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Introduction

As the use of satellite telemetry becomes a more popular tool in
management of natural resources, more tasks are being done from the
satellite altitude to cover a larger expanse of land area. The telemetry
in the infrared channels of the satellite, known as thermography, has
become more important in many areas of resource management. One of
the present applications of thermography is the detection of vegetation
coverage. Other possible applications of thermography may include
rainfall monitoring and soil moisture monitoring, both of which are the
topics of concern in this study.

Current monitoring of rainfall and soil moistures is being done by
ground collected data. This method is time consuming, expensive and
impractical for remote regions. A method which could use data for a
large area collected from an orbiting platform would greatly ease the
task and assist in predicting oncoming droughts and desert expansions.
This leads to one possible application of satellite collected thermography
from orbiting satellites.

Since the soil temperature is affected by many factors such as
vegetation coverage, slope, texture, composition, and soil moisture
levels, measurement of soil temperature would then be an ideal method
of determining some of these variables. Surface temperature in turn

can be monitored by its thermal emitance, since thermal emitance is



proportional to the surface temperature raised to the fourth power.
Thus, the thermography from a satellite should be proportional to
surface temperature of the ground.

As stated earlier, a great number of variables affect the surface
temperature of the ground. This study was restricted to rainfall, soil
moisture, and other variables readily available for use in the model
calculations. These other variables include the length of time the
ground is exposed to the sun, cultivated vegetation coverage, air
temperature, and normalized difference. It is true that more variables
can be added to increase the accuracy of the model, but this would not
be practical for a remote region where these parameters are not known.

Previous experimental and theoretical work on a model to predict
surface temperature changes has been done at South Dakota State
University. A theoretical heat flow model to predict the soil
temperature for a profile from surface to a depth of 50 cm as a function
of time was developed (Meyer, 1972). An experimental study to provide
qualitative proof of the theoretical model using field collected data
showed a good correlation (Beutler, 1980). Further enhancements were
done to the original model to include soil characteristics and solar and
plant canopy parameters. After a series of experimental calculations, a
quadratic relationship between soil moisture and surface temperature
resulted (Ness, 1982). Further experimental work was carried out to
determine the effect of these parameters on the model and their
significance. Results of this study indicated that these parameters

added no significance to the model for the field collected data, but



resulted in a significant linear relationship between soil moisture and
surface temperature (Roesler, 1984).

This study was an attempt to use the previous relationships
developed between soil moisture and surface temperature and to apply
these on a broader scale. Using experimental data collected by satellite
and ground collected data for the entire state of South Dakota, a
relationship between satellite gathered thermography and ground
collected moisture and rainfall data was found. Significant differences
between this study and previous studies result from the scope of the
data being used (small field plots as compared to the entire state) and
the attempt to reverse the model to predict soil moisture, instead of

predicting surface temperatures.



Objectives

The specific objectives of this study were then as follows:

T

To gather together data collected from satellite thermography,
and to put the data into an acceptable form for later analysis.
To experimentally produce state-wide data from sparsely
collected ground data throughout the state.

To combine the data collected from the above objectives together
with other significant parameters to form a data base for further
work.

To use the data base of objective 3 for statistical analysis of
relationships between satellite-collected data and ground-based
collected data consisting of soil moisture and rainfall.

To compare the statistical relationships found to those produced

in previous experimental and theoretical studies.



Background Literature

The use of satellite thermal imagery to track soil moisture
conditions began with Moore (1975) who studied the relationship of soil
moisture to infrared data gathered from Skylab. His study indicated a
positive correlation and concluded that a potential existed for soil
moisture tracking from satellite thermal imagery data. Thermocouple
data and aircraft gathered infrared data were correlated by Schmugge
et. al. (1976) and Reginato et. al. (1978), who found a positive
relationship between both temperature monitoring sources. Tunheim
(1977) found a relationship between aircraft thermal imagery patterns
and ground temperature patterns caused by near surface moisture
conditions influenced by saline seeps in Montana.

In 1978, NASA undertook the Heat Capacity Mapping Mission
(HCMM) project utilizing a satellite with a 10.5 - 12.5 micron sensor.
From data collected by this satellite, Heilman and Moore (1981) showed
that high soil moisture areas could be detected from the HCMM satellite
data with a significant correlation (r = 0.74) for soil moistures at 0 to 4
cm depths after empirical estimates and corrections were performed.
The estimates were needed to account for the variety and cover density
of crops in eastern South Dakota and a correction of the HCMM
radiometric temperatures to standard known temperatures. Similar

studies to compare the thermal infrared data to soil moisture conditions



were carried out and summarized in the a final report Evaluation of

HCMM Data for Assessing Soil Moisture and Water Table Depth (1981).

Short (1982) concluded that before thermographic mapping of soil
moisture conditions can be used for operational purposes, more work is
needed. Price (1984) concluded that apparent thermal inertia (ATI),
the difference found between the early morning low temperature thermal
images and afternoon high temperature thermal images, were of no value
in highly used agricultural areas. This was due to the variation of
surface evaporation rates caused by crop canopies. However, ATI| was
found useful for dry environments.

Various theoretical and empirical models have been developed to
predict satellite telemetry data and conditions seen in small plot tests.
Meyer (1972) developed a finite difference heat flow model to simulate
heat flow through a soil profile during a diurnal period as a function of
soil moisture. Tunheim (1977) modified the model to predict a soil
temperature difference profile between irrigated and dry plots with
identical soil profiles. Beutler (1980) modified the model to work with
any soil type profile used for the irrigated and dry plots. He also
verified that the model correctly predicted the functional temperature
differences observed at the surface of the two plots. Heilman and
Moore (1981) used an empirical model to show the relationship of soil
moisture at the O to 4 cms depths to thermal infrared data, percent
canopy cover present, and minimum air temperatures.

Price (1980) developed a model which used remotely sensed

thermal data and predicted 24 hour evaporation rates and diurnal heat



capacity as a function of soil moisture. His model calculated mean
surfaces temperatures from relationships of absorbed and emitted
longwave and shortwave radiation, together with albedo and surface
temperatures, meteorological data, and surface characteristics. Horton
(1982) concluded that crop coefficients for evapotranspiration were
affected by soil moisture conditions and canopy development. Horton
also noted that pastures have a small evaporation component of
evapotranspiration, and an insignificant evaporation effect on its
coefficients.

Ness (1982) further modified the model of Beutler's (1980) to
include crop and solar parameters to account for ground shading. He
found that the computer model predicts a quadratic relationship between
surface temperature differences and moisture differences for time
independent soil moisture. Roesler (1984) found that a significant
linear relationship existed for small plot data when comparing surface
temperature differences to soil moisture differences, rather than the
quadratic relationship found by Ness. Roesler also found that the
addition of air temperature to the model significantly added to the model

predictions.



Data Processing Procedure

Due to the scope of the data involved, a small mainframe computer
was used to process the data. The primary data processing was
performed on the IBM 370/3031AP mainframe located in the Computing
Center at South Dakota State University (SDSU), using IBM's
VS-Fortran and assembler and a statistical package written by
Statistical Analysis Systems (SAS). Portions of the data were also
processed by a HP3000 minicomputer at the EROS Data Center running
an interactive digital image manipulation system called IDIMS, and a
Prime 400 minicomputer at the Remote Sensing Institute on the SDSU
campus with various image processing programs written at the institute.
The data for each individual variable in the model equations was
processed individually and later placed together into a large data base
containing all of the needed variables. It should be noted that to
process the quantity of data required, approximately 190,098 image
sample sites within South Dakota, some of the later processing required

large amounts of computer time and resources on the small mainframe.

Thermography
Thermography data was taken from an image produced by the
NOAA-6 satellite, on July 6, 1981 at 9:38 AM central daylight time,

obtained from the Remote Sensing Institute and EROS Data Center.



The data is produced by infrared and optical sensors located on the
satellite and is stored in the satellite for later transmission to a ground
receiving site. The resolution of the sensors is one kilometer by one
kilometer. The data stream received is made up of a header label data
block which contains satellite identification, location, time, and variables
describing the imagery data to follow. Imagery data then follows which
has various positioning and telemetry variables for calibration purposes
followed by 2048 individual picture element (pixel) blocks containing
separated sensor ranges (channels). This is trailed by additional
positioning and telemetry variables. This composes two logical data
records or one physical data block. Two physical data blocks are
needed for each individual line in a picture image made of approximately
1500 lines, resulting in an image of about 3 million pixels. This type of
image format is known as Local Area Coverage/High Resolution Picture
Transmission (LAC/HRPT). The raw image from which the data for this

project was extracted from is shown in Figure 1.



Figure 1: NOAA-6 All Channel Composite Raw Image of the
Northern Plains.
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The image was first processed by the IDMS system to extract the
section of the image containing the state of South Dakota, and was then
masked with null values to show only the state. This uses a process
known as image registration which involves the use of the IDMS system
to locate known sites within the area and to correct for any skewing
and distortion caused by different speeds between the earth's rotation
and satellite orbit speed. A mask is added to the registered image to

‘show only the state after the positions have been verified. This



1
reduces the image to approximately 450 lines by 650 pixels, some of
which are null mask values, leaving approximately 190,000 pixels of
interest. The image was separated into individual sensor channels.
Channel 4, which is the thermal infrared sensor range of 10.5 to 11.5
microns, is shown in Figure 2. The data was then transfered to the

IBM mainframe to convert the values to the actual temperatures.

Figure 2: NOAA-6 Thermal Infrared Image of South Dakota.
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To convert the image data to actual temperature data, both the

raw image information and the extracted thermal image must be used.



12
The equations used for conversion to actual temperature readings are
shown in Figure 3 and are described in NOAA Polar Orbiter Data Users
Guide (1984). The values used for the slope and intercept of Equation
1 were extracted from the raw image data by the SAS program shown in
Appendix A1. This program will extract the calibration for the thermal
infrared sensor from the telemetry calibration variables heading each
line of image data and report data set header information and statistical
values for each of the parameters. The average value for the whole
image is used for each parameter, since the variance in each parameter
is not great enough to warrant the more involved approach of
extracting the parameters for each line of the image. The value for the
constant W in Equation 2 is the central wave number for the
temperature range desired from image channel 4 for the satellite used.
This is 911.41 for Figure 3 presented here. The equations are applied
to each point within the image to produce the desired temperature
readings. The combination assembler and VS-Fortran program shown in
Appendix A2 processes the image created by the IDMS system and
writes a new image of the temperatures read. This data was plotted by
the SAS program listed in Appendix A3 which results in the

temperatures shown in Figure 4.
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Normalized Difference
Normalized difference is a satellite gathered parameter which
indicates the green level of the land covered. This gives a vegetation
index. This parameter was developed by Deering and Hass (1980) to
estimate the green biomass from Landsat images. It was also used to
monitor range feed and drought conditions of the Great Plains. They
found that green and dry vegetation reflect and absorb energy in the
visible and near-infrared spectrum differently and that this difference
could be used to detect vegetation conditions. These spectral areas
were related to the red band energy (channel 5) and the near-infrared
band energy (channels 6 and 7) of the Landsat spectral images. The
parameter is defined as the difference between the near-infrared and
red band areas divided by the sum of the two areas. This yields a
normalized difference parameter for estimating green biomass, or a
vegetation index ( Figure 5 ). Vegetation index values were calculated
for the satellite image used in this project at the EROS Data Center
using image channels 1 and 2. The data was then transferred to the
SDSU's IBM mainframe for conversion to integer format and inclusion in

the complete model.
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Vegetation Index(VI) = Near IR - Red
Near IR * Red

Near IR = Landsat MSS channels 6 and 7; NOAA channel 2;

approximately. 0.7 - 1.1 microns.

Red = Landsat MSS channel 5; NOAA channel 1;
approximately. 0.6 - 0.7 microns.
Vegetation Index(VI) = values between -1 and *1,

Figure 5:

which are scaled to numeric
values of 0 to 255, estimating
green biomass; values below
127 are relatively barren.

Normalized Difference Equation Used for Vegetation
Coverage Estimation. Equation from Using Landsat
Digital Data For Estimating Green Biomass, by
Deering and Haas (1980).
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Rainfall

A large data base of daily precipitation for the entire state was
available from the South Dakota State Department of Natural Resources.
It consisted of a network of approximately 1300 rainfall gauges
distributed to farmers and ranchers from which daily morning readings
were taken for precipitation during the previous 24 hours ( Figure 7 ).
This data was read by the program listed in Appendix A4 to extract the
data for the five days prior to the satellite image. The program used a
data list describing the stations in geographic latitude and longitude
and converted these to the map coordinates used by the satellite image
using Alber's Equal Conical Areas Equations (Bulletin 1532 of the US
Geological Survey (1982)). The values were seeded into a blank image
at the locations found and each value was equally spread from the
seeded point in a circular manner until other circular boundaries were
encountered. This was done until no blank pixel remained. The image
was then processed by a smoothing routine to help eliminate any sharp
edges from the boundaries. A secondary program listed in Appendix
A5 placed a mask containing the state border boundaries over the newly
created image. The mask was made from the satellite thermal image to
provide a satisfactory alignment when projected together. This image
was then plotted as was the satellite temperature map with a program

similar to that given in Appendix A3, ( Figure 8 ).
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Soil Moisture
Soil moisture data was collected as a joint effort between the
SDSU Physics Department and the Remote Sensing Institute during the
summer of 1981 as a part of this project and other projects closely
related to this study. The data was collected from 99 sites located in a
state-wide network ( Figure 9 ) and was taken with a soil probe at 6
inch intervals to depths of 3 to 4, feet with depths varying as
conditions permitted. The soil samples were weighed before and after
drying in a portable microwave oven to determine their volumetric
moisture contents. These readings were taken in Eastern South Dakota
twice each week during June, July, and August and about once every
week for the Western South Dakota regions during the same period.
The data was placed into a computer data file for later analysis.
Analysis of the data was accomplished by use of a SAS program
(Appendix A6) which determined the data readings taken on the day
desired or extrapolated between two readings taken within a 10 day
period of the desired data. This was transferred to a VS-Fortran
program which was similar to the program developed for rainfall image
map making, but did not allow any zero values (Appendix A7). The
image then received a mask of South Dakota border boundaries with the
program in Appendix AS, similar to the rainfall image, and was later
plotted with a program similar to the one in Appendix A3. This
process was done for the surface soil moisture ( Figure 10 ) and for

the subsurface soil moisture (one to six inch depth) ( Figure 11 ).
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Air Temperature

Air temperature readings for weather reporting stations in South
Dakota were available from the National Oceanic and Atmospheric
Administration bulletin, Climatological Data for South Dakota during
July, 1981. From this bulletin, the daily high for July 6, 1981 was
recorded, along with the station's geographic location. This data was
used in a program similar to that used to produce a soil moisture map
which did not allow zero values inside the image. The map was masked
again with the state border boundaries by the program in Appendix AS.
Daily high temperatures were used because of the relatively short time
between the satellite overpass and the usual occurance of daily high
temperature readings. High temperature readings also seem to
represent the soil moisture and atmospheric conditions present for the
surrounding area, which may affect satellite readings. The resulting
image ( Figure 12 ) was plotted by a program similar to that of
Appendix A3.
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Crop Land Use Intensity

A digitized map of South Dakota indicating land cultivation percentages
was obtained from the Remote Sensing Institute through Dr. F. Weston.
The map indicates soil conditions and composition. It also contains an
indicator of the cultivated vegetation levels present for a particular soil
type. This parameter determines the proprotions of crop land or
uncultivated range land, which aids in subdividing the areas into
smaller regions by soil type or cultivated crop land percentages. Some
problems were found with the original digitized map which at times
invalidated the soil type readings. Therefore, only the cultivation
percentage was considered to give a valid reading from this map. The
map readings were taken to the SDSU's IBM mainframe and converted to
a standard format from which the cultivation levels were extracted and

plotted ( Figure 13 ) by a program similar to that in Appendix A3.
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Solar Parameters
A final calculation was done to determine the solar exposure time,
the sun's altitude above a flat plane, and the sun's orientation from
true South for each of the 190,098 pixels. The program to calculate
the sun's position and exposure time for any geographic position, given

the date of interest, used equations taken from Practical Astronomy

with Your Calculator (Duffett-Smith). Besides calculating these

parameters, the previous images produced or gathered from a satellite
were combined and a data card for each of the 190,098 pixels was
produced containing all the parameters mentioned. The program used
for this procedure was written in VS-Fortran (Appendix A8) and
requires that all satellite or computer generated images be available to
produce a composite image. The sun exposure data was extracted from
the data produced and plotted by a program (Appendix A3) to produce
the image in Figure 14. The composite data produced from this step is
ready for analysis by the Statistical Analysis System (SAS) program

package as described in the following sections.
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Data Analysis

The data generated as described in the previous sections was
analyzed by a procedure from SAS to produce a chart showing the
range and frequency of the data produced for each of the key
variables. The variables available for use are satellite temperature,
ground air temperature, normalized difference index, rainfall, soil
moisture at the surface and near surface, solar exposure times and
position coordinates, a land use index from which the cultivated
vegetation level is derived, and picture line and pixel coordinates. The
data was read into a SAS data base structure and possible invalid
points were deleted from the data. The program also subdivided the
state into 71 areas measuring 50 by 70 pixels ( Figure 15 ), but which
varied at the state's boundaries. Due to the large area covered and
the possible chances for error in determining the exact positions of
sample sites, it was determined that small subdivisions of the state
would best represent the true conditions rather than the individual
pixel values. Within each subdivision the key variables were summed
and averaged to produce a single value for each variable within the
subdivision. The resulting data were analyzed with a SAS Institute
procedure called STEPWISE which produces a stepwise linear model for

the given dependent variable with the available independent variables.
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Satellite Temperature Modelling
According to the Stefan-Boltzman law, the thermal emittance is
proportional to the the surface temperature raised to the fourth power.
The satellite temperature used the measured infrared emittance, which
resulted in the temperature used here. This temperature was then
analyzed as a function of surface air temperature, rainfall, normalized
difference, sun exposure length, land cultivation levels, and soil
moisture; all of which may play a role in the actual ground surface
temperature. This does not mean that the terms used in this equation
will predict the ground temperature, but they are used because of the
close relationship of these terms to surface ground temperature. The
statistical results shown in Table 1 indicate a high correlation to the
measured satellite temperature. Therefore, the terms used in the
equation must have some bearing on the satellite temperature. A close
inspection of the statistical results shows that rainfall, air temperature,
and normalized difference have the biggest influence on satellite
temperature. These parameters are followed by sun exposure length
and soil moisture values. This indicates that the possibility of
predicting one of these values from an equation consisting of the other

terms should be investigated further.
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f ]
Table 1: Satellite Temperature Modelling R? Statistic Results |
I |
| Observations are divided into 71 regions and the mean of each |
parameter within the region is used. |
|
Satellite temperature=surface air temperature*(a) *+ rainfall*(b) *+ |
| normalized difference*(c) *+ Sun exposure |
] length*(d) *+ Land cultivation level*(e) * soil |
| moisture at surface*(f) * soil moisture at l
| near surface*(g) * Constant [
I I
[ Observation R? |
l count result |
l I
| 71 0.902 |
I
| J

Ground Air Temperature Modelling

Using the ai'r temperature as the dependent variable in the linear
equation process in place of satellite temperature also results in a high
degree of correlation. This is somewhat surprising, since the air
temperature measurements used are the daily high temperature
readings, which do not normally take place until the afternoon, while
the satellite readings used are from a morning overpass. The statistical
analysis shows a significant correlation of the afternoon air temperature
to the satellite temperature term. Other terms of lesser significance are
the solar exposure length, vegetation cultivation level and normalized
difference. The vegetation cultivation level, soil moisture at surface,
rainfall, and sun exposure length parameters have negative
correlations, while the soil moisture at near surface, satellite

temperature and normalized difference, have positive correlations. The
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negative correlation for solar exposure length is caused by the solar
exposure times at the eastern side of the state being greater than the
western side during morning hours, while the western side of the state
has higher afternoon temperature readings. This indicates that the
afternoon temperature readings can be predicted from morning satellite
temperature readings because of patterns seen in the morning satellite

readings, if other factors remain constant.

RS WSS gemiade - kR vk e Sl I Ty

5
|

Table 2: Air Temperature Modelling R? Statistic Results |

|

Air temperature=Soil moisture at surface*(a) * Soil moisture at |
near surface*(b) * Rainfall*(c) * Normalized |

difference*(d) * Sun exposure length*(e) + |

Land cultivation level*(f) + Satellite |

temperature*(g) * constant |

|

Observation R? |

count result |

|

7 0.874 |

|

J

Rainfall Modelling
Because of the significance of the rainfall parameter in both of
the previous model calculations, the next step was to replace air
temperature with rainfall as the dependent variable. The air
temperature is placed back into the independent variable list and the
soil moisture variables deleted due to the large weighting effect that

they cause on the model. When the statistics are computed, the results
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show a very good correlation for the model using the subdivided region
values, while the model using all valid pixel locations yields a
R-squared statistic which is not as good as the regional model. This
indicates that some problems exist with positioning of overlaying images
and data that does not give an accurate value for small areas compared
to that for the larger regions. The significance levels for the variables
in the model indicates that a high correlation exists with satellite
temperature and normalized difference, while the sun exposure length,
cultivation levels, and air temperature all have progressively less
significance. The negative correlations for normalized difference,
satellite and air temperature parameters are acceptable due to the
drying effect temperatures have on moisture readings, while high
greenness levels will indicate possible inaccurate cool readings. A
positive correlation for the vegetation cultivation level is thought to be
accurate when farming practices in heavier rainfall areas are
considered. The negative correlation for sun exposure lengths are due
to the drier conditions that normally would exist in the western areas of
the state, together with shorter sun exposure lengths in the morning
hours.

Due to the possible weighting of the equation for sun exposure
lengths, the parameter was removed from the independent variable list.
The resulting R-squared value is about the same, with only slight

variations in the estimated parameters for the end equation.
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| |
| Table 3: Rainfall Modelling R? Statistic Results |
| |
| |
| |
| Rainfall = surface air temperature*(a) + normalized |
| difference*(b) *+ Land cultivation level*(c) *+ |
| Sun exposure length*(d) + satellite |
| temperature*(e) * Constant |
| |
| Includes sun Excludes sun |
| exposure lengths exposure lengths |
| : |
| Observation R? R? |
| count result result |
| |
7 1 0.617 0.612 |
|

L |

Since it is obvious that rainfall does affect soil moisture levels,
the next step is to determine if soil moisture can be determined as well
as rainfall. The rainfall dependent variable is now replaced by the soil
moisture measurements and the rainfall variable is placed back into the
model, while all soil moisture variables are removed. The resulting
model yields a R-squared statistic of 0.362 for surface soil moisture and
0.419 for near surface moisture. The equations for both models are
somewhat similar with rainfall, sun exposure time and normalized

difference all being significant.
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r 1
| |
| Table 4: Soil Moisture Modelling R? Statistic Results; Step 1. |
: :
| Soil moisture=surface air temperature*(a) + rainfall*(b) + |
| normalized difference*(c) * Sun exposure |
| length*(d) *+ Land cultivation level*(e) + |
| satellite temperature*(f) + Constant |
| |
I R? |
| R? for [
| Observation for near ]
| count surface surface |
| |
A 0.362 0.419 |
| J

Soil Moisture Modelling

Because rainfall does weight the statistics, and it is a wvariable
that would also be determined from the satellite, it was removed from
the model. The new model shows the significance of satellite
temperatures and normalized difference on soil moisture. The model
still indicates the significance of sun exposure periods, which also is
thought to be a weighted term, due to moist conditions that exist in the
eastern part of the state and the greater amount of exposure time in
the morning hours. This term is then eliminated from the modelling
equation. The resulting statistics then indicate the significance of
normalized difference, vegetation cultivation level and satellite
temperature. This gives a lower R-squared correlation statistic of

0.190 for surface and 0.295 for near surface moisture.
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Table 5: Soil Moisture Modelling R? Statistic Results; Step 2. |

|

Soil moisture=surface air temperature*(a) * normalized |
difference*(b) * Sun exposure length*(c) *+ |

Land cultivation level*(d) + satellite |

: temperature*(e) *+ Constant |
|

R? |

R? for l

Observation for near |

| count surface surface l
| I
i 71 0.237 0.332 |
‘L )
r 1
|

Table 6: Soil Moisture Modelling R? Statistic Results; Step 3. |

|

|

Soil moisture=surface air temperature*(a) +*+ normalized |
difference*(b) * Land cultivation level*(c) + |

i satellite temperature*(d) *+ Constant |
I

R? ]

R? for [

| Observation for near |
count surface surface |

|

} Al 0.190 0. 208 |
L J

In the model of Heilman and Moore (1981), an empirical correction
to the satellite temperatures and empirical estimates were used to
account for variety and cover density of crops appearing in the small

areas under study. Since the estimate for crop density and cover is
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already accounted for in the previous models by the normalized
difference and vegetation cultivation level parameters, correction factors
for satellite temperatures could be added to the independent variables.
This would then result in a model similar to Heilman and Moore's, but
would use calculated values instead of empirical values.

A statistical procedure from the SAS Institute called GLM
(generalized linear modelling) was used which determines the model from
a list of possible independent variables. The data was prepared for the
procedure by including variables that where found to be significant in
the previous modelling of satellite temperature to the satellite
temperature term. This resulted in a large number of parameters, but
only a few significantly affected the satellite temperature. This process
was run several times to eliminate the insignificant terms from the
independent variable list. The final result included the addition of four
interaction terms which may correct for any deviation of the true
satellite temperature. These terms are the satellite temperature divided
by the product of air temperature and normalized difference, satellite
temperature multiplied by air temperature, satellite temperature divided
by the vegetation cultivation level and the product of satellite
temperature and vegetation cultivation level divided by the normalized

difference.
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Results

For the final processing of the collected data, a new procedure
called LEAPS provided to the SAS Institute by G. Furnival and R.
Wilson (1974) was used. This procedure finds a specified number of
models having the largest R? statistic for a subset of models with the
same number of independent variables, where the number of
independent variables increases from 1 to the total number of given
independent variables. This procedure is similar to the stepwise
modelling procedure, but performs each step on a number of possible
models, letting the user choose the most valid model. Another change
was introduced to test the restrictions placed on the model by the
intercept term. This was done by declaring no intercept in the
modelling procedure. The independent variables used included rainfall,
soil moistures, air temperature, normalized difference, vegetation
cultivation levels, satellite temperature, and the interaction terms found
from the previous step, with the dependent variables excluded in each
respective modelling.

This procedure is applied to the rainfall, surface moisture, and
near surface moisture as described above. The results of these models
indicated a significant gain in correlation for all of the models involved.
A possible problem was seen in the models displayed for rainfall. This
was a random sign change for the independent terms, a behavior which
usually indicates some collinarity or influences by adjoining terms. The
model was processed by the REG procedure from SAS, requesting

collinarity and influence data for the variables listed. The results
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indicated that the fourth interaction term exhibited collinarity and the
other interaction terms also demonstrated some collinarity. This was as
expected but not as the fourth term was doing. This term was
eliminated from the rainfall model and the models were reprocessed with
the estimated parameters being printed for both the reduced set of data
and all 190,098 points.

For rainfall modelling, the results indicated a high correlation for
only 2 independent variables and only slight improvement with additional
terms. The model with the terms determined from the satellite were
chosen to eliminate the need for ground collected data. Since it is
desirable to use only satellite gathered terms for independent variables,
as well as not including invalid interaction Vterms, a slightly lower r?
value is acceptable. The resulting model involved the satellite
temperature and normalized difference as indicated in Table 7. The
plot shown in Figure 16 represents the reduced data, while the plot
shown in Figure 17 shows the resulting plane from the equation
determined by the model.

The modelling equation resulting from the same procedure applied
to surface soil moistures yields some surprising results. The results
from the procedure are shown in Table 8 , where rainfall and satellite
temperature give the best correlation, and additional terms do not
significantly influence the correlation. Plots shown in Figure 18 and
Figure 19 show the actual data and the resulting equations plane. The
data was then reprocessed with the normalized difference term included

in all modelling equations. The results are shown in Table 9 and the
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3
l

Table 7: Rainfall Modelling Equation Results |

l |
I

Rainfall=Satellite temperature*(a) * Normalized difference*(B) |

|

Independent R? value is the value given for the model if only |
the respective parameter is used. |

|

| State subdivided All 190,098 |
into 71 areas pixels analyzed |

|

| R? R? |
result result |

l

0.73 0.57 |

|

Independent Independent |

Estimated R? Estimated R? |

Parameter value value value value |

|

a -0.0525 0.15 -0.0414 0.08 {

b 0.0106 0.54 0.00950 0.43 |

L ]

plots exhibiting the actual data and the predicted equation plane are
shown in Figure 20 and Figure 21. A significant similarity is found
when the final model ( Table 9 ) is compared to that shown in Table 8
with the model shown in Table 7 replacing the rainfall term of the
equation. The resulting equations ( Table 10 ) are alike in signs used
for each term and the parameters are very nearly the same except for
the model including all valid pixels, which is explained by the possible
inaceufacy of surface moisture readings. These results indicate that
rainfall and soil moistures are linked in the statistical model, just as
they are in real world situations, demonstrating the validity of the

modelling results.
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will provide a significant correlation and only slight improvement is
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the respective parameter is used.

State subdivided
into 71 areas

e e ey

RZ
| result
|
0.68
: Independent
Estimated R?
Parameter value value
a 0.00184 0.29
b 0.0683 0.62

|
|
|
L

Table 8: Primary Surface Moisture Modelling Equation Results

Surface Moisture=Satellite temperature*(a) * Rainfall*(b)

Independent R? value is the value given for the model if only

All 190,098
pixels analyzed
Rz
result
0.54
Independent
Estimated R?
value value
0.00191 0.21
0.0576 0.46

|
I
|
|
|
|
|
I
I
I
|
I
|
|
l
|
|
|
|
|
|
|
|
|
|
J

gained for models involving more independent terms.

shown in Table 11 and the related plots of the actual data and the

The results are

resulting plane as derived from the equation shown in Figure 22 and

Figure 23.
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Table 9: Final Surface Moisture Modelling Equation Results

Surface moisture=Satellite temperature*(a) *+ Normalized

difference*(B)

Independent R? value is the value given for the model if only

the respective parameter is used.

State subdivided
into 71 areas

Rz
result
0.59
Independent
Estimated R?
Parameter value value
a -0.00211 0.29
b 0.00077 0.56

All 190,098
pixels analyzed
Rz
result
0.50
Independent
Estimated R2
value value
-0.00151 0.21
0.00071 0.48

|
|
|
|
|
|
I
I
I
|
|
|
|
|
l
l
|
|
|
|
|
|
|
|
|
|
J
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Table 10: Surface Moisture Model Comparison

Equation 1:

Surface Moisture=Satellite temperature*(a) *+ Normalized
Difference*(b)

Supplied from Table 9
Equation 2:

Surface Moisture=Satellite temperature*(a) + (satellite
temperature*(c) *Normalized difference*(d))*(b)

Where (a) and (b) are supplied from Table 8
and (c) and (d) from Table 7

State subdivided All 190,098
into 71 areas pixels analyzed

Equation 1 Equation 2 Equation 1 Equation 2

a -0.00211 -0.00175 -0.00151 -0.00048
b 0.00077 0.00072 0.00071 0.00055
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Table 11: Near Surface Moisture Modelling Equation Results

Surface moisture=Satellite temperature*(a) + Normalized

difference*(B)

Independent R? value is the value given for the model if only

the respective parameter is used.

State subdivided
into 71 areas

Rz
result
0.86
Independent
Estimated R2
Parameter value value
a -0.00175 0.49
b 0.00097 0.84

All 190,098
pixels analyzed
R2
result
0.79
Independent
Estimated R2
value value
-0.00127 0.39
0.00091 0.78

;
|
I
|
|
I
|
|
|
|
I
I
|
|
|
|
|
|
I
|
|
I
I
|
|
|
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Conclusions

The conclusions drawn from the results of the study can be summarized

as follows:

U Significant correlations of rainfall and soil moistures were found
using only satellite temperatures and normalized difference
values.

2 Rainfall and soil moisture models interact, as would be expected
in real world situations.

3. The addition of land cultivation level and air temperatures does
not yield significant improvement in the model.

4. Interaction terms to correct satellite temperature and normalized
difference values are not needed to correct for variation of land

use and cover.
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Suggestions For Further Study

From the experiences gained with this study, the following ideas
might be used to repeat this study for further verification of the
findings. It was found that the sparse network of soil moisture
sampling sites produced very crude estimations of soil moisture
throughout the state when compared to the rainfall generated map.
Another factor to be considered in future studies would be the
availablity of clear, unobscured satellite imagery. |In this study, six
images were found corresponding to dates of interest, but only one
image was found suitable for use.

A method to measure soil moistures electrically, like that employed
for measuring house plant moisture conditions, should be investigated.
This method should be compared to the microwave oven method used in
this study and to a third method known to be accurate to test the
accuracy of both.

If an accurate method is found, a network should be set up
similar to that used for rainfall measurements. A suggested network
might be one station per county township. Each station operator would
read the soil moisture for a fixed probe location, air temperature and a
rain gauge reading each day at a fixed time. This data could then be
sent to a central location where images for each day could be generated

from the collected data. These images could then be compared to
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satellite images available over a larger number of days, resulting in a

more accurate model.
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Appendix A

PROGRAMS

Configuration of System and Software Products Used

System
CPU: IBM 3031AP 8 Megabytes
Disk Storage: IBM 3340, 3344, 3350, 3380
Some programs require as much as
50 megabytes of scratch area.
Operating System: IBM MVS 1.3.3/JES2 1.3.4
Software

IBM Level F Assembler
IBM VS Fortran 1.4.1
SAS Version 5

Special Considerations

The following programs have been developed for the NOAA series
of satellites and for coverage of a masked and registered image of South
Dakota measuring 454 lines by 686 pixels. Other satellite series or
areas’ used may require changes to the programs. To aid in these
changes, all areas which need changing are marked as dependent areas,
with the exception of storage array dimensions, do loop limits, etc., all
of which involve the image size measurements.



Satellite Label and Calibration Reporting

//A1l JOB acctnumber,'READ LABEL',CLASS=G,TIME=2
/ / dededededededededededededededededededededededededededededededeiedodedellededededelededededede dedededededededededededededededededededs
/ / W %
/1= READ FIRST 120 BYTES OF 1ST RECORD OF IMAGE TO GATHER %*
/1% IMAGE DESCRIPTION LABEL *

¥t £
; ; dedededededededededededededededededeiodedededededededededeiedeldededededededededededededededededdeddedededededeiedededededeiedededede
//LABEL EXEC PGM=IEBPTPCH
//SYSPRINT DD SYSOUT=* UTILITY MESSAGES DATA SET
//SYSPUNCH DD SYSOUT=* PUNCH OUTPUT DATA SET IF USED
//SYSUT2 DD SYSOUT=* PRINTED TAPE LABEL DATA SET
//SYSUT1 DD VOL=SER=IMAGE,LABEL=(1,NL),UNIT=TAPE,
// DCB=(RECFM=U,BLKSIZE=3700,0PTCD=Q) ,DISP=(OLD,PASS) INPUT TAPE
//SYSIN DD *

PRINT MAXFLDS=1,STOPAFT=1

RECORD FIELD=(120,1,,5)
/ W%
A A e e e e e e e e e e e e e e e e e e i e
//* £
e CHANNEL 4 CALIBRATION INFORMATION FOR ENTIRE IMAGE =
gyl ¥ IS READ IN, AND THE AVERAGE CALIBRATION READINGS *
/% ARE PRINTED *
//* ¥
/ /*7\‘7’&'3’(‘-’-‘*7’»“.’“‘:5'.'1’.".'.‘7'.'7':".'\’ dedededededededevede e dede e dededededededededededededededededededededededededededededededededdededededs
//AVERAGE EXEC SAS,OUT='+'
//TAPEIN DD DISP=(OLD,KEEP),DCB=(RECFM=U,BLKSIZE=7400),
// UNIT=TAPE,VOL=SER=IMAGE,LABEL=(1,NL)
//FT12F001 DD SYSOUT=%* PROC MEANS OUTPUT FOR IMAGE
//SAS.SYSIN DD *
DATA NEW(KEEP=NUM1 NUM2);

INFILE TAPEIN FIRSTOBS=4;

INPUT @37 NUM1 IB4. @41 NUM2 IB4.;
INPUT @1 JUNK $CHARIL.;

PROC PRINTTO UNIT=12;
PROC MEANS DATA=NEW;
VAR NUM1 NUMZ2;
OUTPUT OUT=0LD MEAN=C1 C2;
PROC PRINT;
/*

62
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Image Reformatting and Temperature Conversion

//A2 JOB acctnumber, 'CONVERT SATELLITE',CLASS=G,TIME=10,

// MSGCLASS=D,REGION=7000K

//CONVERT EXEC ASMFCLG,OUT='*'

//ASM.SYSIN DD *

e e L M MU

Fedeleicieioiededede . STORING SYSTEM REGISTERS IN SYSTEM SAVE AREA
dededededededrieleininiinioinininilololoinininnelololelnlledololelnlnlelolninlelololninloloininleleleineleloledoleleieledededededelede
MAIN CSECT
PRINT NOGEN
USING MAIN, 15 USE REG 15 FOR TEMPORARY BASE REGISTER
STM 14,12,12(13) STORING SYTEMS REGS IN SYSTEM SAVE AREA
LA 12,SAVEAREA ADDR OF PROGRAM SAVE AREA FOR SYS REGS

ST 13,4(12) ADDR OF SYSTEM SAVE INTO PROGRAM SAVE
ST 12,8(13) ADDR OF PROGRAM SAVE INTO SYSTEM SAVE
LR 13,12 POINT TO PROGRAM SAVE AREA

B PROGRAM BRANCH TO PROGRAM AREA

DROP 15 STOP USING 15 AS BASE REGISTER

USING SAVEAREA,13 USE 13 FOR NEW BASE REGISTER
SAVEAREA DS 18F
Vevededededededododededededededevedede v de e v de T e e v e el de e de e e e e e e e e A e e
seddcleeicieiciieicicickioiiick DATA CONTROL BLOCK DEFINITIONS °
Foredededrdededededrdedededededode oo dodedede e vedles e e et dodedede dedededodledtodedlo de e e Yedededed e
DISKIO DCB DSORG—PS,MACRF-(GM,PM),RECFM=FB,LRECL=2744, X
BLKSIZE=2744 ,EODAD=ENDIO,DDNAME=DISK
TAPEIN DCB DSORG=PS ,MACRF=GM,RECFM=FB ,BLKSIZE=30870,EODAD=ENDIO, X
DDNAME=INPUT,LRECL=686
PRINTOUT DCB DSORG=PS ,MACRF=PM,RECFM=FA,BLKSIZE=133, DDNAME=0UTPUT
PROGRAM EQU *

e eteatealauteatantant aa!. T T O o o R S o S S S S o o T A A L I A s Y
L T e b O e e Pt P S T e e e P P e P i Bt i i i o A e o e o By A S i ey S B e e e e A e e e B Ay

EJECT SKIP TO TOP OF PAGE

Fededededededededederededediddvedeve et ale e e e e e el e v e dedededledledledledledledlededededede e deded st

Fedededledededededeveddedederle ey dede el dlonte st el edeTeTeTe v v e Yo e Yoo Yoo Yoty el

¥ I *M*% A+ G *E C*0Q0*N=®V®*E-*R*S*]I*Q*N ¥*
* WRITTEN BY RANDY CHILSON...... JULY 19, 1983 o
* PROGRAM TO READ A TAPE FILE OF IMAGE DATA AND CONVERT THE DATA *
* FROM THE TRANSMITTED BIT FORM INTEGERS IN BYTES TO CHARACTER *®
* INTEGERS FOR FURTHER PROCESSING. CONVERTED IMAGE IS THEN STORED *

* AS A TEMPORARY FILE ON SCRATCH DISK AS DATA SET NAME OF:
4 &&IMAGE

e e e o ettt a pt b p ettt o tectontoctactenlonloalonleste slaslanlsatantesteatantacle slonts slontentantontlants slaslantontanta olanloatontostaate stante stantantasl
e e e e T Y Y e s R k& L Lk i et tx b e b ekt S S e e b e S e S e e e e e
TICIITITITIIICIWWW

Fededededededesdede e dedededs REGISTERS IN USE N PROGRAM LoGIC

ettt et ottt ot o tonlontontotontontoatonlantealontanteataealeslastantantanto st o stoslastontontostentesle e e T Te ve e To e T e T e e v Yo deseate e e v Yo
R U A i o T T E o T E i VIV IV IV IV IS v v v e

feste e YTy
W

4 REG 1 USED FOR PARMLIST TRANSFER TO SUBROUTINE FOQ PRINT *
) REG 2 USED IN SUBROUTINE FOR PRINTOUT DCB o
e REG 5 USED FOR INCREMENTED COUNTER IN CONVERSION *
i REG 6 USED FOR BINARY BYTE STORAGE AREA o
e REG 8 USED FOR LINEOUT VIRTUAL STORAGE AREA REFERENCE *
» REG 10 USED FOR INCREMENTING BYTES CONVERTED *
i REG 11 USED FOR INCREMENTING NUMBER. OF FULLWORDS FORMED 3
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* REG 12 USED FOR LINEIN VIRTUAL STORAGE AREA REFERENCE *
* - USED AS BASE REGISTER IN SUBROUTINE *
* REG 13 USED AS BASE REGISTER IN MAIN PROGRAM *
* REGS 14 AND 15 RESERVED FOR BRANCH AND LINK *

B N L S B T o o e e T o o o T o, Joon st T O SO s Jo v i oo Jot SO o
iy O e A e o S o S o o S S o o e K e A i o A i i A o D e e i e o i S A A e S e e i O S o D iy

¥ STORAGE AREAS FOR CONVERSIONS *

e e e e e e e e e e R e e e e e e e e e e e e e e e e e S e S St e
B START

DUMMY DS 0D FORCING DOUBLE WORD ALINEMENT

INTEGER DS 1D DOUBLE WORD FOR PACKED INTEGER

NUMBER DS CL4 MISC NUMBER STORAGE AREA

TEMP DS CL4 TEMPORARY INTEGER STORAGE

PATTERN DC  X'40202120' UNPACKING PATTERN

IMAGE DS  CL2744 IMAGE LENGTH TIMES &4 BYTES

ONE DC  F'1l' INCREMENTING VALUE

FOUR e UL A INCREMENTING VALUE

dededededededededededededededededodedevedevedededede

*  THIS AREA PASSES THE ADDRESS OF THE PRINTOUT AND LINEOUT AREA *

» TO THE PRINT SUBROUTINE. 2

nlealelanlenlontentenlsnlonlontenlsnlonlanlenlonlenlenlosnlsalsnlanlonsalontontonte slonts slanlenlonlonlenlanlanlenlsnlonlanlanlsalontentonlonlenlenlsalenlente clanlontonts alentenls aleales e nles
o L B T Pk LRy

PARMS DC A(PRINTOUT) AREA FOR ADDRESS OF PRINTOUT DCB

Yededeve ey R T T T o o T L R e L L L L L L R L L R o TR L L L o R LR Ll T o e T L L Lk LR o L
T T T T T T I T T AT AW W IR IWNWANWWIWWWIWW W WW W W RN VIITITWIWY

'..V..V 1 v l.. .'-.'-.'_.'- '..'-.V..‘-.' ' '-.'_J. '. '..'. ' '-.’ '-.-J-.l_.'..'_d--'-.l '--'_.'--' -tents '—
e Yededed

o nlenlsnlentantanteatealsnleals
WITIWWIWWWWHW

O T T B T T O O O o N o U JN, P e JUN R JARC SRR JU JU0 OO JERL P SO S S S )
Fedededededededededededededededededededededevedededededededede e et e Tl oo e dededededededededededede e dedeTede e dede YN de e dededededede e

* AREA FOR RESERVING VIRTUAL STORAGE AREA TO BE USED *
* FOR INPUT AND OUTPUT AREAS BY PROGRAM AND REFERENCING THEM =
* BY STANDARD NAMES BASED AT A SPECIFIED BASE REGISTER *
e L O L A A O O P b S L b T o E o B S S o R e e e e b o
START EQU =
""" e e e e T e P S LINEOUT Teeilednle e sodeededinieededss
GETMAIN R,LV=136 GET 136 BYTES OF VIRT STORAGE FOR LINEOUT
USING LINEOUT,S8 LOADS ADDRESS OF LINEOUT IN BUFFER BASED
LR 8,1 STORES" VIRTUAL STORAGE AREA AT REG 8
el vt etk et dete. LINEIN  wreeimiemlednrinnnrieinininieleintieledindnteln! el
GETMAIN R,LV=686 GETS 686 BYTES OF VIRT STORAGE FOR LINEIN
USING LINEIN, 12 BASES LINEIN IMAGE AT REG 12
LR 12,1 STORES VIRTUAL STORAGE AREA AT REG 12

...................................
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"‘-"-'—'-J..'_.L.v..'_v_v tertes ey e e nle e e ent e ent e et el S s e ey e e S T Ter e e e e e T e e e e e e e e e e e e e e e e T e e e e e e e e
ey Telet et

* PRODUCING A FORMATTED INTEGER DISK FILE FROM BINARY BYTE TAPE DATA *

o
LT ST SO e ey e e e e ey e e e e ey e e e s ey e e T s Y e e e e e e e T e e e e e e e e e e e e e e s e e e e e e e e e

OPEN (TAPEIN, (INPUT),DISKIO, (OUTPUT)) OPENS FILES
OPEN (PRINTOUT, (OUTPUT)) OPENS PRINTER OUTPUT FILES

MORE LA 11, IMAGE LOADS IN BEGINNING ADDRESS OF IMAGE AREA
LA 10,LINEIN LOADS IN BEGINNING ADDRESS OF INPUT LINE
L 5,=F'686' INITIALIZE TO TOTAL NO. OF INPUT BYTES
GET TAPEIN,LINEIN GETS DATA FROM TAPEIN TO LINEIN

REPEAT SR 6,6 ZEROING OUT Ré
IC 6,0(0,10) MOVE IN 8 BITS TO RIGHT MOST BIT OF Ré

CvD 6, INTEGER CONVERTING BINARY TO PACK NUMBER
MVC  TEMP(4),PATTERN MOVING IN BLANK PATTERN AREA

i * S w1



65

EDMK TEMP(4), INTEGER+6 UNPACKING PACKED NUMBER

MVC 0(4,11),TEMP MOVING INTEGER NUMBER TO CORRECT
o POSITION OF IMAGE (REG 10)

A 10,0NE STEPPING R10 BY 1 BYTE (IMAGE IN)

A 11,FOUR STEPPING R11 BY 1 FULLWORD (IMAGE OUT)

BCT 5,REPEAT BRANCHING TO REPEAT TILL ALL BYTES CONVERTED
Sedededededededededededededededededodedededededededededededededededede oo dede et dededededede e dededede VoS de Yo de S e dedede Yo de v oo dede

* PRINTING SAMPLED IMAGE OUTPUT FOR VERIFICATION *

dedededededodedededededededededededededededededededededededededededededededededededededededededededede Moo dedededededede e Ve e e de dede e v

MVI  LINEOUT,C' ' MOVES IN CARRIAGE CONTROL
MVC  LINEOUT+1(132),IMAGE+400 SELECTS 400 BYTES INTO IMAGE
i1 15,=A(PRINT) LOADS ADDRESS OF PRINT ROUTINE
LA 1,PARMS LOADS PARMS INTO REG 1 FOR TRANSFER
BALR 14,15 BRANCHING TO SUBROUTINE
*’h“*""'{""""‘}""‘}"*}" ‘7"?""""""‘7""‘7"" "‘"‘ " """"" ""' "" ""‘ ""“"""’ "“""‘""""‘"“"7""'“""‘“""{‘"" '7""‘"""1':""""{7""‘"""
* WRITES OUT COMPLETE CONVERTED IMAGE LINE TO DISK AND BRANCHES =
¥* FOR MORE DATA TILL END OF FILE ¥

ey YT e Y e e e e e Y e Ty e e e Y T T Y e e Yo e e Y Y e Y e T T Y e T e e Y e e Y Ve e ey Yo Y e e T e T v Yo v Y T e e e v

PUT DISKIO,IMAGE PUTS TRANSFORMED DATA TO DISKIO

B MORE BRANCHES FOR MORE DATA
***"g*"--'-"--'.J.-"’L*.'-.’ J—,L-'-.L.'—-'-,L"n-' '-7':.'-. - ' --'-- -J--' ’- Yevey -J--' '—~'--'¢-'--'--'-- ey J--'-J-—'-Jo-' '_»'--'--' .LJ--' o -J-.'--'-- --‘_J.J..'.".
* CLOSING UP FILES AND FREEING ALL VIRTUAL STORAGE AREAS 2

Y B T S S S S B S e S R A A i T o o W i e S
O Ly R R T R e e b i S e e e e e s S e oS Rt e B E e S s e ity ety et b ety S b S s S b

ENDIO CLOSE (TAPEIN, ,DISKIO) CLOSES OPENED FILES

CLOSE  (PRINTOUT) CLOSES PRINTER FILES
FREEMAIN R,LV=686,A=(12) FREES VIRTUAL STORAGE FOR LINEIN
FREEMAIN R,LV=136,A=(8) FREES VIRTUAL STORAGE AREAS
L 13,4(13) LOADING BACK SYSTEM SAVE AREA
LM 14,12,12(13) LOADING SYSTEMS REGS
LA 15,0 SETS CONDITION CODL TO ZERO
BR 14 BRANCHES TO SYSTEM
EJECT

SYeve ey Te e vese e veveale v sevene e veve e v Yo v Yo s v e v v e e e Yo s Yo s e e e et e e e v atededle el de e el dealetedte

..........

.......................................

?ilcacnnn T ICICITITITITITITICWITY rig TICTITITITWAITIWIWITWIWWHWHRWWRWT v
ole

¢ PRINT SUBROUTINE STARTS HERE i
D) et ontontante alontantontent aela ol oulantael onl el sl antantoal aala .

B T S S e R R E L LR e L i L) taetantantantontontontonlontantonto slostontontontontontontontontontontantantantastastontos e S les o oo 00 o

----------------

PRINT CSECT
DROP 13 DROPS USE OF REG 13 AS BASE REG.
USING PRINT, 15 USES REG 15 FOR TEMP. BASE REG.
STM 14,12,12(13) STORES REG 1-15 EXCEPT FOR 13
LA 12, SUBSAVE LOADS ADDRESS OF SAVEAREA INTO R12
ST 13,4(12) STORES REG 13 AT 4 OFFSET OF R12
ST 12,8(13) STORES ADDRESS AT 8 OFFSET OF R13
LA 13, SUBSAVE LOADS ADDRESS OF SUBSAVE INTO R13
B AROUND BRANCH AROUND NON-EXECUTABLE STMTS
SUBSAVE DS 18F SUBROUTINE SAVE AREA
DROP 15 STOPS USE OF REG 15 AS BASE REG.
USING AROUND, 12 STARTS USE OF REG 12 AS BASE REG.
AROUND L 250(1) LOADS ADDRESS OF PRINTOUT INTO REG 2

PUT 0(2),LINEOUT PRINTS LINEOUT
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MVI LINEOUT,C' ' MOVES IN BLANK FOR CLEARING OUT AREA
MVC LINEOUT(132),LINEOUT+1 CARRIES BLANK THROUGH AREA

L 13,4(13) LOADS ADDRESS OF SUBROUTINE SAVE AREA

LM 14,12,12(13) RELOAD REGS

BR 14 BRANCHES TO MAIN PROGRAMS LAST STMT+1
EJECT

*"{*’L "f .'.’ f’" ’l- "- o -'-"‘4*’ c-'-’ f.'f.' ’L ’L .'l- 7"75 -l -'.-'-J- .'--'. ’L-L -'.}l_.'- -te ‘- -'.~L -'- .‘- ". ".J‘.'- ot -'- -'.J- '. by

dedededededededededededededededeoded

e -,"- e .L .'..LJ_ feveve ta. -’. J- .'- .’- -V- |¢ -"\- "‘--'"4

’.J. '- f"‘““.'-."-'- ' J‘J-.'--'- '. J..l 2 ‘-.' .l.. lestevey ..L’I.J_ -'q.'-.?.m

eeTeTe e Yoo veede '-...---.. ..l..l. tonten!
e eedevededededededededeedeVededededededee

DSECT IMAGES FOR VIRTUAL STORAGE SPECIFIED HERE
Fededededededededededededededodedededededededededededededededededededevededededededededededededede Ve dede Aot de Ve e e de Yo Ve de Sode e Yo Yoo Nede e
% MISCS AREA USED TO IMAGE VIRTUAL STORAGE AREA %
b o o L e T D o S o i S O o E e e o o O P ok C B o A O O SR DL O D o o o o D DU R L T D R U R USROS RV
LINEOUT DS CL133 OUTPUT AREA FOR PRINTOUT
LINEIN DS CL686 INPUT IMAGE AREA

EJECT

**""lg":.l-"‘-.'.-'{.'-’ch-- Hﬁr"“"?"" v "7"7"7' el ' l..v..‘..’-.' '-.V--' '-.7 el '--' J -'..'.’

e e e e e e Yo e e e e e e e e e Y Y e v v e
asle festastestosolosle

**"g***,k,***’lr,!-.lr.'..'-.'—’lr.' anta ’..' .'-.. ' ' I l. l..'..- Ty '-.'--'--'--' eYevey ..'. '--' .'-.l.j'-"--'-J e ~'-.'.J<.'..' .-.V..ll‘-.'V: 'l: "‘ :'\‘7'\":'\'5'\‘7',".""','{7'\‘7'\'7';'7’(

END MAIN ALL DONE

-'-’V..'-'- '<.'-—'—V-—'-.'-.'-.'--'--'.'-'..'—.'-. V-J-.’—'-.'-.l-.'- -'-.'-.'-.'-.'-J-.7-'--'..'-.'-.'-.'-'-.V-.’-.’—'—'-.'-.’-.'—'- -'—’. -'-.'-.Va'-.’-.’-.’-'-'-.'- wlealenlonlonlonlonlaulcnlonlanls
kD WIAWWITITITITITIOIOINIY

****,"-J_-‘l:,.".vnv.. ey |.“..v..!..l.’v_ r..v-.'...v..v Seevey Yevevey SededeYeYede esevey Yoo Tede oYYy tesle ey e Yo Yo ey .4’:7':."‘-."‘.."?.’1‘_71‘,71‘__;Ir.'1:7v\_

//GO.SYSUDUMP DD SYSOUT=2Z

//GO.OUTPUT DD SYSOUT=Z

T THIS DD CARD IS CHANGED FOR DIFFERENT IMAGE FILES THAT

ik ARE TO BE READ OFF OF THE TAPE

//GO.INPUT DD DSN=RAW.TEMP.JL6,DISP=(OLD,KEEP),

// UNIT=TAPE,VOL=SER=IMAGE1l,LABEL=(13,SL)

//GO.DISK DD DSN=&&IMAGE,VOL=SER=ZZRTCH,DISP=(NEW,PASS),

// UNIT=SYSDA,SPACE=(CYL, (10,2),RLSE,CONTIG,ROUND)

//TEMP EXEC FORTVCLG,GOREGN=7000K,PARM='XREF,0PT(3),GOSTMT', X
// FVREGN=4500K,FVLNSPC="'3200,(75,20)"',0UT="*"

//FORT.SYSUDUMP DD SYSOUT=*

//FORT.SYSIN DD *

B T e o Ll s i e o5 o @ 0 o v i reor =8 8 5 B o b 00l @ 2 20 & 3 sy B

C THIS PART OF THE PROCESS TAKES THE TEMPORARY DATA SET

C &S IMAGE AND CONVERTS THE READING TO THE TEMPERATURE

C AS CALCULATED BY THE EQUATION FROM NOAA USERS GUIDE,

C USING THE CALIBRATION READINGS AS READ BY A PREVIOUS

C PROGRAM. THE OUTPUT WILL BE IN F8.4 FORMAT.

C THIS PROGRAM IS SET UP FOR A 686 BY 454 ELEMENT IMAGE

c IF DIFFERENT THESE VALUES MUST BE CHANGED

e
£
L

.............................
......................................

.............
.................
......................................

REAL*8 TEMP(686,454)
INTEGER*2 IMAGE(686,454)
CHARACTER*1 INPUT(686)
INTEGER VALUE, STNID

REAL*8 TEMP1, TEMPZ TEMP81
REAL*8 N,M1,M2, INLAT INLONG, CONVRS ,ALNGTH,ECCENT

REAL*8 PRLATl PRLATZ ORGLAT ,ORGLNG,LINE,PIXEL
REAL*8 QPRT1,QPRT2,QPRT3,QPRT4,QPRT5, QPRT23

P — . I



REAL*8 Q1,Q2,Q0,Q,C,ROWE,ROWEO, THETA

DO 901 L=1,454

READ(10,900) (IMAGE(I,L),I=1,686)
900 FORMAT(200I4,20014,200I4,18614)
901 CONTINUE

oo odomics o PGP o Bl c 0 co 00000 ca0a
C CONVERTS TO ACTUAL TEMP, OR SET TO -999.99 TO INDICATE

C MASK REGION SURROUNDING IMAGE

o L I R PSP i ol o s

DO 922 L=1,454
DO 605 I=1,686
IF (IMAGE(I,L).EQ.0) THEN
TEMP2=-726.99
ELSE
IF (IMAGE(I,L).LT.0) IMAGE(I,L)=-1*IMAGE(I,L)
TEMP1=152.26-(0.15465%(IMAGE (I,L)%4))
TEMP1=(1.1910659E-5%(927.22%%3) /TEMP1)
IF (TEMP1.LT.0) THEN
TEMP2=146
ELSE
TEMP2=(1.438833%927.22)/DLOG( (1+TEMP1))
ENDIF
ENDIF
TEMP(I,L)=TEMP2-273
605 CONTINUE
922 CONTINUE

READ USER INPUT OF DESIRED LOCATION OF A VALUE TO
BE PRINTED. USES ALBERS EQUAL CONICAL AREA METHOD
TO CONVERT THE GEOGRAPHICAL LOCATION INPUT AND
CHANGE IT TO A LINE AND PIXEL VALUE.

aoooaooa

CONVRS 3 141592654/180

Jedlelestede e YooY e ev ey oY e e e ey
R e e e P R L R T Lt i) STTIWITWITTT

C.l..l..p. elestateyeye Yenten Sesles’s
C* BELOW CONSTANTS ARE SATELLITE AND IMAGE LOCATION =
C* DEPENDENT. CHANGE IF NOT FROM A NOAA SATELLITE ¥
C* AND OF SOUTH DAKOTA AREA -
Crdfedededededododedodededodededodedodedododededeiednindnieededodedodndndriloloiololalriviniininlolololos e e
ALNGTH=6378206.4
ECCENT=0.0822719

PRLAT1=42.75%CONVRS
PRLAT2=45 . 25%CONVRS
ORGLAT=(44 )*CONVRS
ORGLNG=(-100)*CONVRS
Cidedritsriciniisieistiteicdeds END OF DEPENDENT CONSTANTS *
WRITE (6,9) ' ' '
9  FORMAT('0','STATION ID',' LONGITUDE ',4X,' LATITUDE °,4X,
-' LINE ',4X,' PIXEL ',5X,'TEMP')

R T i L e Lt
Sededestee Y e s

...................................................................

...................................................................

...................................................................

...................................................................
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50 READ (5,10,END=3333) STNID,INLONG, INLAT

10 FORMAT(I4,F8.4,F8.4)
INLONG=INLONG*CONVRS
INLAT=INLAT*CONVRS
M1=COS (PRLAT1)/((1-(ECCENT*%*2)%*( (DSIN(PRLAT1))*%2))#*%0.5)
M2=COS (PRLAT2)/((1-(ECCENT*%*2)*((DSIN(PRLAT2))*%2))%**0.5)
QPRT1=(1-ECCENT"**2)
QPRT2=(1+ECCENT*DSIN(ORGLAT))
QPRT3=(1-ECCENT*DSIN(ORGLAT))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRT5=(1-( (ECCENT*%*2)*( (DSIN(ORGLAT) )*%*2)))
QPRTS5=(DSIN(ORGLAT)/QPRTS)
QO0=QPRT1* (QPRTS5-QPRT4*QPRT23)
QPRT1=(1-ECCENT*%*2)
QPRT2=(1+ECCENT**DSIN(PRLAT1))
QPRT3=(1-ECCENT**DSIN(PRLAT1))
QPRT23=DLOG(QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRTS5=(1-( (ECCENT**2)* ((DSIN (PRLAT1))*%*2)))
QPRT5=(DSIN(PRLAT1)/QPRTS5)
Q1=QPRT1*(QPRTS5-QPRT4*QPRT23)
QPRT1=(1-ECCENT*%2)
QPRT2=(1+ECCENT*DSIN(PRLAT2))
QPRT3=(1-ECCENT*DSIN(PRLAT2))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRT5=(1-( (ECCENT**2)* ((DSIN(PRLAT2))*%*2)))
QPRT5=(DSIN(PRLAT2)/QPRTS5)
Q2=QPRT1* (QPRTS5-QPRT4*QPRT23)
QPRT1=(1-ECCENT**2)
QPRT2=(1+ECCENT*DSIN(INLAT))
QPRT3=(1-ECCENT*DSIN(INLAT))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRT5=(1- ( (ECCENT*%*2)* ((DSIN(INLAT))**2)))
QPRTS5=(DSIN(INLAT)/QPRTS)
Q=QPRT1* (QPRTS5-QPRT4*QPRT23)
N=((M1%¥*2)-(M2*%2))/(Q2-Ql)
C=(M1%*2)+ (N‘.’:Ql )
ROWE=(ALNGTH* ( (C-N*Q)**0.5))/N
ROWEO=(ALNGTH®* ( (C-N*Q0)**0.5))/N
THETA=N* (INLONG-ORGLNG)
X=ROWE* (DSIN(THETA))
Y= ROWEO (ROWE (DCOS(THETA)))

wtanl, B e Y i
SedevereTeveededevedlede TN

Clededeseelevedededonionsy Sestostens
o~ BELOW EQUATIONS ARE SATELLITE AND IMAGE LOCATION

B DEPENDENT. CHANGE IF NOT FROM A NOAA SATELLITE

& AND OF SOUTH DAKOTA AREA

Corsrlededenaedotededededonatodesiot deseededededededede b dedededededledededs

LINE= ((231000 Y)/1000)+1 5
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PIXEL=((X+352000)/1000)+1.5
Crrvedededededodeddedodedededededs END OF DEPENDENT E QUATIONS edfesedsdesdededodedededededodododeds
TEMP81=0
IPIXEL=INT(PIXEL)
ILINE=INT (LINE)
DO 555 J=ILINE-1,ILINE+1
DO 666 K=IPIXEL-1,IPIXEL+1
TEMP81=TEMP (K, J)+TEMP81
666 CONTINUE
555 CONTINUE
TEMP81=TEMP81/9
WRITE (6,7) STNID,INLONG/CONVRS,INLAT/CONVRS,LINE,PIXEL,TEMP81
7  FORMAT(' ',3X,I4,3X,F10.5,4X,F10.5,5X,F5.0,6X,F5.0,5X,F8.4)
GOTO 50
T 1 ) I -
C NOW WRITE THIS OUT TO A PERMANENT FILE
C WILL BE IN REAL FORMAT OF F8.4THE
C TEMPERATURES OR -999.99 WHICH
C INDICATES THE IMAGE MASK AREA
T R LS
3333 DO 3000 J=1,454
WRITE(11,3001) (TEMP(I,J),I=1,686)
3001 FORMAT(200F8.2,200F8.2,200F8.2,86F8.2)
3000 CONTINUE
END
/%
//GO.FTO5F001 DD * (CHECK ONE POINT IN IMAGE)
0070-098.08544.377
/%
//GO.FT10F001 DD DSN=&&IMAGE,VOL=SER=ZZRTCH,DISP=(OLD,DELETE),
// UNIT=SYSDA
//GO.FT11F001 DD DSN=TEMP.IMAGE.JUL23,DISP=(NEW,KEEP),
// VOL=SER=RANDYC,UNIT=TAPE,LABEL=(1,SL),
// DCB=(RECFM=FB,LRECL=5488,BLKSIZE=27440,DEN=4)
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Raster to Vector Plotting

//SASTEST JOB 1034091100,RLC,CLASS=M,TIME=999,REGION=6500K,MSGCLASS=D,
// TYPRUN=HOLD

//* Requires notification of system operator, due to

//* due to possibly large execution times.

//SAS EXEC SAS,0UT='+*' TIME=999,REGION=6500K,PENS='LIQB'

//PLOT DD DSN=TEMP.IMAGE.JUL23,DISP=0LD,

// VOL=SER=RANDYC,UNIT=TAPE,LABEL=(1,SL),

// DCB=(RECFM=FB,LRECL=5488 ,BLKSIZE=27440,DEN=4)

//SYSIN DD *

lanlactaslanlaalanlonte slanleclaela afanlaatanlaalanlan o olaal cata alanlaeloalanla ol ul cal cnlan! cnl cul e e,
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* [
* FOLLOWING JOB PRODUCES A PLOTTED DIGITIZED ¥
* RASTER IMAGE ON A VECTOR PLOTTER. *

* %
*"‘"{"\‘”{*’f’ ‘7'#“""(7“*-"-‘.7".'-.'5-"‘. oy _.L l,.l_ v ,,l I v._v..l l__ o _.l__ e __v - ’I_J_..l.. ..' v ' '. ' l. 1..1_ l._'. .'..'. l._ __'_-:.' .'..V‘.'r- _.Y_.'_.]-. ._'_’lc
¥ .

3
¥

3

o' wfs Yo nlonlontenlentsnlenlsntsslsatentsnlsslontenlonlsnlenlonlanlslonloctontantantentonte clantonlonlanlantentsntauta, -'--' ' '..'. ’ '-.'- '--'--l. '- '..'_.V-.’ .’-.l. '..’_.l '-.'- lenta
Yevedevedevedededevedevedededevevedededededededededededevededededededededededededededededededvede TedeTevede

* READ IN INPUT FROM TAPE IN F8.X FORMAT. *
* LINESIZE IS FIXED AT 686: CHANGE ALL THE %
¥ 686 VALUES TO THE APPROPRIATE LINESIZE ¥

deeveseeve e vestesene e dente e e e ste v e e s de g v de st s v v e e v e s e e T e v e Y Y e e Y e e v s v e e Y e e e e el vt

DATA RAWDATA (KEEP=X VALUE);
INFILE PLOT CLOSE=DISP;
DO X=1 TO 686;
OFFSET=1+( (X-1)%8);
INPUT @OFFSET VALUE 8. @;
OUTPUT RAWDATA;

W%

* PRODUCE LINE AND PIXEL COORDINATES AS WELL AS
7 CHANGE THE IMAGE TO APPEAR IN CORRECT

3 DIRECTIONS OF WEST ON LEFT AND NORTH ON TOP.
& CHANGE 686 VALUES TO THE APPROPRIATE LINESIZE

------------------
<

v..v_.v..v v t_.'--' l_.'..l_.l._'..l..v..v l_- JRC ) __v | | oten'ey antenlas!
WIS TITITITIWIWT

DATA IMAGE (KEEP=LINE PIXEL VALUE),
RETAIN YX 1;
SET RAWDATA;

YX=YX+1;

PIXEL=X;

LINE=INT(YX/686);
LINE=(LINE+454) - ((LINE*2)-1);
IF VALUE=-999.99 THEN DELETE;
ELSE OUTPUT IMAGE;

i PDYR\Y ¥ ]|
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PATTERN
PATTERN
PATTERN
PATTERN
PATTERN
PATTERN
PATTERN
PATTERN

PLOT IMAGE ON PEN PLOTTER WITH PATTERN AND JOIN
OPTIONS ON FOR CONTOUR ROUTINE, NO LEVELS ARE
DEFINED, BUT MAY BE IF DESIRED: SEE SAS/GRAPH
USERS MANUAL FOR DETAILS.

GOPTIONS DEVICE=CAL1051 HSIZE=10.5 VSIZE=8.5 NOTEXT82;
TITLE1 C=
PROC GCONTOUR DATA=IMAGE;

PLOT LINE*PIXEL=VALUE/PATTERN JOIN CAXIS=BLACK;

BLACK F=SIMPLEX H=1 ' ';

V=MIN9O R=4;
V=MINO R=4;
V=MIL R=4;
V=MIR R=4;
V=M1X R=4;
V=M1X45 R=4;
V=M2X R=4;
V=M2X45 R=4;

~N
—

i

i
i
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Generating Rainfall Images

//A4 JOB acctnumber, 'MAKE RAINFALL MAP',CLASS=M,TIME=200,

// MSGCLASS=D,REGION=7000K

//* Requires notification of system operator, due to possibly
//* very large execution times (varies with number of available
//* points of ground gathered data)

//IMAGE EXEC FORTVCLG,GOREGN=7000K,PARM='XREF,OPT(3),GOSTMT', %
// FVREGN=4500K,FVLNSPC='3200, (75,20)",0UT="*" TIME.GO=200

//FORT.SYSIN DD *
A N

B SETTING UP PROGRAM STORAGE AREAS
R

INTEGER VALUE, STNID
REAL*8 N,M1,M2,INLAT, INLONG,CONVRS,ALNGTH,ECCENT
REAL*8 PRLAT1,PRLAT2,0RGLAT,ORGLNG,LINE,PIXEL
REAL*8 QPRT1,QPRT2,QPRT3,QPRT4,QPRTS,QPRT23
REAL*8 Q1,Q2,Q0,Q,C,ROWE,ROWEO,THETA

REAL*4 IMAGE(686,454),IMAGE2(686,454),VAL(9,2)
REAL*4 DATA(100,100,3)

REAL*4 LAT,LONG,FLAG,PIXL(8)

INTEGER CNTY,STN,MONTH,DATE, PASS

C FILL IN IMAGE WITH INITIAL VALUE FLAG FOR EMPTY CELLS

DO 1 J=1,454
DO 2 I=1,686
IMAGE (I,J)=-1
2 CONTINUE
1 CONTINUE
READ THE STATION LOCATION DATA INTO THE ARRAY
DATA (1,X,X) = STATION ID COUNTY
DATA (X,1,X) STATION ID INTERNAL COUNTY ID
DATA (X,X,1) STATION LAT.
DATA (X,X,2) STATION LONG
DATA (X,X,3) STATION RAINFALL
100 READ(5,102,END=101) CNTY,STN,LONG,LAT
102 FORMAT(IZ2,1X,I2,15X,F10.5,F10.5)
DATA(CNTY, STN, 1)=LAT
DATA (CNTY, STN, 2)=LONG
DATA(CNTY, STN,3)=-1
GOTO 100
101 CLOSE (UNIT=5,STATUS='KEEP')

............................

NOW READ THE RAIN GAUGE REPORT DATA IN, AND DETERMINE
IF IT IS DURING THE DATES REQUESTED. REQUESTED DATES
MODIFIED IN CODE, REMEMBER TO CHANGE WHEN NEEDED
WHEN CORRECT DATES ARE FOUND THE TOTAL DURING THE
PERIOD IS FILLED INTO THE ARRAY DESCRIPED ABOVE

- ')A [H Y ‘@

..........................
................
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BB e e e e e
200 READ(10,201,END=202) CNTY,STN,MONTH,DATE , AMOUNT
201 FORMAT(I2,I2,3X,I12,5X,12,F4.2)
Z=DATA (CNTY, STN, 3)
IF (Z.EQ.-1) DATA(CNTY,STN,3)=0
IF (MONTH.NE.7) GOTO 200
IF ((DATE.LT.$$).OR. (DATE.GT.%%)) GOTO 200
DATA(CNTY,STN, 3)=DATA (CNTY,STN, 3)+AMOUNT
GOTO 200
202 CLOSE (UNIT=10,STATUS='KEEP')
S PP
C WRITE THIS DATA OUT FOR A CHECK AND CONVERT TO LINE AND PIXEL
&
R AN AR e 1 1 |

DO 302 I=1,100
DO 301 J=1,100
IF ((DATA(I,J,1).EQ.0.0).0R.(DATA(I,J,3).EQ.-1)) GOTO 301
WRITE(6,300) I,J,DATA(I,J,1),DATA(I,J,2),DATA(I,J,3)
300 FORMAT(' ',I2,5X,I2,5X,F10.5,5X,F10.5,5X,F5.2)

T SRR Rl PN e

C  FINDING THE LINE AND PIXEL LOCATION FOR THESE STATIONS

C REPORTING AND STORE LINE IN DATA(*,%,1) AND PIXEL IN DATA(*,*,2)

C THEN REWRITE THIS DATA AGAIN AFTER THE CONVERSION

C AND PLACE THE VALUE INTO THE IMAGE ARRAY

L R O SR AP PPy < S
INLONG=(DATA(I,J,2)*(-1.0))
INLAT=DATA(I,J,1)
CONVRS=3.141592654/180

loalentontenlontentententenlanl, R R O S O S S B S S S S S e S S S e e L o T e o
O T L L R T e e E S S S S e e e R S S e B

O BELOW CONSTANTS ARE SATELLITE AND IMAGE LOCATION -
C* DEPENDENT. CHANGE IF NOT FROM A NOAA SATELLITE &
Cx* AND OF SOUTH DAKOTA AREA o
Credledlededevtedlededledevesledeneveseseve e dede e ve v draede e v v se el el de e e e dedledlede e el
ALNGTH=6378206.4
ECCENT=0.0822719

PRLAT1=42.75*CONVRS
PRLAT2=45.25*CONVRS
ORGLAT=(44)*CONVRS
ORGLNG=(-100)*CONVRS

Coovedededederededededeedededodedens END OF DEPENDENT CONSTANTS Sededededededededededededededededl
INLONG=INLONG*CONVRS
INLAT=INLAT*CONVRS
M1=COS (PRLAT1)/ ( (1- (ECCENT*%*2)* ((DSIN(PRLAT1))*%*2))*¥*0.5)
M2=COS(PRLAT2)/((1-(ECCENT**2)*((DSIN(PRLATZ))**2))**0.5)
QPRT1=(1-ECCENT**2)
QPRT2=(1+ECCENT*DSIN(ORGLAT))
QPRT3=(1-ECCENT*DSIN(ORGLAT))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2**ECCENT)
QPRT5=(1-( (ECCENT*+2 )% ((DSIN(ORGLAT))**2)))
QPRT5=(DSIN(ORGLAT)/QPRTS5) -

e
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QO=QPRT1%* (QPRTS5 -QPRT4*QPRT23)
QPRT1=(1-ECCENT*%*2)
QPRT2=(1+ECCENT*DSIN(PRLAT1))
QPRT3=(1-ECCENT*DSIN(PRLAT1))

- QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRT5=(1-( (ECCENT*%*2)* ((DSIN(PRLAT1))*%*2)))
QPRT5=(DSIN(PRLAT1)/QPRTS)
Q1=QPRT1% (QPRT5-QPRT4**QPRT23)
QPRT1=(1-ECCENT*%*2)
QPRT2=( 1+ECCENT*DSIN (PRLAT2))
QPRT3=(1-ECCENT*DSIN(PRLAT2))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRT5=(1-((ECCENT%*%*2)%* ((DSIN(PRLAT2))*%2)))
QPRTS5=(DSIN(PRLAT2)/QPRTS)
Q2=QPRT1* (QPRT5-QPRT4*QPRT23)
QPRT1=(1-ECCENT"*%2)
QPRT2=(1+ECCENT*DSIN(INLAT))
QPRT3=(1-ECCENT*DSIN(INLAT))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRT5=(1- ( (ECCENT#*%2)% ( (DSIN (INLAT) )**2)))
QPRT5=(DSIN(INLAT)/QPRTS)
Q=QPRT1* (QPRT5-QPRT4*QPRT23)
N=((M1**2)-(M2%*2))/(Q2-Ql)
C=(M1%*2 )+(N*Q1)
ROWE= (ALNGTH ( (C-N#Q)#+#0.5)) /N
ROWEO= (ALNGTH* ((C-N*Q0)*%0.5)) /N
THETA=N* (INLONG-ORGLNG)
X=ROWE* (DSIN(THETA))
Y—ROWEO (ROWE (DCOS(THETA)))

Cosdededededede e oo dededodededodedoaosedads devede e dente sl vl e ek el e e e el oe Y Sedle et dedesde Yoo
C* BELOW EQUATIONS ARE SATELLITE AND IMAGE LOCATION *
C* DEPENDENT. CHANGE IF NOT FROM A NOAA SATELLITE *

C#* AND OF SOUTH DAKOTA AREA
Crlevedededteviesedestevteslede e dovededeve e denlonor e doves oy Sededevededededededededededededededededede
LINE= ((231000 Y)/1000)+1 5
PIXEL=((X+352000)/1000)+1.5
Cirdededededededodedodededededntedes END OF DEPENDENT EQUATIONS evdededededededniodraniedrinioid
DATA(I,J,2)=INT(PIXEL)
DATA(I,J,1)=INT(LINE)
X=DATA(I,J,2)
Y=DATA(I,J,1)
WRITE (6, 304) I,J, DATA(I J, 1), DATA(I,J,2),DATA(I,J,3)
304 FORMAT(5X,' 'CONVERTED ,12,5X,12,5X,F10.5,5X,F10.5,5X,F5.2)
IMAGE (X,Y)=DATA(I,J,3)
301 CONTINUE
302 CONTINUE
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AND SPREAD THESE VALUES THROUGH OUT THE ENTIRE STATE
USING A 3X3 WINDOW FILLING THE CENTER WITH THE VALUE
WHICH IS THE MOST PREDOMINANT IN THE WINDOW. KEEP ON
DOING THIS UNTIL NO -1 FLAGS APPEAR IN ANY CELL
EXCEPT VERY OUTER BORDER ROWS AND COLUMNS.

.....................................................................
.....................................................................

.....................................................................

CHECK TO SET IF ITS DONE YET, ELSE UPDATE PASS COUNT
AND CONTINUE ON
500 IF (FLAG.EQ.0) GOTO 550
FLAG=0

.....................................................................

501 DO 502,X=2,686-1
DO 503,Y=2,454-1
SEE IF THIS CELL NEEDS REPLACING, IF SO FILL OUT 3X3 GRID
SETUP WITH CENTER OUT AND TURN ON FLAG THAT THIS PASS
FOUND AN EMPTY CELL
IF (IMAGE(X,Y).NE.-1) GOTO 533
FLAG=-1
PIXL(1)=IMAGE(X-1,Y-1)
PIXL(2)=IMAGE(X,Y-1)
PIXL(3)=IMAGE (X+1,Y-1)
PIXL(4)=IMAGE(X-1,Y)
PIXL(5)=IMAGE (X+1,Y)
PIXL(6)=IMAGE (X-1,Y+1)
PIXL(7)=IMAGE(X,Y+1)
PIXL(8)=IMAGE (X+1,Y+1)
NOW CLEAR OUT VALUE ARRAY WHICH COUNTS NUMBER OF STRIKES
FOR A SPECIFIC PIXEL VALUE, FILL INDEX 1 WITH -1 FLAG
' BECAUSE THIS ISN'T A VALID VALUE, WILL START CHECK
FOR HIGHEST STRIKE COUNT AT INDEX 2

..........
.........
........................................

DO 504,I=1,9
VAL(I,1)=-9
VAL(I,2)=0
504 CONTINUE
VAL(1,1)=-1

L I R I R R I I A L A . CECEC R o o e o s o s o s 0 o o s 0 o e
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BELOW WILL CHECK EACH GRID VALUE AGAINST THE VALUE
ARRAY, IF VALUE IS FOUND WILL INCREMENT THE
STRIKE COUNT ONE, IF VALUE DOESN'T APPEAR
IN THE VALUE ARRAY, THEN PLACE IT IN THE
VALUE ARRAY FOR NEXT PASS
DO 520,J=1,8
I=1
505 IF (VAL(I,1).EQ.-9) GOTO 515
IF (VAL(I,1).NE.PIXL(J)) GOTO 510
VAL(I,2)=VAL(I,2)+1
GOTO 520
515 VAL(I,1)=PIXL(J)
VAL(I,2)=1
GOTO 520
510 IF(I.EQ.9) GOTO 520
I=I+1
GOTO 505
520 CONTINUE

aoaoooaon

C FIND MAJOR GRID VALUE AND STICK THIS INTO EMPTY CELL
g ELSE DEFAULT TO 1,1 OF 3X3 GRID WHICH IS -1 FLAG
C AND CONTINUE ON
. . e e e s el e O .
=
=2
PO 53@Q11=2,9
IF (VAL(I,2).LT.J) GOTO 530
J=VAL(I,2)
K=1
530 CONTINUE
IMAGE2(X,Y)=VAL(K,1)
GOTO 503
533 IMAGE2(X,Y)=IMAGE (X,Y)
503 CONTINUE
502 CONTINUE
DO 531 I=1,686
DO 532 J=1,454
IMAGE (I,J)=IMAGE2(I,J)
532 CONTINUE
531 CONTINUE
GOTO 500
550 CONTINUE
B . . ...ttt ettt et i et et et et
C NOW SMOOTH OUT THE SINGLE VALUES FROM THE IMAGE SO IT ISNT
C SO SPARATIC, AND FLAG AGAIN WITH -1 FOR A SECOND PASS
C WITH THE ABOVE, ONLY THIS TIME CHECKING THAT THE
C STRIKE VALUE IS GREATER THAT 1
C WILL PUT IMAGE TO BE REWORKED
g INTO IMAGE ARRAY 2

.....................................................................
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601 DO 602,X=2,686-1

DO 603,Y=2,454-1

SEE IF THIS CELL NEEDS REPLACING, IF SO FILL OUT 3X3 GRID
SETUP WITH CENTER OUT AND TURN ON FLAG THAT THIS PASS

FOUND AN EMPTY CELL
FLAG=-1
PIXL(1)=IMAGE(X-1,Y-1)
PIXL(2)=IMAGE(X,Y-1)
PIXL(3)=IMAGE (X+1,Y-1)
PIXL(4)=IMAGE (X-1,Y)
PIXL(5)=IMAGE (X+1,Y)
PIXL(6)=IMAGE(X-1,Y+1)
PIXL(7)=IMAGE (X, Y+1)
PIXL(8)=IMAGE (X+1,Y+1)
NOW CLEAR OUT VALUE ARRAY WHICH COUNTS NUMBER OF STRIKES

FOR A SPECIFIC PIXEL VALUE, FILL INDEX 1 WITH -1 FLAG

BECAUSE THIS ISN'T A VALID VALUE, WILL START CHECK
FOR HIGHEST STRIKE COUNT AT INDEX 2

DO 604,I=1,9
VAL(I,1)=-9
VAL(I,2)=0
604 CONTINUE
VAL(1,1)=-1
BELOW WILL CHECK EACH GRID VALUE AGAINST THE VALUE
ARRAY, IF VALUE IS FOUND WILL INCREMENT THE
STRIKE COUNT ONE, IF VALUE DOESN'T APPEAR
IN THE VALUE ARRAY, THEN PLACE IT IN THE
VALUE ARRAY FOR NEXT PASS
DO 620,J=1,8
I=1
605 IF (VAL(I,1).EQ.-9) GOTO 615
IF (VAL(I,1).NE.PIXL(J)) GOTO 610
VAL(I,2)=VAL(I,2)+1
GOTO 620
615 VAL(I,1)=PIXL(J)
VAL(I,2)=1
GOTO 620
610 IF(I.EQ.9) GOTO 620
I=I+1
GOTO 605

77



620 CONTINUE

A
C FIND ALL CELLS IN OUTLINING GRID THAT ARE LIKE THE CENTER
C IF COUNT IS GREATER OR EQUAL TO 2 THEN LEAVE ALONE
C ELSE FLAG FOR NEXT PASS THROUGH
s L NI U I AP AP A i SN W, M i <1
1=2
Z=IMAGE (X,Y)
631 IF (VAL(I,1).NE.Z) GOTO 632
IF (VAL(I,2).GE.2) GOTO 630
Z=-1.0
GOTO 630
632 I=I+1
IF (I.LT.10) GOTO 631
Z=-1.0
630 CONTINUE
IMAGE2(X,Y)=2
603 CONTINUE
602 CONTINUE
DO 651 I=1,686
DO 652 J=1,454
IMAGE(I,J)=IMAGE2(I,J)
652 CONTINUE
651 CONTINUE
RS - TN THE V0l AL e e T s e T L T T e
C NOW FOR THE FINAL PASSES OVER TO REPLACE THE FLAGGED PIXELS
R RS A C A e T T v
B e
C
B L e ittt e
C START THE ROUTINE OFF, BUT DON'T GO THROUGH CHECK FOR FINISH 1ST
B . e e e
FLAG=-1
GOTO 701
T AP RS g RS e
C CHECK TO SET IF ITS DONE YET, ELSE UPDATE PASS COUNT
C AND CONTINUE ON
i R - IL AT AR P RPN SR 5 L
700 IF (FLAG.EQ.0) GOTO 750
FLAG=0
L FOME I b et
c PASS THROUGHT ENTIRE IMAGE ONCE WITH 3X3 WINDOW
B L e e e e e T e e ey o 8 B e s A e
701 DO 702,X=2,686-1
DO 703,Y=2,454-1
A R G R R bt e L
C SEE IF THIS CELL NEEDS REPLACING, IF SO FILL OUT 3X3 GRID
C SETUP WITH CENTER OUT AND TURN ON FLAG THAT THIS PASS
C FOUND AN EMPTY CELL
PR S L

IF (IMAGE(X,Y).NE.-1) GOTO 733

i PDYER\YY
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FLAG=-1

PIXL(1)=IMAGE (X-1,Y-1)
PIXL(2)=IMAGE (X,Y-1)
PIXL(3)=IMAGE (X+1,Y-1)
PIXL(4)=IMAGE(X-1,Y)
PIXL(5)=IMAGE (X+1,Y)
PIXL(6)=IMAGE (X-1,Y+1)
PIXL(7)=IMAGE (X, Y+1)
PIXL(8)=IMAGE (X+1,Y+1)

NOW CLEAR OUT VALUE ARRAY WHICH COUNTS NUMBER OF STRIKES
FOR A SPECIFIC PIXEL VALUE, FILL INDEX 1 WITH -1 FLAG
BECAUSE THIS ISN'T A VALID VALUE, WILL START CHECK

FOR HIGHEST STRIKE COUNT AT INDEX 2

DO 704,I=1,9

VAL(I,1)=-9

VAL(I,2)=0
704 CONTINUE

VAL(1,1)=-1

BELOW WILL CHECK EACH GRID VALUE AGAINST THE VALUE
ARRAY, IF VALUE IS FOUND WILL INCREMENT THE
STRIKE COUNT ONE, IF VALUE DOESN'T APPEAR
IN THE VALUE ARRAY, THEN PLACE IT IN THE
VALUE ARRAY FOR NEXT PASS
DO 720,J=1,8
I=1
705 IF (VAL(I,1).EQ.-9) GOTO 715
IF (VAL(I,1).NE.PIXL(J)) GOTO 710
VAL(I,2)=VAL(I,2)+1
GOTO 720
715 VAL(I,1)=PIXL(J)
VAL(I,2)=1
GOTO 720
710 IF(I.EQ.9) GOTO 720
I=I+1
GOTO 705
720 CONTINUE
FIND MAJOR GRID VALUE AND STICK THIS INTO EMPTY CELL
ELSE DEFAULT TO 1,1 OF 3X3 GRID
AND CONTINUE ON

.................................................................

DO 730 I=2,9
IF (VAL(I,2).LT.J) GOTO 730
J=VAL(I,2)

K=I



730 CONTINUE
IF (VAL(K,2).GT.1) IMAGE2(X,Y)=VAL(K,1)
GOTO 703
733 IMAGE2(X,Y)=IMAGE(X,Y)
703 CONTINUE
702 CONTINUE
DO 731 I=1,686
DO 732 J=1,454
IMAGE(I,J)=IMAGE2(I,J)
732 CONTINUE
731 CONTINUE
GOTO 700
750 CONTINUE
FINALLY ALL DONE. NOW WRITE PASS COUNT OUT AND A SAMPLE
OF THE COMPLETED IMAGE FOR A CHECK
THEN WRITE IMAGE TO A DISK FILE
AND USE SAS GCONTOUR TO PLOT
DO 806 J=1,454
WRITE (6,807) (IMAGE2(I,J),I=300,315)
807 FORMAT(16F8.2)
806 CONTINUE
DO 4000 J=1,454
WRITE(12,4001) (IMAGE2(I,J),I=1,686)
4001 FORMAT(200F8.2,200F8.2,200F8.2,86F8.2)
4000 CONTINUE
END
/7':
//GO.FTOSF001 DD DSN=RAINFALL.STNLOC,VOL=SER=IMAGE1,
// UNIT=TAPE,DISP=0LD,LABEL=(20,SL,,IN)
//GO.FT10F001 DD DSN=RAIN.GAUGE.DATA81,VOL=SER=IMAGE1,
// UNIT=TAPE,DISP=0LD,LABEL=(21,SL,,IN)
//GO.FT12F001 DD DSN=RAINFALL.JL$$JL%%,DISP=(NEW,KEEP),
// VOL=SER=RANDYC,UNIT=TAPE,LABEL=(2,SL),
// DCB=(RECFM=FB,LRECL=5488,BLKSIZE=27440,DEN=4)

80



Selection of Ground Gathered Moisture Data Readings

//A5 JOB acctnumber,'GATHER MOISTURE DATA',CLASS=G,TIME=4,

// MSGCLASS=D,REGION=3000K

// EXEC SAS,0UT='%'

//SAMPLES DD DSN=SOIL.SAMP.DATA81,UNIT=TAPE,VOL=SER=IMAGE1,DISP=0LD,

i LABEL=(23,SL)
//STNLOC DD UNIT=TAPE,VOL=SER=IMAGE1,DISP=OLD,LABEL=(22,SL),
i DSN=SOIL.SAMP.STNLOC

//PNCHDATA DD SYSOUT=*
//SAS.SYSIN DD *

lautenteot. wleslastonlonlontontaonlonlantente clontenlontentonlententenlealonteslenteslentaatlo tenlantenls ate, D T o e T ot !
O o e e e e e A R RS ST SO Y

%

Sededededededededede e dedede e e e oo oo e de e dede oo de oo e e dededeveve e Moo e e deve e e e v e e e e e e e e
OPTIONS MISSING=' ';
Wem D* AT+ A C*Q*L*L®%E*C*T®TI®®Q*N =-c--= 5
T READ DATA FROM SOIL MOISTURE DATA ---===----ccocooooano- ;
DATA MOIST(KEEP=SITE DATE LEVELO LEVEL1);

INFILE SAMPLES;

INPUT @1  SITE S8
@  DATE MMDDYY6.
@12  LEVELO 3.3

@l6 LEVEL1 3.3 @;
IF LEVEL0=0.999 THEN LEVELO=.;
IF LEVEL1=0.999 THEN LEVELl=.;
OUTPUT MOIST;
RETURN;
e READ IN RELATED SITE LOCATION DATA <-=<=-ecsssummcsds@eg :
DATA LOCATION(KEEP=SITEID LONG LAT);
INFILE STNLOC;
INPUT @27 SITEID $3.

@ LONG 8.3
@13 LAT 8.3 @;
IF SITEID NE '' THEN OUTPUT LOCATION;
Homeeeeme- SORT MOISTURE READINGS BY DATE AND PRINT -------------;

PROC SORT DATA=MOIST,
BY SITE DATE;
PROC PRINT DATA=MOIST;
FORMAT DATE WEEKDATE29.;

--------------------------------------------------------------------

R FIND ALL DATA PERTAINING TO THE DATE T
R DESIRED OR EITHER: i
L +++ A SAMPLE WITHIN 3 DAYS PRIOR AND WITHIN 10 --;
Fmmmeeeo o DAYS AFTER DESIRED DATE FOR INTERPOLATION --;
- +++ A SAMPLE WITHIN 10 DAYS PRIOR AND WITHIN 3 =--;
Femeeee - DAYS AFTER DESIRED DATE FOR INTERPOLATION --;

DATA OUTDATA(KEEP=SITEID MOISTO MOIST1);
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%INCLUDE DATEIN;
CENTER=INPUT(DAY,DATE10.);
RETAIN BEFORE BMOISTO AFTER AMOISTO SITEID CENTER CORRECTO EOF
BMOIST1 AMOIST1 CORRECT1;
SITEID='000";
EOF=0;
READ: ;
IF SITEID=SITE THEN DO;
CURRENT=DATE -CENTER;
IF CURRENT GT O THEN DO;
IF CURRENT LT AFTER THEN DO;
AMOIST1=LEVEL1;
AMOISTO=LEVELO;
AFTER=CURRENT;
END;
END;
ELSE;
IF CURRENT LT O THEN DO;
IF CURRENT GT BEFORE THEN DO;
BMOISTO=LEVELO;
BMOIST1=LEVEL1;
BEFORE=CURRENT;
END;
END;
ELSE;
IF CENTER=DATE THEN DO;
CORRECTO=LEVELO;
CORRECT1=LEVEL1;

BEFORE=0;
AFTER=0;
END;

END;

ELSE DO;

IF ((BEFORE NE 0) AND (AFTER NE 0)) THEN DO;
IF (((ABS(BEFORE) LE 3) AND (AFTER LE 10))

OR ((ABS(BEFORE) LE 10) AND (AFTER LE 3))) THEN DO;
XMOISTO=BMOISTO-AMOISTO;
XMOIST1=BMOIST1-AMOIST1;
XMOIST8=BMOIST8-AMOISTS;
INCRO=XMOISTO/ (ABS (BEFORE)+AFTER) ;
INCR1=XMOIST1/ (ABS (BEFORE)+AFTER);
MOISTO0=BMOISTO+ (INCRO*BEFORE);
MOIST1=BMOIST1+(INCR1*BEFORE);

IF SITEID NE '000' THEN OUTPUT OUTDATA;

END;

ELSE;

END;

ELSE IF BEFORE=0 AND AFTER=0 THEN DO;
MOISTO=CORRECTO;
MOIST1=CORRECT1;
IF SITEID NE '000' THEN OUTPUT OUTDATA;




END;
IF ((DATE-CENTER) LT 0) THEN DO;
BEFORE=DATE -CENTER;
BMOISTO=LEVELO;
BMOIST1=LEVEL1;
END;
ELSE DO;
BEFORE=0;
BMOIST1=0;
BMOISTO0=0;
END;
IF ((DATE-CENTER) GT 0) THEN DO;
AFTER=DATE -CENTER;
AMOIST1=LEVEL1;
AMOISTO=LEVEL2;

END;
ELSE DO;
AFTER=999;
AMOIST1=0;
AMOISTO0=0;
AGREEN=0;
END;
SITEID=SITE;
END;
IF EOF NE 0 THEN GOTO ALLDONE;
ELSE DO;
SET MOIST END=EOF;
GOTO READ;
END;
ALLDONE: ;
OUTPUT OUTDATA;
e L SORT OUTPUT DATASETS BY MERGE VARIABLE --------------- 2
B sm == ===-==s- JOIN BOTH TOGETHER BY SITEID, THEN = -===--=-=-==---- A
== - - - ~~o--- PRINT OUT DATA AND PUT A FORMATTED  ========-==-==- g

- LIST OUT TO PNCHDATA DD FOR INPUT ~=mee - - SemSEee
-------------- TO THE IMAGE GENERATION PROGRAM. ~ETaTs - - -
PROC SORT DATA=OUTDATA;
BY SITEID;
PROC SORT DATA=LOCATION; BY SITEID;
DATA JOIN; MERGE OUTDATA LOCATION; BY SITEID;
PROC PRINT DATA=JOIN;
DATA;
SET JOIN;
FILE PNCHDATA NOTITLES;
PUT @1 SITEID $3. @ LONG 8.3
@15 LAT 8.3
@25 MOISTO 4.3 @35 MOIST1 &.3;
RETURN;
//DATEIN DD *  DATE OF DATE DESIRED USE SAS DATE FORMAT
RETAIN DAY '6JUL81';
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Generation of Soil Moisture Image

//A6 JOB acctnumber, 'MAKE MOISTURE MAP',CLASS=M,TIME=200,

// MSGCLASS=D,MSGLEVEL=(1,1),REGION=6500K

/*JOBPARM LINES=100,TIME=999,RO0M=18

//* Requires notification of system operator, due to possibly

//%* very large execution times (varies with number of available

//* points of ground gathered data)

//GENERATE EXEC FORTVCLG,GOREGN=6000K,PARM='XREF,0PT(3),GOSTMT', X
// FVREGN=4500K,FVLNSPC="'3200, (75,20)"',0UT=""*",TIME.GO=300

//FORT.SYSIN DD *

INTEGER VALUE,STNID

REAL*8 N,M1,M2,INLAT,INLONG,CONVRS,ALNGTH ;ECCENT
REAL*8 PRLAT1,PRLAT2,0RGLAT,ORGLNG,LINE,PIXEL
REAL*8 QPRT1,QPRT2,QPRT3,QPRT4,QPRT5,QPRT23
REAL*8 Q1,Q2,Q0,Q,C,ROWE,ROWEO, THETA

REAL*4 IMAGE (686,454),IMAGE2 (686,454),VAL(9,2)
REAL*4 DATA(200,3),MOISTO,MOIST1

REAL*4 LAT,LONG,FLAG,PIXL(8)

INTEGER CNTY,STN,MONTH,DATE,PASS

DO 1 J=1,454
DO 2 I=1,686
IMAGE(I,J)=-1
2 CONTINUE
1 CONTINUE
B et e et e
C READ THE STATION LOCATION DATA INTO THE ARRAY
g . DATA (1,X) STATION ID
. . DATA (X,1) STATION LAT.
B DATA (X,2) STATION LONG
£ DATA (X,3) STATION TEMP
C

......................................................................

100 I=I+1
READ(5,102,END=101) LONG,LAT,MOISTO,MOIST1
102 FORMAT (4X,F8.3,2X,F8.3,2X,F4.3,6X,F4.3)
DATA(I,1)=LAT
DATA(I,2)=LONG
DATA(I,3)=MOIST1
GOTO 100
101 CONTINUE



DO 301 J=1,I
IF ((DATA(J,1).EQ.0.0).0OR. (DATA(J,2).EQ.0.0)) GOTO 301
WRITE(6,300) J,DATA(J,1),DATA(J,2),DATA(J,3)

300 FORMAT(' ',I3,5X,F10.5,5X,F10.5,5X,F5.2)

C  FINDING THE LINE AND PIXEL LOCATION FOR THESE STATIONS
C REPORTING AND STORE LINE IN DATA(*,*,1) AND PIXEL IN DATA(*,*,2)
C THEN REWRITE THIS DATA AGAIN AFTER THE CONVERSION

g AND PLACE THE VALUE INTO THE IMAGE ARRAY

INLONG=DATA(J,2)
INLAT=DATA(J,1)
CONVRS=3.141592654/180

lantontanteslenlontyulontentontentonlentenlents slonloalenlontetentlontle sleate nlanls olontenleslenlenlonlanlants claulenls ot. fowta ot )
Crlededededededededodedodededododededededededededededededededededededededede et dededede e oo dede e Ve S e de e Yo e de dededededeveve

C# BELOW CONSTANTS ARE SATELLITE AND IMAGE LOCATION *
C* DEPENDENT. CHANGE IF NOT FROM A NOAA SATELLITE *
C* AND OF SOUTH DAKOTA AREA *
Cedededededededededodededededededededededededodedededededededededodededededededodedodededededodedededededededevedevevededevedede
ALNGTH=6378206.4
ECCENT=0.0822719

PRLAT1=42.75*CONVRS
PRLAT2=45.25*CONVRS
ORGLAT=(44)*CONVRS
ORGLNG=(-100)*CONVRS

Crevedededededededalededededededede?s END OF DEPENDENT CONSTANTS wedededededededededededodedododnte
INLONG=INLONG*CONVRS
INLAT=INLAT*CONVRS
M1=COS (PRLAT1)/ ( (1- (ECCENT*+#*2)%* ((DSIN(PRLAT1))#2))%%*0.5)
M2=COS (PRLAT2)/ ( (1-(ECCENT*%2)* ( (DSIN(PRLAT2) )*%*2))#*%0.5)
QPRT1=(1-ECCENT***2)
QPRT2=(1+ECCENT*DSIN(ORGLAT))
QPRT3=(1-ECCENT*DSIN(ORGLAT))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRTS5=(1-((ECCENT#*%*2)* ( (DSIN(ORGLAT) )**2)))
QPRTS5=(DSIN(ORGLAT)/QPRTS)
QO0=QPRT1* (QPRT5-QPRT4*QPRT23)
QPRT1=(1-ECCENT*%*2)
QPRT2=(1+ECCENT*DSIN(PRLAT1))
QPRT3=(1-ECCENT*DSIN(PRLAT1))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRTS5=(1- ((ECCENT=%2)* ((DSIN(PRLAT1))**2)))
QPRT5=(DSIN(PRLAT1)/QPRTS)
Q1=QPRT1* (QPRTS-QPRT4*QPRT23)
QPRT1=(1-ECCENT*%*2)
QPRT2=(1+ECCENT**DSIN(PRLAT2))
QPRT3=(1-ECCENT*DSIN(PRLAT2))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*<ECCENT)
QPRTS5=(1- ((ECCENT*%2)% ((DSIN(PRLAT2))**2)))




QPRT5=(DSIN(PRLAT2)/QPRTS5)
Q2=QPRT1%* (QPRT5-QPRT4**QPRT23)
QPRT1=(1-ECCENT*%2)

QPRT2=( 1+ECCENT*DSIN (INLAT))
QPRT3=(1-ECCENT**DSIN(INLAT))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)

QPRTS5=(1- ((ECCENT*%*2)* ((DSIN(INLAT))*%*2)))
QPRTS5=(DSIN(INLAT)/QPRTS)
Q=QPRT1* (QPRTS5 -QPRT4**QPRT23)
N=((M1*%2)-(M2**2))/(Q2-Q1)
C:(Ml**2)+(N*Q1) ‘
ROWE=(ALNGTH* ((C-N*Q)**0.5))/N
ROWE0=(ALNGTH* ((C-N*Q0)*¥*0.5))/N
THETA=N-* (INLONG-ORGLNG)

X=ROWE* (DSIN(THETA))

Y=ROWEO - (ROWE* (DCOS (THETA)))

B Y T D e o R S SN S BN SR P L
EoE e T b Db S i S e e e e e S i i S B i B T A D e S e e e e e e e e B e S e e b o o e i i

C# BELOW EQUATIONS ARE SATELLITE AND IMAGE LOCATION *
C* DEPENDENT. CHANGE IF NOT FROM A NOAA SATELLITE *
c* AND OF SOUTH DAKOTA AREA *

e afontanlentenlants e otententa, toulenlunlontentenlantenlontanteclenlsnlonlonlenlonlanlenlonlsnleslentanlontenlantenlanlenlonle ntenlenlontanlonlonlenlontsntentants alenl s nle nla ule
Cedededededededodnsiosiesiededededededesaoviaioalededededederodedorededodedodyedddededededoaledralededededede oo ol dededo e e

LINE=((231000-Y)/1000)+1.5
PIXEL=( (X+352000)/1000)+1.5
Coledledededfededededededededededededs?ds END OF DEPENDENT EQUATIONS dededededededededededede e

DATA(J,2)=INT(PIXEL)
DATA(J,1)=INT(LINE)
X=DATA(J,2)
Y=DATA(J,1)
WRITE(6,304) J,DATA(J,1),DATA(J,2),DATA(J,3)

304 FORMAT(5X, '*=*CONVERTED** ', I3,5X,F10.5,5X,F10.5,5X,F5.2)
IMAGE (X,Y)=DATA(J,3)

301 CONTINUE

302 CONTINUE

.....................................................................

C

C NOW TAKE THE RAINFALL AMOUNTS PLACED INTO THE IMAGE ARRAY
c AND SPREAD THESE VALUES THROUGH OUT THE ENTIRE STATE

c USING A 3X3 WINDOW FILLING THE CENTER WITH THE VALUE

C WHICH IS THE MOST PREDOMINANT IN THE WINDOW. KEEP ON

C DOING THIS UNTIL NO -1 FLAGS APPEAR IN ANY CELL

C EXCEPT VERY OUTER BORDER ROWS AND COLUMNS.

(o
C

.....................................................................

.....................................................................

e
B i e e s s e el B enah bl il e TR R
C  START THE ROUTINE OFF, BUT DON'T GO THROUGH CHECK FOR FINISH 1ST
R

PASS=0

FLAG=-1

GOTO 501
e D AR 7 gl @3 1




aoaoaao
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CHECK TO SET IF ITS DONE YET, ELSE UPDATE PASS COUNT
AND CONTINUE ON
500 IF (FLAG.EQ.0) GOTO 550
FLAG=0
PASS=PASS+1

.....................................................................

.....................................................................

501 DO 502,X=2,686-1
DO 503,Y=2,454-1
SEE IF THIS CELL NEEDS REPLACING, IF SO FILL OUT 3X3 GRID
SETUP WITH CENTER OUT AND TURN ON FLAG THAT THIS PASS
FOUND AN EMPTY CELL
IF (IMAGE(X,Y).NE.-1) GOTO 533
FLAG=-1
PIXL(1)=IMAGE(X-1,Y-1)
PIXL(2)=IMAGE(X,Y-1)
PIXL(3)=IMAGE (X+1,Y-1)
PIXL(4)=IMAGE(X-1,Y)
PIXL(5)=IMAGE (X+1,Y)
PIXL(6)=IMAGE (X-1,Y+1)
PIXL(7)=IMAGE (X,Y+1)
PIXL(8)=IMAGE (X+1,Y+1)
NOW CLEAR OUT VALUE ARRAY WHICH COUNTS NUMBER OF STRIKES
FOR A SPECIFIC PIXEL VALUE, FILL INDEX 1 WITH -1 FLAG
BECAUSE THIS ISN'T A VALID VALUE, WILL START CHECK
FOR HIGHEST STRIKE COUNT AT INDEX 2
DO 504,I=1,9
VAL(I,1)=-9
VAL(I,2)=0
504 CONTINUE
VAL(1,1)=-1
BELOW WILL CHECK EACH GRID VALUE AGAINST THE VALUE
ARRAY, IF VALUE IS FOUND WILL INCREMENT THE
STRIKE COUNT ONE, IF VALUE DOESN'T APPEAR
IN THE VALUE ARRAY, THEN PLACE IT IN THE
VALUE ARRAY FOR NEXT PASS
DO 520,J=1,8
I=1
505 IF (VAL(I,1).EQ.-9) GOTO 515
IF (VAL(I,1).NE.PIXL(J)) GOTO 510
VAL(I,2)=VAL(I,2)+1
GOTO 520
515 VAL(I,1)=PIXL(J)
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VAL(I,2)=1

GOTO 520
510 IF(I.EQ.9) GOTO 520
I=I+1
GOTO 505
520 CONTINUE
I e e . 5 ccoconoer
C FIND MAJOR GRID VALUE AND STICK THIS INTO EMPTY CELL
C ELSE DEFAULT TO 1,1 OF VAL ARRAY WHICH IS THE
C EMPTY VALUE, -1, AND CONTINUE ON
R I PR JEEAE 1 or o s
J=0
=2
DO 530 I=2,9
IF (VAL(I,2).LT.J) GOTO 530
J=VAL(I,2)
K=I

530 CONTINUE
IMAGE2 (X,Y)=VAL(K,1)
GOTO 503
533 IMAGE2(X,Y)=IMAGE(X,Y)
503 CONTINUE
502 CONTINUE
DO 531 I=1,686
DO 532 J=1,454
IMAGE (I,J)=IMAGE2(I,J)
532 CONTINUE
531 CONTINUE
GOTO 500
550 CONTINUE

c NOW SMOOTH OUT THE SINGLE VALUES FROM THE IMAGE SO IT ISNT
C SO SPARATIC, AND FLAG AGAIN WITH -1 FOR A SECOND PASS

c WITH THE ABOVE, ONLY THIS TIME CHECKING THAT THE

C STRIKE VALUE IS GREATER THAN OR EQUAL TO 2

c WILL PUT IMAGE TO BE REWORKED

c INTO IMAGE ARRAY 2

C
C

.....................................................................

.....................................................................

601 DO 602,X=2,686-1
DO 603,Y=2,454-1
""" SEE IF THIS CELL NEEDS REPLACING, IF SO FILL OUT 3X3 GRID
SETUP WITH CENTER OUT AND TURN ON FLAG THAT THIS PASS
FOUND AN EMPTY CELL

...................................................................

aooaoaoan
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PIXL(1)=IMAGE(X-1,Y-1)
PIXL(2)=IMAGE (X,Y-1)
PIXL(3)=IMAGE (X+1,Y-1)
PIXL(4)=IMAGE(X-1,Y)
PIXL(5)=IMAGE (X+1,Y)
PIXL(6)=IMAGE (X-1,Y+1)
PIXL(7)=IMAGE (X,Y+1)
PIXL(8)=IMAGE (X+1,Y+1)

NOW CLEAR OUT VALUE ARRAY WHICH COUNTS NUMBER OF STRIKES
FOR A SPECIFIC PIXEL VALUE, FILL INDEX 1 WITH -1 FLAG
BECAUSE THIS ISN'T A VALID VALUE, WILL START CHECK

FOR HIGHEST STRIKE COUNT AT INDEX 2

DO 604,I=1,9
VAL(I,1)=-9
VAL(I,2)=0
604 CONTINUE
VAL(1,1)=-1
B e e
> BELOW WILL CHECK EACH GRID VALUE AGAINST THE VALUE
C ARRAY, IF VALUE IS FOUND WILL INCREMENT THE
C STRIKE COUNT ONE, IF VALUE DOESN'T APPEAR
C IN THE VALUE ARRAY, THEN PLACE IT IN THE
c VALUE ARRAY FOR NEXT PASS
B . . e e
DO 620,J=1,8
I=1
605 IF (VAL(I,1).EQ.-9) GOTO 615
IF (VAL(I,1).NE.PIXL(J)) GOTO 610
VAL(I,2)=VAL(I,2)+1
GOTO 620
615 VAL(I,1)=PIXL(J)
VAL(I,2)=1
GOTO 620
610 IF(I.EQ.9) GOTO 620
I=I+1
GOTO 605
620 CONTINUE

c FIND THE CENTER GRIDS STRIKE COUNT FOR OUT LINING
C  IF COUNT IS GREATER THAN OR EQUAL TO 1 THEN LEAVE
c ELSE FLAG FOR NEXT PASS THROUGH

Z=IMAGE (X,Y)

631 IF (VAL(I,1).NE.Z) GOTO 632
IF (VAL(I,2).GE.2) GOTO 630
Z=-1.0
GOTO 630

632 I=I+1



IF (I.LT.10) GOTO 631
Z=-1.0
630 CONTINUE
IMAGE2 (X,Y)=2Z
603 CONTINUE
602 CONTINUE
DO 651 I=1,686
DO 652 J=1,454
IMAGE (I,J)=IMAGE2(I,J)
652 CONTINUE
651 CONTINUE

I R N e TR o OB o i o986 08% o8 cjo - 010K 600 60606606000060C¢
C NOW FOR THE FINAL PASSES OVER TO REPLACE THE FLAGGED PIXELS
G O T, TN S S SRR, o810 o 01010 0 GRG0 G10/0 0 © 0 000 0 0
C 85805 o 3 Bonan s B S G080 B 6 o b o ooooolodcocooooooooa
C
Cloi=r 3 M Il e R . . S & 6 0 0 0 0 0 B0 0 0 c 0 00 00 o o
C START THE ROUTINE OFF, BUT DON'T GO THROUGH CHECK FOR FINISH 1ST
(G S L R I SC O SIS SR 6 G o o ool b0 806 5 0 o o d ook
FLAG=-1
GOTO 701
£15:0 0 0.0/ 0 o RN 5 0.0 6 O 5, 00 10 508 0 0 0 00,0 0550000600000 0000 ¢
C CHECK TO SET IF ITS DONE YET, ELSE UPDATE PASS COUNT
C AND CONTINUE ON
oy I | el S A IR SIS ) 5, o 50 0 0 0 0 0 8.0 000000000
700 IF (FLAG.EQ.0) GOTO 750
FLAG=0
(ol R I | .0 0.0 0.0 6 0 00 000000000¢08sa00:c
C PASS THROUGHT ENTIRE IMAGE ONCE WITH 3X3 WINDOW
(€3 S SN T S R e Al o b 000000 o

701 DO 702,X=2,686-1
DO 703,Y=2,454-1
B e e e e e B e
> SEE IF THIS CELL NEEDS REPLACING, IF SO FILL OUT 3X3 GRID
g SETUP WITH CENTER OUT AND TURN ON FLAG THAT THIS PASS
£ FOUND AN EMPTY CELL
B ettt e e e s
IF (IMAGE(X,Y).NE.-1) GOTO 733
FLAG=-1
PIXL(1)=IMAGE(X-1,Y-1)
PIXL(2)=IMAGE (X,Y-1)
PIXL(3)=IMAGE (X+1,Y-1)
PIXL(4)=IMAGE (X-1,Y)
PIXL(5)=IMAGE (X+1,Y)
PIXL(6)=IMAGE (X-1,Y+1)
PIXL(7)=IMAGE(X,Y+1)
PIXL(8)=IMAGE (X+1,Y+1)

C NOW CLEAR OUT VALUE ARRAY WHICH COUNTS NUMBER OF STRIKES
C FOR A SPECIFIC PIXEL VALUE, FILL INDEX 1 WITH -1 FLAG
C BECAUSE THIS ISN'T A VALID VALUE, WILL:-START CHECK




9il
FOR HIGHEST STRIKE COUNT AT INDEX 2

DO 704,I=1,9
VAL(I,1)=-9
VAL(I,2)=0
704 CONTINUE
VAL(1,1)=-1
BELOW WILL CHECK EACH GRID VALUE AGAINST THE VALUE
ARRAY, IF VALUE IS FOUND WILL INCREMENT THE
STRIKE COUNT ONE, IF VALUE DOESN'T APPEAR
IN THE VALUE ARRAY, THEN PLACE IT IN THE
VALUE ARRAY FOR NEXT PASS
DO 720,J=1,8
I=1
705 IF (VAL(I,1).EQ.-9) GOTO 715
IF (VAL(I,1).NE.PIXL(J)) GOTO 710
VAL(I,2)=VAL(I,2)+1
GOTO 720
715 VAL(I,1)=PIXL(J)
VAL(I,2)=1
GOTO 720
710 IF(I.EQ.9) GOTO 720
I=I+1
GOTO 705
720 CONTINUE
FIND MAJOR GRID VALUE AND STICK THIS INTO EMPTY CELL
ELSE DEFAULT TO 1,1 OF VAL ARRAY WHICH IS THE
EMPTY VALUE OF -1, AND CONTINUE ON

DO 730 I=2,9
IF (VAL(I,2).LT.J) GOTO 730
J=VAL(I,2)
K=I
730 CONTINUE
X IF (VAL(K,2).GT.1) IMAGE2(X,Y)=VAL(K,1)
A GOTO 703
733 IMAGE2(X,Y)=IMAGE(X,Y)
703 CONTINUE

: - 702 CONTINUE

DO 731 I=1,686
DO 732 J=1,454
IF (IMAGE2(I,J).GT.0.0) THEN
IMAGE (I,J)=IMAGE2(I,J)
ELSE
IMAGE(I,J)=-1
ENDIF
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732 CONTINUE
731 CONTINUE

GOTO 700
750 CONTINUE

C FINALLY ALL DONE. NOW WRITE PASS COUNT OUT AND A SAMPLE
C OF THE COMPLETED IMAGE FOR A CHECK

C THEN WRITE IMAGE TO A DISK FILE

C AND USE SAS GCONTOUR TO PLOT

DO 806 J=1,454
WRITE(6,807) (IMAGE2(I,J),I=300,315)
807 FORMAT(16F8.2)
806 CONTINUE
DO 4000 J=1,454
WRITE(12,4001) (IMAGE2(I,J),I=1,686)
4001 FORMAT(200F8.3,200F8.3,200F8.3,86F8.3)
4000 CONTINUE
END
/7‘:
//GO.FT12F001 DD DSN=TEMP.MOISTO,DISP=(NEW,PASS),
// VOL=SER=XCRTCH,UNIT=SYSDA,SPACE=(5488,(460,25)),
// DCB=(RECFM=FB,LRECL=5488 ,BLKSIZE=5488)
//* Following DD precedes data generated from program in Appendix A5
//* All incomplete data cards must be deleted before execution.
//* Soil level of generated image is determined by the FORMAT
//* statement reading in this data, and must be changed to desired.
//GO.SYSIN DD *

E01 -97.198 44.377 .120 .121
B02 -97.520 44.361 .034 .068
E03 -97.620 44.376 .079 .087
E04 -98.085 44.377 .032 .096
E05 -98.222 44,189 .029 .074
E06 -98.303 44.001 .035 .068
E07 -97.900 44 .044 .049 .093
E08 -97.780 44.000 .053 .187
B09 -97.521 43.986 .093 .157
B0 -97.120 43.987 .066 .174
NO1 -96.733 44.563 .101 .107
NO02 -96.712 44.665 .119 . 109
NO3 -96.733 44.737 .093 L1517
NO4 -96.672 44.810 .093 114
NO5 -96.692 44.883 .127 .093
N06 -96.650 45.190 .056 .117
NO7 -96.771 45.219 .064 . 106
NO8 -96.854 45.291 .021 .066
S01 -96.757 44,146 .083 .121
S02 -96.636 43.914 .074 .074
S03 -96.722 43.783 .273 .216
S04 -96.702 43.754 .089 . 185

S05 -96.897 43.410 .124 .196
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S06
S07
S08
S09
W01
W02
wo3
W04
W05
wWoé6
Wo7
wos
w09
W12
W14
W15
W17
w18
W19
w21
W22
w23
W24
W25
W26
w27
w28
W29
W30
W32
W33
W34
W35
W37
W38
W39
W40
W43
W44
W45
W46
W47
W48
W49
W50
W51
W52
W53
/%

-96.
-96.
E906 1
=96 :
9188,
=918t
=918 .
=98¢
.017
=995,
=Ji9k.
=998
=9.9F.
=102,
-102.
SN02 .
-103.
O3
=013 .
= 3L(0S)8
=103
SHO3¥.
=IO3F
=1103'
=31:08).
=0 3%,
-101.
-101.
.524
-101.
-102.
.216

-99

=101

-102

-102.
-101.
-102.
.055
=102
.548

-102

-101

-101.
S0 ,
-101.
.915

=919

=991,
471
.091

=99
-99

-98.
=S9I8F
~98 ;

877
778
778
660
031
155
647
831

121
348
659
721
135
589
753
554
598
556
761
822
513
182
222
348
117
365
286

194
256

188
910
030

035
106
134
711
605
751

468
468

43
43
43

45
45
45
45
45
45
45
45
45

45

45
45

43

271
.257
.077
42,
.465
.494
.479
.450
.497
.454
.469
.469
.455
45.
.493
.536
523
45.
44,
44,
44,
44 .
.945
43.
43.
43,
43.
43.
43.
43.
44,
44,
43.
44,
44,
44,
44,
44,
44,
43.
43.
44,
44,
44,
44,
44,
44 .
44,

924

450

306
973
887
771
684

788
340
194
208
193
266
872
001
030
988
481
625
740
886
408
366
946
814
525
556
525
540
422
480
378

.047
.074
. 159
.143
.048
.053
.090
.081
.004
.068
RIUILE
.110
.074
.011
.061
.039
.005
.012
.021
.027
.009
.049
.043
.038
.010
.045
.010
.020
.020
.035
.048
.026
.091
.020
.036
.040
.029
.150
.197
.175
.166
.254
.357
.423
.233
.100
.101
.101

. 144
.178
192
.160
.138
=129
07
.130
Sl 3]
.107
.066
1377
.132
.073
.092
.041
.053
.032
.141
.093
.071
.107
.113
.084
.031
.099
.029
.058
.081
.123
.155
.074
.147
.024
.076
.090
.081
.112
.175
.153
. 143
.277
.313
.213
.281
.142
.090
.090
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Data Base Generation

//A8 JOB acctnumber,'JOIN IMAGES',CLASS=M,TIME=999,MSGCLASS=D,
// REGION=6000K,MSGLEVEL=(1,1)

/*JOBPARM ROOM=18

//* Requires notification of system operator, due to possibly
//* very large execution times. This program copies all images
//* to disk files for joint sequential reads from all images,
//* and will require about 20 megabytes of disk storage in
//* addition to other required temporary files.

//* NOTE: date and time must be changed in Fortran program
//* to that read from the image label program (Al)

// EXEC PGM=IEBGENER

//SYSPRINT DD SYSOUT=*

//SYSIN DD DUMMY

//SYSUT2 DD DSN=&&MASK,

// DISP=(NEW,PASS),SPACE=(5488,(460)),UNIT=3340,

// DCB=(RECFM=FB,LRECL=5488,BLKSIZE=5488)

//SYSUT1 DD DSN=MASK.IMAGE.SD,LABEL=(19,SL),VOL=SER=IMAGE1,
// UNIT=TAPE,DISP=(OLD,PASS)

// EXEC PGM=IEBGENER

//SYSPRINT DD SYSOUT=+*

//SYSIN DD DUMMY

//SYSUT2 DD DSN=&&STEMP,

// DISP=(NEW,PASS),SPACE=(5488, (460)),UNIT=3340,

// DCB=(RECFM=FB,LRECL=5488,BLKSIZE=5488)

//SYSUT1 DD DSN=TEMP.IMAGE.JL6,LABEL=(1,SL),VOL=SER=IMAGE1,
// UNIT=TAPE,DISP=(OLD,PASS)

// EXEC PGM=IEBGENER

//SYSPRINT DD SYSOUT==*

//SYSIN DD DUMMY

//SYSUT2 DD DSN=&&RAIN,

¥/ DISP=(NEW,PASS),SPACE=(5488,(460)),UNIT=3340,

// DCB=(RECFM=FB,LRECL=5488 ,BLKSIZE=5488)

//SYSUT1 DD DSN=RN. IMAGE.JL2JL6 ,LABEL=(7,SL),VOL=SER=IMAGE1,
// UNIT=TAPE,DISP=(OLD,PASS)

// EXEC PGM=IEBGENER

//SYSPRINT DD SYSOUT=*

//SYSIN DD DUMMY

//SYSUT2 DD DSN=&&AIRTMP,

// DISP=(NEW,PASS),SPACE=(5488, (460)),UNIT=3340,

// DCB=(RECFM=FB,LRECL=5488,BLKSIZE=5488)

//SYSUT1 DD DSN=AIRTEMP.JL6.IMAGE,LABEL=(25,SL),VOL=SER=IMAGEL,
// UNIT=TAPE,DISP=(OLD,PASS)

// EXEC PGM=IEBGENER

// SYSPRINT DD SYSOUT=*

//SYSIN DD DUMMY

//SYSUT2 DD DSN=&&MOISTO,

// DISP=(NEw,PASS),SPACE=(5488,(460))£g§§T=3340,

// DCB=(RECFM=FB,LRECL=5488,BLKSIZE=5

//SYSUT§ DD DSN=SOILMTO.JL6.IMG,LABEL=(29,SL),VOL=SER=IMAGEL,

)
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// UNIT=TAPE,DISP=(OLD,PASS)
// EXEC PGM=IEBGENER
//SYSPRINT DD SYSOUT=*
//SYSIN DD DUMMY
//SYSUT2 DD DSN=&&MOISTI1,
// DISP=(NEW,PASS),SPACE=(5488, (460)),UNIT=3340,
// DCB=(RECFM=FB,LRECL=5488 ,BLKSIZE=5488)
//SYSUT1 DD DSN=SOILMT1.JL6.IMG,LABEL=(30,SL),VOL=SER=IMAGE1,
// UNIT=TAPE,DISP=(OLD,PASS)
// EXEC PGM=IEBGENER
//SYSPRINT DD SYSOUT=
//SYSIN DD DUMMY
//SYSUT2 DD DSN=&&CROPUS,
// DISP=(NEW,PASS),SPACE=(5488, (460)),UNIT=3340,
// DCB=(RECFM=FB,LRECL=5488,BLKSIZE=5488)
//SYSUT1 DD DSN=CROP.LAND.USE.IMG,LABEL=(26,SL),VOL=SER=IMAGE1,
// UNIT=TAPE,DISP=(OLD,PASS)
// EXEC PGM=IEBGENER
//SYSPRINT DD SYSOUT=*
//SYSIN DD DUMMY
//SYSUT2 DD DSN=&&ND,
// DISP=(NEW,PASS),SPACE=(5488, (460)),UNIT=3340,
// DCB=(RECFM=FB,LRECL=5488,BLKSIZE=5488)
//SYSUT1 DD DSN=ND.IMAGE.JUL6,LABEL=(27,SL),VOL=SER=IMAGE1,
// UNIT=TAPE,DISP=(OLD,PASS)
//IMAGE EXEC FORTVCLG,PARM='XREF,OPT(3),GOSTMT',TIME.GO=300,0UT=""%"
//FORT .SYSUDUMP DD SYSOUT=%*
//FORT.SYSIN DD *
REAL*4 IMAGE1(686),IMAGE2(686),IMAGE3(686), IMAGE4(686)
REAL*4 IMAGES (686),IMAGE6(686), IMAGE7(686),IMAGES (686)
REAL*8 DATE ,NOON
INTEGER LINE,PIXEL
REAL*8 TEMP1,TEMP2,TEMP3, VALUE , LONG
REAL*8 N,M1,M2,INLAT, INLONG,CONVRS,ALNGTH,ECCENT
REAL**8 PRLAT1,PRLAT2,0RGLAT,ORGLNG,LATO,LAT1
REAL*8 QPRT1,QPRT2,QPRT3,QPRT4,QPRT5,QPRT23
REAL*8 Q1,Q2,Q0,Q,C,ROWE,ROWEO, THETA

Coéevededededededeteded®ss HARD CODED DATE AND TI ME (GMT) dedededededededededededededle el
YEAR=1981
DATE=187
OVERHD=14.633

Croedededededediovededesds CALCUTING CONSTANTS NEEDED BY SOLAR ROUT INE evedledlededlent

CONVRS=3.141592654/180

XLEAP=( (YEAR-1976)/4)-(INT((YEAR-1976)/4))

IF (XLEAP.EQ.0) XLEAP=1

IF (XLEAP.NE.1) XLEAP=0 '
VALUE=( ( (YEAR-1972)/7) - (INT((YEAR-1972)/7)))*7
INTVAL=VALUE

IF ((VALUE-INTVAL).GT.0.90) VALUE=INTVAL+l
VALUE=VALUE+INT ( (( (INT(YEAR/4))*4)-1972)/4)
VALUE=VALUE - (INT ( (YEAR- ( (INT (YEAR/4))*4))/4))

[ RWe %)
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IF (VALUE.GE.7) VALUE=VALUE-7

SAVDYS=182

IF ((VALUE.EQ.5.).0R.(VALUE.EQ.6)) SAVDYS=189

BEGSAV=(120-VALUE )+XLEAP

ENDSAV=BEGSAV+SAVDYS

BX=0.0061912879% (4713+( (INT (YEAR/4))*4))

BX=BX- (INT( (YEAR-1976)/4))%*0.0268171723

IF (XLEAP.EQ.1) GOTO 20

BX=BX-0.002052

BX=BX- ((((((INT(YEAR/&4))+1)%*4)-YEAR)/3)*0.047743)
20 CONTINUE

CONVRS=3.141592654/180

oteataat, Sonlentlen's. e e e o ST SO Do o MR, JNL L S S S S o T
Crededededededededededodededodedededededededododededededodedededodedededededededeicdedededededededededededededede e dedededede e e

C* BELOW CONSTANTS ARE SATELLITE AND IMAGE LOCATION *

C# DEPENDENT. CHANGE IF NOT FROM A NOAA SATELLITE *

G+ AND OF SOUTH DAKOTA AREA *

Crededededededededededededededededededededededededededededededeiodedcdedeiodededededededededodedededededededededededededededede e
ALNGTH=6378206.4

ECCENT=0.0822719
PRLAT1=42.75%CONVRS
PRLAT2=45.25*CONVRS
ORGLAT=(44 )*CONVRS
ORGLNG=(-100)*CONVRS

Credededededededededededededededsdss’s END OF DEPENDENT CONSTANTS evesededfedfedlededestededododedodedlsds
M1=COS (PRLAT1)/((1- (ECCENT*%*2)* ((DSIN(PRLAT1) )*%*2))%*%0.5)
M2=COS (PRLAT2) / ((1- (ECCENT*+*2)*((DSIN(PRLAT2))*%2))%*%*0.5)
QPRT1=(1-ECCENT*%*2)
QPRT2=(1+ECCENT+*DSIN(ORGLAT))
QPRT3=(1-ECCENT**DSIN(ORGLAT))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRTS=(1- ( (ECCENT=%2 )% ( (DSIN(ORGLAT))*%*2)))
QPRTS5=(DSIN(ORGLAT)/QPRTS)
QO0=QPRT1* (QPRTS5-QPRT4*QPRT23)
QPRT1=(1-ECCENT:2)
QPRT2=(1+ECCENT*DSIN(PRLAT1))
QPRT3=(1-ECCENT*DSIN(PRLAT1))
QPRT23=DLOG (QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRTS=(1-( (ECCENT**2)*( (DSIN(PRLAT1))*%*2)))
QPRTS5=(DSIN(PRLAT1)/QPRTS)
Q1=QPRT1%* (QPRTS -QPRT4*QPRT23)
QPRT1=(1-ECCENT*%*2)
QPRT2=(1+ECCENT*DSIN(PRLAT2))
QPRT3=(1-ECCENT*DSIN(PRLAT2))
QPRT23=DLOG(QPRT3/QPRT2)
QPRT4=1/ (2*ECCENT)
QPRTS5=(1-((ECCENT*%*2)*((DSIN(PRLAT2))*%*2)))
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QPRTS5=(DSIN(PRLAT2)/QPRTS)
Q2=QPRT1* (QPRTS-QPRT4*QPRT23)
N=((M1*%2)-(M2**2))/(Q2-Q1)
C=(M1%+2)+(N*Ql)

ROWEO= (ALNGTH? ( (C-N*Q0)*%*0.5)) /N
DO 9000 LINE=1,454

READ(11,1001) (IMAGE1(I),I=1,686)
1001 FORMAT(200F8.2,200F8.2,200F8.2,86F8.2)

READ(12,2001) (IMAGE2(I),I=1,686)
2001 FORMAT(200F8.2,200F8.2,200F8.2,86F8.2)

READ(13,3001) (IMAGE3(I),I=1,686)
3001 FORMAT(200F8.2,200F8.2,200F8.2,86F8.2)

READ(14,4001) (IMAGE4(I),I=1,686)
4001 FORMAT(200F8.3,200F8.3,200F8.3,86F8.3)

READ(15,5001) (IMAGES(I),I=1,686)
5001 FORMAT(200F8.3,200F8.3,200F8.3,86F8.3)

READ(16,6001) (IMAGE6(I),I=1,686)
6001 FORMAT(200F8.2,200F8.2,200F8.2,86F8.2)

READ(17,7001) (IMAGE7(I),I=1,686)
7001 FORMAT(200F8.2,200F8.2,200F8.2,86F8.2)

READ(18,8001) (IMAGES8(I),I=1,686)
8001 FORMAT (200F8.2,200F8.2,200F8.2,86F8.2)

DO 9001 PIXEL=1,686

IF (IMAGE7(PIXEL).NE.0.0) GOTO 9001
“* TAKES LINE AND PIXEL AND CONVERTS TO ¥
A LATITUDE AND LONGITUDE

ededededededetededededededededededede e dededededededededededededededeededeledeledeledsedededededededededededededededk
C* BELOW EQUATIONS ARE SATELLITE AND IMAGE LOCATION i
C* DEPENDENT. CHANGE IF NOT FROM A NOAA SATELLITE w
C¥% . AND OF SOUTH DAKOTA AREA ¥

o atoatantantontuntontontontantontantastoa
aloulsntestontontas! 1oateatenteatectanlonlenleale alealaatevlaals oo alentantealosloalantoateatastantaste sleatasleate aleate ataata ta sl ate ata otanle
Coededededodoesdodededodedeesedesededodosedededodedededededododedodededededododededededededededededededdededededededededede e

¥=231000-((LINE-1.5)%*1000)
X=((PIXEL-1.5)%*1000)-352000

Cevededededovededesoonododerededons END OF DEPENDENT EQUAT TONS sesdisdedededededededalalealaledelat
ROWE=(X**2+( (ROWEQ-Y)*%2))%**0.5
THETA=DATAN (X/ (ROWEO-Y))
Q=(C- ( (ROWE*2) % (N*%*2) / (ALNGTH*%*2) ) ) /N
LATO=DASIN(Q/2)

B5'S TEMP=((1-((ECCENT**Z)*((DSIN(LATO))**Z)))**Z)/(2*(DCOS(LATO)))

TEMP2=(Q/ (1-ECCENT*%*2)) )
TEMP 2=TEMP2- (DSIN(LATO))/ (1- (ECCENT*%2)* ((DSIN(LATO))**2))
TEMP 3= (DLOG ( (1 -ECCENT+ (DSIN (LATO0)))/ (1+ECCENT* (DSIN(LATO0)))))
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TEMP2=TEMP2+(1/ (2*ECCENT) )*TEMP3
LAT1=LATO+TEMP**TEMP2
IF ((INT(LATO0%*10000000)).EQ. (INT(LAT1*10000000))) GOTO 666
LATO=LAT1
GOTO 555
666 CONTINUE
XLONTD=0RGLNG/CONVRS+ ( (THETA/CONVRS)/N)
XLATD=LAT1/CONVRS
Cé#deieds  NOW DETERMINE SPECIFIC LOCATIONS SOLAR VALUES#eirisieirdededetedsiednioded
SAVTIM=0
121 IF ((DATE.GE.BEGSAV).AND. (DATE.LE.ENDSAV)) SAVTIM=1
DAYS=(YEAR-1975)%*365+(INT((YEAR- (INT(YEAR/4)-1)%4)/4) )+DATE
XN=DAYS* (360/365.25)
135 IF (XN.LE.360.) GOTO 125
XN=XN-360
GOTO 135
125 CONTINUE
XM=XN+279.041470-282.510396
IF (XM.LT.0.) XM=XM+360.
EC=(360/3.141592654)%0.016720* (SIN(((XM**3.141592654)/180)))
XLAMDA=XN+EC+279.041470
IF (XLAMDA.GT.360.) XLAMDA=XLAMDA-360.
CONVRS=3.141592654/180
DECLIN=ARSIN((SIN(23.43*CONVRS)*SIN(XLAMDA*CONVRS)))
RTASCN=ATAN ( (TAN (XLAMDA*CONVRS)*CO0S (23.43*CONVRS)))
RTASCN=(RTASCN/CONVRS)+180.
DECLIN=DECLIN/CONVRS
QUARDT=1
IF (XLAMDA.GT.90.) QUARDT=2
IF (XLAMDA.GT.180.) QUARDT=3
IF (XLAMDA.GT.270.) QUARDT=4
VALUE=(90.*QUARDT) -RTASCN
IF ((VALUE.LE.90).AND. (VALUE.GE.0.)) GOTO 15
IF ((180-VALUE).LT.0.) RTASCN=RTASCN-180
IF ((180-VALUE).GT.0.) RTASCN=RTASCN+180
IF ((RTASCN-360.).GT.0.) RTASCN=RTASCN-360
IF (RTASCN.LT.0.) RTASCN=RTASCN+360
15 CONTINUE
Cirdcdededededrdieedsdrdedeotedsss FINDING SOLAR MAX. ALT. detededednieedededededededient
TIMLST=(RTASCN/15)
NOON=TIMLST+ (ABS ( (XLONTD/15)))
DAYS=(DATE*0.065709) -BX
IF (DAYS.LT.0) DAYS=DAYS+24.065832
NOON=NOON-DAYS
IF (NOON.LT.0) NOON=NOON+24.065832
NOON=NOON*0.9972645
C NOON=NOON-6+SAVTIM TO CONVERT TO LOCAL TIME
IF (NOON.GT.24) NOON=NOON-24
SINEA1=SIN( (DECLIN*CONVRS))*SIN((XLATD**CONVRS))
SINEA2=COS ( (DECLIN*CONVRS) )*COS ((XLATD*CONVRS))
AX=ARSIN( (SINEA1+SINEA2)) :
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ALT=AX/CONVRS
Cieteieiniminlninlainleindnainas FIND SUNRISE/SUNSET  sieieiniciednintedotsoinieirte deeddedodes e s dodedones
SUNSET-ARCOS(((TAN((XLATD“CONVRS)))“(TAN((DECLIN“CONVRS)))“( 1)))
SUNSET=SUNSET/CONVRS
SUNRIS=(24.065832-(SUNSET/15)+(RTASCN/15))-(XLONTD/15)
SUNSET=( (SUNSET/15)+(RTASCN/15) )-(XLONTD/15)
DAYS=(DATE*0.065709) -BX
IF (DAYS.LT.O0.) DAYS=DAYS+24.065832
SUNRIS=SUNRIS-DAYS
SUNSET=SUNSET-DAYS
IF (SUNRIS.LT.O0.) SUNRIS=SUNRIS+24.065832
IF (SUNSET.LT.0.) SUNSET=SUNSET+24.065832
SUNRIS=SUNRIS*0.9972645
SUNSET=SUNSET*<0.9972645
IF (SUNSET.GT.24) SUNSET=SUNSET-24
IF (SUNRIS.GT.24) SUNRIS=SUNRIS-24
IF (SUNRIS.GT.24) SUNRIS=SUNRIS-24
IF (SUNRIS.GT.SUNSET) THEN
DLNGTH=(SUNSET+24) -SUNRIS
ELSE
DLNGTH=SUNSET -SUNRIS

ENDIF

SUNSET=NOON+(DLNGTH/2)

IF (SUNSET.LT.O0.) SUNSET=SUNSET+24.0

IF (SUNSET.GT.24.) SUNSET=SUNSET-24.0

SUNRIS=NOON- (DLNGTH/2)

IF (SUNRIS.LT.0.) SUNRIS=SUNRIS+24.0

IF (SUNRIS.GT.24.) SUNRIS=SUNRIS-24.0
Yedevededevodeek FIND AZMTH AND ALT AT THE SPECIFIED TIME “afedsdedededededododededododeododess

GMTTIM=0OVERHD

IF (GMTTIM.LT.O.) GMTTIM=GMTTIM+24.065832

GSTTIM=GMTTIM**1.002743

GSTTIM=GSTTIM+ ((DATE*0.065709)-BX)

IF (GSTTIM.GT.24.0) GSTTIM=GSTTIM-24.065832

IF (GSTTIM.LT.0.0) GSTTIM=GSTTIM+24.065832

TIMLST=GSTTIM+(XLONTD/15)

IF (TIMLST.GT.24.0) TIMLST=TIMLST-24.065832

IF (TIMLST.LT.0.0) TIMLST=TIMLST+24.065832

HX=TIMLST-(RTASCN/15)

HX=HX*15

SINEA1= SIN((DECLIN“CONVRS))“SIN((XLATD“CONVRS))

SINEA2=COS ((DECLIN%* CONVRS))“COS((XLATD“CONVRS))“COS((HK“CONVRS))

AX=ARSIN((SINEA1+SINEA2))

OALT=AX/CONVRS

AX=AX/CONVRS .
AZCOS1=SIN( (DECLIN*CONVRS) ) -SIN( (XLATD" *CONVRS ) )*SIN( (AX*CONVRS))

AZC0S2= COS((XLATD“CONVRS))“COS((AX*CONVRS))
AZMTH=ARCOS ((AZC0S1/AZC0S2))
AZMTH=AZMTH/CONVRS

VALUE=SIN( (HX*CONVRS))
IF (VALUE.GE.O) AZMTH=360-AZMTH

[ vl %)
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OAZMTH=AZMTH-180.
Crvededndednlednloinfedededededednledede CALCULATING SOLAR EXPOSURE TIME essededesiesededledtafesloeaeds
IF ((OVERHD.LT.SUNRIS).AND. (SUNSET.GT.OVERHD)) THEN
SUNEXP=(OVERHD+24.0)-SUNRIS

ELSE
IF ((SUNSET.LT.OVERHD).AND. (SUNRIS.GT.OVERHD)) THEN
SUNEXP=0
ELSE
SUNEXP=0OVERHD-SUNRIS
ENDIF
ENDIF
CHieimvsiedaes NOW WRITE A DATA CARD FOR THE SAMPLE POINT  edeswiedestdrinbsoinlnl
Cevede « EXCLUDING ALL VALUES THAT ARE CONSIDERED
Crve'ee *c INVALID POINTS REPLACING WITH A -9.9X

IF ((IMAGE1(PIXEL).GT.999.9).0R.(IMAGE1(PIXEL).LT.-99.9))
_IMAGE1(PIXEL)=-9.9
IF ((IMAGE2(PIXEL).GT.99.99).0R. (IMAGE2(PIXEL).LT.-9.99))
_IMAGE2(PIXEL)=-9.99
IF ((IMAGE3(PIXEL).GT.99.9).0R.(IMAGE3(PIXEL).LT.-9.9))
_IMAGE3 (PIXEL)=-9.9
IF ((IMAGE4(PIXEL).GT.99.999).0R.(IMAGE4(PIXEL).LT.-9.999))
_IMAGE4(PIXEL)=-9.999
IF ((IMAGES(PIXEL).GT.99.999).0R. (IMAGES(PIXEL).LT.-9.999))
_IMAGES (PIXEL)=-9.999
IF ((IMAGE6(PIXEL).GT.99.9).0R. (IMAGE6(PIXEL).LT.-9.9))
_IMAGE6 (PIXEL)=-9.9
IF ((IMAGE8(PIXEL).GT.999.9).0R. (IMAGE8(PIXEL).LT.-99.9))
_IMAGE8 (PIXEL)=-9.9
WRITE(19,9010) PIXEL,LINE,IMAGE1(PIXEL),IMAGE2(PIXEL),
_IMAGE3(PIXEL),IMAGE4 (PIXEL), IMAGES (PIXEL), IMAGE6 (PIXEL),
_IMAGE8 (PIXEL) ,0AZMTH,OALT , SUNEXP
9010 FORMAT(I4,1X,I4,1X,F5.1,1X,F5.2,1X,F4.1,1X,F6.3,1X,
_F6.3,1X,F4.1,1X,F5.1,1X,F7.2,1X,F7.2,1X,F5.2)
9001 CONTINUE
9000 CONTINUE

END
//GO.FT11F001
// UNIT=3340
//GO.FT12F001
// UNIT=3340
//GO.FT13F001
// UNIT=3340
//GO.FT14F001
// UNIT=3340
//GO.FT15F001
// UNIT=3340
//GO.FT16F001
// UNIT=3340
//GO.FT17F001
// UNIT=3340
//GO.FT18F001

DD

DD

DD

DD

DD

DD

DD

DD

DSN=&&STEMP,DISP=(OLD,DELETE),
DSN=&&RAIN,DISP=(OLD,DELETE),

DSN=&&AIRTMP,DISP=(OLD,DELETE),
DSN=&&MOISTO,DISP=(OLD,DELETE),
DSN=&&MOIST1,DISP=(OLD,DELETE),
DSN=&&CROPUS ,DISP=(OLD,DELETE),
DSN=&&MASK ,DISP=(OLD,DELETE),

DSN=&&ND,DISP=(OLD,DELETE),

[ vdWV %\
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// UNIT=3340
//GO.FT19F001 DD LABEL=(x,SL),VOL=SER=RANDYC,

// DCB=(RECFM=FB,LRECL=80,BLKSIZE=32000),UNIT=TAPE,DISP=(NEW, PASS)
// EXEC SAS,OUT='*',K TIME=200

/ /WORK DD UNIT=3340,SPACE=(6160, (2000,750),,,ROUND),DSN=&TEMP,
// VOL=SER=(XCRTCH,ZZRTCH,VS1D01,MVSPG1,MVSPG2,MVSPG3),

// DISP=(NEW,DELETE,DELETE)

//TAPEDATA DD LABEL=(x,SL),VOL=SER=RANDYC,UNIT=TAPE,DISP=0LD
//SAS.SYSIN DD *

fontantantontonleslolonloalonlanlsalonlanteslentlonlontantantantonlsnlenteclentaslontenlanleleule clonts alanlentanlonte slenlealenle nlentenlsnls ole ale ol nle ale . ) TS ) ) J.
T e e e e e e e e e e e e e el e e e dede e e el dedededededededede Ve Yot Ve de Y Yo Yo Ve Yo e de Ve Mo Yo Ve dedeTede

* PRODUCE A HISTOGRAM OF THE INDIVIDUAL IMAGES FOR USE
#* LATER IN THE STUDY.

we e we we we W

]
|
]
|
]
|
]
]
]
]
|
]
]
'
|
wn
1
-
C
ja°)
o
>
<)
>
wn
=1
-
>
~
™
>
(72}
'
]
]
]
]
]
]
]
]
'
]
]
]
]
]
]
1
|
|
1
|
'
1
|
|
]
'
1
1
'
]

DATA IMAGE1(KEEP=STEMP) IMAGE2(KEEP=RAINFALL) IMAGE3(KEEP=AIRTEMP)
IMAGE4 (KEEP=MOISTO0) IMAGES (KEEP=MOIST1) IMAGE6 (KEEP=LANDUSE)
IMAGE7 (KEEP=ND) IMAGES8(KEEP=AZMUTH) IMAGE9 (KEEP=ALT)

IMAGE10 (KEEP=SUNEXP) ;
== ——i= =~ -~ READ DATA PRODUCED BY THE FORTRAN STEP1 --------c-cc-c---;
INFILE TAPEDATA;

INPUT @1 PIXEL 4.
@6 LINE 4.
@11  STEMP 5.1
@17 RAINFALL 5.2
@3 AIRTEMP 4.1
@28  MOISTO 6.3
@35 MOIST1 6.3
@2  LANDUSE 4.1
@7 ND 581
@53  AZMUTH 7.2
@61  ALT 7.2
@9  SUNEXP 5.2 ;

OUTPUT IMAGE1;
OUTPUT IMAGE2;
OUTPUT IMAGE3;
OUTPUT IMAGE&4;
OUTPUT IMAGES;
OUTPUT IMAGE6;
OUTPUT IMAGE7;
OUTPUT IMAGES;
OUTPUT IMAGEY;
OUTPUT IMAGE10;

PROC FREQ DATA=IMAGE1;

PROC FREQ DATA=IMAGE2;

PROC FREQ DATA=IMAGE3;

PROC FREQ DATA=IMAGE4;

PROC FREQ DATA=IMAGES;

PROC FREQ DATA=IMAGE6;
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 PROC FREQ DATA=IMAGE7;
 PROC FREQ DATA=IMAGES; %,I
~ PROC FREQ DATA=IMAGE9;
PROC FREQ DATA=IMAGE10;

L
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Appendix B

STATISTICAL DATA

Variable Abbreviations Used

STMPM = Satellite indicated temperature regional mean

- STEMP = Satellite indicated pixel temperature
AIRM = Ground based air temperature regional mean reading
AIRTEMP Pixel position ground read air temperature reading
VEGM Cropland Use regional mean

. VEG = Pixel position cropland use
¢ = Regional mean rainfall reading
RAINFALL= Pixel position rainfall reading

NDM = Regional mean normalized difference from satellite image
ND = Pixel position normalized difference satellite reading

~ MOM Regional mean surface soil moisture mean

- MOISTO Pixel position surface soil moisture reading

1M = Regional mean near surface soil moisture mean
= Pixel position near surface soil moisture reading

Interaction Terms

Reduced data set Individual pixel data

STMPM/ (AIRM-*NDM) or STEMP/ (AIRTEMP*ND)

T2 = STMPM/VEGM or STEMP/VEG
3 = STMPM/ (NDM*VEGM) or STEMP/ (ND*VEG)
4 = STMPM*AIRM or STEMP/AIRTEMP
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Reduced Data Set Readings
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Full Image SAS PROC LEAPS Output

IMN+ah6LS "

YA
fneng o

nanee
I1Nan6RcL
aieaingy
LI EXI T2 L P
1n4an/ 45"

FRhR"

IV iINIVH

A
1754
RUTT R IRl

LIAPYS BN

s
9N heN”
gnaacnng "

10-01682"

fl

RO+QF 200"
A0+020F 0"
2Lsargor”
00010
oLsaing e
104060877
LL+a6991 "
nLsanthn’

/°h09

c1

[
20400107, "
01 e
anaoLL
G
anaauLng
L040.7061 7

20-02192°

JIMYS "S NDINYM AR
NOSTIM "M “INIA0M ANV IVAINING ‘W ©19M0 19 AN

1nsanrR2L "

(AR LT

R/ hL

EL RIS

GN+ALALL "
‘fonfy

10s060R, "
ot

aoananun
ROs0o0LL
Insqsne "

6hls

A

R0+069H2 " 10+007 66"

20saLhY " 2040200 "

LL+06991 7 NLsaRLhh

U RN N Y A LA RN P [0 B

onsansLh’ (RN LA O

wosOeny Tnsasane”

nLsglthn’ ausaonng°

nraannng 6N+0/KN 2T
ANSS

L 261 9n-°9¢
SNVIW

aN dWIIN Y

STWYN 119V I HVA
G W £ 2 L ISIOIONI

“IONVINYA Tvna 1S In
TTUTTTTTIONYM 0]
TALTVYNIA 319V VA
000 1ndt
TTTTTTTTUUUSLO0ALD WK XYW
“3000 ALINYINT 110D

TTUTISNOTETTNO N 1S3 10 MASIMNH

1000 NODITLIND NOTID YIS
" TSNOLIVANISAO 10 M INUNKH
TR TAI0M0 0 M INWnM
TTTUSHOLDINTING 40 M IHuNk
i XIMIVH
TTUTUUSTIAVINVA 10 MIskNN

1IVINTINI SVS
SONNDH ONVY SdVIT A8 NOISSINIIN




MODE L :
13

0.
0.
0.
0.
0.

0.
0

0,
0.

Re#®2

u3i2in
39039
33me
0860%
08090

0u269

.025u1

.57ul6
.56754
.55%516
.55093
RLYLYS

Uy AT
Shonnr

hhinntt
N

hehon

.60108
L5864
.57661
L5112
.57460

57458
.561784
.H61780
.h6118
.9Y%924

60212
LHugnd
L6013
RGO
.H8963

.H811%
L9865 1
51116
.51692
.951668

. 60500
L6029/
L6087
L6026
L0020

.00136
L9989
LH9018

Y8721
51183

RAINEALL

123

+ + 4+ + 4+ e+ + ++ -
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- e
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+ s+
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0.60126 + -+ -+ -
0.60671 + + -+ - -
0.6031 4 + - - 4 - -
0.60293 + -+ -+ +

0.593173 + 4 -4 - -
0.%7784 + -+ - - -
0.5631/6 + o+ - -
L. 60894 + -+ - - -

12. PIVOIS 0.178U-13 DISCRIPANCY

SAS INIIRIACE BY WAK

NUMBIR OF VARIABLES. .. .o mn
MAIRIX TYPE. ... .. .. ... . 0

NUMBER OF PREDICTORS. . 0o 9
NUMBER 1ORCED. . ... .. ..., oo 0
NUMBER OF OBSERVATIONS......... 190098
STLECTION CRITERION CODL....... 1
NUMBER OF BEST REGRESSIONS..... 10
COL L INEARITY CODE. 2
MAXIMUM PIVOTS. ... 0

OutTPUl CODE........
VARIARLE PENALTY. ..
TOLERANCE. .. ...
RESIDUAL VARIANCE. .

2
. 0000
.0.0

INDICES: 17 2 3 4 5 6 7 & 9

VARIABLE NAMES

AIRTEMP ND VLG
MUANS
36.06 152.1 .39 1
SScP
L2hB8D+0Y 10800+ 10 L2hg bt 3
L 10H00+10 L2040 L1020y 3
L2uB3n+og 1020408 LhBhhheay I
LL50+09 S590+09 L8201D*06 3
LYY L2690 +0l YA D ATIRIVIN 3
L 19020+05 L1910+08 ik .
RIUR AT 1669041 RRIIOTIETY] .
L 20020406 LB2uY L 3968 .
SIons o 15600411 L 3ooih+o8

LH16/D400 L209u0+07 o,

REN S, SARILE

STIMp RAINFALL
W .8hY3

104550049 Y lonsol
W1h90+09 L2N69D+0Y
BB EPRLITA L9100
Gh2anson 1289n+0 7

128040/ . 31900+06
1161005 2nu.6
SI9T04 10 62 3D+08
1208000 20103,
2u3sh+40 Srotbns
197006 L20810+0%

0.3930-02 TOLERANCI
R GRESSION BY LEAPS AND BOUNDS BY GLORGE . M. TURNIVAL AND ROBIRT.

W. WILSON
n T2
.2612N-02 60h.8
L 19020+09 RUACTIEAT
L1H11D+0% L16690 411
By LP80ID O T
.1161D+05 L29ns0
2h0 .6 462 30+08
2.006 RITRIEIPENETH
LHOT0D 06 .26 33Dhe 2
22,29 RURE PRI
.hiazn+oe IR EORS
36.43 6389007

LK)
.28910-0

L 20020400,
L 8210406
3v6s.
Llrusp+oo
613,
22.29
LW SBIDHO6
983,07
RIUATDEY
hoh .9

i\

554.9

.39/9D+10
15600411
L3o0b+08
L2h 35040
La/o0+08
Lh38204+00,
STOHPDH LD
RN
L92630+411
LTeIne0l

MOISTO

.89980-m

L9516 1D+06
L2hann+o7
1084 .
L1972D+06
L208/D0S
36.413
LG38ID+0 1
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1 SAL

WUt . COPYRIGIHE (C) 1984 SAY

NUTL

NOIL: CPruib
Cruib

(K) LUG

VIKLGIUN = VY

05 SAS L. 08

VLEKSION -

SLKIAL - ulonld MOl = 3031
0U  SLKIAL = VIuZuy MOLLL = su3)

IHLLLIUNE NG, Cany, N.C. 21911, U.S
THL JOB 340952V HAS BLEN KUN UNDLIC KELLASL 4%.0b OF SAS Al SOU

KUIL: SAL UPILIONS SPLCIEILD AKL:

== S5AS STAIISIICAL ANAL 1315 L1 UW

DISKh. COMPSIIL;

SOKT-10

1

v BLIOW 15 fuK

3 L -
4 DALA COMPSIIT; SLI

Y VALK T/ATIM;

6 INDM 1/NOM,

/ IVEGH 1/VI G

v F1LTMEEM® AT KI® ENDH;
Yy 12 STHPM® VI GH;

AU 13-SIMPM®* LD VE G,
n IL-SIMPM®A KM,

I .-

¥

UL DALTA SET WOKK. COMPS L
Nult: IME DATA SIAILMENI

HAL /1 OB KVALITUNS ANU 1/ VAKITABLL S,

USLD U.Y6 StCuNhbs.

13 PROGC LEAPS DATA COMPSETL LONG PRINT -10 NOINT;
U] VAR  AIKM NUM VLUM SIMFM

) IR}

[ 12

1N} T3

L) KALLM;

) Wt IGHT NUMOBS;

i H

o ai_

NOIL: inl pPROCLDLUKL

v
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@Y 12

20 13

ot iy

4\ MOM;

9 WLIGHT NUMOUBS,;
ju 2

31 -

EY4

NUIL: 1L PROCLLUNKL

Al
O]
i
i
30

UAS STATILHICAL ARALYSIL L uw

LLAPL ULt

Jo8 LLCUNDLY .

PROC LLAPL DATA ColPa it v Ol Picihil - 10 WUIND
VAK ATKM NUM VLG S1MPM KA THE

SAS SIATISTICAL ANALYSIS BLLONW

LLAPS USLD 3. 84 SLCUNLS.

PROC LEAPS UDATA-COMPS L CUNC PRIRD -T0 NULHT
VAK AIKM NUM SIMPM VIGM KAINM

3

VOZ/MVS JUB | S4UYLZU STEP 20: 13 MULLAY,

I DAROIA SIATL UNIVLKS1IY CUMPUITLR CENFLK (u3dib3uul).
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RLGRESSION BY LEAPS AND BOUNDS HY CLOKGY . M.

SAS INTERIACK BY WAKKIN S, SAKLE

NUMBER OF VARIABLES

........... a

MATKIX EYPE ... L 0

HUMBER OF PRIDICTORS. . . !

HUMBER FORCID. . ... ... 5 5o 0

HUMBER Of OBSERVAILIONS. ... .. .. A

SEILCTION CKRITERION CODT . ... ... 1

NUMBIR OF BIST RLGRESSIONS. . ... |

COLLINEARITY CODL. ... 5 il

MAXIMUM PIVOLS. . ... "

OUTPUT CODL. .. .. ooa 5 o

VARIABLE PENALTY. .. . 2 uuuy

TOLERANCE . ..ol L NN

KESIDUAL VARIANCE. .. ........... .0

INDICES: 1 2 3 4 % 6 7 8

VARIAKLE NAMES
AlKM NDM Vi G4 5 1MPM [
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2090. 9228. 26.03 Y0 Stoy

THKHIVAL AND ROBERT.

te
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26. /¢
Le3uLnrar
Wme.2
Joes.

W. WILSGH

13 KA ITHM
LSu890-01 A
1. iy 2090,
KRIT] Dl
LO3B0 260008
S8 60 PUFT
L 1on20-02 ROAL
e 2 ooy .
L1395 1.199
1.19% 9512

—
—
(e




~
—
—

el

L

WdWIS

HOIA

WON

+ -

+
+H e
'

*
Gl
(iR

+ e
'

[ & 2 '
+++ et

+ +

+ 4+

-

+ 4+ 4+

+t s+t

+

+++++

+

- P

L1962

WYIV NO

WNIVY

w970
ehl o
entllco
158110
|OKY) "0

06687 "0
GOGRT 0
9einn0
#h o8 0
20180

0/v41°0
hola) 0
L9l co
2M7 0
06497 "0

nosr) o
oLkt o
Q6L 0
0neaRr o
B

€997 70
(PR ]
Laues 0
68RO
LLgnwl o

16811 "0
006hH! "0
LT ATV
helsl o
L9617 0

66166°0
£92/6°0
LRG0
fR586 0
6120970

Lereatn
GLEL) a0
0927 "0
9t1cl0
Uy

ohinoto
GECELT0

thont o
£4091 0
hinoh 0
et o
Lghns 0

Cuwt

f1
300k




0.81153 A C s

u.81018 LA I 4 -
0.8UB07 0 -+ - +
0.78%95 + t -+ - -
O, 1130 + -+ - - &
0.76582 * 4% - %=
0. 713902 $ - % - - &
0.81231 + -+ - pw o

"

2. PiIvols 0. 114D-12 DISCRE PANCY
HEGRLSSION BY LEAPS AND BOUNDS BY GlokGE. M,

0. 1250-00 TOLERANCLE

FURNIVAL AID KOBYKT. W. WILSON
SAS INILRIALL BY WAKKEN S. SARI |

NUMBFR OF VARIABLES.......... 11

MATRIX TYPE. .. ..., 0

NUMBER OF PREDICTORS. 9

HUMBIER FORGED, ... .. 000000 0

HUMBIR OF ORSLRVALIONS. .. 7

SEETGTION CRITERION CODE . . . 1

NUMBER OF BESI REGKESSIONS 5 0

COLLINLARITY CODE. ... ... .. 5 o

MAXIMUM PIVOTS. ... u

OUTPUT CODL....... . 5 50 e

VAKIABIE PENALTY. . ... ... ....... ATV

TOLERANCE. .. ... ... 00 6000 olEY

REYSIDUAL VARIANCE. . ............ L0

INDICES: v 2 3 &4 S5 6 7 8 910

VAR AL NAMES
AIRM NOM vicH STMPIA RAINM n e

MLANS
16.06 1%2.0 3ne m.n L8502 . P6hhD-02 917.%9

SseP
L2 19004 LIBRIDYO0 R AR RECTTITIIN RIRTIN 1.001 L OnBODEG6O
LABB30+00 6hinsnd huin, LEtalieun Do, oS80 nbiben/
w2 ho/n, 13.4% AN 26,03 L O66YD=01 1044,
. 3908D+0% L15599D+06 ER IV L2 0sb+0Y S0 3. /00 L1L220406
2090, 9er8. 2608 Bho U Lo 0068
f.onl o800 LH0A9D=01 s, 760 oy L6 13°0-03 2618
LPOBODHO6 Llovipro/ T0ht . R RSP SR ATT ) LT Sol L2IBLDAOY
.y 3wt L9440 [ oy ulb-n2 e
.16 10+07 .H820,0+07 L L126DHOY L 798a0r06 C19n2040Y Wl LHULGD0 T
218.0 939.8 2.6 1%.99 7.498 . 1395D-01 32l

13

Lengan-01

oy
st/
L9380
38.0h
1,194
L roueh-u2
e e
L1013y
.
isho

S
i

Y50 .0

L6 Insn/

Jhnsanen
Lrleabeny
L fanob+06
L19820+0Y
e
L9956D+0 7
[ITR A
S303sn+08
(71

MOM
LB86E9D-01

SJIBL0
NANVEE
2.0u)
.94
U]
L13959-01
3210

2167
S99

—
—
(o]




LI

WNIvY

WAWIS

W) IA

WON

l

'
. s 4
+ ++

'
++
'

'
1
RE I
&

l
+E e

+ e+
L §
+
PR IR
+

4 1
LR + -+
'
+ EAR IR IR IR I A
+

++E

L

++ e+

68196nhng2

i
Wiiv NO

€1
WOW

(T ]
I U TV
taesz o

RiGLL "0
826140
luGiL o
nGiLo
9L o

€noLLto
Lo o
"\oL 0
Lot 0
9ELIL 0

BGLLL 0
GLILL 0
heetl o
GLELL 0
LIS WA

Lonas o
LS00 0
[NV
12901 "0
0890/ "0

SL10L"0
LELOL O
€£h80L "0
9680/ "0
8680/, °0

90109°0
L9 o
162290
DEN9 0
W19t 0

£he99°0
9newy "0
6IEHI "0
906890
L0602 "0

969100
tLhoe o
£f182"0
68208°0

99¢1t£°0
0W6L1LG 0
999€6°0
IS WIN]
6261970

Cualt

21
100K




o
o~
—

HiW i £l . el ¥ WH VY WO IA HAWIS HON WYY

SIWVN 11V hIvA
o6 8 1 9 ¢ 4 ¢ 2 L iS3DIaN)
0

00
nongte e

TIONVIMYA Vna s gy .
TNV 0 3

TTALIVN G 110V VA

1009 1010

TTUUSI0A LD WO v

THI0D ALINY NG V10

o
ot 2%

NOISS IO I 1S90 10 8 1Ny
L U000 NOTHALIND NOTID )
[ TTTTTTUUUSNOL VAN 1SHO 10 3 hinn
0 R L Y TR TSI
[ e s SHOIDIA NG 1O M 1mon
f L T AL X viM
ot P

TTSIIUVIMVA 10 M I0WNN
TDIVS S N DINVM A TOVIHTING Svs
NOSTIM "M " 1y imon :z<.<>_z::_.t..:== _:>= I:z::::z<w..<,_.,.>=zo_ww _:.::

JONVHII01 h0-094g 0 ADNVA 1M9S 10 £1L=-08/1 "0 S10AId "0OFfF

AR R tger o -
-+ -+ + - n6119 0
R R R Y G611 70
S + £
A . 5 ¢tLer o
=+ = 4+ 4 + -+ Liney o
-+ R S f0621 0
R N I 'Y -+ UL RV )
-+ - 4+ - G990 "0
- R e | Ligelr o
-+ - + - -+ titero
LI s -4+ LeLteL o
s & AR R hweELeL o
- - -+ 4 -+ 961210
- -+ o+ + -+ 6ceeL 0
-+ -+ 4+ -+ 1622/ °0
-+ -4+ 4 -+ 98€e2L "0
- R 18neL a0
-+ - + o+ -+ enGel o
- - R eh9eL o
+ - + - -+ cSnILL 0
-+ - + 0+ + 099120
+ - - s -+ tnLLo
- -+ 4+ -+ L9120
-+ + 4+ -+ GEHLL 0
+ - + - -+ ey
- LR R Y 60027 "0
- 4+ + o+ -4+ w90l o
. - - + 0+ -+ 98027 0
-+ - + -+ 46021 "0
+ - + -+ 60N "0

- -+ 0+ + AL TV AT




—
N
—

Ry
BO+A5008 "
Lt
10409664 °

GO+ ROL
GO L”
DO+U0RT
1000)0RG "
10408901 "

neoge,

e
T
S
Shemt

JO-00n0y "

ant
o
1w
rorg
nhnt

L0-0688°

§ N9
10409606 "
St
1040488 &0
098
THI0%
AN
Insggion”
G0+(1089°

G616

Lo-a990¢° <fnH
PN} GOOUGL T
SO=Qch0! " GOt L
RO “HUNS
t0-0:079° not
wiog” dLTan
LO-U6994 " 079
0wy a0 ne
Nty TRECH
100°} U
co=ann9e” 068"

f046°¢
GOsO9 1L
[y
TG
LO-0699"
£0°9¢
el
L0E
AL
2RL6

e

QL
9YO+AONHG]
"9 8¢
2040261
09L g
0 LG
1°00g
G0eQGOLE "
904065417
GO+0R06S. "

Leont

‘it
LO+Q928G "
Lroe
10+QEL0OL "
e 8l
‘Heel6
“hion
90406641 "
LousQth9L "
90+0£89¢ "

0°261

L7108
10+07901°
hnnl
040089
o0
060/
rAR v
GO+OQO6E "
90+08 4R3E "
GO4U61 6"

d0S8S

90°9¢

SNVIW




N
N
—

¥

HWN 1YY

WO A

HdAWIS

WUN

+ + 4+ +
1 . { 2 |
L+ + + 4
tETEE et + e
+ +

+ s+t e+

+
+ e e+

e
+

+

86106 1)
SLenGn
6220670

+++

GECO6"0
£9¢06°0
JOLOG N
RITO60
CHEN6" 0

+ e+

+

GEREN ()
+ AEROY 0

HURGY 0
+ LA T )
+ 916680

+ 0oh668 "0

096640
+ 600060
+ 1600670
+ €106 0

GHR¥A O
= [ TR
GIRRG 0
W06KE 0
64000

+ Othen o
toneu-o
% 1¢hH64" 0
B/o0w "0
+ 06164970

+ 85660 ()
G2Ya8 "0
W 9ay 0
+ L/aaR 0
GLOGR 0

thiag o
H/2009°0
t6h9e o
214880
65888 "0

08¢etL "o
NGy
<h99n 0
G9t64°0

6h604 ()
£9€19°0
[S. 1R WA
+ 929180
S8EhE "0

9796¢n¢ge Cuud

"
WY1V NO

€1 P4
WLW S07900W




[\2]
o~
—

PONVH 101 qo-q9ny o ADNVA MOS0 €L =agag’

[}]

[ A
+ 4+ +

+E e+
+++++

++ e+

S10Aid

+ s+

LR ke e B 2B ++ 4+

+*+ e+

+

+
+
+

++

Fr e

+ +

+

T+

"9
+

+

+ +

+++++ + 4+ + EIE IR + ++ 4+ LR R O 4

++

CGLLG6T0

966640
f02oc 0
£8N06°0
089060

181060
GERUG O
h8606 "0
<LoLG0
LGty

LG606°0
18606y
919060
9/906°0
919060

0060
6110670
fOROG0
876060
to016°0

henneG - n
tEho6 o
8ENOG 0
£ahoo 0
690670

g/M06°0
[CUTIA
LLG06 0
226060
NELOG 0

061060
£6106°0




4 DAWL %)\

NOT'
NOIt

NOTE :

NOTE :

T~ TwN -

<

SAS(R) LOG 0S SAS 5.08 VS2/MVS JOB T3409%82 STLP SAS

“OPYRIGHT (C) 19804 SAS INSTITUTL INC., CAKY, N.C. 2/9%11, U.S.A.

IHE JOB T3409582 HAS BEEN RUN UNDLR RELLASE 5. 08 OF SAS AT SOUTH DAKOTA STATE

CPUID VERSION = Oh  SERIAL = 0hoo/s  MODIL o
Ccruin VERSION = 00  SERIAL = 010205  MObtt IDER

SAS OPTIONS SPLCIFILD ARIL:
SORT-10

- BLLOW 1S FOR THE REDUCID DATASE1 OF MIAN VALULS
DATA COMPSITI; SET DISK.COMPSIIL;

TATRM -1/ ATRM;

INDM- 1/NDM;

IVLGM= 1 /VEGM;

T1-STMPM® |AITRM* INDM;
STMPM® | VI GM;
13=STIMPM* INDM*VIGM;
Th=SIMPMPAIRM;

#lec SAS STATISIICAL ANALYSIS BLIOW =-=-=c-nunx L
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