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ABSTRACT.

Maps showing quality and potential of agricultural lands are not .
readily available for much of the world. The objective of this study
was to develop a system for interactive computer ‘analysis of pedologic,
geologic, vegetative, and climatologi¢ information. The system pro-~ .
duces plotter drawn maps of Montana, an area of 235,421 square kilom-
eters, showing the distribution of agriculturally or environmentally’
similar areas. The use of 1:1,000,000 map scale facilitates composite
analysis because many envirommental variables are mapped at this
intensity. The average cost of preparing a map for computer storage
is less than $70, for plotting a map $5 to $20. Examples.of system
applications include site selection for a new experiment station,
analysis of seven research centers to determine similar enviromments,
and soil classification studies on the distribution of lands with cryic
and frigid soil temperature regimes. This system promotes increased
awareness of the characteristics and potentials of Montana's agri-
cultural land. ’ '
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INTRODUCTION
. The purpose of this research was to design, develop, and test a
computer graphic system for Montana. The system which was developed-
displays the spatial distribuéion of land quaiities.ahd management
opportunities within the state. The following section discusses the

need for such a system.

Description of the Land Resources of Montana

Montana is the fourth largest state in the nation. It has an area
of 235,421 square kilometers (147,138 square‘miies). The east-west
dimension is just over 550 miles at the Canadian border; thé greatest
north-south distance is approximately 325 miles in the-west and 280 miles
in the east (Taylor et al. 1974). The complex pattern of geology, iand—
forms, soiis, climate, and vegetation found within the aréa intgracfito
produce a land surface which has a wide range of qualities, potentials,

and limitations for use by man.

Physiographically the state can be divided into three north-south
trending zones. The western third is part of the Rocky Mountains, the
eastern third is on the Great Plains, and the central portion is a tran-

sition zone of plains with isolated low mountain ranges (Figure 1).

Elevations vary from 12,799 feet at Granite Peak in tﬁe Beartooth
Plateau to 1,800 feet in the valley of the Kootenai River near Troy in
the northwestern part of the state.

Geologically the state consists of flat lying‘sediméntary beds

in the east, with complex units of folded, faulted, and othetwise
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disturbed igneous, sedimentary, and metamorphic material in the west.
‘Some portions of western Montana as well as the area north of thé‘
Missouri River in thé east were extengively glaciated.

Temperatures range from a.high of 117OE at Medicine Lake in 1937
to a low of —70°F at Rogers Pass in 1954. Although snowfall is great
in many areas, more ﬁrecipitatibn occurs as rain. Annual p?ecipitation
varies from less than 12 inches in southcentral Montaﬁa to over 100
inches in the mountains of the west. The average length of theifrostr
free season ranges from less than 30 days at high mountain locatioﬁs
‘to over 135 days in eastern Montana. Wind may be an importaﬁt agent
'in some areas in thé deposition of snow as in a blizzard or in its
removal by a chinook.

The natural vegetation of the area covers a precipitafion and
elevatioﬁ‘transect from xerophytic species through grasses to conifer~
ous. forest and finally alpine tundra. A recent climax Vegetétiop map
of the.staté by Réss and Hunter (1976)‘iaentified 62 different units
“based ﬁpon soils and climate. . | |

The complex pattern of‘parent material, climate, relief, and
vegetation found within the state inﬁeract‘to produce extensive amounts
.of five.of the soil orders listed in Soil Taxonomy (USDA 1976). These
are: Entisols, Aridisols, Inceptisols, Mollisols, and Alfisols.

The major land uses in the eastern two-thirds of the state

include livestock raising on the more arid portions, with small grain =
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production where precipitation is more favorable. -In the west, the

timber industry is an important part of the economy of many communities.

The Need for Land Resource Information

This brief description of Montana's land résources illusfrates
the complexity and diversity.of the physical geog?aphy of the state.
This wide spectrum of surface features complicates land management
since each area will respond to a treatment in a slightly different
' ‘manner. Resource inventories must be accomplished to‘identify the
qualities, potentials, and limitatioqs of this diverse area. In addi-
tion to this landscape complexity there are also etbicél, legal, and
etonomic justifications for these inventories.

There was a time in our nation's past when the practice was to
remove the resources that could be easily extracted frqm a location
and then move on to a less-populated area, often leaving a badly
degraded landscape behind (Udall 1969). However, since 1itt1é frontier
remains in the 48 contiguous states to escape to,our society must learn
how to use its fixed land base without impairing its pfoductivity.

Nearly 30 years ago Aldo Leopold (1949) was advocating a land
ethic: "A land ethic . . . reflects the existence of an ecological
conscience,lané this in turn reflects a conviction of individual
responsibility for‘the health of. the laﬁd. Health is‘the capécity of’
the land for self-renewal. Coﬁservation is our effort to understand

and preserve this capacity."

e
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Only in recent years has this concept been given widespread attention.
Proponents of the land ethic beiieve that an area should not be mind-
lessly manipulated but should bermanaged_on the basis of its ecological
characteristics.l However, before this can be acéomplished the manager
must identify these characteristics, i.e., inventory the resources.
Legislation has alsé been instrumental in the generatién of land
resource information. In particular, the National Environmental Policy.
Act of 1969 and the Montana Environmental Policy Act of 1971 require
that any activity which will have a major impact on the environment
szt be thoroughly studied and documenfed and alternatives proposed;
These acts also involve the public in the planning and réview process.
Litigation based upon these laws has frgquehtly stopped a proposed
activity because of insufficient resource data to justify th; action.
Some areas of Montana have been badly degraded by man's use of

the land. It is estimated that by 1974 140,000 acres of thé.state's
farmland had been.taken out of production by saline seeps (Miller
et al. 1976). It is also estimated that by 1980 the strip mining of
coal in eastern Montana will have disturbed 5,500 acres (Northgrn
Gréat Plains Resource Program 1975) and it is no£ yet certain that
reclamation will be successful. 1In somé afeas, wind and wéfef erosion
remain serious problems. In addition, each year more of Montapaf;

farmland is converted to other uses because of urban sprawl, road

construction, and other activities.
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The population of the state ﬁill continue to incfeaée and with
competition between uses for this land it is esSential that determina-
tions be made of thé'qualities, limitations, and potentials of the
area so it will be used wisely, without impairing its long-term pro-
ductivity.

In this thesis 1anq is considered to be the result of the synthe-
sis of geology, soils, climate, and vegetation into a landscape which
has a particular set of qualities or characteristics which influence how
it can Be used. In most cases, without enormous costs, these prop-—
~erties can only be slightly modified by man. '

This definition suggests that before the limitations and poteﬁ—
tials of land can be determined resource inventories will be necessary
in many different disciplines.' Research of the Montana Agricultural
Experiment Station has shown that even when consideration is limited
to the matural landscape, the number of pedologic, geologic, biologid,
hydrologic, and climatologic factors which may be significant exceeds
1,400 (Plantenburg et al. 1974). Of this large number approximately
one-fourth may be determined ot estimated_from a modern soil surﬁey
(Nielsen 1977). However, decisions about thg best use of land cannot
be based upoﬁ soil qualities alone. Other aspects‘of the physical
environment as wel; as economic and politiéal considerations are also

important.
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The Present Status of Resource Inventory Mapping

The amount and quality of natural resource information available
for an area varies greatly. While some locations in the state have .

adequate detailed data for planning, most do not. Figure 2 shows the

‘status of soil surveys in Montana. Detailed mapping in most other

disciplines is-similarly incomplete. Also currently unavailable is
a statewide land use map.

Because of this pauciﬁy of detailed resource inventofieé it is
imperative that existing generalized data.be utiiized until better
information is available. This level of informatiom can help
prevent land degradation and facilitate wise land use if utilized
properly. Furthermore, it is essential that this resource information
be disseminated in ? form.&hich will communicate its meaning.

Planners, the public, and other users of resource information are
often critical of inventory reports which are full of jargon and
fail to communicate the significance of the data_(Woolfe 1978). Ohé

of the best ways to present resource information is with clear, well-

presented maps.

Land Resource Maps

Maps are an effective method of showing relationships because
they display the spatial distribution of the resource. The user does

not have to sort through pages of text or graphs and tables. A well=~
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prepared map makes it easier for the user to visualizé and evaluate 
resoutrce data.
From a land management perspective there are two basic types of -
maps: Tresource maps aﬁd interpretive maps. The first shows the

spatial distribution of the resource without passing judgment on its

suitability for use. The second displays the limitations of the land »

without identifying the resource unit responsible for the constraint.

A problem frequentlj encountered in using these types of maps is

that since each survey, i.e., pedologic, geologic, climatic, etc.,
is usually conducted independently of the others, the completed maps
are often at different scales and projections, cover different areas,

and are thus difficult to integrate.

Overlays

One of the more effective ways in which maps can be used is by
preparing all of them at a common scale and projection and then super-
imposing them. Renowned planner Ian L. McHarg was one of the first to

v

demonstrate this technique in books such as Design With Nature (1971).

The use of overlays permits increase& un&erstanding of resource reia—
tionships within an area since several parameters can be ‘examined at
the same time.

This technique has proven so valuable and'useful»iﬁ ﬁonténa that

a handbook was prepared to inmstruct people in citizens groups and
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local government on how to collect and display resource-informatioﬁ
for planning purposés (Plantenburg et al. 1977). This handbook is
désigned fqr counties, other units’of local government, and éitizen
groups which do not héve professional planning staffs and yet feel the
need to increase their understanding of the land resources of.their
area,

In addition to resource overléys, interpre;ive overlays are also
used-for_plénning. At Montana State'ﬁniversity, interpretive over;
lays are used to effectively display soil limitations for selectedl

uses.

The Use of Computers for Processing Land Resource Data

The need for resource data has increased significantly in recent
years. To handle the 1arge-amoun£ of data being geﬁerated_and process
it rapidly, computers are increasingly being ﬁsed.

Montana was one of the leaders in the natioﬁ in the use of the
computer to process soil survey data. Computers’are used to store,
process, and print out soil pedon descriptibns on an operational
basis for all new sufveys in Montana (Decker et al. 1975). Computers
are being used to generate not only resource data but interpretive
soil maps as well (Nichols and Bartelli 1974).

Other disciplines are'also making use.of the computer, for. example

a new crop information system has been developed to help agronomists’™
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and plant breeders match crops with the right environment (Duke

1977).

Requirements for Computer Processing of Resource Data

Not all resource data or problems require compuberprocéssiqg. 1if
the problem involves a relatively small amount of data, only a few |
parameters, or is a one~time effort, computer graphic systems have no
advantage over hand-overlay methods because there is a large, fixed
coét for input of data into the computer. -

However, if large amounts of data must.be processed, and/or fhe
analysis is complex, a computer graphic system can perform the
necessar& calculations and generate a map in less time and at less’
expense than with manpal operations. Computer processing can.also be
more efficient for frequently reoccufring tasks. Thus, the number ;f
variables, the need for re-use of the data, speed, analytical complex-—
ity, and cost are all factors.which must be considered before selecting

a method for analyzing data (Johnston et al. 1978).




LITERATURE REVIEW

Geographic Information Systems

One of‘the major recent developments in ;He processing of resource
datg Has been the creation of computer-based gquraphic information
systems. These commonly contain data on éoils, geology, vegetation,
water features, land use, transportation, political units, and many
other factors.

There are two basic reasons for the’proliferatibn of these sys-
tems in recent years: (1) there has become an increased ﬁechnological
capability for manipulating large quantities of data, and (2) there
is a reduced per unit cost for information provided (Dangermond and
Antenucei 1974). |

One of the common techniques used to convert mapped resource daté
into a fo;m which ean be proéessed.by the computer involves Super;
imposing a grid on the map. This divides the resource map into a
matrix of rectangles or unit cells. Thé process of cogﬁerting #he
resource data into a form suitable for computer storage and retrieval

is called encoding or digitization.

Computer Storage

There are two basic procedures for encoding or digitizing. These
are (1) a manual process of identifying attributes or priority of

attributes in each grid cell and (2) the automated method of using
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an electronic digitizer to measure the outline coordinates of polygon
map data and assogiafe aftributes to each of these polygons.

Manual encoding techniques usually involve oyeflaying an‘acetate
grid onto a resource map and recording all numeric codes described
on the base map to an assigned row and column location within the
matrix grid system. The codé for each cell is written on a coding
form and then keypunched and used to create the automafed filés.

Automated digitizing requires the determinatiop of the x and y
coordinate locations of the lines which form the polygon perimeters.
An electromechanical device called a digitizer is used tq'conveft
horizontal and vertical movements of its cursor into computer compat-
ible characters. The cursor is moved around each polygon,.fecording
a series of x and y coordinates on paper tape. This data is subse-
quent;y transferred to magnetic tape for easier and more efficient

_processing-(bangermond and Antenucci 1974).

Data Retrieval

There are two output devices commonly used in these geographic
information systems to produce computer-drawn maps-—the standard line

printer and the plotter.

The most commonly used output devicé is the line printer. Maps
can be output on this device using each 1ettef or character as a:cellt
Because the line printer does not print Squafe characters, the map oﬁt-

put will be scale distorted; that is, a square area will not come out
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as a square map on this device. The line printer commonly uses an
overstrike process to prgduce patterns of varying shades.

There are several different types of plotters sﬁch aé drum or
electrostatic. Since a ﬁen or other device is used to drawjlines and
print characters the plotter can produce nearly any size of 1étper or
number and is not limited to the convéntionél—symbols used‘by'a line .
printer. |

3ohnston et al. (1978) made the following assessment of the suit-
ability of these dvices for use with gompﬁter graphic systems. Plotter
output is extremely expensive and not technically sﬁited for the bro—
duction of maps that combine a large number pf variables. Standard
high-speed printers are not aesthetically pleasing because the inter-
character spaces are too great, the lines are not straight, and the
ribbon quality‘varies from map to map. New special printer terminals
are slower, but produce relatively high-quality maps.

In the computer processing of resource data it is important to
distinguish between computer mapping systems, such as SYMAP and LUMP,
and geoéraphic inforﬁation systems, Sych as NARIS and LUNR. In the
literature the freqﬁent use of this symbol terminology causes confusion
and it is importanf to unde:stand‘the meaning of each.

Computer mapping system refers to the specialized computer pro-

grams which produce the maps. Terms such as geographic information
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systems or computer graphic systems refer to the total systeﬁ for
storage, processing, and retrieval of resource data.

Numerous computer geographic information systems are currently
in operation in the country. A few of the more significant features
of several of the larger systems will be briefly diséussed.‘ Theée
systems include: (a) Land Use and Natural Resources Inventory (LUNR);
(b) Maryland Automated Geographic Information System (MAGI); (c)
Natural Resource Information System (NARIS); (d)AMinnesotalLand

Information System (MLIS); (e) Other systems.

a. LUNR (Land Use and Natural Resources Inventory) system.--This

was developed by the Center for Aerial fhotographic Studies at Cornell
University in collaBoration with the Laboratory for Computer Graphics
of Harvard University for the New York State Office of Planning
Coordination.

A detailed inventory of land use and natural resources for all}of
New York State was accomplished using aerial photographs as the source
of information and -computers to store and analyze thé'data. Fifty
different land uses were recognized. The grid system used was. the
UniversalnTransverse Mercator which permitted working withinva %Fame—
work of squére cells. A l-kilometer squafe cell‘(247.l,acres)_was
selected as a useful summary unit and approximately 140{000 cells were
required for statewide coverage. Land use decisions were based on

areas as small as 1% acres in size.
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LUNR provides point, linear, or area information on 11 major
éategories of iaﬁd use: ‘agriculture, forest land, water resources,
nonproducti&e land, residential land use, commercial areas, industrial
areas, extractive industry, outdoor recreation, public and semi-public
land uses,‘transportation, soils, bedrock geoIogy, aﬁd agricultural
economiés. Each category coﬁtains more detailed classification units.

Products include overlay mapé of area, point, or linear daté,
printoufs that list information about eaéh cell, and computer maps that
ipdicate the location and results of quantitative analyses of the data.
All.products afé availéble at moderate or low cost (Hardy and Shelton
1970). .

b. Maryland Automated Geographic Information (MAGIL) System.--

This system was develéped by Environmental Systems Researcﬁ Institute,
Redlands, California and sponsored by the Maryland Department of State
Planning. The purpose was to develop a data bank of natural and
cultural resources for land use planning.

MAGI converts méps depicfing polygons, lines, and points of:
geographic distinction into digital data readable'by the computer. The
grid cell used for digitizing was approximately 91 acres. The dominant,
secondary, and tertiary data of each cell are recorded7

A total of 15 variables were encodéd: soils, geology,.slope;
mineral resources, aq@ifers and recharge areas, natural features,

vegetation, surface water quality, state and federally owned properties,
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sewer and water service areas, transportation facilities, historic sites,
existing land use, watersheds, and electoral districts. Data were
encoded 'at the county level and then assembled into reéional and state-
wide files. Several interpretive models ﬁere developed té depict the
suitability and capability of the land to- support various uses. Examples
include a mining/extfaction model, a productive'agriculture'model, and
several urban models (Dangermond and Antenucci 1974).

c. NARIS (Natural Resources Information System).—--The system was

developed at the Center for Advanced Computation of the University of
Illinois at Champaign-Urbana in collaboration with the Northeast

I1linois Natural Resources Service Center and the Northeastern Illinois

. Planning Commission.

The s?stgm contains data for portions pf eight counties in north-
east Illinois and uses a grid system based upon the dominant feature
within cells that are each 40 acres in size. Towﬁsﬁips, sections, ah& -
quarter-quarter sections are used as the coordinate system for the grid.
The system is designed for npatural fesources management and contains
resource data such as geology, soils, forestry, water, and ;énd use.
These data are manually coded for each démihaﬁt céll and an overlay

technique is used.for data manipulation (Tsao 1975).

d., Minnesota Land Information.System (MLIS).--A system developed

by the Center for Urban and Regional-Affairs at the Univefsity.of
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Minnesota and the State Planning Agency., Data stored include informa—
tion on political jurisdictions, land ownership, bedrock geoiogy,
geomorphic regions, mineral potential and leases, soil'landscape-units,
land use, forest cover, water orientation, and highway orientation..
For state or county-owned land the following data are also stored:
type of acquisition, highest recommended use, recommended disposition,.‘
and management unit status. Some areas of the state have additionai
information. There are 9 land use types and 50 different pubiic owner-
ship types. Forty-acre data cells were used that were Based upoﬁ'the
United States Public Land Survey. The state is compoéed of 1.4 million
40-acre data cells. MLIS is also developing a 1argelfi1e of»information'
at the 500 meter scale (aﬁproximately the size of a quarter—township),
1e$s than 10,000 cells being required for state coverage. Daté are
encoded based upon £he dominant type found within the cell., It is-
organized by regiom, county, and township. Information can be retrieved'
in tabular, statiétical, map, or computer file form. Al;ernative cell
sizes are being used for some purposes.

e. Other systems.--There are other computer-based geographic

information'systems mentioned in the literature.. A few of these
include: (1) Texas Natural Resource Inforﬁation Systeﬁ (TNR;S); 2)
Land Information:System for Texas kLIST); (3) Canada Geographic Infor--
mation System (CCIS); (4)'Illinois Resource Inférmation System (IRIS);

(5) Colorado Environmental Data System (CEDS).




d - . AN PR | GRS

|

19

Computer Mapping Systems

Many sophisticated programs have been developed to produce computer
maps. Those in use today vary from older systems which have received
a great deal of use to those written in the last few years.

Syﬁagraphic Mapping (SYMAP) is one of the better knowﬁ.progfams.
‘It was written in 1963 at Northwestern University and is currently
ﬁaintained by the Laboratory for Computer Graphics of Harvard Univer-
sity. Many of the early systems used SYMAP or a modification oi it.

While a thorough discuggion of the programs in use today to make
computer maps is beyond the scope of this paper,‘a brief discussion
oflsome.of the capabilities of one of the more fe;ent systems will
illustrate the state of the art.

Land Use Mapping Programs (LUMP) was developed by tﬁe Division
of Environmental Studies at the University‘of-Califbrnialat Davis.
The system was developed to meet the needs of researchers in many
disciplinés on the campus and of land use planners in northern

- California. It has continued to be improved sincg the system was
first designed in 1971, |

LUMP has,several uncommon capabilities. An input procedure
called GRID/BASE‘makeé it possible to’enter cell data by using inter-

- active terminals and bypassing the coding of sheets and ‘the punching'
of cards. If point data, such as precipitation measuigmeﬁts, gxist

for only a small number of cells, values for the other grid cells
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can bevgénérafed by-tﬁe use of contouring programs that fili in’ the
- missing data. Another capability of LUMP is that the optical distor-
tion of aerial photos can be rectified and maps can bé trapspdsed from
one projection to another. |

Maps are produced by standard iiﬁe printers or by'mbfe specialized
typewriter printers that use letters, numbers, or shaded characters.

Data can be handled as choropleths rather than cells. - A choro-.
pleth is an area Where all the information is uniform. Choropletﬁic

N .

mapping is less expensive than cell mapping because data are not stored

cell by cell.




MATERIALS AND METHODS
Figure 3 is é flowchért of the data processing procedures follbwed
in developing the system. The initial phase of this research involved
the preparation of a series of maps of environmental paramete?s at a
commbn_écale gnd projection which is a prerequisite to thé overlay
process. In this study it was found that there were more factors
mapped at 1:1,000,000 than at any other scale., While this is a small"

scale map, it was the best available for overlaying the many param-'

eters necessary to determine the land qualities of an area. The.

Albers Equal Area projection with standard paralléls of 29%°N and
45%0N was selected. An advantage of this scale and projection was

that the maps could be overlain on Léndsat photos. It was also_thé

scale and projection recommended by the National Bureau of Standards.

The map scale and projection of the original data varied con-

. siderably. Some were at 1:1,000,000 Albers Equal Area projection

and only required copying. Others were at the right scale‘but,the
Lambert Conformal Conic projection which necessitated modifications.
Where the best available data were mapped at a smaller scale than
1:1,000,000 a Map-O-Graph projector was used to enlarge it to the -
required scale.

‘The following maps were prepared at 1:1,000,000 Albers Equal

Area Projection:
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Flow chart of data processing.
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Soils

Irrigated Lands*

1953-67 Average Annual Precipitation*’

50 Year Péak Precipitation

Number of Strong Chinooks per 100 Years

Potential Evapotranspiration

Average Annual Effects of Erosive Rain

Average Length of Frost~Free Season

Average Date of First Freeze

Average Date of Last Freeze C .

Sediment Yield#

Consumptive Use of Water

1958-72 Average Annual Snowfall

Geology

Percent 'of Annual Precipitation Falling ' from April 1
Thru July 31

Percent of Annual Precipitatlon Falllng from May 1 Thru
July 31

Climax Vegetation

Elevation

*Not stored in the computer

Appendix I describes these maps in greater detail. A new map of

Average Annual Precipitation, 1941-70 was pfoduced after the one listed

above was drawn, so only the newer map was encoded to store in the

.computer.

Construction.of the Data Bank

After a map was drawn at the propef scale and projection the next

step was to convert this resource data into a form which could--be

processed by the computer. The method employed in this study was to

lay a grid of chosen size over a resource map and analyze each cell

created by that grid.
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Grid systems are often used by researchers because of their rela-

tively simplistic storage, retrieval, data overlay; and graphics

capabilities. Furthermore, much of the computer mapping software has -

been designed for grid systems (Ferris and Fabos 1974).

The cells created by the grid should be keyed to a common ground
feference éystem'to_facilitate overlay analysis. In this study thé'
celis were based upon latitude and longitude. Each unit. cell is 3
minutes on a side or 1/20th of a degree.

There are two important considerations in selecting the cell size

" for computer-based land resource information systems., These are the

level of detail of information that is available or desired and the
costs that are incurred when more cells of a smaller size aré required.
Using a smaller cell size increases the volume of data and the preci—
sion of detail but significantly increases the cost of encoding because
of the greater time involved (Hicks and Hauger 1977).

The cell sﬁze used in this study was a compromise between the need
for smaller cells in the mountainous western third of the state and
that of the eastern two-thirds of Montana where a larger cell wogld
have been éufficient. Many of the resource maps show a pattern of
great comﬁlexity‘of detail in the mountainous areas with a simplified
and more uniform pattern in the plains area. If a larger cell size had
been used little accuracy would have been lost on the plains but the
data enéoded from the mountains would hgve been so‘géneraliéed as to

'
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be of 1itfle value. Conversely, if a small enough cell size were

used to maintain the accuracy of the mountainous detail, the time and
costs required for encoding would haye been prohibitive. It is felt'
that the 3-minute-on-a-side grid used for encoding provides good
accuracy fof the plains portion of the state, which is where Montana's

agriculture occurs, and still provides sufficient detail for the

mountains to show general patterns. The computer graphic system has its

greater reliability in the plains areas of the eastern two-thirds and

the intermontane valleys of the west. Its use in mountainous areas

is limited and the output should only be used after verifying its

accuracy.

Originally the township and range sﬁrvey'system was to be used for.’
the coordinate system since many people are familiar with these values
forAtheir location. However, the many correction lines and units of
unequal size in this system would have made the.éomputer prqgramming
more difficult and time éonsuming.

At the scale of‘i:l,OO0,000, 1l inch equals approximétely 15.78

miles. Because of the curvature of the éarth, the size‘of'the cells

varies slightly from the top of the map (.15 inch x .22 inch) to the

bottom-(.16 inch x .22 inch). Using the values of .15 inch (east-west)

and .22 inch (north-south). is equivalent to 2.37 miles in an east-
west direction by 3.47 miles in a north-south direction. Thus, the

average area of a cell is approximately 8.22 square miles..
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There are appro%imately 18,060 unit cells in an individual map
and 288,960 total in the data bank.

Before encoding could occur it was necessary to make a plotter-
drawn grid based on 1atitude and longitude at the 1:1,0003000 Albers
Equal Aréa Projection. ©No local references could be found to explain
how this prbjection is made. Finally, by corresponding with Mr. Doyle

Smith of tﬁe United States Geological Survey in Resfon, Virginia (1976)

_the mathematical equations were identified which were necessary to

generate the map. This procedure is included in Appendix II.
VOnce.the plotter-drawn grid was produced, a copy was made on
mylar.drafting film to facilitate data encoding since it is necessary
to see through Ehe grid to the résource map being encoded. In trans-
ferriné the plotter grid onto the mylar some slight shrinkage resuited
which caused a small displacement ‘in cell location between the'encoding
grid and the eventual plotter~drawn resource maps. This was to cause

problems when the maps were .corrected,

To digitizé the resource data the mylar grid was overlain on the
map to be encoded. Figures 4-7 illustrate the proéess.' Data we?e
coded by rows from the top (north) of the map down, from left to
right. This was recorded and keypunched to form the data deck. Two
methods (dominant or central feature) were used to digitize the célls.

Data were coded for a cell based upon the map class that dominates




Figure 4.

Figure 5.

Portion of plotter-drawn grid.
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Portion of resource map to be encoded.
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Figure 7.
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the uﬁit. Where no class was clearly dominant the datum at the .center
of the cell was encoded.

A change point method was used to digitize the data. This tech—“
nique requifes the identific;tion and reéoﬁding of those cells where
value changes occur. Thus, rather than'encoaing values .for each cell
in a row only those where map classes change require'digitization.

Thé encoding process was most efficient wﬁen ﬁwo individuals were
utilized, one to read from the grid while the other recorded the
values on forfran coding sheets.- Tﬁe two individuals took turns reading
and recording, switching positions periodically. This_relieved the
monotony of the process an& increaéed the accuracy of the encoded data.

After a map had been encoded, the fortran sheets were checked for -
several types of encoding errors and then taken_to the'cémpﬁter center'
to‘be keypunched and verified. The cards wefe then ready for computer
processing. |

All computer programs used were in FORTRAN IV language and were
utilized on a Xerox Sigma 7 Computer. The plotter whicﬂ produced the
maps was a Calcomp Drum Plotter 563.

’ Computer processiﬁg consisfed of the following sequential
operations: - |

1. After keypunching and verification, the data cardé

were used to create a Sigma 7 file.
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2, Additional descriptive information on the Tesource
parameter being processed was added to the file.

.3. Program GFENTRY was used to créate a binary file. .

4. Program GFMAP was run on this binary file and the.
plotter map was produced.

'To pfo&uce a composite map the following procedure was followed:

1. Program GFMERGE was ruﬁ to combine the smaller binary files
(from the'individual paraﬁeters being combined for composi;e
analysis) into one large binary file.

2. Program GFMAKE was used to create a new ‘smaller, composite
binary file.

3. P;ogram GFMAP was run on this binary filé-aﬁd the composite

plotter map was produéed.

Problems Encountered in System Development

All maps plotted were éompared to the original hand~drawn maps
and corrections -were made. When the first plotter map was produced .it

was learned that there were two possible causes of error. The first

was that the grid used to digitize ﬁhe maps ﬁad shrunk slighply when i£
was transferred onto the mylar and thus the same cell on the gfid would
~cover a slightly different area from the final map.

The other type of.érror was related to the process of suﬁerimposing
the plotter-drawn map onto tﬁe original to check the.éccuraéy of the

coding. If the map was put in a slightly'different_position from where
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it was when the encoding was done, it would be enough to cause error. -

Eventually registration symbols were_usedAto insure that the maps

were lined up in the precise way that the corrections were made; Once

this was done only minor efrors were observed on‘the second plétfer—
drawn maps.

Another recurring problem with fhe plotter-drawn maps was the
inconsistency of ‘the map scale., For reasons that’werevnever détermiﬁed,
occasionally the.northisouth distance on the_pldtter—drawn méps‘would'

be 4" shorter than the actual distance on the base map.

Development of System Applications

After all data had been encoded and stored in thé computer it Qas
necessary to test the systéﬁ. Several applications were undertaken,
these were to:

1. Assist in the‘initial détermination of where in a four-

county area a new research center should.be located;

2. .Detgrmine tﬁe location of lands witﬁ agricultural

environments similar to those found at the seveﬁ
existing Agriéultural Experiment.Station reseérqh centefs;

3. ~Prepare computer maps showing the location of 1gnd§ with o

cryic or frigid soil temperature regimes; |

4., Use two of the files to mathematically génerage two

new files and maps of growing season precipitation;

L1
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5. Plot a map of sodium influenced.soiis; and
6. Use two of the resource maps to prepare a map of éreas
where summer fallow may ﬁot‘be'recomménded.

Each of these will be discussed'in turn.

Establishment of New Branch Research Center .

In 1977 the 45th Montana Legislature passed the following bill:

_ HOUSE BILL NO. 282
INTRODUCED BY MANUEL, JOHNSTON,
KENNERLY, J. GUNDERSON, UNDERDAL

A bill for an act entitled: '"An act appropriating funds
for the establishment of a satellite agricultural experi-
-ment station to serve the general area of Glacier, Toole,
Pondera, and Teton Counties."

BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF MONTANA:
Section 1. There is appropriated the sum of $206,000
for the biennium ending June 30, 1979, from the general
fund to the Montana -Agricultural Experiment Station for
the purpose of establishing a satellite agricultural -
.experiment station serving Glacier, Toole, Pondera, and
Teton counties and surrounding areas.
Figure 8 is a map which shows the location of the four—-county afea,

sometimes called the western "Triangle,"

while Figure 9 is a larger
scale view. Local people had initiated the movement for a reseéarch .
facility within their area because they belieﬁed the research done at
other centers did not apply to their region. Once the bill was signed
into law the problem was to first determine the criteria to use in

selecting the site and then see if available land could be found which

fit these requiréﬁénts.

|
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Figure 9.
*Source:
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" Several meetings were held in the area to détermine the ﬁost sig~
nifiéant factors to be considered in selecting a loéation for éhe
center. Some of those considered most: important were: (1) it should
ﬁe on a site which haé soil and climatic characteristics which are
representative ﬁf_a large portion of ;he'area; (2) irrigation water
should be preseﬁt; (3) the site should be easily accessible by the
public; (4) it shoula be close to a town for a service center; (5) it
should be centraily located in the four-coﬁnty area; and (6) there
should be room for expahsion.

On May 31, 1977 a meeting was held at Conrad at wﬁich time Dr.
Gerald Nielsen and the writer presented maps and charts on the general
soiis, climate, and yégetafion of the area. As part of this presenta-
tion graphic matérial was displayed illustrating tﬁe rgngé of several
of the environmental parameters found within the four-county area and
where Conrad was on this spectrﬁm. The purpose of this material was
to commﬁnicate to those people attendiﬁg the meeting the variability
of the land resources of the four—coﬁnty area.

Discussion with experiment station personnel had indicated that

'four environmental parameters were considered to be most.important in

the four-county area. These were: (1) soils, (2) averége annual pre-

cipitation, (3) aﬁerage 1eﬁgth of the frost-free season, and (4)

. frequency of strong chinook winds.
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To determine the most extepsivé units of these factors within the '

area, the computer was used to calculate the number of cells of each
class for each of these parameters. This technique provided estimates

of the relative amounts of each mapping unit presenf. This is a

Icapability of the computer'graphic system which can be very useful

since this type of iﬁformation can be difficult to estimate on a hand-
drawn map Which'has a complex pattern. |

In the following data, those numbers which are followed By an
asterisk indicate the most extensive units and those which were used

in the subsequent land resource analysis. The soil mapping units

_ within the area had the following distribution. To determine thg o

characteristics of these units consult the legend for‘the soils map
in Appendix I.

Soil Unit No. of Cells Soil Unit No. of Cells

ME1 - 34 VB5 ‘ 1
IGL .3 - GF2 7
R 48 PP2 ' 12
G2 - 23 GB2 1
16 54 . ' VB2- ‘ .- 75
IB3 T 39 PH2 . 35
GBS o122% - GG2 . 39.
5G2 . 119%*. ‘ ME4 52
GB4 42 IF4 14
AW 24 GB6 _ "33
0G3 , 25 VB1 1
MO4 _ 4 GF4 25
- 8G1 . 162% o PB2 E © 11
“AV4 24 - PB3 21

ST 22 : © GG4 1
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The distribution fof average annual precipitation was as follows:

37

distribution:

10-
30-
50-
70-

30
50
70
90

90-100
100-110
110-115
115-120
120-125
125-130

The number of strong

No. Per 100

No. of Dazé

Precipitation (in.) : No. of Cells
10- 12° 351%
12- 14 - 270%
14~ 16 89
16- 18 54
18- 20 50
20~ 30 141
40-. 60 60
60~ 80 18
80-100 19
100-120 21

The. average length of the frost-free season had the following

No. of Cells

8
75
138

153 -
147

165%

114%

182%

88%
3

chinooks per 100 Yéars was:

Yrs.

. 70-100
100-150
150-175
175-200
200-225
£ 225-250
250-275
275-300

No. of.Cells

42
" 69
127
234%
311%
117

69
104
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The western boundary of the four-county area is.adjacent to the
continental divide. The influence of the mountains is evident in the-

higher precipitation classes, complexity of soil units, shorter.growing

. seasons, and lower chinook frequencies found in the western portion of

the area compared to the more uniform eastern plains.

The first analytical technique utilized was to prepare clear
acetate maps of the foﬁr parameters and overlay them to sée if any
naturai regions were evident. A trend observed in bofh this précess‘and

in subsequent computer overlays was that only a few parameters could be

"superimposed before the resulting composite map displéyed only

individual, relatively unique areas with no large'hOmogeneous regions
having all of these characteristics.
The next methodology employed was to overlay these four factors

and locate areas which had soil, precipitation, growing season, and .

chinook characteristics which were representative of a- condition which .

existed for much of the area. Expressed anbfher way the objéct was to
locate the sfatiOn on land which had more in common with the rest of
the agricultural area than any other 16cation wi;hin the regioq,
Computer maps wefe generated of the most eXtensiVeluﬁits of each
of‘fhe four parameters (indicated by aéterisks on the previoug listsj.
These maps show the distribution of these factors within the entire

state and not just within the fpur-county area.
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A composite map of the most extensive units of these parameters
was manually prepared using acetate overlays.  While fhe computer_ﬁro-
duced map would have showﬁ essentially the same areas, viewers'woﬁld
not have been able to visualize how the map was produced. With manual
overlays each factor is overlain one af a time with less extensive
areas being '"blackened out" leaving clear 'windows" indicating possible
areas on whicﬁ to locate the station. As each map‘is overléin, the
area suitable.becomes less until all parameters have‘been examined.
This process permits the viewer to better underStand the methodology
employed.

It will be noted from the computer summary of the average length

~of the frost-free season map that no intervals were clearly dominant,

v

the frequency distribution of the classes were fairly unifOrm.‘ For
this reaéon the final composite map was constructed ﬁsing only the
other three parameters. When the intervals in the frost-f?ee season
map wefe superimposed on the composite of #he other three, 20 sﬁb—
classes were delineated. However, it was not clear how important the
differences were betweeﬁ these subclasses. For this reéson the
composite map was based only upon soils, average annual precipitation,
and frequency of cﬁinook winds.

In mid-March of 1978 the writer was contacted by the superintendent
6f thé new station. At this time the selection committee had‘né¥réwed

their field of possible sites down to two parcels of land. The first
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was 1% miles west of Brady (T26N R2W, NWYy Sec. 4) while the other was
approximately 9 miles north of Conréd immediately adjacént to the junc-
tion of Interstate 91 and Montana Highway 216 (T30N R3W, SE% Sec. 36).'
The soils on both sites were Scobey-Kevin complexes. A study of the
two sites was rgquested to determine which of them was re?resentative
éf more of the sfate's land.

Kevin_is_én Aridic Argiboroll, fine loamy, mixed While Scobey is
an Aridic Afgiboroll, fine, montmorillonitic. 8Since both have the same
great groﬁp classification, Argiboroll, a map was made showing the
1océtioﬁ of those uﬁits which contain Argiborolls. As-a teSt;vthis map
was made by hand to determine the amount of time required (ca. 5 hrs.j.

Weather records were next examined to determine the location of
the nearest station to the two possible sites. While a weétﬁer obser-
vation station was listed for Brady AZNOE a check with Dr. J. M. Caprio,
Agricultural Climatologist for the Montana Agricuitural Experiment
Stétion, disclosed'that this site was 23 miles east-southeast éf Brédy.
The station closest fo the site north of Conrad was at the Conrad
Airﬁort. In b&th cases Dr. Caprio advised against uéing data from these
observation'stétions‘since they weré too far from the proposed sites
to be reliable.

- This paucity of climatic data resulted in the final site éelection
being made without knowledge of tﬁe extensiveness throughout. the s£ate

of the composite characteristics found on the site of the new station.
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Environments of Agricultural Research .Centers in Moptana

Montana currentiy has seven branch research cente?s throughéut the
state (Figure 10). These are the Southern Agricultural Research Center
at Huntley, Eéstern Agricultural Research Center at'SiAney, ﬁorthern
Agficdltural Research Center at Havre, Northwestern Agricultural
Research Center at Kalispell, Western Agricultural Research.Center'ap
Cofvallis, and Field Research'Laboratory, west of Bozeman.

The process of extrapolating réseafch results from the field plots
at these stations to other areas in the state has uéually not been
accomplished. systematically or reliably. The reason for this is‘that

those areas of the state with agricultural environments similar to those

of the research centers had not ‘been mapped. This seemed like a useful

application for the'computer graphic system,

The methodolog& employed Qas to examine tﬁe weather records and
soils data for edch station and then use the data bank to locate other
areéé Wiéh similar environments.

Weather observations are made and reCOrded.daily at all iesearch
centers. With all the stations except Corvallis these data héd'been'
tabulated and averages generated (Caprio 1976). The following is a

summary of those data:
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Years of - Avg. Annual Avg. Length
Research Center Record Precipitation Frost—-Free Season

-Bozeman .1958-74 15.25 100
Kalispell 1949-76 19.01 108
Havre 1916~76 11.60 . 127 .
Huntley 1910-76- ©13.14 127 (1911-76)
Moccasin 1909-76 - 15.00 112 ‘
Sidney : 1949-76 13.74 122

The Corvallis research center had climatological data from 1966-76
but.avefages for this period had_not been generated. It was necessary
to summarize the data to determine the average annual preciﬁitation

and average length of the frost-free season (Appendix III). These

" were found to be 10.8 inches (1966~76) and 106.5 days (1966-77),

respectively.
To determine what soils were present at each center, detailed soil
surveys were used where available. Five of the centers were covered

by these sufveys,

. . Research Center Soil Survey of
Huntley - Yellowstone County (1972)
Moccasin ‘ Judith Basin Area (1967)
Corvallis | Bitterroot Valley Area (1959)
. Kalispell Upper Flathead Valley Area (1960)
Bozeman Gallatin Valley Area (1931)

Soil data on the Sidney and Havre centers were obtained from
station records. While these data were not recent, they were the

best available.

Summarized below are the dominant soils of each station and théir

great group classification:




Lol L (o 1]

44
Research Center Series Clagsification
Huntley Lohmiller Torrifluvents
Fort Collins .Haplargids
Thurlow Haplargids
Moccasin Danvers ‘ Argiborollé
- Judith Calciborolls’
Creston Flathead Haploborolls
Corvallis Xerifluvent 1/
" Creston Haploborolls
Corvallis Burnt Fork - Argiboroll 1/
' Ravalli Natrargid
Riverside Haploboroll
Havre Attewan Argiboroll
Telstad Argiboroll
Joplin Argiboroll
Sidney' Savage Argiboroll
Williams Argiboroll
‘Bozeman Bozeman 2/ or (Argiborolls)
: Amsterdam 2/ (Haploborolls)

1/ Unclassified soils; these were the State Soils
Correlator's best estimate. :
2/ At present there is some disagreement as to whether
these soils have a cryic or frigid soil temperature

regime. The Argiborolls and Haploborolls used to
characterize the center reflect the belief that
frigid conditions exist and the original classifi-
cation was incorrect.
After identifying the soil, precipitation, and growing season
characteriétics for each research center, it was necessary to select

the appropriate intervals or classes of each parameter as they were

stored in the computer. The task was to select the ranges of these

)
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characteristics which would idgntify those lands that have agricultural
environments which are similar but ﬁot identicai to those of the |
research centers and would thus respond to manégement in a similar
fashion, |

The ranges selected for this aﬁalysis were identified in a very
subjective manner. Table 1 shows the site characteristics ana the
ranges ﬁsed to characterize those‘condifions.

The followiné lists indicate the mappiﬁg u;its found on the new
state soiis map which contain some soils with the indicated greét
group classification. Appendix I should be cqnsulted to deéermine the
characteristics of these units.

Bozeman (Argiborolls and Haploborolls): AV4, AV5,. GBI, Gﬁz; GB3,

GB4, GB5, GFl, GF2, GF3, GF4, GF5, GGl, GG2, HFl, HF2, HF3, HF4, JB,

JF, KB2, KB3, KF MO4, MO6, AP4, AP5, AP6, AP7, NB1, NB2, NP1, NP2,

NP3, NP4, NP5, NP6, NP7, NP8, NHL, NH2, NH3, NH6, N7, OGL, 0G2, péé,
0G4, OH, OT, PB1, PB3, PP1l, PP2, PHl, SGl, SG2, SG3, ST, TBl, TPl, UGL,
VB1l, VB2, VH2.
Corvallis (Argiboroll, Haploboroll, Natrargid): Same as Bﬁzeﬁan
plus CT2, KT, AP3, SG2, SG3, SH, TBZ, TP5, TH6, UG2, VB3, VB4, VB5, VHL.
Creston (Haploborolls and Xerifluvents): Haploborolls--AV4, AV5,

GBl, GB2, GF2, GF3, GF4, GF5, GGl, GG2, HF1, HF2, HF3, HF4, MO4, AP6,

AP7, NB2, NP3, NP4, NP5, NP6, NP8, NHl, NH2, NH3, NH6, NH7, OT, PB3,

PP1, SGl, ST, TBl, TP1l. Xerifluvent--AV2.




‘Table 1. Site characteristics and ranges used to characterize these. conditions.

Avg. apnuél precipitation - ‘Avg. length frost-
4 _ “(in inches) . _free season {(in days)
" Station Soils Map interval Site data Map interval Site data
Bozeman- - Argiborolls "14-16 - 15.25 - 90-100 100
~ Haploborolls 16-18 : . 100-110 -
Huntley Torrifluvent 12-14 13,14  120-125 - 127
~ Haplargid- ' 125-130 -
Moccasin Argiborolls 14-16 15.00 ' 100-~110 o112
' Calciborolls ' - 110-115 :
Havre. Argiborolls . -10-12 © 11,60 120-125- 127
12-14 125-130 )
Sidney Argiborolls 12-14 13.74 115-120 122
) ) 14-16 ' ©120-125 -
' 125-130
Creston. .  Haplobdrolls 16-18 19.00 100-110 108
i Xerifluvent 18-~20 ’ ‘ 110-115
' Corvallis  Haploborolls  10-12 . . 10.80° 100-110- 107
C Natrargids. L 12-14 . " 110-115 '

.Argiboroll

9%

[ i)

T U7 I
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Moccasin: - Argiborolls--AV4, AVS, GBL, GB2, GB3, GBA, "GFl, Gr2,
GGl, HF1, HF3, JB, JF, KB2, KB3, KF, MO6, AP4, AP5, AP7, ﬁBl, NP1,
NP2, NP3, NP5, NP7, OGl, 0G2, 0G3, 0G4. Calciborolls--GB5, GBG,
GF3, GG2, NP4, NHL, NH2, NH3, PB2.

Havre: Argiborolls--AV4, AVS, GBl, GB2, GB3, GB4, GBS, éFl, GF2,
GG1, GG2, HF1, HF3, JB, JF, KB2, KB3, KF, MO, AP4, APS, AP7, NB1, NP1,
NP2, NP3, NP5, NP7, NHI, NH2, NH3, 0G1, 0G2, 0G3, 0G4, OH, OT, PBI,
PB3, PP1, PP2, PHI, SG1, SG2, SG3, ST, TBl, TPI, UG, vB1, VB2.

Huntley: Torrifluvent--AP1, AP2, AP3, PHZ2, VBS5. Haplargid--JF,

‘K82, PP2, TBl, TB2, TP5, TH7.

Sidney; Same units as Hévre.

vBased upon this data it would seem that some of the centers such
as Sidney and Havre have similar soils. However, this is at the
generalized great group level of the classification. ‘At the family or
series level these soils and their management characteristicsimay be
quite different. If detailed data for these lower catégories are.added
to the system this weakness will be overcome.

Plotter~drawn maps were produced fof each of the seven' research
centers showing thé portions of Montgna'which haﬁe'soil, average annual
precipitation?-and length of frost-free season conditions wﬁich afe

similar to those of each station.
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Soil Temperature Research

The Montana Compute;'Graphic System was used in conjunction with
a soll temperature model developed by L., C. Munn (1977). Using the
elevation file and the latitude of the state, Munn utilized his model
to produce maps showing cryic and frigid éoil temperature regimes.
These data were generated because of their importance in classifying the
soils of the étate. As defined b§ Soil Taxénomy (1976) these régimeé
have the following definitions:

Cryic .- These soils have a mean annual temperature higher
than 0°C (32°F) but lower than 8°C (47°F)

Frigid - These soils are warmer in summeér than those in the
" cryic regime but its mean annual temperature is lower
than 8°¢ (47°F) and the difference between mean
'w1nter and mean summer soll temperature is more than
5°¢ (9° F)
Plotter maps for north and south aspects and 45 percent slopes

were produced by Munn.

Growing Season Precipitation Studies

At present, a published map of growing season precibitation does

.not exist for Montana. A new map of average annual precipitation was

published by the Snow Survey Unit of the Soil Conservation Service in
1977. Dr. J. M.'Caprio, Agricultural Climatoldgist for the Montana
Agricultural Experiment Station, has coﬁpiled maps showing the percent

of the annual precipitation that falls from April 1 through July 31
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and May 1 through July 31. Thesé were eﬁcoded and stored in the
computer.‘
To aid Dr. Caprio in the preparation of a map of growing séason

precipitation, the data in each cell of the average annual precipita-

tion file were multipled by the percentage value for éach of the two’
périods (April-July and May-July).. This resulted in two #ew files
being created for'the actual average aﬁounts of precipitation whicﬁ
falls during these two periods, Plotter-drawn maps were generated

for these two new parameters.

Delineation of Sodic Claypan Soils

A plotter-drawn map was produced to delineate those units of the
new state soils map which contain Natrargids, Natrixerolls, or Natri-
borolls. These soils in their present condition require special manage-

ment practice and it is important to identify the location of these

soils.

This map displays the following soil mapping units: CT2,\DT2,
FG, KT, AP3, NP8, SG2, SG3, SH, TB2, TP5, TH6, UGl, UG2, VB3, VB4, VB5,

and VHL.

Areas Where Summer Fallow May Not Be Recommended

Some areas of the staﬁe will.not benefit from summer fallowing-

since the soils cannot store enough water to justify the practice. In
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addition, some areas recei§e sufficient moisture for annual cropping
and summer fallowing for moisture conservation may not‘bé’necesé;ry.

Duriqg the Mérch‘l978 Planning Conference held at ﬁOntana.State
University, researchers from the Plant and Soil Science Department and
the Science and Education Administration, United Stateé Depértﬁent of
Agriculture made the decision to identify those portions of ﬁontana
where summer fallowing may not be recommended for moistufe'cénsefvé—
tion. The judgment was made that those agriéultural areas ﬁhich
receive more than 14 inches of'anhual precipitation have sufficient
moisture. for re;ropping.

To‘ideﬁtify these areas it was necessary to first delineate the
moﬁntain soils since some of these receive more than 14 inches of
anhual precipitation and yet are not suited forragriculture. The

mountain soil units were: Et, Lt, Lg, Ma, Me, Mf, Mo, R. These.

- areas were blackened out on the precipitation map,. as were those

lands receiving less than 14 inches of average annual precipitation.

. The clear area remaining on thé map identifigd the agriculturallareas

of the state which receive more than 14 inches of average annual pre-
cipitation, which is sufficient for recropping.
The state office of the Soil Conservation Service was contacted

to assist in the identification of those units of the new state soils

map which contained series with a low water-holding capacity. The

following units were selected: OT, PB2, PPl, PP2, GB6, NB2, NP9,
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NP2, NP4, NH5, NH1, NH3, JB, KBl, KB4, HF4, TP4, THS, THS, TH3, GB2,
GF5, GF3., These units were left as clear windows.

The windows from both the precipitation and soil maps were

combined into a final hand~drawn composite maﬁ.




RESULTS AND DISCUSSION

The.Montana Qomputer Graphic System (MCGS) was devéloped, tested,
and found to have great potential as a research aid and as é device to
communicate agricultural findings to the pub;ic.

The folloﬁing sections discuss the MCGS and how it compares with
larger systems, the éoéts aséociated with it, the impOrtance of tﬁe new
state séils map and Soil Taxonomy, the maﬁs produced in this study, and
the effectiveness of computer drawn maps; |

Comparison of the Montana Computer Graphic System
with Larger Systems

" The reseérch conducted for this thesis produced a gedéraphic
information system, the Montana Computer Graphic Systém. -Whiie it has
many similarities to the systems described earlier, there are many ways
in which MCGS is different.

Most of the Montana Computer Graphic System was developed by six
people working on the projéct part time.for one year.. As expec;éd
from this informatiom, the costs of construéting the data bank were '
relatively low.

By comparison; the Land Use and Natural. Resources Inventory (LUNR)
discussed earligr was developed with a full~-time staff.of 50 personnel.

Similarly, the Minnesota Land Information System has had an average

~annual budget of $160,000.

With a smaller staff and less financial resourqés; the Montana

Computér Graphic System does not have many of the advanced capabilities
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of these larger, more expensive systems. ' However, wﬁile many of these
contain more detailed resource data énd can perfofm sophis£icated
computations they.ére still usualiy hampered by a lack of available
’data. Thus, these systems can process large amounts éf resource
information when it is availabie but, as previouély discussed, much of
the country is still lackiﬁg detaile§ resource data.

If creation‘of'a statewide geographic information system is the
objective, the Montana Computer Graphic System which contains generalized
long~térﬁ average data can be useful in visualizing and evaluating the
land resources of the state. One of the positive aspects of the MCGS
is that sinée the type of data‘it contains only requires infrequent:
updating and no full-time personnel to maintain the system, its cost
to the Moﬁtana.Agricultural Experiment étation is minimal.

A user's.manual has been prepared for tﬁe Montaﬁa Computer Graphic
System. A copy of it has been included in Appendix I.‘ fhis_documént
summarizes the most‘important aspects of the ‘system. If includes
descriétioﬁs of the data it contains as weli as how teo édd more data

or retrieve file information for a simple or composite analysis.

Costs of Computer Produced Maps

The following are some average costs for processing a map for
computer storage and retrieval. Depending upon the complexity of the

datd being digitized the costs will vary'accordingly.
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Process . Cost

Plotter Paper : $ .22/foot
Encoding by work study students:
12% hrs/team or 25 man hrs.

@ $2.30/hr 57.50
Keypunching & Verification:

4 hrs @ $2.50/hr. 10.00
Plotter to produce map:

Daytime processing 17.67

Night processing 4.4
Approx. Average Total Costs:

Daytime 85.73

Nighttime 72.47

Importance of New State Soils Map and Soil Taxonomy

A new state soils map (1978) at 1:1,000,000 Albers.Equai Area pro-~
jection was developed concurrently with this projecﬁ by Dr. G. H.

Simonson and others of the Montana Agricultural Experiment Station with

the cooperation of the Soill Conservation Service and the Forest Service.

This was the first state soils map for Montana which utilized the
new Soil Taxonomy. This new method of soil classification defines very
precisely the characteristics that a soil must have for a particular
level of the taxonomy. It is é distinct improvement over the‘vaéue and
often ambiguous terminology employed in the previous.classification
system.

The utility of the computer graphic system was greatly enhanced by

the addition of the new state solls map based upon Soil Taxonomy.
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Products of the System

The maps included in this section are photographically reduced
versions of the original 1:1,000,000 plotter-drawn maps. These maps

were redrafted and photo-reduced to meet thesis requirements.

Establishment of New Branch Research Center

On October 13, 1977 at aijoint meeting in Conr;d éf the Experiﬁent
Station Advisory Committee and Agricultufal Experiment Station personnel,
several plotter— and hand;drawn maps were presented. Figufes 11-14
display the disfribution throughout the state of the most extensive
units.of soils, average annual precipitation, and chinook conditions
found within the'area. This was to increase public awareness of where
else in the state these major units occur.

A serles of overlays was used to delineate éhose ﬁortions of the
area which had soil, precipitation, and chinook conditions which were
representative of éxtensive portions of the four counties; Figures 15-
17 display these distributions with the shaded areas being comprised .
of less extensive units and the cléar or "window" portion shoﬁing
possible site locations. Figufe 18 is a composite of the three maps
with the window being the recommended area for more detgiled inVeétigaj‘
tions.

The condi;ions within the window are nof uniform since it is a

composite of three soil mapping units, two precipitation intervals,










































































































































































































































































































