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I. INTRODUCTION

The physiography of Michigan provides a.ideal conditions to
evaluate the use of GOES thermal imagery for assessing freeze
events in the state. Since fruit is aﬁQng the major commodities
grown in Michigan and freezing temperatures can severely limit
production, a frost assessment and prediction systeh can be a

definite asset.

For example, 1981 showed that spring frosts can have a major
impact on the fruit crop. This year, frosts during April destroyed
a major portion of the Michigan cherry crop and were also
responsible for diminishing apple production. The cherry crop was
reduced by about 75% .in the major growing area and apple
production was reduced by up to 50%. These events exemplify the
need to enhance frost prediction methods and to develop methods to

analyze and assess the impact of such events.

This project has addressed some.of these aspects and real
progress has been made in identifying the value of wusing GOES
thermal imagery in Michigan. The process of technology transfer is
a difficult one and we appreciate the efforts of NASA and The

University of Florida in this activity.

At MSU we are convinced of the utility of using satellite
information to aid in the enhancement of crop production for
Michigan. It should be recognized that our growth in this high
technology area has been variable. Within the University it has

been important to disseminate some of the technology to other
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units. We have been successful in moving the efforts related to
this project to the Center for Remote Sensing from the Entomﬁlogy
Department where the project was first established. Additional
state resources were allocated so that we could approach the use
of thermal imagery as part of an integrated system. Hardward has
been acquired and existing hardware has been used toward these

developments.

We now believe that we are on the trajectory of developing an
independent and integrated préject which will be able to grow on
its own accord. This should be truly indicative of the process of

technology transfer.

It is the intent of this report to describe the progress we
have made and to identify the developments relative to the tasks

which were assigned. First, since a great deal of effort was

' placed on development of a system to process satellite imagery, an

overview of the processing system will be presented. Second, GOES
thermal images and several surface environmental data bases were
prepared to comply with the various tasks which we were able to
accomplish. These data bases were developed so that we could
begin to assess the physical models developed iﬁ Florida. Third,
the data bases were then analyzed to identify correlations between
satellite apparent temperature patterns, and ‘earth surface
factors. Fourth, a discuss;on of significant freeze events 1in
1981 and the physical models are presented to provide our
perspective on how these models could be applied in the context of

the Michigan environment. Next, we felt it necessary to describe
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some of the difficulties we encountered in obtaining data to

develop the system for Michigan.

ITI. MSU GOES DATA ANALYSIS SYSTEM

New data analysis and display capabilities were developed and

1

' implemented around the existing basic software systemiused at MSU

to manage image.data:obtained from the GOES satellite (Figure 1).

The previous system includes a projection con?ergion program
and several display options. GOES thermal infrared data, stored
on nine-track magnetic tape by NESS, are read ontv¢ a permanent
disk file on the MSU CDC Cyber 170/750 mainframe computer. These
data are converted to text and transmitted to a Terak 8510 via a
1200 baud telephone connection and stored on diskette for further

processing.

Once the data are available on the Terak microcomputer, they
are reconverted into the original format--a 129 by 129 array of
integers corresponding to infrared intensities as'measured by the
GOES/SMS satellite. The projection conversion program converts
the satellite's perspective projection centered at 75 degrees west
longitude, 0 degrees latitude, to an orthographic projection of
Michigan centered at 85 degrees west longitude, 42 degrees north
latitude. Although this program corrects the perspective
distortion, it does not correct for drift in the satellite's
position, which can introduce a registration error of 5 to 30
kilometers in a given data set. Software programs allow an

operator to produce several different types of maps interactively
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using a data value-to-~temperature conversion scheme which |is
basically a two-part linear approximation of an exponential curve

(Chen, 1979). The display program produces the following:

a. Map of full range of temperatgres across Michigan.

b. Map of areas falling into a specified tempgrature
window.

¢. Map of areas with temperatures above or below a

specified temperature.

All of the above temperature displays are available 1in
degrees Fahrenheit, Celsius or Kelvin. The program operator
selects the desired mapping optioh and the computer produces an
image on either a 12 inch black-and-white video monitor with 320

by 240 on/off pixel resolution or an eight-color video monitor.

A. Interactive Image Processing System

All of the new programs access GOES data that has been

transferred back onto a data file on the mainframe computer after

being run through the projection conversion program.

An interactive image processing system (IIPS) was developed

which contains module subprograms that perform selected operations

"on image data. The system resides on the Cyber 170/750 mainframe

computer and is operated interactively from a terminal. The image
operation routines (except for file handling and management)

available are:




1) SEGMENT--segments an image into regions of specified
gray levels using up to 15 threshold values. '

2) GRADIENT--finds the gradient of an image by the maximum
difference method. If the input image is a segmented image,
the result. is a contour image.

3) AVERAGE--finds the average gray level of corresponding

pixels of several images.

% 4) HISTOGRAM--produces a histogram of data values of an

| image.

j 5) DIFFERENCE--finds the difference between the data values

of pixels in two images.

- | 6) MISREGISTRATION--finds the translational misregistration
between images by using a sequential similarity detection
method on gradient images of the original data.

7) REGISTER--corrects for translational misregistration
through x,y shift.
8) WINDOW--will window out a portion of an image.

B 9) MAGNIFY-~will enlarge an image to a specified

magnification factor. |

10) PRINT--outputs an image as gray level values on a printer.

B. The Earth Resources Data Analysis System (ERDAS)

Image data generated through the above routines can be

- transferred via a 1200 baud telephone connection to the -ERDAS

microcomputer system at the Center for Remote Sensing. One of the
following image transformations, accomplished with software which

resides on the Cyber 170/750, must be executed prior to data




:

SRR |

transfer:

1) SEGMENT (LEVE)--groups the Fahrenheit or Celsius

temperature value into 2-16 ranges.

2) IMAGE INTERLEAVING (ITRANS)--transforms four GOES
images into a band interleaved by line format file.
3) REFORMAT (GREFMT)--processes GOES image data for

transfer to the ERDAS systemn.

A geographic information system, IMGRID2, is available on the
ERDAS for the ménipulation of grid-based data files. This system
will display a data file on a 512 x U480 x 4 bit pixel array
capable of a maximum of 16 color-coded categories. The following
display, analysis and utility options are available within this

GIS:
DISPLAY

1) .DISPLAY1--displays a user-specified data file on the color
monitor in the 512 x 480 display mode.

2) MAGNIFY--magnifies a user-specified data file'on the color
monitor in the 512 x 480 display mode. |

3) ’CHARACTER MAP--prints a character overprint grey scale map

of a user specified data file on the Anadex printer.

. 4) GREYSCALE MAP--prints a dot matrix grey scale map of any

user-specified data file on the Anadex printer.
5) DISPLAY2--displays a data file that includes user-generéted

alpha-numeric graphics.
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1)

2)

3)

1)

2)

3)

4)

5).

6)

7)

ANALYSIS

INDEX~--performs a weighted summafion on 2-5 variable files
and outputs a new variable file. ;
OVERLAY--creates a new file by combining from 2-~5 user-
specified variables and taking the highest value for any grid
cell from the old variables and assigning it as the new data
value.

MATRIX--compares the occurrences between two variable files

and create a new variable file of the coincidences.

UTILITY

LISTEN--A system communication package used primarily for
mainframe to micro data transfer.

ENTER--Allows the user to enter data to create é new
variable file.

RECODE--Allows the user to change'or group specific values
in a given variable file.

UPDATE--Allows the user to change the value of any data
element in a given file.

RESAMPLE--Changes the pixel size of any user-specified‘image.
WINDOW--Creates a user-specified subimage from a larger image
file.

SAVEIMAGE--Stores an image exactly the way it is displayed on
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the RGB monitor.

C. Contour Program

-The Interactive Image Processing system also transfers GOES
data, via a 1200 baud telephone link, to the Texas Instrument
minicomputer in the Department of Entomology. The contour program
on the T.I. computer is designed to. find the boundary between
regions of different temperature ranges in a GOES thermal image.
After the contours are found, they can be displayed either on the

graphics terminal or the plotter.
The program is composed of 3 parts:
1) Thresholding, by which the image is segmented into regions

of different temperature ranges which are specified by the

user.

2) Contour extractor which produces contours by following the

boundary between regions.

3) Plotter program which generates plotting data both for the

graphics display and the plotter.

III. DATA BASES

A. Goes Data Base

Computer line printer maps were creafted from each of the 18
GOES images within the time frame of 3:00 p.m., June 24 to 10:00

a.m., June 25, 1979 which were available for the study. These




10

maps display the Fahrenheit temperature value for each GOES pixel
in a given scene. Based on a comparison of all of these line
printer maps, the 10:00 a.m. image was selected as having the
widest temperature variation for a daytime image (5:00 a.m. - 6:00
p.m.) and the 5:00 a.m. image was selected as having the widest
temperature variation of the night images (8:00 p.m. - 7:00
a.m.). The 10:00 a.m. and 5:00 a.m. ppinﬁer maps were
hand-contoured using a 2 degree F contour interval and optimum
landmass and water temperature ranges were determined. This
process was necessitated by the IMGRID2 graphic information system
which is limited to a maximum of 16 color-éoded categories. These
temperature ranges were used to process all of thé GOES data sets

using the segment routine on the mainframe computer.

Since the June 24-25, 1979 GOES digital tape did not contain
the orbital information necessary for digital geometric correction
procedures, a less accurate registration method was employed.

Once the 10:00 a.m. data file was contoured and color coded via

-the IMGRID2 package, it required resampling since the screen

pixels on the color monitor are square. Hence, the color-coded

image on the monitor could not be used for "fitting" to the base

map.

Initial photographic enlargement of color-coded GOES data had
suggested that the average pixel size was approkimately 9 x 12
km. Using this pixel aspect ratio, a 1line printer mép of
contoured (categorized in 16 classes) temperature'data was created

at a scale of 1:1,000,000. This map was found to be very
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distorted compared to the 1:1,000,000 U.S.G.S. base map of
Michigan indicating that the pixel size was not 9 x 12 km.
Several other aspect ratios were tried and the "best fit" was
obtained with pixels which were 8 x 11 km. The 8 x 11 km grid
cell was adopted for use in data capture in order to match the

GOES data.

Figure 2 depicts the thermal patterns in Michigan at six
selected times during the interval 3:00 p.m., June 24 to 10:00
a.m., June 25, 1979. The 3:00 p.m. (Figure 3) and 4:00 a.m.
(Figure U4) data setg were sSelected for analysis because they
approximate maximum and minimum land-surface temperature

conditions, respectively.

The multitemporal analysis of the GOES data mandates that the
various data sets be registered relative to one another. Two
methods were wused to determine and correct translational
misregistration between GOES images resulting from satellite drift
between acquisition times. The first method involved generating
line printer maps of each GOES image, and contouring by hand the
shoreline of Michigan (i.e. the magimﬁm thermal gradient contour)
on each map. These shoreline contours were used to register map
pairs superimposed on a light table. The amount of
misregistration between two images was simply the amount of shift:
(x,y), if any, between the column and row numbers of each map
pair. Using the Window program on ERDAS, the GOES data files were
properly registered to each other by partitioning out windowed

areas specified by appropriate x-y coordinates for each image.
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A second, digital method was developed which automatically
determines the translational misregistration between images. The
registration is accomplished wusing a sequential similarity

detection method (Barnea & Silverman, 1972).

This method works as follows:

1) Gradient images of each GOES image are provided.

2) A search area (a subpicture) of one of the two images to be
registered is selected.

3) A window area from the other image (which is smaller in size
than the search area) is selected which covers (approximately)
the same region on the ground as the search area.

4) The window area is shifted exhaustively over the search area
and the difference between the search and the window area is
computed.

5) The registration is determined by the (x,y) translation which

produce the minimum difference value.

The following table shows the amount of translational
corrections (x,y shift) needed to regisﬁer each GOES image to the
previous one in the sequence (relative shift) and to the '3:00 p.m.
image'(absolute shift). The 3:00 p.m. image was selected as the
base because it displays the maximum thermal gradient along

Michigan's coastline.

PRECEDING PAGE BLANK NOT FILMED
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IMAGE TIME

3:00
4:00
5:00
6:00
8:00

9:00

10:00 p.m.
11:00 p.m.
12:00 a.m.

1:00
2:00

4:00

‘p.m.

p.m.
p.m.
p.m.
p.m.

p.m.

a.nm.
da.m.

a.m.

RELATIVE SHIFT VALUE

(x,y)

(0,0)
(0,1)
(0,0)
(-1,0)
(0,0)
(-1,0)
(1,0)
(-1,0)
(0,0)
(0,0)

(1,0)

ABSOLUTE SHIFT VALUE

(x,y)

(0,0)

(0,1)

(0,1)

(=1,1)
(=1,1)
(-2,1)
(-2,1)
(-3,1)
(-3,1)
(-3,1)
(-2,1)
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B. Surface Environmental Data Base

Several environmental factors were selected because of their
| potential to significantly influence surface temperatures. These

included land cover/use, local relief, percent forest land and

water holding capacity in the upper three feet of soil. With the

exception of statewide land cover/use information, published data

were available for each of these variables.

Level I 1land cover/use data wére photo interpreted from
1¢1,000,000 scale, diazo-enhanced ‘Landsat imagery. Seven
categories were derived: uruvan, agriculture, deciduous forest,
coniférous forest, barren land, water and wetlands. Local relief
data were extracted from the very small scale (approximately 1:3
million)~map in Pawling (1969). Information on the percent of
land in forest was available from a 1:2.5 million map of the state
(Michigan Department of Natural Resources, 1970). Data on the
water holding capacity of Michigan's soils were obtained from
1:1.8 million maps of the state (Schneider and Erickson, n.d.).
Although information was available for several solum depths, data
for the upper three feet were selected to take into account the

many two-storied soils in Michigan.

All of these maps were brought to a common scale of 1:1

million cartographicélly. Each factor map was registered to the

i
E;\ -

1¢1 million U.S.G.S. '~ base map of Michigan and overlaid with a

o

computer-generated orthogonal coding grid composed of 8 x 171 km
cells. Dominant factor categories were encoded in each cell and,

subsequently, placed on diskette storage via direct keyboard entry
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on the ERDAS microcomputer. These four digital files were output
to line printer hardcopy and compared for registration accuracy.
Additionally, the percent forest land and 1land cover/use fileés
were digitally overlaid to assess their compatibility and assist
in editing the files for encoding errors. The general patterns of

the four surface characteristics are discussed below.

The generalized 1land cover/use of Michigan's southern
peninsula is shown in Figure 5. The 1large cell size of the
encoding grid (determined by the GOES pixel dimensions), is
compatable with this Level I categorization of land cover/use.
Urban centers large enough to dominate this cell size occur only
in the southern half of the peninsula which is dominated by
agricultural land use. The two forest categories predominate in
the northern half of the Lower Peninsula and water Dbodies
sufficiently iarge to .dominate a coding cell are also.restricted

to this part of the state.

The forest lands in the southern part of the state are
scattered and small in extent compared to the woodlands in the
northern half of the Lower Peninsula. With the exception of the
Allegan Sfate Game Area in southwestern Michigan, which 'is 70-95%
forested, most of the woodland in southern Michigan is less than
40% forested (Figure 6). The northern Lower Peninsula, on the
other hand, has at least 70% forest cover in most places. A
notable exception to this generalization is the agricultural area
of northwestern Michigan around Grand Traverse Bay which has less

than 40% forest cover.
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Local relief, a measure of absolute elevation difference per
unit area, in the Southern Peninsula ranges from less than 49 feet
per cell (GOES pixel) to more than 500 feet per cell (Figure 7).
Areas of lowest relief (0-49 feet/cell) correspond to the glacial
lacustrine plains around and southwest of Saginaw Bay and along
the southeastern coast of the state. The narrow, linear,
north-south trending area of 1low relief on the east side of
Michigan's "thumb" correlates with the Black River Valley. A much
broader zone of higher relief, up to 249 feet/cell, trends
southwestward from the central "thumb" area. This more rugged
topography 3is associated with interlobate ice-contact glacial
deposits. A more diffuse zone of high relief relates to other
interlobate deposjts occurs in southwestern Michigan and trends
northwards where it merges with the nearly ubiquitous rugged
topography of the northern Lower Peninsula. The very hummocky
terrain (greater than 200 ft/cell) of this part of the state
results from the abrupt Juxtaposition of high coastal dunes or
inland morainic masses with broad flat valley-train deposits. A
localized area of somewhat subdued 1local relief (less than 150

ft/cell) occurs in the northeastern-most part of the state.

The distribution of soil types in Michigan at the order level
is characterized by the predominance of Spodosols in the northern
and west-central parts of the state:and Alfisols in the southern
and east-central regions of the Lower Peninsula. The gross
textural differences between these soil orders results in 1low
water holding capacities for most northern Michigan soils and much

higher capacities in the soils of central and southeastern
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Figure 7. Local relief (elevation change per pixel) in Michigan.
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Michigan and the "thumb" area (Figure 8). The stratified
ice-contact and glaciofluvial drift of the two interlobate zones
of southern Michigan produce soils of low water holding capacity
as well. Each of the five areas of highest water holding capacity

(greater than 20") are associated with areas of Histosols.

IV, ANALYSIS OF GOES THERMAL DATA

A. Comparison of Satellite and Weather Station Temperatures

The recorded ambient air temperatures at selected synoptic
weather stations were compared to the 3:00 p.m. and 4:00 a.m.
temperatures derived from GOES data as shown in Table 1. Overall,
there is a good agreement between GdES pixel temperatures and
recorded air tempera