satellite and aircraft data. The
spectral response for both levels were changed with changed sensor look-
angle since we used same field site. However, the reduction at same sun
angle and at different sun angles appeared to be directly proportional to
the percent shadow in the viewing area measured by SPOT satellite and
aircraft.

These results lead to the conclusions that could be stated as
follows: 1. A major purpose of soil survey is to assemble soil maps and
data so that information from research or experience can be extrapolated
to soils where it 1is applicable. 2. The large quantities of data
collected for the purpose of mapping units identification could be reduced
in some area without jeopardizing the quality of the findl hp.
reflectance measurements added valuable information for the mapping unit
and texture class definition and separation, but it can not replace the
on-site investigation of soils. 4. The results obtained through this
research clearly illustrated relationships between the soil physical and
chemical properties and their spectral responses of MAC soils. 5. The wet
reflectance relationships with soil properties were similar to the dry
condition, but generally slightly higher for all soil variables except
calcium carbonate. 6. It was determined that remotely sensed reflectance
could serve as a useful tool for surveying, identifying, and separation,
soil and some of its important properties. 7. The aircraft data can serve

as a ground-based for the satellite imagery with its advantages for
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reducing time, cost and field work and increasing area size and accuracy

of final products.
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APPENDTICES

RAW DATA FOR FOUR REFERENCE SOILS OVER THE
EXPERIMENTAL PERIOD (16 DAYS).

RAW DATA FOR THE (UTM) COORDINATE SYSTEM (X,Y)
AND SOIL TEXTURE DATA FROM 552 AP SURFACE
SAMPILES.

RAW DATA FOR THE PERCENT DRY REFLECTANCE IN
SEVEN WAVELENGTH BANDS FROM 552 AP SURFACE
SAMPLES.

RAW DATA FOR THE PERENTE WET REFLECTANCE IN
SEVEN WAVELENGTH BANDS FROM 552 AP SURFACE
SAMPLES.

RAW DATA FOR DRY AND WET COLOR FROM 101
SELECTED RANDOM AP SURFACE SAMPLES.

RAW DATA FOR IRON OXIDE, ORGANIC CARBON, AND
CALCIUM CARBONATE CONTENTS FROM 101 SELECTED
RANDOM AP SURFACE SAMPLES.

RAW DATA FOR SOME SOIL PROPERTIES FROM 11 AP
SURFACE SAMPLES FROM 11 PEDONS.
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APPENDIX (A)

RAW DATA FOR FOUR REFERENCE SOILS
FOR 16 DAY OF THE YEAR (DOY)

DOY MMR1 MMR2 MMR3 MMR4 MMR5 MMR6 MMR7

(%) (%) (%) (%) (%) (%) (%)
SMU: TR TEX.CIASS: CI, ID #: 326
72 8.865 13.310 18.780 23.475 30.155 31.360 28.175
73 11.380 15.760 21.310 28.165 35.745 35.820 29.690
76 9.270 13.480 18.965 23.885 30.950 32.315 28.520
77 9.525 13.800 19.810 25.020 31.925 32.715 29.075
78 9.625 13.930 19.860 25.050 31.900 32.605 28.865
82 9.635 14.040 19.830 24.840 32.110 33.390 29.475
89 10.330 14.295 19.595 24.190 31.440 33.050 29.965
90 9.755 13.535 17.805 24.465 32.815 33.955 28.475

96 10.140 14.085 19.245 23.920 31.065 32.420 29.305
97 10.050 13.915 18.995 23.610 30.825 32.020 28.570
98 9.675 13.395 18.600 22.610 27.960 28.945 25.835
29 9.570 13.435 18.145 22.410 28.945 30.065 27.200
103 9.305 13.100 18.185 22.435 27.900 28.465 25.700
104 10.095 13.605 18.515 22.620 27.830 28.165 24.970
106 10.360 14.245 19.410 24.220 21.285 32.305 29.065
110 10.775 14.975 20.615 25.565 32.970 34.690 31.615

SMU: TR TEX.CLASS: SCL ID #: 407

72 13.335 19.115 26.890 32.730 40.165 41.835 38.455
73 13.640 19.580 27.610 33.480 41.175 43.120 39.705
76 14.775 20.895 28.840 34.520 41.225 42.710 39.225
77 13.365 19.190 26.915 32.435 39.820 41.620 38.450
78 12.750 18.420 26.225 32.285 39.390 40.425 36.780
82 11.390 16.365 23.415 29.000 36.225 37.105 33.340
89 11.375 16.265 23.240 28.745 36.235 37.650 33.685
90 12.895 18.010 25.000 30.800 38.255 39.370 35.685
96 13.030 18.330 25.465 31.600 39.705 41.530 37.380
97 13.410 18.470 25.265 30.960 37.980 38.790 34.565
98 10.665 15.405 22.320 27.840 35.390 37.000 33.370
99 12.730 17.720 24.640 30.370 38.240 40.200 36.440
103 12.655 17.565 24.145 30.015 38.050 39.140 34.500
104 10.680 15.285 21.970 27.455 34.795 36.475 33.040
106 12.955 17.960 24.930 30.905 38.205 39.125 35.100
110 10.825 15.660 22.590 28.055 35.190 36.205 32.435
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DOY MMR1 MMR2 MMR3 MMR4 MMRS5 MMR6 MMR7
(%) (%) (%) (%) (%) (%) (%)

SMU: TR TEX.CIASS: CL ID #: 326

72 11.565 16.180 22.545 28.455 36.830 38.210 34.080
73 12.780 19.150 27.755 33.930 41.550 43.575 40.430
76 12.010 16.925 23.565 29.145 36.885 38.385 34.605
77 12.385 17.805 25.165 31.080 38.525 39.730 35.770
78 12.450 17.705 25.090 30.975 38.490 39.725 36.000
82 13.780 20.555 29.555 35.335 41.920 43.400 39.035
89 13.780 20.650 30.105 36.850 44.825 46.035 41.280
90 14.045 20.885 31.025 37.725 44.720 46.025 42.480
96 14.265 21.415 31.305 38.390 46.570 48.075 43.700
97 14.020 20.885 30.220 36.210 43.590 45.240 41.185
98 14.115 20.805 30.270 36.420 43.195 44.620 40.950
99 13.745 20.475 30.259 36.580 43.730 45.415 41.815
103 12.705 18.620 26.900 32.240 38.045 39.370 35.775
104 13.215 19.550 28.460 34.395 41.495 43.025 39.130
106 14.285 21.220 31.465 38.975 46.460 48.105 44.180
110 13.645 20.165 29.295 35.595 43.510 45.550 41.370
SMU: CG TEX.CIASS: SL ID 828

72 13.475 19.330 27.300 33.415 41.150 42.735 38.955
73 12.960 18.515 25.915 31.530 38.795 40.255 36.415
76 12.505 18.065 25.660 31.235 38.065 39.230 35.535
77 11.150 15.945 22.305 27.580 34.790 36.355 32.795
78 13.120 17.980 24.225 29.380 36.525 37.805 34.065
82 14.205 19.450 26.150 31.950 39.995 41.255 37.775
89 13.385 18.275 24.795 30.290 37.870 39.335 36.405
90 14.710 20.160 27.190 33.190 41.460 42.940 39.425
96 15.660 21.570 29.165 35.580 43.975 45.360 41.970
97 14.110 19.195 25.895 31.290 38.780 40.240 36.875
98 13.380 18.265 24.750 30.195 36.895 37.390 34.705
99 14.655 20.015 27.130 33.025 40.055 41.615 38.745
103 15.170 20.665 27.600 33.285 40.670 41.970 38.585
104 13.435 18.490 25.170 30.640 38.455 39.980 37.055
106 13.150 18.180 24.815 30.135 37.770 39.590 36.545
110 15.535 20.910 27.695 33.270 40.335 41.450 37.680
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APPENDIX (B)

RAW DATA FROM 552 AP SURFACE SAMPLES FOR THE
UTM COORDINATE SYSTEM (X,Y) AND SOIL TEXTURE DATA

X,Y FIELD UTM-X UTM-Y SAND SILT CLAY TEX. MAPPING
1D.# ID. (%) (%) (%) CLASSES UNITS
269 DF05-1E 409347 458871 62 19 19 SL cG
270 DF05-1W 409257 458873 59 20 21 SCL  CG
271 DF05-2E 409348 458972 63 21 16 SL cG
272 DF05-2W 409257 458973 60 20 20 SCL  CG
273 DF05-3E 409348 459077 64 19 17 SL cG
274 DF05-3W 409258 459077 62 20 18 SL, cG
275 DF06-1E 409134 458874 63 16 21 SCL  CG
276 DF06-1W 408994 458875 61 16 23 scL  cG
277 DF06-2E 409136 458975 55 17 28 SCL  CG
278 DF06-2W 408996 458976 54 18 28 SCL  CG
279 DF06-3E 409138 459079 60 18 22 SCL  CG
280 DF06-3W 408998 459082 59 20 21 SCL  CG
281 DF07-1E 408881 458873 63 18 19 SL cG
282 DF07-1W 408726 458875 56 21 23 SCL  CcG
283 DF07-2E 408881 458977 53 21 26 SCL  CG
284 DF07-2W 408726 458980 53 19 28 scL.  cG
285 DF07-3E 408882 459082 61 18 21 SCL  CG
286 DF07-3W 408727 459083 54 20 26 SCL  CG
287 DF08-1E 409396 459182 67 15 18 SL cG
288 DF08-1W 409258 459182 66 16 18 SL cG
289 DF08-2E 409397 459281 64 17 19 SL, cG
290 DF08-2W 409258 459282 65 17 18 SL ce
291 DF08-3E 409396 459383 58 18 24 SCL  CG
292 DFO08-3W 409259 459384 63 19 18 SL cG
293 DF08-4E 409396 459490 57 20 23 SCL CG
294 DFO08-4W 409258 459489 58 21 21 SCL  CG
295 DF09-1E 409135 459183 60 19 21 SCL  CG
206 DF09-1W 408997 459183 70 14 16 SL cG
297 DF09-2E 409139 459281 68 15 17 SL cG
299 DF09-3E 409142 459385 57 23 20 SL cG
300 DF09-3W 409001 459387 66 16 18 SL cG
301 DF09-4E 409143 459491 54 23 23 scL  cG
302 DF09-4W 409002 459492 68 16 16 SL ce
303 DF10-1E 408885 459184 60 20 20 SCL.  CG
304 DF10-1W 408729 459186 58 19 23 SCL.  CG
305 DF10-2E 408884 459284 60 20 20 SCL  CG
306 DF10-2W 408730 459286 55 21 24 SCL. CG
307 DF10-3E 408884 459387 61 17 22 SCL. CG

308 DFl10-3W 408732 459389 58 21 21 SCL cG



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
351
352
353
354
355
356
357
359
360
361

DF10-4E
DF10~-4W
DF27-15S
DF27-14S
DF27-13S
DF27-12S
DF27-11S
DF27-10S
DF27-9S
DF27-8S
DF27-78
DF27-6S
DF27-58
DF27-4S
DF27-~38
DF27-2S8
DF27-1S
DF27-14N
DF27-13N
DF27-12N
DF27-11N
DF27-10N
DF27~9N
DF27-8N
DF27-7N
DF27-6N
DF27-5N
DF27-4N
DF27-3N
DF27-2N
DF27-1N
DF28-158
DF28-14S
DF28-13S
DF28-12S
DF28-11S
DF28-10S
DF28-9S
DF28-8S
DF28-5S
DF28-48S
DF28-3S
DF28-~28S
DF28-1S
DF28~15N
DF28-14N
DF28-12N
DF28-~11N
DF28-10N

408885
408734
408567
408469
408370
408271
408172
408072
407974
407874

407774

407674
407575
407475
407375
407274
407173
408473
408373
408276
408177
408076
407978
407878
407777
407679
407578
407479
407377
407277
407175
408578
408479
408377
408279
408181
408077
407979
407875
4075717
407474
407375
407277
407173
408576
408475
408276
408178
408077

459491

459493
458002
458005
458007
458010
458012
458014
458018
458020
458024
458027
458031
458032
458036
458038
458040
458142
458146
458148
458150
458152
458156
458157
458161
458165
458168
458172
458175
458179
458182
458260
458262
458265
458267
458268
458272
458277
458279
458287
458291
458294
458297
458299
458410
458414
458419
458422
458426

50

55
25
26
24
28
32
26
52
59
58
53
46
55
55
46
56
25
24
26
29
34
37
52
69
57
46
47
48
42
41
23

26

21
37
34
37
33
32
35
23
21
21
23
26
20
20
25
20
37
37
35
33
32
28
22
16
21

24

24
38
40
39
39
36
39
25
20
21
24
28
25
25
29
24
38
39
39
38
34
35
26
15
22
28
29
28
33
34
37
36
35
37
36



363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
408
409
410
411
412

DF28-8N
DF28-7N
DF28-6N
DF28-5N
DF28-4N
DF28-3N
DF28-2N
DF28-1N
DF29-158
DF29-14S
DF29-13S
DF29-128
DF29-11S
DF29-10S
DF29-98
DF29-8S
DF29-78
DF29-6S
DF29-58
DF29-4S
DF29-35
DF29-285
DF29-1S
DF29-15N
DF29-14N
DF29-13N
DF29-12N
DF29-11N
DF29-10N
DF29-9N
DF29-8N
DF29~7N
DF29-6N
DF29-5N
DF29-4N
DF29-3N
DF29-2N
DF29~1N
DF30-158
DF30-3N
DF30-13S
DF30-12S
DF30-11S
DF30-10S
DF30-8S
DF30-7S
DF30-6S
DF30-5S
DF30-4S

407874
407775
407675
407574
407473
407374
407280
407172
408575
408473
408380
408275
408177
408076
407978
407876
407780
407675
407576
407477
407376
407280
407173
408578
408477
408381
408281
408178
408079
407981
407877
407783
407679
407580
407481
407379
407280
407173
408586
408480
408383
408285
408183
408085
407879
407784
407681
407581
407482

458433
458436
458439
458442
458445
458448
458452
458456
458537
458541
458543
458546
458550
458553
458555
458558
458561
458565
458568
458570
458575
458577
458581
458670
458672
458674
458678
458681
458684
458687
458690
458692
458695
458698
458702
458705
458708
458712
458792
458796
458800
458803
458807
458810
458817
458820
458823
458826
458830

SCL
SCL
SCL
SCL
SCL
SCL
SCL
SL

CL

SCL
SCL
SCL
SCL
SCL
SCL
CL

SCL
SCL
SCL
SCL
SCL
SCL
SL

SL

SCL
SCL
SCL
SCL
SCL
SL

SCL
SCL
SCL



156

413 DF30-3S 407380 458834 57 23 20 SCL TR-CG
414 DF30-2S 407279 458838 58 22 20 SCL TR-CG
415 DF30-1S 407177 458840 65 18 17 SL TR-CG
416 DF30-15N 408588 458936 76 12 12 SL CG
417 DF30-14N 408485 458940 78 12 10 SL CG
418 DF30-13N 408387 458942 68 13 19 SL cG
419 DF30-12N 408287 458944 62 19 19 SL TR

420 DF30-11N 408184 458947 52 27 21 SCL TR
421 DF30~10N 408087 458950 52 26 22 SCL TR
422 DF30-9N 407986 458953 51 27 22 SCL TR
423 DF30-8N 407880 458956 50 27 23 SCL TR
424 DF30-7N 407785 458958 46 29 25 SCL TR

425 DF30-6N 407685 458961 47 28 25 SCL TR
426 DF30-5N 407584 458964 48 30 22 SCL TR
427 DF30-4N 407484 458966 56 25 19 SL TR
428 DF30-3N 407384 458969 51 27 22 SCL: TR-CG
429 DF30-2N 407283 458973 54 24 22 SCL TR-CG
430 DF30-1N 407181 458976 64 19 17 SL TR-CG
431 DF31-15S 408590 459053 67 15 18 SL CG
432 DF31-14S 408488 459056 68 16 16 SL cG
433 DF31-13S 408389 459059 39 31 30 CL CG
434 DF31-12S 408288 459061 47 23 30 SCL TR
435 DF31~-11S 408188 459065 46 25 29 SCL TR
436 DF31-10S 408087 459067 21 42 37 SCL TR
437 DF31-9S 407988 458070 33 31 36 CL TR
438 DF31-8S 407885 459074 27 35 38 CL TR
439 DF31-75 407788 459076 29 34 37 CL TR
440 DF31-6S 407687 459080 38 28 34 CL TR
441 DF31-5S 407585 459083 28 35 37 CL TR
442 DF31-4S 407485 459086 33 30 37 CL TR
443 DF31-3S 407387 459090 34 34 32 CL TR
444 DF31-2S5 407286 459093 45 27 28 CL TR-CG
445 DF31-1S 407183 459095 46 26 28 CL TR-CG
446 DF31-15N 408590 459190 64 17 19 SL CcG
447 DF31-14N 408488 459193 63 17 20 SL CcG
448 DF31-~13N 408389 459194 65 17 18 SL CG
449 DF31~12N 408288 459198 53 21 26 SCL TR
450 DF31-11N 408189 459200 43 28 29 CL TR
451 DF31-10N 408086 459203 27 36 37 CL TR
452 DF31-9N 407987 459206 31 33 36 CL TR
453 DF31-8N 407885 459208 26 35 39 CL TR
454 DF31-7N 407788 459211 27 35 38 CL TR
455 DF31-6N 407689 459213 28 33 39 CL TR
456 DF31-5N 407587 459216 25 35 40 CL . TR
457 DF31-4N 407486 459219 43 26 31 CL TR
458 DF31-3N 407388 459222 26 36 38 CL TR
459 DF31-2N 407286 459225 32 35 33 CL TR

460 DF31-1N 407185 459228 40 28 32 CL TR~CG
461 DF32B-7S 408533 459311 56 17 27 SCL cG



462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

DF32B-6S
DF32B-5S
DF32B-4S
DF32B-3S
DF32B-2S
DF32B-18
DF32-7S
DF32-6S
DF32-5S
DF32-4S
DF32-3S
DF32-2S
DF32-1S
DF32B-7N
DF32B-6N
DF32B-5N
DF32B~-4N
DF32B-3N
DF32B-2N
DF32B-1N
DF32~7N
DF32-6N
DF32-5N
DF32-4N
DF32-3N
DF32-2N
DF32-1N
DF33-78
DF33-6S
DF33-5S
DF33-45
DF33-38
DF33-28
DF33-1S
DF33-8N
DF33-7N
DF33-6N
DF33-5N
DF33-4N
DF33-3N
DF33-2N
DF33-1N
DF34-78
DF34-6S
DF34-58
DF34-4S
DF34-3S
DF34-2S
DF34-1S

408427
408327
408227
408127
408025
407928
407792
407688
407585
407488
407388
407286
407183
408535
408427
408328
408229
408126
408027
407927
407793
407690
407586
407490
407391
407286
407186
407709
407620
407532
407446
407353
407268
407177
407800
407713
407621
407533
407447
407356
407271
407179
407788
407687
407587
407488
407389
407289
407191

459313
459317
459318
459321
459323
459325
459333
459335
459337
459339
459343
459344
459347
459443
459444
459445
459447
459449
459450
459451
459497
459500
459503
459505
459509
459513
459513
459670
459673
459675
459676
459678
459680
459682
459744
459747
459749
459753
459755
459758
459758
459762
459866
459869
459870
459872
459875
459876
459877

SCL
SCL
CL
CL
SCL
SL
SL

SCL
CL
CL
SCL
SCL
SL

SL
SCL
CL
SCL
SCL
SL
SL
SL
CL
CL
CL



511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559

DF34-7N
DF34-6N
DF34-5N
DF34-4N
DF34-3N
DF34-2N
DF34-1N
DF35-78
DF35-6S
DF35-58
DF35-48
DF35-38
DF35-28
DF35-1S
DF35-7N
DF35-6N
DF35-5N
DF35-4N
DF35-3N
DF35-2N
DF35-1N
DF36-7S
DF36-6S
DF36-5S
DF36-4S
DF36-3S
DF36-28
DF36-1S
DF36-7N
DF36-6N
DF36-5N
DF36-4N
DF36-3N
DF36-2N
DF36-1N
DF37-78
DF37-6S
DF37-58
DF37-48
DF37~-3S
DF37-2S
DF37~18
DF37-7N
DF37-6N
DF37-5N
DF37-4N
DF37-3N
DF37-2N
DF37~1N

407789
407688
407589
407489
407389
407290
407191
407790
407688
407591
407490
407391
407292
407193
407790
407688
407591
407490
407391
407292
407194
407792
407690
407593
407492
407393
407294
407195
407791
407690
407593
407492
407393
407294
407195
407792
407691
407594
407492
407394
407295
407197
407794
407692
407596
407493
407395
407296
407199

459955
459959
459960
459962
459965
459966
459969
460073
460074
460076
460077
460079
460080
460080
460166
460167
460169
460169
460171
460171
460172
460280
460280
460281
460282
460283
460284
460284
460361
460362
460364
460365
460366
460368
460369
460480
460481
460482
460483
460485
460486
460488
460623
460625
460627
460629
460630
460633
460635

SCL
SCL
SCL
CL
CL
CL

CL
5CL
CL
CL
CL
CL

CL
CL
CL
CL
CL
CL
CL
CL
SCL
SCL
CL
CL
CL
CL
SCL
SL
SL
SCL
CL
CL

SCL
SL
SCL
SCL
SCL
CL



560
561
562
563
564
565
566
567
568
569
570
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
590
591
592
593
594
595
596
597
598
599
600
601
602
603
605
606
607
608
609
610
611

DF38-7S
DF38-6S
DF38-58
DF38-4S
DF38-38
DF38-2S
DF38-1S
DF38-7N
DF38-6N
DF38-5N
DF38-4N
DF38-2N
DF38-1N
DF39-78
DF39-6S
DF39-58
DF39-4S
DF39-3S
DF39-2S
DF39-1S
DF39-7N
DF39-6N
DF39-5N
DF39-4N
DF39-3N
DF39-2N
DF39-1N
DF11-3E
DF11-4E
DF11-4W
DF11-5E
DF11-5W
DF11-6E
DF11-6W
DF11-~7E
DF11-7W
DF11-8E
DF11-8W
DF13-1E
DF13~-1W
DF13-2E
DF13-2W
DF13-3W
DF13-4E
DF13-4wW
DF13-5E
DF13-5W
DF13-6E
DF13-6W

407795
407694
407597
407496
407397
407298
407199
407796
407695
407600
407498
407300
407200
407796
407695
407600
407499
407400
407301
407201
407798
407696
407601
407501
407400
407302
407202
409397
409397
409326
409397
409326
409397
409325
409396
409323
409401
409324
409040
408937
409039
408936
408936
409039
408934
409040
408933
409039
408933

460744
460747
460747
460748
460750
460751
460753
460897
460897
460897
460897
460899
460899
461009
461010
461011
461011
461013
461014
461015
461146
461148
461148
461148
461150
461151
461152
459869
459965
459965
460064
460064
460161
460161
460260
460261
460351
460351
459670
459669
459762
459763
459869
459967
459967
460066
460067
460162
460163

SCL

159

TR
TR
TR
TR
TR-CG
TR-CG
TR~-CG
TR
TR
TR
TR
TR-CG
TR-CG
TR
TR
TR

TR
TR-CG
TR-CG



612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660

DF13-7E
DF13-7W
DF13-8E
DF13-8W
DF14-1E
DF14-1W
DF14-2E
DF14-2W
DF14~-3E
DF14-3W
DF14-4E
DF14-4W
DF14-5E
DF14-5W
DF14-6E
DFl4-6W
DF14-7E
DF14-7W
DF14-8E
DF14-8W
DF15-8E
DF15-8W
Df15-7E
DF15-7W
DF15-6E
DF15-6W
DF15-5E
DF15-5W
DF15-4E
DF15-4W
DF15~3E
DF15-3W
DF15-2E
DF15-2W
DF15-1E
DF15-1W
DF16-8E
DF16-8W
DF16-7E
DF16-7W
DF16-6E
DF16-6W
DF16-5E
DF16-5W
DF16-4E
DF16-4W
DF16-3E
DF16-3W
DF16-2E

409036
408933
409038
408932
408827
408725
408828
408725
408829
408726
408828
408726
408828
408727
408828
408726
408829

408727

408828
408727
408616
408542
408617
408542
408618
408542
408620
408542
408619
408543
408618
408543
408618
408542
408619
408543
408433
408345
408434
408344
408433
408346
408433
408347
408435
408348
408435
408349
408435

460261
460264
460355
460357
459669
459670
459763
459764
459869
459870
459968
459969
460068
460069
460163
460164
460265
460265
460359
460361
459597
459598
459689
459689
459776
459777
459876
459878
459978
459980
460076
460078
460173
460175
460274
460276
459602
459605
459705
459706
459799
459799
459899
459900
459999
460000
460098
460100
460196

SCL



661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709

DFl16-2W
DFlé6-1E
DFl6-1W
DF17-1E
DF17-1W
DF17-2E
DF17-2W
DF17-3E
DF17-3W
DF17-4E
DF17-4W
DF17-5E
DF17-5W
DF17~6E
DF17-6W
DF17-7E
DF17-7W
DF17-8E
DF17-8W
DF18-1E
DF18-1W
DF18-2E
DF18-2W
DF18-3E
DF18-3W
DF18-4E
DF18-4W
DF18-5E
DF18~5W
DF18-6E
DF18~-6W
DF18-7E
DF18-7W
DF18~8E
DF18-8W
DF19-1E
DF19-1W
DF19-2E
DF19-2W
DF19-3E
DF19-3W
DF19-4E
DF19-4wW
DF19-5E
DF19-5W
DF19-6E
DF19-6W
DF19-~7E
DF19-7W

408349
408435
408350
408229
408153
408230
408153
408231
408154
408232
408153
408235
408154
408237
408155
408238
408156
408239
408155
408041
407952
408042
407952
408042
407951
408043
407952
408043
407952
408044
407953
408045
407953
408045
407954
409398
409308
409398
409308
409398
409309
409399
409309
409400
409309
409400
409309
409400
409309

460197
460298
460300
459680
459680
459781
459782
459880
459880
459979
459980
460078
460079
460176
460176
460275
460277
460372
460374
459680
459681
459781
459782
459881
459881
459981
459982
460080
460081
460178
460179
460278
460279
460375
460377
460469
460470
460569
460569
460670
460671
460770
460772
460871
460871
460976
460976
461067
461068

21
23
23
21
21
28
26

28
29
22

26
34

38
29
29
33

37
31
37
26
35

35
30
35
32
38
29

31
30
18

16
15
15

14
11
13
14
13
14
11
13

SCL
SCL
SCL
SCL
SCL
SCL
SCL
SCL
SCL
SCL
SCL
SCL
SCL
SCL

SCL



710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759

DF19-8E
DF19-8W
DF20-1E
DF20-1W
DF20-2E
DF20-2W
DF20-3E
DF20-3W
DF20-4E
DF20-4W
DF20-~5E
DF20-5W
DF20-6E
DF20~-6W
DF20-7E
DF20-7W
DF20-8E
DF20-8W
DF21-1E
DF21-1W
DF21-2E
DF21-2W
DF21-3E
DF21-3W
DF21-4E
DF21-4W
DF21-5E
DF21-5W
DF21-6E
DF21-6W
DF21-7E
DF21-7W
DF21-8W
DF22-8E
DF22-8W
DF22-7E
DF22-7W
DF22-6E
DF22-6W
DF22-5E
DF22-5W
DF22-4E
DF22-4W
DF22-3E
DF22-3W
DF22-2E
DF22-2W
DF22-1E
DF22-1W

409401
409310
409205
409120
409205
409119
409206
409118
409207
409117
409207
409116
409208
409114
409209
409112
409209
409111
409009
408919
409008
408919
409008
408918
409006
408917
409006
408916
409005
408915
409006
408914
408913
408818
408734
408818
408736
408817
408740
408815
408742
408813
408745
408813
408748
408813
408751
408810
408753

461166
461166
460470
460470
460571
460571
460670
460670
460771
460773
460870
460870
460978
460978
461070
461072
461168
461169
460470
460469
460570
460571
460671
460671
460772
460771
460871
460870
460979
460979
461073
461073
461172
460470
460470
460570
460569
460671
460670
460772
460773
460871
460871
460980
460980
461075
461075
461173
461173

162

SH-CG
SH-CG

TR
SH~-CG

TR
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH~-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG

TR
TR

SH-CG
SH~-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
CcG
CcG
cG
CG
CG

CcG
CcG
CG
CG
CG
cG
CG
CG
CcG
CcG



760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808

DF23-1E
DF23-1W
DF23-2E
DF23-2W
DF23-3E
DF23-3W
DF23-4E
DF23-4W
DF23-5E
DF23-5W
DF23~-6E
DF23-6W
DF23-7E
DF23-7W
DF23-8E
DF23-8W
DF24-1E
DF24-1W
DF24-2E
DF24-2W
DF24-3E
DF24-3W
DF24-4E
DF24-4W
DF24-5E
DF24-5W
DF24-6E
DF24-6W
DF24-7E
DF24-7W
DF24-8E
DF24-8W
DF25-1E
DF25-1W
DF25-2E
DF25-2W
DF25-3E
DF25-3W
DF25-4E
DF25-4W
DF25-5E
DF25-5W
DF25-6E
DF25-6W
DF25-7E
DF25-7W
DF25-8E
DF25~8W
DF26-1E

408616
408544
408619
408547
408621
408549
408623
408552
408626
408555
408628
408557
408630
408561
408632
408563
408434
408351
408435
408354
408438
408357
408441
408361
408444
408363
408446
408365
408449
408369
408451
408372
408241
408159
408243
408159
408244
408159
408247
408159
408248
408158
408251
408158
408253
408159
408256
408159
408048

460483
460484
460591
460591
460680
460682
460781
460782
460886
460888
460985
460986
461090
461090
461176
461177
460486
460488
460592
460592
460683
460684
460783
460784
460888
460889
460988
460990
461091
461091
461177
461179
460504
460501
460602
460601
460702
460701
460801
460800
460899
460898
460998
460997
461097
461098
461196
461196
460515

SCL
CL
SCL
SCL
SCL
CL
SCL
CL
SCL
CL
SCL
CL
SL
CL
SL
CL
CL
CL
CL
CL
CL
CL

CL
CL
CL
CL
CL
CL

CL
CL
SCL
SCL
CL
SCL
CL
CL
CL
CL
CL

CL
CL
CL
CL
CL
CL
CL



809
810
811
812
813
814
815
816
817
818
819
820
821
824
826
828
829
830
831
832
833
834
835

DF26-1W
DF26-2E
DF26—-2W
DF26-3E
DF26-3W
DF26-4E
DF26-4W
DF26-5E
DF26-5W
DF26-6E
DF26-6W
DF26-7E
DF26-7W
DF12-3E
DF12-4E
DF12-5E
DF12-5W
DF12~6E
DF12-~-6W
DF12-7E
DF12-7W
DF12-8E
DF12-8W

407955
408048
407954
408047
407953
408048
407954
408048
407955
408049
407954
408049
407953
409224
409224
409224
409148
409223
409148
409223
409148
409222
409147

460514
460611
460611
460710
460710
460813
460812
460910
460911
461008
461010
461108
461109
459868
459965
460065
460065
460161
460161
460261
460260
460353
460352

164

TR
CG
TR
CG

CcG
TR
CG
CG
CG
CG

CG
CG
CcG
CcG
CG
CG
CG
CcG
CG
CG
cG




APPENDIX (C)
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RAW DATA FOR 552 AP SURFACE SAMPLES FOR THE REFLECTANCE (%)

IN SEVEN WAVELENGTH BANDS UNDER DRY CONDITION

SAMPLE MMR1 MMR2 MMR3 MMR4 MMR5S MMR6 MMR7
ID. # (%) (%) (%) (%) (%) (%) (%)
269 12.650 18.865 27.820 34.195 40.560 41.940 38.375
270 12.225 18.885 28.645 35.635 44.480 46.710 42.915
271 13.170 19.580 28.525 34.600 42.400 44.490 40.970
272 11.315 17.180 25.560 31.440 38.575 40.130 36.700
273 13.035 19.220 27.700 34.140 39.620 41.135 37.860
274 12.070 18.215 27.160 33.240 40.135 42.145 39.175
275 10.500 16.200 24.700 31.065 38.840 40.370 36.735
276 9.135 13.920 20.845 26.250 32.330 33.975 30.870
277 9.260 13.780 20.170 25.430 31.680 33.580 30.515
278 9.060 13.585 19.895 24.905 30.910 32.270 28.975
279 10.010 15.565 23.760 30.535 38.770 40.335 36.865
280 9.925 15.070 22.425 28.210 34.845 36.295 32.635
281 12.520 17.850 25.485 32.055 39.620 41.070 37.400
282 13.370 19.195 27.290 33.525 41.755 43.295 39.085
283 10.995 15.745 22.320 28.135 36.770 39.260 35.270
284 11.565 16.595 23.605 29.445 37.355 39.080 35.670
285 11.930 17.480 25.480 31.955 41.400 43.770 39.945
286 12.120 17.145 24.050 29.955 38.005 39.645 35.750
287 14.235 21.370 31.160 37.490 43.930 45.580 41.695
288 14.805 22.560 33.020 39.725 46.930 48.385 44.765
289 14.710 21.610 30.590 36.385 43.250 44.995 41.100
290 11.755 16.245 22.150 27.470 34.940 36.145 32.460
291 12.365 18.030 25.600 31.045 37.240 38.645 35.415
292 13.380 19.745 28.580 34.790 43.960 46.405 42.905
293 12.435 17.880 25.525 31.250 38.645 40.265 37.300
294 12.955 18.750 26.805 33.060 38.800 40.240 37.315
295 11.345 16.045 22.315 27.585 34.555 35.715 31.870
296 12.735 18.720 26.925 32.900 40.085 41.795 38.525
297 15.930 23.400 33.270 39.795 46.690 47.460 43.570
299 15.320 22.575 32.620 39.945 49.880 52.135 47.920
300 14.155 20.435 28.890 35.090 42.935 44.505 40.315
301 12.930 18.780 26.790 32.950 41.040 42.795 38.785
302 14.785 21.175 30.105 36.590 43.260 45.030 41.380
303 16.675 23.785 33.520 40.670 48.025 49.965 45.935
304 12.255 17.960 25.930 32.640 39.7i06 41.545 38.095
305 13.600 19.395 27.445 33.815 41.920 43.515 39.350
306 15.875 23.245 33.015 39.935 48.205 49.370 45.120
307 13.700 19.740 28.015 34.225 42.220 43.970 40.060
308 12.545 17.930 25.645 31.995 40.690 42.365 38.270



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
351
352
353
354
355
356
357
359
360
361

13.465
12.630
10.285
10.395
10.650
11.650
15.210
9.740
9.845
12.700
11.1%95
9.565
8.940
9.340
9.145
9.250
10.935
10.565
13.945
10.140
10.420
8.765
10.260
8.895
8.980
10.765
10.115
9.025
9.470
9.300
9.645
10.375
10.590
11.615
9.090
12.395
13.935
10.030
11.730
11.815
10.035
13.325
12.965
9.165
10.065
11.200
14.440
13.390
11.400

19.555
18.075
14.320
14.550
14.825
16.125
20.695
13.720
14.145
17.900
16.205
14.350
12.965
13.810
13.390
13.225
15.445
14.690
19.625
13.965
14.605
12.295
14.525
12.780
13.535
15.920
14.550
13.105
13.745
13.360
13.740
14.415
14.970
16.135
12.535
16.955
20.020
14.300
16.790
16.135
13.920
18.210
17.630
13.010
14.230
15.550
20.250
18.430
15.750

28.045
25.635
19.620
20.115
20.275
22.060
27.550
19.285
20.250
25.060
23.270
21.385
18.695
20.310
19.930
19.055
21.700
20.035
26.955
19.205
20.245
17.295
20.605
18.360
20.115
23.600
20.905
18.975
19.975
19.060
19.695
19.920
20.855
22.230
17.265
23.030
28.795
20.130
23.760
21.990
19.080
24.685
23.620
18.100
20.110
21.380
27.960
24.895
21.760

34.680
31.615
24.305
24.985
25.340
27.455
33.035
24.390
25.560
30.825
28.915
26.995
23.795
25.865
25.545
24.110
27.255
24.735
33.030
24.195
25.300
21.550
25.975
23.145
25.060
29.725
26.245
24.160
25.470
24.145
24.785
24.515
25.970
27.685
21.465
27.990
35.740
24.990
29.470
27.300
23.755
30.285
28.470
22.435
25.190
26.380
34.345
30.195
26.770

43.615
39.085
31.595
32.525
33.195
36.800
39.770
31.435
32.490
37.530
35.515
34.265
31.020
33.260
33.030
31.570
34.925
30.440
41.085
31.460
32.540
27.090
33.250
29.030
30.535
37.390
33.445
31.220
32.970
31.615
31.910
31.260
33.470
35.165
27.745
34.800
43.980
32.110
36.855
33.655
30.685
37.300
36.015
28.805
32.465
33.580
43.060
37.980
33.740

45.525
40.275
32.795
33.805
34.520
38.020
40.830
32.795
33.230
39.230
37.310
35.180
32.130
34.630
34.245
32.745
36.020
31.910
42.780
32.565
33.375
28.215
34.440
29.730
31.770
38.610
34.690
32.465
33.960
33.055
33.060
32.535
34.870
36.580
29.340
36.180
45.405
33.145
37.860
34.670
31.575
38.580
37.680
29.915
33.575
34.520
44.630
39.330
35.080
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41.595
36.260
29.295
30.235
31.000
33.960
37.370
30.045
29.900
35.295
34.010
31.395
28.705
31.230
30.755
29.665
32.810
29.195
39.020
29.045
30.160
25.480
31.095
26.540
29.035
34.550
31.500
29.480
30.490
29.730
29.610
29.485
31.650
33.460
26.520
33.290
41.770
29.665
34.095
30.905
27.550
35.610
34.625
26.925
30.405
31.225
41.405
35.925
31.870



363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
408
409
410
411
412

13.605
11.175
12.665
13.630
10.710
12.375
11.605

9.140
14.280
11.515
11.535
13.710
14.085
15.115
15.085
13.080
14.605
12.845
13.660
12.475
13.320
11.130
11.580
13.760
11.155
14.150
10.185
11.975
12.945
15.405
14.080
11.120
13.830
12.910
13.440
11.310
12.795
11.510
13.885
12.560
10.290
11.230
13.585
13.195
11.405
14.340
14.885
13.715
13.645

18.450
15.680
18.285
18.945
14.830
17.045
16.645
12.995
20.180
16.175
15.985
18.810
19.190
20.690
20.390
17.995
19.850
17.495
18.865
17.060
18.295
15.300
15.970
19.255
15.195
19.435
14.250
16.415
18.270
21.050
19.315
15.265
18.750
17.565
18.495
15.585
17.965
15.905
19.990
17.765
14.125
15.535
18.725
18.065
15.710
19.490
20.210
18.380
18.615

24.655
21.975
26.205
25.960
20.240
23.295
23.675
18.305
28.415
22.285
21.905
25.725
25.445
27.760
27.390
24.830
26.675
23.595
26.175
23.565
24.785
21.040
21.670
27.160
20.540
26.505
19.880
22.140
25.205
28.225
26.225
20.905
25.220
23.815
25.455
21.130
24.625
21.735
28.320
24.805
19.385
21.165
25.710
24.480
21.455
25.840
27.115
24.420
25.205

29.635
27.340
32.310
31.580
25.005
28.605
29.540
23.080
34.765
27.395
27.155
31.710
30.960
33.800
33.565
30.550
32.345
28.885
32.360
29.200
30.255
26.155
26.500
33.475
25.020
32.485
25.000
27.155
30.590
34.230
31.995
25.805
30.645
29.270
31.195
25.870
30.115
26.900
34.585
30.655
23.920
26.105
31.560
29.960
26.290
31.435
32.935
29.655
30.625

36.675
34.180
39.645
38.910
32.705
37.355
37.455
29.955
42.090
33.870
33.025
39.665
38.625
41.940
41.670
38.200
40.390
35.585
40.495
36.515
37.595
32.005
33.095
42.020
30.150
39.910
31.560
34.480
37.595
42.310
39.660
32.195
38.595
36.955
38.945
32.615
38.970
34.700
41.760
37.890
30.705
32.670
40.195
37.675
33.700
38.955
40.725
36.780
37.895

38.015
35.210
40.870
40.120
34.205
39.030
39.165
31.145
42.975
35.055
33.530
41.355
40.060
43.285
42.775
38.950
41.505
36.045
41.470
37.725
37.860
32.765
34.085
43.425
29.900
41.085
31.220
35.820
38.840
43.315
40.955
32.775
39.865
37.955
40.355
33.445
40.495
35.995
42.575
39.390
31.885
33.795
41.695
39.185
34.990
39.955
41.955
37.895
38.845
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35.245
31.545
37.230
36.460
30.800
35.080
35.735
27.890
39.060
31.610
31.210
38.295
36.765
39.855
39.520
35.110
37.790
32.665
37.425
34.505
33.925
29.295
30.475
39.480
26.475
37.515
27.245
32.220
35.465
39.340
37.630
29.505
36.740
34.540
36.835
29.475
36.230
31.895
37.950
35.810
28.715
30.560
38.420
36.005
31.770
36.370
38.415
34.645
35.275



413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461

10.420
14.090
15.925
14.465
10.745
10.955
11.310
12.225
11.665
13.240
13.490
11.785
14.545
15.105
11.815
12.100
14.470
11.045
17.610
10.730
13.005
10.8785

8.855
12.575
10.785
10.320
10.910
10.195
10.110
10.485

9.785

9.960

9.620

9.535
10.295
10.135
11.250
11.040
10.055
11.655
11.030
11.495
11.175
12.535

9.175
10.560
10.940
10.690
10.195

14.560
19.125
21.810
20.335
15.675
16.075
16.075
16.745
16.170
18.050
18.500
16.175
19.750
20.535
16.020
16.300
19.360
15.210
24.365
16.490
19.620
16.200
12.830
17.620
15.250
14.755
15.050
14.220
14.145
14.735
13.995
14.100
13.840
13.830
15.490
15.635
16.865
15.900
14.165
16.365
15.525
15.890
15.385
17.300
13.040
15.245
15.290
14.990
14.480

20.440
25.675
29.750
28.250
22.930
23.490
22.845
22.875
22.295
24.360
25.320
21.860
26.680
27.090
21.640
21.710
25.800
20.845
32.975
24.925
28.650
23.965
18.580
24.380
21.265
21.105
20.450
19.545
19.755
20.250
19.810
19.850
19.770
20.170
22.955
23.755
24.760
22.655
19.805
22.685
21.550
21.625
20.830
23.475
18.355
21.920
21.155
20.760
20.405

25.415
31.130
36.140
34.165
29.160
29.505
28.385
28.250
27.555
29.730
31.285
26.880
32.675
32.970
26.635
26.605
31.560
25.795
39.870
31.450
34.815
30.005
23.445
30.075
26.460
26.845
25.425
24.430
24.750
25.035
24.990
24.910
24.865
25.760
29.025
30.085
31.000
28.225
24.530
28.170
26.825
26.665
25.710
28.820
23.155
27.400
26.460
25.840
25.550

32.180
39.015
45.500
41.445
37.020
36.375
36.365
36.235
34.360
36.855
39.460
34.285
40.565
41.270
33.575
33.050
38.005
33.025
48.540
39.090
42.050
37.205
29.945
38.305
34.045
35.030
31.550
31.370
32.265
32.120
32.510
31.825
32.005
33.540
36.645
37.395
38.600
35.190
30.620
35.570
34.165
34.375
33.000
37.755
30.040
35.250
33.970
33.120
33.410

33.265
40.130
46.550
42.780
38.480
37.330
37.880
37.715
35.575
38.565
40.960
35.360
41.385
42.540
34.620
34.090
38.775
34.005
49.555
40.355
43.505
38.745
31.190
40.965
36.245
36.135
32.715
32.305
33.580
33.215
33.660
32.770
33.370
35.035
37.950
38.635
40.185
37.015
32.255
37.100
35.085
35.670
34.150
39.000
31.210
36.845
35.030
34.410
34.505
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29.760
36.175
42.255
38.980
34.765
33.945
34.435
34.340
32.100
35.750
37.735
31.415
37.520
38.735
30.975
31.090
35.050
30.225
45.265
35.975
39.445
35.105
27.960
38.205
33.350
32.875
29.805
28.840
30.350
30.130
30.405
29.500
30.375
31.895
34.115
34.375
36.245
33.555
29.560
34.105
31.865
32.180
30.460
35.160
27.940
33.560
31.775
31.340
30.950



462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

12.360
12.315
12.595
13.260
13.380
13.440
14.170
16.145
14.055
16.225
13.430
14.850
15.925
13.985
14.700
13.190
13.230
14.155
13.520
12.950
14.590
11.650
14.975
15.825
13.125
13.885
11.595
16.095
14.135
18.500
15.125
11.495
11.975
12.750
11.725
12.235
12.705
12.335
13.475
12.645
12.955
13.025
12.905
11.720
12.825
10.745
12.520
11.715
12.165

17.675
17.950
18.720
18.845
18.535
18.650
19.595
21.920
19.065
21.930
18.560
21.035
21.780
19.205
20.260
18.375
18.525%5
19.930
19.215
18.055
20.305
17.145
20.175
21.605
17.675
18.900
16.940
22.170
19.250
26.650
21.935
16.115
17.150
17.585
16.180
16.935
18.175
18.205
20.035
18.175
18.325
18.225
17.910
16.300
18.800
15.860
17.930
16.185
16.995

25.085
25.760
27.140
26.350
25.145
25.665
26.640
29.105
25.600
29.190
25.585
29.375
29.250
26.250
27.330
25.375
25.705
27.565
27.090
24.845
27.735
24.800
26.515
28.845
23.585
25.515
24.345
29.790
25.515
36.965
31.340
22.495
24.690
24.375
22.115
23.005
25.710
26.115
29.075
25.870
25.730
25.440
24.665
22.415
26.960
23.405
25.455
22.085
23.210

31.305
31.925
33.530
32.330
29.995
31.830
32.960
35.265
31.150
35.255
31.475
36.215
35.410
32.255
33.290
31.045
31.580
33.695
33.470
30.670
34.095
30.605
31.830
34.940
28.895
31.400
30.280
36.065
31.060
43.485
38.000
28.115
31.080
30.200
27.240
28.125
31.990
32.430
35.895
32.130
32.055
31.425
30.380
27.775
33.195
29.685
31.775
27.385
28.670

39.265
40.095
41.300
40.485
36.425
40.595
41.640
43.875
38.800
43.830
38.725
42.635
44.440
40.285
41.310
39.315
39.460
41.580
41.155
38.335
42.595
37.970
39.745
43.070
36.830
39.475
37.665
44.330
38.725
49.920
45.215
35.405
39.810
37.945
33.610
35.475
40.090
40.765
43.805
40.105
39.895
39.820
37.870
34.630
41.070
37.205
38.945
34.855
36.585

40.705
41.820
42.995
42.870
38.140
42.245
43.085
45.300
40.140
45.055
40.050
43.835
45.840
41.365
42.915
41.010
40.945
42.760
42.285
39.725
44.440
39.725
40.680
44.195
38.315
40.780
38.820
45.390
40.145
49.705
46.670
36.570
41.155
39.240
33.955
36.615
41.530
42.345
45.425
41.765
41.035
41.255
38.970
35.180
42.895
38.475
40.300
36.070
38.385
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37.060
38.095
39.165
39.635
34.755
39.275
39.940
41.840
36.590
41.490
36.790
40.285
42.010
37.240
39.530
36.840
36.945
38.230
38.130
36.680
41.600
36.040
36.680
40.425
34.960
36.860
35.110
41.610
36.825
44.920
42.560
32.855
37.410
36.035
30.425
32.460
37.445
38.260
40.985
37.805
37.700
37.825
35.330
31.335
38.650
34.545
36.365
32.405
35.130



511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559

13.940
12.660
11.990
12.435
11.780
11.880
14.960
12.180
12.340
13.285
16.785
11.915
12.065
12.980
11.160
12.875
11.210
12.125
12.525
12.365
12.935
13.685
17.215
11.760
13.125
11.850
11.655
11.465
11.010
11.810
11.525
13.665
12.060
11.745
11.690
12.765
13.365
16.745
14.170
14.080
13.570
13.550
14.095
16.860
13.990
13.595
11.305
14.610
13.660

19.450
17.580
17.185
18.095
16.850
16.245
20.450
16.665
16.700
18.600
22.685
16.970
16.510
17.620
15.395
17.725
15.435
16.940
17.230
16.895
17.450
18.555
23.480
16.360
19.235
16.565
15.915
15.645
14.935
16.350
16.140
19.725
17.555
16.490
15.905
17.405
18.175
23.310
20.320
20.260
19.100
18.530
19.200
24.570
19.440
19.005
16.340
20.365
18.765

26.575
24.105
24.445
25.845
23.850
22.270
27.420
22.795
22.490
25.715
30.180
24.430
22.440
23.520
21.225
23.970
20.890
23.145
23.520
22.930
23.270
24.910
31.360
22.570
27.480
22.900
21.575
21.290
20.185
22.155
22.355
28.160
25.530
22.950
21.510
23.630
24.425
31.870
28.670
28.740
26.540
25.060
25.595
34.475
26.830
26.135
23.070
28.175
25.670

32.450
29.715
30.825
32.450
29.650
27.365
33.505
27.945
27.655
31.720
35.880
30.700
27.730
28.800
26.315
29.265
25.795
28.575
28.990
28.160
28.275
30.450
37.630
27.825
33.305
28.545
26.790
26.160
24.560
27.510
27.865
35.010
32.075
28.450
26.420
28.945
29.990
38.545
34.685
35.290
32.630
30.705
30.955
40.875
32.770
32.090
28.475
34.505
31.540

40.350
37.350
38.790
40.640
37.730
34.495
43.075
34.295
34.980
40.250
43.490
37.560
35.080
35.915
33.385
36.805
33.090
36.490
36.470
35.250
35.825
37.980
46.345
35.085
40.140
36.400
33.965
33.130
29.785
35.450
35.755
43.685
39.365
35.800
32.780
35.930
36.700
48.280
42.690
43.160
40.455
37.985
38.335
47.790
41.095
39.930
35.880
42.695
39.585

41.490
38.610
40.015
41.885
39.44¢0
35.385
44.620
34.940
35.985
42.045
43.890
38.125
36.030
36.725
34.485
38.345
34.225
38.305
37.840
36.655
37.170
39.150
47.925
36.165
42.055
37.535
35.025
34.010
30.135
37.090
37.085
45.320
40.005
36.920
33.255
36.725
37.905
49.905
44.550
44.580
42.055
38.775
39.270
48.415
42.925
41.550
37.405
44.320
40.950
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37.325
34.845
35.885
37.775
35.480
31.395
40.325
31.535
32.140
38.670
39.450
34.070
32.935
33.285
31.040
35.060
30.515
35.065
34.555
33.110
33.415
35.550
43.790
32.505
38.940
33.935
31.730
30.560
26.585
33.475
33.970
41.530
35.580
33.545
30.075
33.230
34.610
45.475
40.835
40.405
38.545
35.505
35.565
44.135
39.360
37.810
33.865
40.895
37.670



560
561
562

562

564
565
566
567
568
569
570
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
590
591
592
593
594
595
596
597
598
599
600
601
602
603
605
606
607
608
609
610
611

14.615
11.255
11.675
i1i.110
11.080
14.785
14.130
11.510
10.790
11.090
12.090
11.675
14.575
12.840
12.720
13.140
13.520
13.160
15.615
16.205
17.425
12.985
13.345
13.795
12.780
12.635
13.685
12.925
13.795
11.705
13.160
12.360
14.500
12.490
13.615
13.490
13.030
16.195
13.860
12.655
15.285
14.125
10.700
16.065
15.160

9.820
10.530
10.390
11.025

192.960
15.560
16.385
15.335
15.345
21.135
19.710
15.940
14.870
15.495
16.785
16.335
20.740
17.325
18.180
18.275
18.635
18.325
21.970
21.990
24.110
18.060
18.710
19.425
17.800
17.720
19.040
17.780
20.485
16.910
19.795
18.410
21.395
18.575
19.160
20.150
19.380
23.885
20.345
18.605
21.990
20.310
16.160
23.415
20.595
14.575
15.875
15.585
16.440

26.865
21.245
22.570
21.110
21.190
29.805
27.165
21.625
20.450
21.445
22.935
22.535
28.615
22.985
25.865
25.095
25.285
25.125
30.265
29.190
32.550
25.010
25.920
26.975
24.820
24.545
26.120
24.120
29.785
23.880
29.155
27.105
31.005
26.805
26.615
29.275
28.160
33.740
28.910
26.555
30.695
29.070
23.935
33.025
27.165
21.565
23.770
23.110
24.275

32.810
26.215
28.180
26.235
26.380
36.995
33.355
26.325
25.620
26.860
28.390
27.900
34.955
28.105
31.875
30.945
30.660
30.920
36.910
35.375
39.195
30.835
31.715
32.920
30.605
30.335
31.965
29.385
35.650
29.455
35.230
33.580
36.730
32.475
32.735
35.375
34.385
40.120
34.545
32.055
36.860
35.525
29.850
39.795
33.070
26.965
29.550
28.770
30.350

40.750
33.620
36.035
33.465
34.080
47.760
41.545
33.095
32.770
33.760
35.990
35.915
43.115
35.430
39.310
38.920
38.200
38.050
46.585
43.990
48.030
38.735
39.550
40.565
38.235
38.860
39.815
36.540
42.300
35.280
41.200
40.680
41.835
38.675
40.560
41.615
43.680
47.255
41.770
38.610
44.500
42.840
37.035
47.610
41.375
33.050
37.115
35.450
37.740

42.095
35.345
37.155
34.660
35.405
49.795
42.820
34.450
34.050
34.740
37.145
37.485
44.450
36.310
40.390
40.205
39.625
39.595
48.225
45.400
49.310
40.135
40.820
41.920
39.235
40.185
41.005
37.575
43.615
36.715
42.060
41.555
42.450
40.055
42.140
42.470
45.770
49.045
43.460
40.365
45.875
44.170
38.165
48.920
42.630
34.655
38.550
36.485
38.905
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38.580
32.250
33.455
31.335
31.925
45.365
39.275
30.765
31.205
31.270
33.910
33.675
40.895
32.685
36.215
36.915
36.020
36.180
43.620
41.915
44.975
36.795
37.570
38.530
35.750
36.070
37.325
33.150
39.410
34.020
37.625
37.270
38.035
36.560
38.620
38.510
41.860
45.090
39.325
37.145
42.135
39.845
34.335
44.265
38.805
31.950
35.330
33.210
35.440



612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660

11.655
10.785
10.090
13.770
10.340
10.845
15.040
14.645
14.230
11.625
10.965
12.880
10.650
10.340
11.730
11.930
11.225
12.640
12.050
12.570
11.275
12.840
12.610
11.585
12.955
12.975
13.080
13.640
12.895
12.450
11.855
12.120
13.675
12.995
12.150
15.225
12.600
12.610
14.105
13.140
12.935
13.910
13.165
12.430
12.675
13.690
12.910
14.500
13.305

17.155
16.300
15.315
20.265
15.980
16.295
21.750
20.995
21.240
17.505
16.245
17.380
15.975
15.320
17.050
17.455
16.590
18.465
17.480
18.240
16.660
17.765
17.450
16.185
18.105
18.510
18.350
19.435
18.210
17.805
16.405
17.215
19.210
19.005
17.070
21.665
17.540
17.325
19.720
18.295
18.205
19.310
18.640
17.445
17.865
19.215
17.945
20.430
18.920

24.845
24.090
22.910
29.235
24.120
24.065
31.020
29.885
30.565
25.465
23.545
23.050
23.835
22.370
24.390
25.505
24.360
26.350
24.730
26.065
24.060
24.410
24.045
22.660
25.095
26.215
25.385
27.270
25.135
25.310
22.220
24.405
26.425
27.255
23.450
30.750
23.965
23.760
27.4490
25.305
25.580
26.155
25.895
24.520
24.980
26.880
24.835
28.330
26.405

30.590
29.955
28.270
35.570
29.870
29.530
37.910
37.110
37.070
31.400
29.535
28.195
30.055
28.005
30.215
31.770
30.280
32.255
29.810
31.655
29.775
30.050
29.290
28.270
30.735
32.415
30.745
33.570
30.495
31.200
27.600
30.400
32.450
33.435
28.425
38.140
28.935
29.135
33.930
30.985
31.725
31.565
31.705
30.445
30.970
32.980
30.645
34.285
32.415

36.975
37.365
35.185
44.990
35.050
37.230
45.760
45.895
44.910
38.670
37.880
35.525
38.225
35.125
38.005
39.830
37.505
38.365
36.730
40.050
37.555
37.105
36.410
36.030
37.720
40.240
37.830
41.475
37.495
38.885
35.545
37.015
41.150
41.020
34.740
48.680
36.155
37.225
43.975
38.700
38.480
38.950
39.600
38.585
38.880
40.720
37.935
41.455
40.490

38.135
39.215
36.765
47.205
36.640
39.510
47.035
47.535
46.610
40.285
40.170
36.385
39.985
36.730
39.755
41.180
39.160
40.095
38.575
42.090
39.530
37.790
37.600
37.645
38.160
41.480
38.920
42.815
38.765
40.235
37.170
38.165
42.835
42.275
35.265
50.850
37.550
38.445
45.825
39.920
40.090
39.975
40.530
39.735
39.950
41.790
38.485
42.630
41.920
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34.595
35.685
33.820
43.520
34.335
36.400
43.160
43.150
42.605
36.490
36.855
32.745
36.375
33.795
36.290
37.235
35.800
37.010
35.065
38.540
35.855
33.905
34.130
33.945
34.170
37.745
35.400
38.955
35.405
36.265
33.540
34.790
38.510
38.225
31.100
46.880
33.755
34.550
41.290
36.140
36.675
35.985
35.850
36.425
35.810
37.690
34.715
38.750
38.545



661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709

13.100
12.275
11.115
13.895
11.740
11.640
12.390
11.610
12.115
11.760
11.610
12.085
11.990
11.730
13.440
12.540
11.465
12.560
20.315
12.655
11.805
14.060
12.435
14.350
12.300
13.215
12.295
14.185
14.650
15.720
16.315
13.820
16.400
14.935
13.545
13.160
20.245
13.735
17.810
13.080
14.480
12.550
13.815
11.455
12.815
12.425
11.605
12.430
12.690

18.640
17.555
17.000
19.560
17.305
16.970
17.730
16.970
17.450
17.190
17.085
17.210
17.370
16.520
19.170
17.280
15.885
17.365
28.225
17.670
16.250
19.490
17.460
19.835
17.230
18.425
17.495
19.535
20.190
21.770
21.935
20.310
22.270
20.435
18.290
17.945
28.130
19.100
26.585
19.560
21.425
18.980
20.815
17.925
18.950
18.635
17.420
18.555
18.895

26.015
24.890
25.115
26.880
24.990
24.825
24.940
25.055
25.025
25.060
24.730
24.420
25.020
22.935
26.865
23.480
21.565
23.720
38.005
24.460
22.425
26.705
24.330
26.655
24.460
25.285
24.880
26.265
27.255
29.270
28.920
29.090
29.850
27.455
24.360
24.450
37.900
26.190
37.950
28.450
30.870
27.990
30.805
27.270
27.360
27.285
25.755
26.850
27.295

31.890
30.600
31.060
32.925
31.030
31.100
30.775
31.575
31.135
31.320
30.505
30.245
31.145
28.270
32.995
28.820
26.240
29.050
43.885
30.410
27.675
32.655
30.040
32.500
30.815
31.130
31.370
31.915
33.185
35.570
34.790
35.710
36.195
33.345
29.730
30.270
43.750
32.065
44.200
34.400
36.665
33.885
36.945
33.160
32.800
33.125
31.405
32.410
33.065

39.770
38.030
38.355
40.975
36.970
39.335
38.060
39.465
38.595
39.500
37.870
37.365
38.780
35.570
40.645
35.605
33.005
36.465
49.585
39.135
34.690
41.025
37.815
40.340
38.950
39.040
39.360
39.620
41.205
44.320
42.875
43.545
46.235
42.080
37.910
36.730
49.455
39.920
50.205
41.420
42.730
40.205
43.605
39.705
38.260
38.910
37.005
38.235
39.960

41.150
39.325
40.510
42.690
35.820
40.945
39.310
40.505
39.510
40.830
39.640
38.490
40.120
36.680
41.535
36.525
34.380
37.820
50.525
40.905
35.575
42.545
39.175
41.740
40.485
40.225
40.830
40.990
42.820
45.675
44.970
45.145
48.065
43.800
39.355
38.120
50.420
41.090
51.250
43.190
44.045
41.870
44.905
41.525
39.555
40.345
38.190
39.335
41.315
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37.585
35.095
37.330
38.955
31.160
37.270
35.920
36.230
35.785
36.855
35.975
35.250
36.535
33.100
37.370
32.850
30.710
34.330
45.690
36.425
31.335
39.190
35.550
38.045
36.715
36.745
37.645
37.555
39.455
41.740
41.715
41.375
44.135
40.515
35.385
34.960
45.605
37.390
46.170
39.375
39.635
38.530
41.070
38.440
35.735
37.220
35.040
35.685
37.135



710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759

14.835
12.330
14.110
17.285
14.710
14.365
12.000
11.870
12.640
12.325
12.395
15.220
13.800
14.665
13.970
14.550
10.685
13.190
12.985
14.115
11.375
16.285
13.745
11.075
13.525
11.765
10.680
11.750
11.485
11.855
13.050
11.665
11.320
11.860
12.190
11.885
11.885
12.510
13.000
13.240
11.190
15.065
11.930
14.635
15.670
13.715
14.340
11.665
13.390

21.575
18.275
20.875
25.550
21.760
21.040
17.780
18.110
19.070
18.665
18.625
22.510
20.760
21.755
21.025
21.440
14.870
19.860
19.565
21.130
17.120
24.560
20.105
16.950
20.100
17.185
16.310
17.905
17.340
18.000
19.570
17.570
17.170
18.020
18.280
17.515
17.185
18.160
19.055
19.665
16.535
22.215
17.380
21.170
22.215
20.210
20.940
17.560
19.905

31.010
26.480
30.110
35.630
31.280
30.110
25.980
26.885
28.335
27.745
27.425
32.210
30.110
31.550
30.560
31.010
20.330
29.010
28.445
30.780
25.025
35.095
28.650
25.045
29.160
25.105
24.440
26.850
25.700
26.445
28.780
25.905
25.420
26.655
26.745
25.720
24.490
25.710
27.540
28.765
24.110
32.145
25.005
30.255
30.975
28.895
29.570
25.535
28.675

37.000
32.435
36.385
42.060
37.975
35.970
31.965
33.240
35.025
33.855
33.750
38.230
36.565
37.955
36.875
37.345
25.425
35.105
34.495
36.815
30.825
41.255
34.635
30.965
36.010
31.420
30.420
33.070
31.995
32.545
34.925
31.670
31.610
32.250
32.450
32.145
30.030
31.670
33.680
35.140
29.915
38.200
30.960
36.405
37.200
34.940
35.165
31.500
34.885

43.825
37.785
44.865
49.080
46.685
42.795
39.510
41.030
40.785
41.035
40.745
44.775
44.250
44.880
44.495
43.680
33.285
42.130
41.795
44.885
38.160
47.840
41.525
38.250
43.920
38.010
37.800
40.150
38.860
39.460
41.860
38.600
38.410
38.535
39.225
39.185
36.800
38.515
40.875
41.935
37.530
44.830
38.600
43.185
43.610
42.345
42.045
38.775
42.235

45.240
39.315
47.075
50.395
48.780
45.060
41.415
42.565
42.740
43.040
42.935
46.480
46.615
46.405
46.680
45.150
34.590
44.120
43.870
47.145
40.180
48.715
43.010
40.425
45.520
39.700
39.815
41.830
40.445
41.205
43.440
40.785
39.770
40.600
41.415
40.185
38.065
39.775
42.060
42.795
39.405
46.060
40.410
44,455
45.420
44.205
43.995
40.370
44.225
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41.495
36.290
43.425
46.690
44.800
42.390
38.300
38.215
39.995
39.595
40.410
42.140
43.925
42.505
43.165
41.190
31.055
40.625
40.880
43.000
36.660
44.590
38.915
37.265
41.060
36.800
36.465
38.745
37.190
38.345
40.180
38.030
36.265
37.955
38.430
36.110
34.305
36.420
37.925
39.115
36.510
42.285
37.180
40.640
41.585
40.160
40.985
36.555
41.390



760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808

17.445
16.195
12.735
13.005
13.280
14.430
11.105
11.265
10.345
11.765
11.420
10.890
12.300
11.060
12.345
11.950
12.110
11.455
12.205
11.460
12.635
11.785
10.340
11.480
11.785
11.650
11.300
12.405
10.340
13.800
13.735
14.175
11.845
13.065
12.820
12.405
16.930
13.035
12.620
15.290
13.955
13.205
12.655
12.735
13.490
13.040
12.435
12.950
14.145

24.435
24.130
18.310
18.445
18.590
20.705
16.245
16.285
15.080
16.870
16.765
15.830
18.055
16.280
18.330
17.430
17.810
16.360
17.505
16.395
18.000
16.670
14.745
16.295
17.080
16.645
15.990
18.090
14.890
19.480
19.370
19.795
16.600
18.390
18.505
17.720
24.145
19.625
17.650
21.410
19.355
18.495
17.440
17.620
18.420
17.830
17.155
17.770
19.310

33.540
34.090
25.835
25.990
25.780
29.030
23.390
23.000
21.775
23.835
24.320
22.750
25.740
23.525
26.690
25.075
25.600
23.190
24.910
23.120
25.450
23.395
20.945
23.245
24.360
23.665
22.250
25.670
21.385
27.055
26.615
27.035
23.000
25.505
26.410
24.885
33.915
28.520
24.395
29.510
26.395
25.565
23.835
24.380
24.835
23.865
23.455
24.050
25.875

39.705
40.195
31.865
32.250
31.685
35.320
29.000
28.385
26.800
29.325
30.080
28.340
31.400
29.045
32.440
30.600
31.300
28.780
30.905
28.480
31.355
29.065
26.040
28.830
29.900
29.235
27.495
31.145
26.400
32.800
32.135
32.490
27.885
31.255
32.485
30.635
40.950
34.600
29.895
35.785
31.730
30.955
29.290
29.850
30.210
29.220
28.690
29.275
31.305

46.545
47.205
40.545
40.200
39.565
42.815
36.415
35.780
33.385
35.645
36.770
35.465
38.275
36.880
39.615
37.255
38.615
36.370
38.370
35.305
37.890
36.835
32.085
36.360
35.935
36.915
34.465
37.335
32.545
39.930
39.545
39.725
33.390
38.670
40.340
37.570
48.905
41.905
37.840
45.040
38.085
38.650
36.565
37.815
37.715
36.675
36.030
35.940
39.130

47.780
48.380
42.300
41.440
41.035
43.685
38.000
37.330
34.945
37.055
37.930
36.610
39.785
38.905
41.520
38.910
40.400
38.080
39.165
36.465
38.385
38.065
32.310
37.375
36.725
38.070
35.640
38.725
33.120
41.095
41.075
41.265
33.585
38.930
42.050
38.680
49.760
43.955
39.215
46.515
39.955
40.285
37.420
39.270
39.000
37.790
36.995
36.705
40.390

175

43.910
44.455
38.625
37.090
37.020
39.570
34.540
33.810
31.665
33.665
34.335
32.790
36.040
35.530
37.955
35.390
37.190
34.965
34.950
33.165
34.670
34.715
29.160
33.545
33.005
34.490
31.805
35.485
29.315
37.695
37.480
37.760
30.315
33.865
38.545
34.775
44.765
40.950
35.120
41.730
36.780
36.310
33.905
35.685
35.195
33.835
33.305
32.775
36.615



809
810
811
812
813
814
815
816
817
818
819
820
821
824
826
828
829
830
831
833
833
834
835

13.585
11.745
14.855
14.270
14.010
13.435
12.385
12.905
11.745
12.845
13.030
13.860
13.215
13.080
11.715
13.910
12.670
12.450
11.200
12.175
13.085
11.350
13.900

18.685
16.125
20.460
20.175
19.525
19.965
16.870
18.410
16.085
18.215
18.230
19.145
19.045
18.210
16.565
18.945
17.575
17.775
16.585
17.905
19.175
16.615
20.180

25.460
21.800
27.540
27.945
26.470
28.760
22.620
25.875
21.810
25.805
25.300
26.320
26.950
24.900
23.330
25.570
24.055
24,955
23.870
26.155
27.400
23.985
28.490

31.025
26.790
33.100
34.285
32.265
35.000
27.500
31.945
27.045
31.895
31.415
32.270
33.100
30.635
28.770
30.975
29.605
30.735
29.480
32.305
33.195
29.490
34.515

38.640
34.200
40.840
43.900
40.175
42.350
35.115
39.100
34.590
40.115
39.845
40.600
41.250
38.560
36.695
38.990
37.860
37.675
36.495
39.510
40.035
35.915
41.745

39.920
35.290
42.735
45.710
40.800
44.320
36.380
40.835
35.255
41.620
41.220
42.050
42.835
39.605
38.065
40.585
39.185
38.760
38.215
40.630
41.965
37.320
43.165

176

36.050
31.360
39.725
41.045
36.770
41.465
32.360
37.350
30.620
38.245
37.480
38.330
38.990
35.485
33.775
37.140
35.525
34.835
35.120
36.585
38.865
34.200
39.780




APPENDIX (D)

177

RAW DATA FOR 552 AP SURFACE SAMPLES FOR THE REFLECTANCE (%)

IN SEVEN WAVELENGTH BANDS UNDER WET CONDITION

SAMPLE MMR1 MMR2 MMR3 MMR4 MMRS MMR6 MMR7

ID. # (%) (%) (%) (%) (%) (%) (%)

269 6.155 10.610 17.420 22.705 28.125 26.865 19.630
270 6.185 10.945 17.940 23.230 28.315 25.805 17.510
271 5.795 10.330 17.300 23.030 29.620 29.525 22.390
272 5.905 10.280 17.020 22.130 27.040 24.810 17.070
273 5.980 10.265 16.790 21.545 27.445 26.605 19.760
274 5.770 9.920 16.590 21.925 27.800 26.850 19.465
275 6.085 10.115 16.195 20.935 26.095 24.335 16.620
276 5.050 8.310 13.185 17.220 21.110 18.880 12.220
277 4.950 8.035 12.650 17.015 21.675 19.690 12.970
278 5.345 8.885 14.085 18.740 23.915 22.035 14.750
279 5.265 8.975 14.580 19.420 24.715 22.865 15.630
280 5.275 8.815 13.970 18.380 22.840 20.755 13.685
281 5.675 9.355 14.975 20.235 26.620 25.375 18.220
282 5.350 8.990 14.640 19.730 25.885 24.645 17.365
283 5.455 8.995 13.840 18.425 24.335 22.160 14.565
284 4.870 8.125 12.960 17.590 24.610 23.360 15.935
285 5.560 9.285 15.000 20.200 26.395 24.845 17.210
286 5.525 9.035 14.200 19.255 24.190 21.295 14.500
287 6.605 11.305 18.130 23.555 26.060 22.140 15.195
288 6.355 11.050 17.995 22.925 27.735 25.745 18.380
289 5.875 10.085 16.305 21.045 25.770 24.450 17.740
290 4.150 6.595 9.975 13.500 21.475 21.560 14.450
291 4.470 7.790 12.795 16.850 22.730 22.220 15.855
292 5.520 9.390 15.245 20.280 25.650 24.205 17.145
293 4.830 8.165 13.370 18.175 23.775 23.500 18.140
294 5.420 9.135 14.690 19.360 24.150 22.490 16.145
295 4.170 6.855 10.750 14.330 20.680 19.840 13.105
296 6.610 10.920 17.175 22.160 25.280 21.400 14.560
297 7.145 11.840 18.305 22.895 27.530 25.935 19.080
299 6.015 10.360 16.830 22.155 27.715 26.160 18.865
300 6.440 10.720 16.945 21.810 27.200 25.780 18.815
301 5.415 9.120 14.635 19.490 25.295 24.255 17.455
302 6.830 11.325 17.965 23.270 29.150 28.020 20.725
303 6.875 11.820 19.140 24.910 31.065 29.435 21.245
304 6.105 10.380 16.840 22.235 27.930 26.255 18.520
305 5.585 9.270 14.980 20.220 26.520 25.525 18.010
306 7.050 11.550 18.165 23.240 28.860 27.220 19.735
307 6.700 11.100 17.430 22.960 27.095 23.390 15.825
308 5.33¢0 8.985 14.850 20.535 27.520 26.710 19.710



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
351
352
353
354
355
356
357
359
360
361

6.040
5.725
3.960
3.940
3.830
4.275
5.390
4.330
4.620
4.800
4.735
4.685
4.545
4.360
4.580
4.455
5.345
4.005
4.575
4.125
4.095
4.510
4.585
5.070
6.205
5.390
4.550
4.655
4.500
4.580
4.100
4.090
4.030
4.625
4.090
4.260
6.345
4.340
4.920
4.805
4.515
5.045
4.525
3.865
4.380
4.220
5.305
4.890
4.265

10.030
9.495
6.280
6.210
6.000
6.640
8.075
6.685
7.370
7.785
7.810
7.865
7.385
7.385
7.745
7.150
8.380
6.255
7.550
6.400
6.445
7.155
7.255
8.125

10.455
8.840
7.390
7.535
7.235
7.310
6.565
6.430
6.330
7.120
6.430
6.620

10.400
7.000
8.045
7.840
6.885
7.970
7.040
6.230
6.940
6.670
8.410
7.805
6.830

15.925
14.885

9.690

9.745

9.210
10.180
12.060
10.275
11.505
12.300
12.630
12.945
11.520
12.200
12.720
11.340
13.025

9.570
11.815

9.700

9.945
11.195
11.310
12.695
16.810
14.295
11.695
12.015
11.460
11.495
10.455
10.000

9.755
10.835

9.985
10.230
16.555
11.005
12.945
12.305
10.455
12.360
10.775

9.715
10.820
10.350
13.120
12.070
10.760

21.255
19.715
13.210
13.600
12.945
14.400
16.205
14.200
15.755
16.655
17.065
17.560
15.750
16.965
17.410
15.695
17.790
13.145
15.595
13.630
13.890
15.345
15.480
17.045
21.885
19.220
16.075
16.485
15.910
15.975
14.600
13.810
13.600
14.735
13.945
14.015
21.765
15.245
17.485
16.780
14.680
16.940
14.785
13.510
14.920
14.315
17.790
16.295
14.755

27.040
25.235
18.555
19.300
19.025
21.120
21.175
19.840
21.165
21.510
21.600
22.985
21.365
23.000
22.855
21.490
23.790
18.580
23.810
19.525
19.820
20.995
20.965
21.970
26.740
24.345
21.935
22.300
21.835
21.920
20.755
19.105
19.345
20.060
19.955
19.290
27.555
21.235
23.120
22.615
20.405
23.265
21.320
19.215
20.240
19.615
23.895
21.990
20.280

25.065
23.375
18.420
18.445
18.330
19.630
21.025
19.165
19.580
19.085
19.720
20.965
19.545
21.510
20.950
19.815
21.315
18.335
23.620
18.855
19.260
19.660
19.680
20.035
23.975
21.960
20.640
20.785
20.410
20.450
19.830
18.510
18.915
19.360
19.025
18.520
25.220
19.995
21.110
20.435
18.500
21.550
20.625
18.120
18.960
18.395
22.925
20.905
19.005

178

17.370
15.955
13.450
12.895
12.845
13.571
15.910
13.365
13.015
12.490
13.085
13.650
12.920
14.510
13.860
13.040
13.775
13.345
15.495
13.390
14.130
13.695
13.635
13.255
16.310
14.155
14.375
14.120
13.615
13.845
13.490
12.945
13.510
13.170
12.990
13.045
17.365
13.530
14.025
13.780
12.060
14.755
14.240
12.525
13.025
12.535
16.415
14.460
13.300



363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
408
409
410
411
412

4.425

4.565.

5.840
5.325
4.165
4.410
4.690
3.875
5.420
3.850
3.930
5.895
4.185
4.475
4.520
4.200
4.440
4.185
5.070
5.015
5.110
4.315
4.245
5.995
4.485
4.585
4.850
4.080
4.265
4.210
4.500
3.990
4.595
4.295
4.835
4.140
5.030
4.520
5.880
5.325
4.015
4.015
4.715
4.750
4.165
4.330
4.195
4.450
4.755

6.950
7.280
9.600
8.660
6.435
6.925
7.855
6.265
9.185
6.085
6.260
9.045
6.630
7.190
7.040
6.630
6.920
6.630
7.940
7.835
7.805
6.820
6.660
9.655
7.200
7.360
7.685
6.445
7.030
6.750
7.025
6.290
7.155
6.715
7.585
6.580
8.110
7.065
9.960
8.750
6.305
6.365
7.250
7.200
6.475
6.670
6.525
6.945
7.490

10.735
11.390
15.170
13.455

9.950
10.695
12.420

9.725
14.905

9.515

9.715
13.680
10.040
11.175
10.820
10.355
10.675
10.305
12.305
11.920
11.715
10.630
10.245
15.260
11.170
11.560
11.990

9.860
10.945
10.530
10.825

9.805
10.970
10.440
11.670
10.210
12.515
10.965
16.135
13.760

9.865

9.925
10.900
10.890

9.940
10.180
10.085
10.690
11.625

14.865
15.575
20.040
18.510
13.880
14.905
16.600
13.265
19.790
13.275
13.560
18.400
13.740
15.545
15.065
14.620
14.935
14.350
16.800
16.270
15.735
14.680
14.475
20.340
15.225
15.515
16.415
13.775
14.450
14.790
14.995
13.590
15.220
14.595
16.170
14.045
17.320
15.310
21.505
18.585
13.740
13.770
15.040
15.205
13.840
14.250
14.080
14.675
15.745

20.970
21.290
26.080
22.940
19.605
20.525
24.785
19.515
25.305
18.140
18.425
23.800
20.320
21.720
21.380
20.965
21.140
19.825
22.415
22.430
21.785
20.040
18.690
26.745
20.020
20.265
22.640
19.405
22.020
20.985
20.880
18.760
21.110
20.070
22.635
19.335
23.545
21.500
27.215
24.990
19.200
18.995
20.970
21.465
19.710
20.385
20.000
20.460
20.990

20.415
20.080
24.075
19.550
18.945
19.075
24.290
18.865
23.580
17.165
16.925
21.840
19.770
20.505
20.970
20.290
20.310
18.505
21.170
22.085
20.505
18.740
16.285
25.540
18.280
18.940
21.200
18.840
21.925
20.285
20.275
17.665
19.945
18.975
21.985
18.230
22.105
20.955
24.860
23.760
18.095
18.320
19.855
20.670
12.035
19.825
19.585
19.705
19.295

179

14.785
13.450
16.070
12.970
13.765
12.825
16.275
12.625
16.180
12.015
11.645
14.555
13.530
14.515
15.645
14.455
14.430
12.515
14.745
16.010
14.295
12.820
11.065
17.915
12.530
13.210
14.230
13.330
14.760
14.355
14.615
11.960
13.835
13.125
15.475
12.620
15.290
15.425
16.440
16.790
12.200
12.950
13.620
14.425
13.715
13.955
14.135
13.950
12.670



413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461

4.570
4.885
5.545
5.531
5.890
5.355
4.695
4.120
4.070
4.745
4.125
4.335
4.200
4.250
4.325
4.750
4.140
5.935
6.050
6.200
5.610
5.150
4.195
4.035
4.440
4.215
4.100
4.720
4.145
4.250
4.555
4.700
4.920
5.475
5.770
5.390
4.710
4.430
4.145
4.140
4.220
3.935
4.335
3.695
4.855
4.330
4.405
4.670
5.250

7.215
7.710
9.060
9.565
9.740
8.550
7.325
6.410
6.330
7.370
6.520
6.655
6.600
6.545
6.780
7.165
6.530
9.425
10.385
10.655
9.380
8.265
6.590
6.325
7.070
6.570
6.460
7.255
6.560
6.795
7.080
7.470
7.820
9.105
9.730
9.185
7.515
6.930
6.515
6.480
6.615
6.145
6.780
5.990
7.785
6.735
6.935
7.420
8.730

11.200
12.070
14.285
15.230
15.630
13.435
11.425

9.965

9.795
11.305

9.850
10.240

9.935
10.030
10.525
11.065
10.115
14.465
16.810
17.505
15.070
12.965
10.215

9.845
11.085
10.205

9.980
11.280
10.075
10.630
10.885
11.600
12.310
14.425
15.815
14.910
11.660
10.585
10.140
10.185
10.220

9.340
10.430

9.215
12.225
10.440
10.790
11.4215
14.005

15.450
16.605
19.725
20.380
20.755
18.105
15.770
14.055
13.650
15.405
13.280
14.220
13.715
13.990
14.700
15.460
14.015
19.450
22.335
23.315
19.870
17.580
14.140
13.785
15.235
14.175
14.245
15.545
13.940
14.715
15.130
15.885
16.800
19.310
20.985
20.125
15.755
14.415
14.005
14.110
14.245
13.055
14.650
12.325
16.625
14.460
14.975
15.670
19.175

21.180
22.395
23.560
25.550
25.870
23.790
21.980
19.555
18.640
20.930
20.695
20.135
20.415
19.815
20.560
21.090
19.660
25.865
28.530
29.480
25.485
23.255
19.975
19.395
21.160
19.700
18.535
21.530
19.765
20.560
20.645
21.550
22.490
25.005
26.445
26.130
20.605
19.605
19.180
19.535
20.050
18.860
20.570
19.675
22.520
20.015
20.470
21.670
25.660

20.335
21.005
19.755
23.485
23.060
22.200
21.080
18.515
17.340
20.020
20.470
19.190
19.850
19.325
19.615
19.445
18.365
24.080
26.605
27.715
24.000
21.380
19.630
18.570
20.270
19.020
15.451
21.335
19.015
19.435
19.175
20.645
21.085
22.570
24.295
24.260
18.870
18.780
18.680
18.975
19.210
18.215
19.630
19.815
21.425
19.005
19.435
20.515
24.425

180

14.415
14.560
13.080
15.435
14.710
15.145
14.750
12.705
12.280
14.540
13.575
13.550
13.775
13.845
13.700
12.980
12.680
17.050
18.500
19.360
16.840
14.545
14.080
12.980
14.245
13.835
10.471
15.870

.13.610

13.190
13.590
14.605
14.585
15.030
16.305
16.465
13.175
13.275
13.590
13.580
13.520
12.745
13.760
12.960
14.980
13.150
13.705
14.130
17.430



462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

6.185
6.665
5.775
4.355
4.445
4.675
4.425
4.420
4.690
4.805
6.485
4.815
5.255
4.315
5.190
5.000
4.795
4.965
4.580
4.770
5.090
4.225
5.100
4.280
4.665
5.780
5.425
3.990
8.905
7.660
4.740
5.585
4.895
4.690
4.665
5.860
5.390
6.100
5.500
5.670
5.200
5.515
4.560
5.715
5.550
6.345
4.330
4.370
5.580

10.220
11.005
9.400
6.970
7.010
7.320
6.890
6.925
7.190
7.540
10.490
7.495
8.250
7.015
8.440
8.210
7.865
8.195
7.345
7.555
8.555
6.510
7.960
6.845
7.240
9.210
8.550
6.335
14.235
12.710
7.550
8.965
7.685
7.380
7.500
9.450
9.080
10.520
9.055
9.015
8.240
8.420
7.210
9.695
9.210
10.240
6.870
7.030
8.935

16.165
17.240
14.875
10.880
10.910
11.325
10.435
10.750
10.990
11.565
16.375
11.435
12.610
10.725
13.340
12.935
12.520
13.140
11.455
11.585
13.705

9.950
12.135
10.820
10.995
14.275
13.130

9.495
21.430
20.230
11.875
14.125
12.020
11.455
11.680
14.705
14.755
16.930
14.485
13.990
12.920
12.635
11.170
15.720
14.750
16.120
10.490
10.825
13.550

21.490
22.160
20.055
14.910
15.110
15.575
14.355
14.885
15.340
15.650
21.370
15.605
17.205
14.180
18.145
17.550
17.175
17.840
15.865
15.820
18.075
13.875
16.530
14.905
15.175
19.120
18.265
12.740
26.585
26.310
16.255
19.160
16.430
15.655
15.900
19.975
20.050
22.335
19.850
18.885
17.675
16.870
15.495
21.260
19.875
21.600
14.450
14.600
18.180

26.390
27.365
26.280
20.515
20.885
21.475
20.915
20.685
22.100
21.475
26.515
21.525
22.855
22.415
24.285
23.960
23.450
23.700
21.715
21.650
24.135
19.675
22.155
20.410
20.970
25.060
23.800
20.495
31.415
32.345
22.295
24.900
21.995
21.155
21.450
25.290
26.290
28.845
26.760
24.855
23.435
22.295
21.425
27.660
25.740
27.805
21.310
21.950
24.165

23.010
24.860
25.155
20.215
19.965
20.710
20.120
19.820
21.900
20.665
24.970
20.385
20.895
22.665
22.845
22.775
22.465
22.210
20.690
20.805
22,865
18.625
21.105
19.860
19.735
23.225
21.285
20.800
28.860
30.570
21.625
23.205
20.645
20.000
20.730
22.180
24.335
26.990
25.750
23.235
22.190
20.825
20.165
26.010
24.130
26.260
20.605
21.895
21.935

181

15.010
16.860
18.005
14.395
13.955
14.740
13.820
13.965
16.100
14.425
17.755
14.295
13.880
15.155
16.045
15.735
15.605
15.200
14.490
14.890
15.780
12.745
15.075
14.555
13.535
16.090
14.795
13.905
20.370
22.030
15.320
16.190
14.415
13.970
14.170
14.490
16.610
18.595
18.290
16.165
15.610
14.250
13.850
18.185
16.555
18.840
14.100
15.045
14.590



511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559

4.925
5.070
5.650
5.460
4.625
5.145
4.700
4.095
5.075
5.285
5.345
4.320
4.455
4.350
5.140
3.910
4.495
4.830
4.580
4.260
4.525
5.960
4.985
5.000
4.685
4.410
4.225
4.040
4.295
4.680
6.575
6.015
4.925
4.375
4.800
4.725
5.650
6.215
6.105
4.995
4.525
4.330
7.445
5.580
6.055
3.965
5.675
5.015
4.765

7.800
8.350
9.385
8.945
7.235
8.020
7.395
6.370
8.190
8.155
8.740
6.780
6.955
6.815
8.135
6.110
7.230
7.615
7.235
6.680
7.085
9.320
7.920
8.610
7.870
6.880
6.620
6.380
6.810
7.480
10.805
9.845
7.785
6.855
7.340
7.355
9.160
10.530
10.265
8.405
7.155
6.845
12.330
8.935
9.785
6.725
9.105
7.945
7.630

12.090
13.325
14.780
14.215
11.210
12.175
11.360

9.560
12.705
12.145
13.975
10.585
10.475
10.600
12.580

9.260
11.205
11..720
11.290
10.260
10.740
14.080
12.155
13.710
12.215
10.740
10.190

9.900
10.320
11.650
17.010
15.735
12.110
10.510
11.080
11.395
14.360
17.200
16.585
13.345
11.160
10.590
19.140
14.035
15.270
10.705
14.305
12.330
11.905

16.645
18.290
19.845
19.495
15.405
16.810
15.885
13.215
17.170
16.470
18.975
14.850
14.410
14.850
17.300
12.890
15.305
16.300
15.615
14.300
14.725
18.810
16.840
17.535
16.690
15.075
14.155
13.565
14.270
16.175
22.575
21.200
16.675
14.635
15.190
15.740
19.100
22.680
22.115
17.860
15.350
14.955
24.350
18.985
20.920
14.210
19.450
16.910
16.365

22.730
24.570
25.555
26.315
21.130
23.120
20.420
18.620
22.650
22.505
24.695
21.030
20.200
20.340
22.760
18.935
21.805
23.190
21.560
20.190
20.375
25.130
22.540
25.255
22.795
21.275
19.670
18.130
20.775
22.785
28.610
27.270
22.680
20.280
20.840
21.750
24.610
28.315
28.280
24.870
21.120
21.070
29.210
25.125
24.965
21.625
26.710
23.315
22.530

21.750
23.015
23.345
25.490
19.930
21.655
18.100
17.345
21.315
21.375
23.400
20.260
19.415
19.010
20.505
18.420
21.210
22.950
20.870
19.360
19.755
23.630
20.375
24.940
21.410
20.510
18.710
17.010
20.225
22.025
26.915
25.755
21.340
19.280
19.995
21.125
22.885
26.930
27.175
23.985
19.960
19.720
26.710
23.810
21.175
21.900
26.260
22.200
21.405

182

15.455
15.700
15.840
18.365
13.825
14.980
12.640
11.585
14.920
15.350
16.535
14.245
13.950
13.600
14.150
12.830
14.785
16.985
14.700
13.705
14.350
16.640
13.875
16.620
14.995
14.435
13.055
11.700
14.030
15.700
19.455
18.305
14.705
13.365
13.780
15.365
15.795
19.525
19.890
16.800
13.765
13.710
18.815
17.005
14.305
15.070
19.675
15.845
14.935



560
561
562
563
564
565
566
567
568
569
570
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
590
591
592
593
594
595
596
597
598
599
600
601
602
603
605
606
607
608
609
610
611

4.105
4.515
4.455
4.430
5.650
5.920
4.280
4.185
4.470
4.430
4.660
5.515
3.915
6.490
4.830
4.550
4.995
5.410
4.285
6.580
5.295
5.095
5.135
4.975
5.125
4.650
5.360
6.310
5.885
5.980
6.955
6.160
4.780
6.490
6.080
7.445
6.665
6.080
5.970
6.505
5.325
7.270
4.010
4.755
5.435
5.110
5.545
5.160
4.795

6.515
7.265
7.025
7.035
9.395
9.605
6.875
6.605
7.100
7.000
7.500
9.160
6.180
10.515
7.725
7.295
7.980
8.805
6.690
10.330
8.370
8.145
8.390
7.945
8.265
7.535
8.660
11.200
10.480
10.220
12.090
10.455
8.050
11.180
10.370
12.240
11.260
10.245
10.020
10.835
8.900
11.970
6.310
7.920
9.055
8.565
9.290
8.840
8.300

10.140
11.205
10.830
11.080
14.810
14.890
10.485
10.035
11.110
10.795
11.835
14.235

9.505
16.580
12.030
11.380
12.540
14.045
10.060
15.605
12.895
12.815
13.180
12.535
13.110
11.805
13.330
18.530
17.585
16.630
19.560
16.700
12.670
17.825
16.650
18.885
17.810
16.265
15.815
17.330
14.250
18.225

9.410
12.770
14.360
13.835
15.035
14.310
13.660

14.155
15.315
14.965
15.605
20.030
20.520
14.070
13.915
15.420
15.015
16.420
19.215
13.300
21.955
16.645
15.775
17.120
19.205
13.650
20.690
17.530
17.685
17.920
17.230
17.905
16.190
18.270
23.790
22.745
21.925
24.525
21.780
16.640
23.000
21.695
23.650
22.775
21.480
20.895
22.745
19.070
23.080
12.740
17.015
19.065
18.355
20.005
18.800
18.595

20.020
21.205
21.200
21.825
26.435
25.085
20.630
19.695
21.030
21.340
22.935
25.160
19.985
28.445
23.325
21.990
23.475
25.580
21.050
27.675
23.755
24.125
24.005
23.265
24.225
23.385
23.380
28.575
27.560
27.700
28.890
27.360
25.070
27.830
26.845
27.685
27.820
24.545
27.110
28.780
24.625
28.085
20.590
21.795
24.820
23.540
25.635
24.000
24.905

19.470
20.240
20.655
20.495
24.760
21.235
20.300
18.585
19.560
20.585
22.130
22.710
19.130
26.975
22.670
21.135
22.625
24.055
20.810
26.090
22.655
23.175
22.665
22.480
22.525
22.385
20.305
26.755
24.860
26.705
26.320
26.155
25.150
25.320
25.235
25.250
25.735
20.535
25.740
27.425
22.540
25.250
20.865
20.365
23.380
22.345
24.130
22.770
23.960

183

13.970
14.235
14.760
14.370
17.235
14.270
13.755
12.525
13.020
14.740
15.560
15.290
12.905
19.345
16.700
15.045
16.385
16.700
14.075
18.215
16.270
16.445
16.090
16.355
15.530
15.410
13.525
19.075
16.490
19.530
17.835
18.995
17.235
17.255
18.050
17.700
18.180
13.570
18.700
19.735
15.445
17.460
14.150
14.155
l16.355
15.955
16.785
16.155
17.025



612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660

5.070
5.320
5.380
4.740
6.485
6.160
6.915
5.095
5.465
3.755
5.580
5.065
5.035
6.035
5.280
5.360
5.560
5.030
5.435
5.325
4.485
4.820
4.470
4.735
5.190
4.745
5.365
4.450
5.195
4.180
5.415
5.050
6.115
5.250
5.680
4.695
4.665
5.705
5.175
5.595
4.995
4.770
4.875
4.905
4.960
4.625
5.505
5.680
4.990

8.615
8.950
9.255
8.030
10.810
10.225
11.415
8.795
9.045
5.950
9.135
8.300
8.440
10.015
8.860
8.970
9.270
8.465
9.055
9.025
7.275
7.640
7.260
7.615
8.510
7.765
8.775
7.320
8.585
6.635
8.855
8.265
10.195
8.570
9.285
7.610
7.490
9.195
8.330
9.000
7.895
7.655
7.920
7.985
8.005
7.415
9.110
9.065
8.190

14.200
14.475
14.875
13.220
17.070
16.455
17.910
14.330
14.135

9.060
14.255
13.225
13.650
15.910
14.370
14.445
14.880
13.870
14.620
14.360
11.405
11.825
11.570
11.915
13.545
12.500
13.920
11.495
13.725

9.990
14.055
13.135
15.990
13.515
14.965
12.045
11.785
14.305
12.990
13.940
12.165
12.090
12.585
12.620
12.715
11.615
14.420
13.990
13.060

18.970
19.330
19.145
17.855
22.265
21.985
22.965
18.855
19.355
12.460
18.935
17.805
18.525
20.850
19.275
19.470
19.505
18.555
19.665
18.740
15.655
16.070
15.870
16.250
18.175
16.800
18.805
15.445
18.530
13.645
18.805
17.620
20.785
18.460
20.525
16.310
16.165
19.505
17.590
18.660
16.660
16.835
17.330
17.285
17.390
15.970
19.615
18.600
17.860

24.160
24.650
23.920
23.750
28.280
28.260
28.500
25.675
23.830
20.140
24.750
23.330
24.825
26.490
25.150
25.390
24.845
23.840
25.510
24.065
21.615
21.810
21.755
21.935
23.995
21.985
25.480
21.850
24.595
20.905
24.205
23.860
26.365
22.525
26.815
22.065
22.220
26.2290
23.440
24.580
22.975
23.475
23.345
23.325
23.485
21.695
23.530
24.270
24.275

22.460
23.170
23.230
23.430
26.855
26.825
26.800
24.575
20.880
19.980
23.410
21.920
23.780
24.715
23.850
23.670
24.015
23.145
24.270
22.660
20.495
20.795
20.510
20.555
22.830
20.650
25.025
20.970
23.285
20.845
22.545
22.535
24.440
19.005
25.205
21.270
21.205
24.530
22.085
23.135
21.615
22.380
21.825
21.925
22.385
20.590
20.025
22.380
22.975

184

15.770
16.325
17.300
17.345
19.440
19.130
19.100
16.940
14.485
13.215
16.200
15.310
16.675
17.110
16.840
16.355
17.575
17.195
17.210
15.960
14.265
14.365
14.110
14.090
16.085
14.165
18.525
14.410
16.280
14.265
16.220
15.800
17.060
12.310
17.785
15.065
15.125
16.990
15.690
16.050
14.860
15.630
14.825
15.235
15.870
14.525
13.440
15.515
16.020



661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709

5.460
4.835
4.795
5.445
5.585
5.480
5.370
5.550
5.505
5.140
5.000
5.445
4.720
5.945
4.740
4.385
4.790
6.865
4.940
4.760
5.095
4.900
4.100
5.105
4.325
5.240
4.530
4.525
4.845
5.090
5.155
5.385
4.605
4.605
4.750
7.200
4.450
8.000
6.040
6.500
6.815
6.495
6.465
6.605
5.870
6.225
6.150
6.735
6.625

8.890
8.535
7.900
8.975
9.220
8.865
8.935
8.920
9.055
8.640
8.135
8.910
7.610
9.715
7.705
7.040
7.595
11.890
7.960
7.465
8.100
7.825
6.600
8.290
6.910
8.535
7.060
7.335
7.650
8.150
8.960
8.455
7.250
7.220
7.490
12.445
7.235
13.915
10.740
11.460
11.730
11.270
10.960
11.215
10.135
10.545
10.530
11.365
11.405

13.990
13.970
12.485
14.300
14.795
13.780
14.365
13.960
14.420
13.890
12.915
14.230
11.960
15.110
12.055
10.805
11.955
18.720
12.230
11.495
12.255
12.195
10.330
13.135
10.840
13.690
10.730
11.340
11.575
12.495
14.430
12.945
11.385
11.105
11.675
19.805
11.225
22.285
17.925
18.875
18.730
18.350
17.725
18.155
16.270
16.815
16.880
17.910
18.675

18.800
17.975
16.805
19.085
19.735
18.525
19.065
18.625
19.445
18.410
17.585
19.160
16.280
19.980
16.640
14.655
16.745
22.925
16.815
15.680
16.570
16.515
14.475
17.975
15.255
18.980
14.960
15.290
15.720
17.420
18.570
17.835
16.125
15.480
15.890
24.730
15.115
27.400
23.470
24.090
24.110
23.040
22.440
23.280
20.870
21.320
21.755
22.665
24.085

25.265
25.340
23.615
24.360
25.355
24.445
24.445
24.115
25.235
24.030
23.335
25.145
22.120
26.185
22.095
20.510
22.150
31.255
23.080
21.710
22.055
22.450
20.465
24.380
21.470
25.530
21.145
22.230
21.900
22.095
26.320
24.505
22.520
21.590
21.240
30.985
23.575
31.445
29.465
29.055
26.340
27.225
26.970
27.395
25.395
25.540
26.180
26.780
28.985

24.525
25.125
22.465
22.465
23.615
23.215
22.765
22.870
23.840
22.535
22.340
23.865
21.005
24.235
20.325
19.745
19.765
30.120
21.535
21.025
20.885
21.740
19.630
23.570
20.890
24.390
20.245
21.550
21.245
19.335
26.150
22.905
22.035
20.515
20.505
28.625
23.440
27.670
28.040
26.470
22.070
25.230
24.660
24.130
23.760
23.635
23.720
24.115
27.180

185

17.610
17.290
15.085
15.180
16.195
16.355
15.380
16.620
16.650
15.650
15.935
16.830
14.715
17.040
13.975
13.545
13.355
19.440
14.475
14.730
14.535
15.730
13.860
17.070
14.890
17.550
13.960
14.750
15.320
13.350
17.945
15.685
15.975
14.315
14.980
18.920
15.790
18.555
20.215
17.585
14.945
17.605
16.865
15.495
16.890
16.075
15.985
16.500
19.515



710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759

6.405
6.300
7.845
7.380
7.225
5.565
6.680
7.080
6.170
6.290
6.805
6.520
6.750
6.120
6.900
3.775
5.960
5.900
6.410
5.795
7.515
6.680
5.025
5.975
5.465
5.155
4.935
5.450
5.040
6.230
5.545
5.295
5.535
5.160
4.785
5.105
4.810
6.730
5.240
7.055
5.850
6.225
6.100
6.235
6.770
4.855
5.810
6.315
7.600

10.730
10.595
12.790
12.435
12.080
9.450
11.450
12.020
10.770
10.905
11.985
11.100
11.630
11.060
11.935
5.925
10.340
10.205
11.025
9.630
12.470
11.180
8.850
10.320
9.485
9.000
8.665
9.455
8.920
10.640
9.540
9.015
9.715
8.760
8.100
8.645
8.250
11.235
8.775
12.015
9.535
10.660
10.275
10.520
11.365
8.405
9.910
10.680
12.375

16.805
16.830
19.250
19.580
18.940
15.700
18.230
19.355
17.785
17.825
19.650
17.805
18.965
17.755
19.070

9.055
16.890
16.530
17.700
15.280
19.200
17.530
14.615
16.535
15.810
15.040
14.495
15.530
14.955
17.295
15.530
14.890
16.135
14.490
13.120
14.000
13.785
17.770
14.235
19.200
14.925
17.320
16.400
16.820
17.945
13.550
15.850
17.135
18.770

21.215
21.800
23.850
25.245
23.875
21.415
22.935
24.665
23.220
23.135
25.215
23.065
24.290
22.670
24.125
12.645
22.075
21.525
22.835
19.785
23.645
22.805
19.115
21.610
21.125
20.150
19.320
20.610
19.845
22.295
20.155
19.520
21.135
19.470
17.665
18.795
18.730
22.685
19.005
24.125
19.605
22.210
21.455
21.670
22.885
17.485
20.615
22.385
23.300

25.040
26.540
28.585
31.065
26.760
27.880
27.595
29.610
29.400
29.185
31.055
29.085
29.055
27.920
28.515
19.115
27.795
28.240
28.125
24.135
27.870
26.565
25.155
28.995
26.715
25.755
24.590
25.980
25.575
26.915
25.330
24.285
26.560
25.195
23.120
24.370
24.520
27.845
24.250
28.390
24.920
26.685
26.175
26.715
27.015
25.900
26.555
28.415
28.015

22.710
24.910
27.215
29.320
22.910
27.660
25.150
28.260
28.845
28.370
28.745
28.255
26.225
26.325
25.715
18.650
26.605
27.280
26.210
21.535
25.530
23.200
24.105
27.620
25.735
24.720
23.350
24.835
24.880
24.995
24.070
22.560
25.155
24.270
21.805
23.205
23.295
26.050
22.760
26.025
23.360
24.575
24.410
25.040
23.905
25.855
25.625
26.910
26.025
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15.465
17.820
20.525
21.600
15.495
21.115
17.510
20.935
21.560
21.170
19.685
21.270
18.245
18.935
17.520
12.975
19.250
19.805
18.005
14.000
18.035
15.950
16.910
18.835
19.085
17.740
16.650
17.530
18.605
17.450
17.440
15.925
17.850
17.525
15.250
16.445
16.320
18.280
15.835
18.065
16.075
16.920
17.190
17.985
16.395
17.405
18.610
19.125
18.640



760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808

5.275
5.400
4.9215
5.820
5.195
4.110
4.435
5.105
4.960
4.530
5.440
4.940
5.835
4.535
5.285
4.755
5.245
4.990
4.680
4.655
4.335
4.695
4.725
4.935
4.270
4.260
4.610
4.655
4.825
4.735
4.340
5.315
5.875
4.870
6.700
5.705
4.870
5.520
5.330
5.130
4.640
4.955
4.375
4.660
4.395
4.930
4.555
4.850
4.285

8.665
8.735
8.090
9.605
8.750
6.955
7.400
8.335
8.320
7.570
9.350
8.060
10.025
7.705
8.920
7.755
8.505
8.055
7.835
7.555
7.130
7.655
7.865
8.030
7.010
7.440
7.580
7.680
7.900
7.730
7.090
8.625
9.745
8.140
10.980
9.885
7.890
8.940
8.585
8.375
7.315
7.800
6.940
7.350
6.995
7.650
7.255
7.665
6.755

13.640
13.755
12.685
15.010
13.830
11.150
12.060
13.330
13.600
12.345
15.260
12.860
16.500
12.640
14.490
12.445
13.220
12.575
12.750
11.895
11.480
12.220
12.650
12.725
11.045
12.100
12.055
12.315
12.455
12.255
11.110
13.390
15.380
12.870
16.880
15.895
12.430
13.980
13.510
13.255
11.360
12.150
10.865
11.250
10.875
11.655
11.095
11.760
10.295

18.455
19.045
17.080
19.675
18.390
15.020
16.420
17.925
18.000
16.790
20.190
17.490
21.565
16.945
19.395
17.105
17.825
17.050
17.100
16.180
15.650
16.650
17.015
17.090
14.885
15.620
16.305
16.710
16.785
16.940
15.120
17.930
20.835
17.120
21.930
20.400
16.840
18.920
17.880
17.850
15.605
16.640
15.075
15.545
14.920
15.900
15.200
15.935
14.100

24.330
24.150
24.080
25.480
23.850
21.475
21.660
23.995
23.015
22.180
25.610
23.425
27.670
22.230
25.755
23.420
23.595
22.960
22.105
21.770
20.885
22.255
22.165
22.325
20.560
22.930
21.920
22.360
22.215
22.815
20.050
23.855
25.475
23.685
27.980
28.435
22.655
24.925
23.385
24.140
21.530
22.955
21.155
21.920
20.765
21.945
21.890
22.270
20.545

22.625
21.475
23.225
23.865
22.145
21.095
20.845
23.715
21.580
20.850
23.735
22.555
26.630
20.880
25.065
22.620
21.875
21.980
20.825
20.505
19.600
21.230
20.975
21.060
19.330
23.385
21.165
21.120
20.935
21.105
18.550
21.880
21.785
22.210
25.710
28.275
20.835
23.000
21.595
23.430
21.000
21.940
19.945
21.105
19.710
21.225
20.995
21.675
19.665
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15.355
15.100
15.905
16.775
15.265
14.765
14.835
17.740
15.380
14.285
16.370
16.655
19.195
14.690
18.770
15.995
14.560
15.215
14.340
14.285
13.635
14.850
14.600
14.710
12.915
16.290
15.040
14.595
14.435
14.675
12.490
14.700
14.635
14.595
17.130
20.195
13.970
15.370
14.525
16.590
14.855
15.145
13.680
14.990
13.380
15.125
14.440
15.375
13.280



809
810
811
812
813
814
815
816
817
818
819
820
821
824
826
828
829
830
831
833
833
834
835

5.200
5.365
5.195
5.710
4.375
5.300
4.745
5.570
4.960
5.055
5.590
4.750
4.880
5.430
5.290
5.240
5.795
6.385
5.990
6.560
7.195
6.015
6.155

8.260
8.675
8.185
9.745
6.850
8.615
7.470
8.930
7.945
8.255
9.270
7.520
7.800
8.965
8.820
9.015
9.535
10.775
9.910
10.850
11.940
10.435
10.265

12.765
13.575
12.405
15.505
10.570
13.625
11.185
13.995
12.385
12.885
14.745
11.630
12.100
14.090
14.055
14.505
15.065
17.060
15.830
17.365
18.635
17.145
16.255

17.895
18.425
16.915
20.005
14.690
18.405
15.310
18.835
17.085
17.785
19.915
16.165
16.490
18.420
18.695
18.915
19.795
22.530
20.605
22.440
23.570
22.515
21.010

23.135
24.755
23.400
26.690
20.960
24.520
21.500
25.460
23.875
24.365
26.680
22.645
23.450
23.590
24.735
25.045
25.230
25.705
25.175
26.410
28.140
27.550
25.485

20.215
23.570
22.570
26.170
20.335
23.550
19.875
24.855
22.660
22.860
25.300
21.065
22.570
22.335
24.065
23.700
23.795
22.165
23.235
23.740
25.605
25.725
23.100
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13.605
16.685
16.590
18.835
14.620
17.095
13.410
18.635
15.800
16.040
17.665
14.240
15.350
15.880
17.740
16.171
17.370
15.545
16.305
15.925
17.725
18.430
15.735
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CHROMA

DRY ( for In - Between)
VALUE

CHROMA HUE

APPENDIX (E)

VALUE

RAW DATA FOR SOIL COLOR FOR 101 RANDOM SAMPLES.
DRY (for Nearest Chip)

SAMPLE HUE

ID #
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WET (for Nearest Chip)

WET (for In - Between)

CHROMA

VALUE

HUE VALUE CHROMA HUE

SAMPLE
ID #
269
279
282
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CHEMICAL PROPERTIES FOR 101 RANDOM SAMPLES

APPENDIX (F)

SAMPLES IRON

ORGANIC CALCIUM TEXTURE MAPPING

ID # OXIDES CARBON CARBONATE CLASS UNIT
269 0.78 0.17 5.06 SL CG
279 0.80 0.17 2.95 SCL CG
282 0.90 0.22 3.37 SCL CcG
286 0.87 0.20 3.41 SCL CcG
287 0.77 0.09 5.86 SL CcG
292 0.89 0.26 3.28 SL CG
295 0.74 0.12 6.29 SCL CG
296 0.72 0.08 3.71 SL CcG
300 0.84 0.08 3.16 SL CcG
302 0.73 0.15 6.33 SL CG
310 0.83 0.16 3.37 SCL CcG
311 1.11 0.28 3.28 CL TR
312 1.18 0.29 4.63 CL TR
321 0.99 0.25 4.34 SCL TR-CG
322 0.88 0.17 3.58 SCL TR-CG
324 1.08 0.27 3.33 SCL TR~CG
337 0.99 0.32 2.06 SCL TR-CG
338 0.99 0.26 4.03 SCL TR-CG
341 1.15 0.25 4.16 CL TR
347 1.19 0.27 3.16 CL TR
356 1.11 0.29 2.06 CL TR
366 1.08 0.33 4.50 SCL TR-CG
390 1.27 0.44 4.20 SCL TR
394 1.13 0.38 3.16 CL TR
399 l1.01 0.32 2.52 SCL TR~CG
404 0.99 0.35 2.52 SCL TR
411 1.22 0.35 2.27 SCL TR
414 0.92 0.27 3.07 SCL TR~CG
420 1.19 0.44 4.55 SCL TR
438 1.27 0.27 4.54 CL TR
440 1.15 0.30 3.37 CL TR
442 1.19 0.25 4.55 CL TR
451 1.15 0.32 4.00 CL TR
465 1.00 0.45 3.83 CL TR
472 0.87 0.46 3.71 CL TR
481 1.23 0.67 4.36 CL TR
491 0.70 0.61 6.70 SL TR-CG
492 1.01 0.70 4.04 CL TR-CG
500 0.80 0.35 3.49 SL TR~-CG
502 0.99 0.36 2.86 CL TR~-CG
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508
512
515
518
519
525
526
528
530
540
563
564
573
574
583
585
596
603
605
609
632
644
648
650
658
668
670
676
683
696
698
700
701
702
710
713
715
717
720
725
728
738
746
750
752
760
764
765
771

0.80
0.85
0.99
1.10
0.96
1.07
1.07
1.03
1.09
0.97
0.99
0.76
0.92
0.72
0.96
0.88
0.68
1.15
1.12
0.68
1.03
1.10
1.07
0.96
0.90
0.92
0.91
1.09
1.10
1.03
0.95
0.72
0.60
0.72
0.66
0.61
0.72
0.61
0.57
0.62
0.69
0.79
0.77
0.65
0.68
0.95
0.76
0.82
0.97

0.46
0.32
0.65
0.78
0.37
0.51
0.44
0.57
0.54
0.36
0.36
0.27
0.54
0.41
0.65
0.64
0.30
0.73
0.75
0.32
0.44
0.38
0.46
0.47
0.48
0.66
0.47
0.70
0.44
0.66
0.44
0.32
0.22
0.20
0.26
0.56
0.38
0.56
0.35
0.55
0.37
0.32
0.65
0.37
0.46
0.51
0.65
0.46
0.57

3.33
3.33
3.75
4.10
2.99
3.75
4.17
4.18
3.58
3.33
3.16
6.58
2.90
4.48
5.69

6.32

2.27
4.17
4.13
3.66
4.13
4.76
4.03
4.04
3.49
4.31
3.08
3.80
3.37
4.00
2.53
6.56
4.12
3.91
4.23
3.58
2.02
1.27
5.32
2.10
3.71
2.90
2.53
4.59
4.18
3.37
2.57
2.95
3.36

TR-CG

TR-CG
TR
TR
TR
TR
TR~CG
TR-CG
TR
TR
TR-CG
TR-CG
TR
TR
TR
CcG
cG
cG
CcG
CG
CcG
CcG
CcG
CG
CG
CcG
cG
TR
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
SH-CG
TR
TR
SH-CG
SH-CG
SH-CG
TR
SH-CG
CcG
CG
CG
CG
CG
CcG
CcG
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773
775
787
792
799
809
810
812
813
817
819
835

0.99
0.96
0.99
0.60
0.92
0.99
0.94
0.88
1.07
0.94
0.70
0.64

0.59
0.55
0.51
0.70
0.61
0.83
0.70
0.65
0.99
0.84
0.54
0.43

2.78
3.79
4.25
6.70
6.25
4.97
5.00
4.55
4.94
5.15
4.20
2.69
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APPENDIX (G)

RAW DATA FOR AP SURFACE HORIZONS
COLOR DATA FOR 11 SOIL MAC PEDONS

197

PEDON # Dry Nearest Chip Dry In - Between
HUE VALUE CHROMA HUE VALUE CHROMA
1 4.318 5.273 2.909 4.326 5.390 3.025
2 3.955 5.455 3.909 3.879 5.479 4.074
3 3.909 5.238 4.000 4.000 5.256 4.178
4 3.870 5.318 4.318 3.894 5,272 4.517
5 4.182 5.143 3.810 4.147 5.130 3.670
6 3.753 5.117 4.209 3.172 5.124 4.345
7 4.381 5.000 3.190 4.256 5.111 3.326
8 4.045 5.381 4.236 4.006 5.367 4.361
9 4.182 5.238 3.238 4.147 5.126 3.558
10 3.955 5.190 4.476 3.994 5.256 4.356
11 4.182 5.190 3.238 4.111 5.110 3.305
PEDON # Wet Nearest Chip Wet In - Between
HUE VALUE CHROMA HUE VALUE CHROMA

1 4,273 3.591 3.182 4.256 3.626 3.316
2 3.864 4.000 4.045 3.842 4.163 4.305
3 3.857 3.762 4.095 3.868 3.920 4.120
4 3.636 4.000 4.318 3.768 4.015 4.450
5 4.000 3.667 3.714 4.042 3.730 3.700
6 3.648 3.927 4.121 3.672 3.954 4.466
7 4.190 3.571 3.190 4.144 3.589 3.437
8 3.857 4.048 4.286 3.926 4.145 4.435
9 4.000 3.619 3.238 4.017 3.639 3.478
10 3.952 4.142 4.286 3.926 4.090 4.165
11 4.000 3.476 3.429 3.961 3.584 3.332




REFLECTANCE DATA

PEDON # Dry Reflectance (%)
MMR1 MMR2 MMR3 MMR4 MMR5 MMR6 MMR7
(%) (%) (%) (%) (%) (%) (%)
1 13.56 18.42 23.96 28.38 37.18 38.70 35.79
2 14.57 21.25 29.28 34.45 42.63 43.96 40.06
3 12.31 17.97 24.77 29.24 35,93 37.19 34.56
4 11.77 18.03 26.15 31.40 39.58 40.80 37.71
5 12.59 17.78 24.04 28.90 37.65 39.13 36.90
6 12.91 19.20 26.64 30.77 37.03 38.65 35.71
7 12.31 16.77 21.69 25.56 32.64 33.93 31.17
8 13.50 19.96 27.37 31.74 38.31 39.95 37.37
9 13.40 18.24 23.70 28.29 36.38 38.00 35.0°
10 12.61 18.82 26.43 31.15 38.03 39.66 36.91
11 13.21 18.03 23.70 28.83 37.60 39.17 36.02
PEDON # Wet Reflectance (%)
MMR1l MMR2 MMR3 MMR4 MMR5 MMR6 MMR7
(%) (%) (%) (%) (%) (%) (%)
1 5.75 8.88 12.49 14.98 21.59 20.79 14.57
2 8.34 13.34 19.31 21.86 27.12 24.24 16.05
3 6.30 10.38 15.53 18.17 23.72 22.98 17.06
4 7.21 11.88 17.84 20.69 26.49 24.60 17.02
5 6.53 10.54 15.57 18.71 25.39 23.64 16.10
6 8.05 13.18 19.42 21.68 25.97 23.09 15.42
7 6.38 9.68 13.68 16.34 22.60 20.79 13.79
8 8.50 13.74 19.87 22.08 27.02 25.18 18.08
9 5.78 8.94 12.82 15.75 22.14 20.89 14.59
10 8.21 13.19 18.96 21.22 26.17 24.00 16.32
11 5.66 8.88 13.11 16.49 23.51 22.19 15.52
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SOME SOIXL_SOIL CHEMICAL_ AND PHYSTICAL PROPERTIES

TEXTUR MAPPING

PEDON # CHEMICAL PHYSICAL
PROPERTIES PROPERTIES CLASSE UNITS
FE OC SAND SILT CLAY
(%) (%) (%) (%) (%)
1 0.750 0.650 33.00 32.00 35.00 CL TR
2 0.550 0.310 68.00 19.00 13.00 SL CG
3 0.790 0.430 62.00 20.00 18.00 SL CG
4 0.620 0.410 63.00 18.00 19.00 SL CcG
5 0.830 0.470 55.00 21.00 24.00 SCL cG
6 0.490 0.320 72.00 18.00 10.00 SL SH-CG
7 0.540 0.620 39.00 32.00 29.00 CL TR
8 0.750 0.240 69.00 23.00 8.00 SL CG
9 0.920 0.680 29.00 42.00 29.00 CL TR
10 0.600 0.400 72.00 18.00 9.00 SL CG
11 0.800 0.690 38.00 32.00 30.00 CL TR
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