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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).
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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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corrections
from terminal

:

Program
GFMAP run
on binary

Yes

Is

map
correct?

Encode
corrections

.

Keypunch
cards

Y

Verify
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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.

28

o et 5
80
v Gas
4 ’A qc)
N
A\
40 y
N
A

Grid superimposed on resource data.

VOO N NN MMM MNNMNMNMNMMN
oM © v Wwlo © © © «)dﬂ'\
oo [¢ ¢ w[w W W Vwloo

~~lo ©]Of < vvvﬂmmm

OOl < [0 @ ® ® ® o] vvlf

™ P o
SO K VAR VAR aY! ™
5 <
< < '¢q;__J“’ &
tﬂ*f » “1 < 0w

Final plotter map.




29
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:
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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%
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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,
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Figure 11. Distribution throughout the state of the most extensive soils of the western
Triangle area.




Figure 12.
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Distribution throughout the state of the most extensive precipitation conditions

of the western Triangle area.
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Figure 13. Distribution throughout the state of the most extensive growing season
lengths of the western Triangle area.




66§

1/ Number of strong chinooks per 100 years.

Figure 14. Distribution throughout the state of the most extensive chincok condi-
tions of the western Triangle area.
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Figure 15. Extensive soils of the western Triangle area.
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Figure 16. Extensive precipitation conditions of the western Triangle area.
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and two chinook frequency classes. Any portion of the unshaded area is,

however, composed of extensive units of all three factors.

These maps were influential in the decision to locate land within

a 10-mile radius of Conrad as a éite for the research center (Prairie
§E§£.1977). Tﬂe objective wés to locate 40 acres of irrigated and 80
acres of dryland preferably together.

Figure lé was prepared for the new sgperintendent of the soon to
be eétablishéd station and shows the distribution of Argiboroils
throughout the state. These .cool soils with dark surfaces and subséil
aégﬁmulatioﬁ of clay were present at botﬁ of the final sitéé con—
éidered as locations for the new center. Thé wmap indicates thaf soils
ciaésifiediat this great group level are V¢ry extghéive throughout the
state and Wouid be suitable for tlie new station if £he family énd seriés

criteria were favorable.

Environments of Agricultural Research Centers in Montana

Figures 20-26 show the lands with agricultural environments similar

to those of the seven research centers.

Only two of the maps, Bozeman (Figuré 20) and Moccasin (Figure 21)

had patterns which were strikingly similar. Corvallis (Figure 26) was

a surprise in that a large area in thé northeastern part of the state’

‘has similar characteristics. Since these conditions only exist on a
small parcel of land surrounding the center, cells are not displayed”‘

for that location.




Figure 19.

Distribution of Argiborolls (shaded areas).




Figure 20.

Agricultural environments similar to the Bozeman center.
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Figure 21.

Agricultural environments similar to the Moccasin center.
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Agricultural enviromments similar to the Huntley center.
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Figure 23.

Agricultural environments similar to the Sidney center.
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Figure 24,

.‘\“\{ : 8
;\\\\\\\w

§
Wi

B m%‘s NESN\\Q S‘B

Agricultural environments similar to the Havre center.
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Agricultural environments similar to the Creston center.




Figure 26,

Agricultural environments similar to the Corvallis center.
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'These maps repfesent_the first tentative effort at identifying
areas similar to the research center&‘ Further work will be required in
several areas. ¥First, the énﬁironﬁenfal parémeters of importance at
each station must be identified. It seems 1ikelylthat the same factors

will not:be important at all stations. Another area for work involves

'determining the range of parameters to be used in characterizing a site.

.. If the range of characteristics is defined very narrowly for each param-

eter gnd‘if many factors are used, the result -will be a map witﬁ only
a few,~very unique cells., This map will not help to extrapolate
research results because it 'is tod narrowly defined. It shéuid be
brééd enough to disclose some distinct groups of cells and yet narrow
enough toiﬁaﬁelmeaning. |

If work is accomplished in these two major areas it will.bé

‘possible to define in meaningful terms those lands with characteristics

similar to those of the research centers.

Soil Temperature Research

Figure 27 delineates those lands haVing cryic soil temperétures
for north aspects and 45 percent slopes. Munn's (1977) model predicts
that for latitudes in Montana north of 45 degrees the cryic—ffigid"

boundary is above 5,000 feet. South of 45 degrees the boundary is

.above 6,000 feet. Intervals of 1,000 feet were used because that is

what is stored in the computer.




Figure

27

Soils with Cryic temperature regimes.
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Similar maps could be prepared fér any slope or aspect. These:
would help mappers locate the boundaries between frigid and cfyic
temperature regimes which would increase the accuracy of their soil

classification,

Growing Season Precipitation Studies

Dr. Caprio planned to use the two new maps produced in this study
as a guide in the preparation of new handedrawn-maps of growing season
precipitatiop. The pattérns prodﬁced in these mapé_were véry complex
and could not be photo reduced and still be readable. For this.reason,

copies of these maps are not included in this thesis.

Delineation of Sodic Claypan Soils

It has been estimated that there are about 17 million acres in the
northern Great Plains which have sodic claypan soils.(Sandqval and
Jacobes 1977). In these soils, a dense la&er is foﬁn& a short distance
below the surface which is high in adsorbed or exéhangeable sodium;
This dense layer prevents moisture from percolating iﬁto the deeper
layetrs, as well as restricting plant root growth. Beneath thé sodic -
layer ié often found a moderately saline zone which contains gypsum.

Sandoval and Jacobes (1977) recémmend deep plowing to improve the
condition of these soils. A single plowing to a deptﬁ of 24 to 30
inches breaks up the deﬁse layer and mixes the gypsum with Fhe sodic

dominated soil. The calcium from the gypsum replaces the sodium on '
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the excﬁange sites which results in increased permeabilitj. .improved
watef movement leaches the sodium and the salts out of the profile. 1In
2-3 yeérs.the préductivitf of the soil usually increases markedly.

The prbduction of this map, Figuré 28, will help to focus-atten;
tion on the problems associated with these,sqils. If copies of this
map and a discussion of deep plowing were distributed to newspépers and
farm journals an increased public awareness of the potential benefits

of the practice may result.

Areas Where Summer Fallow May Not Be Recommended

Summer fallowing is a practice which increases the amount of stored
soil moistgre available at planting tiﬁe. It is, however, an ineffi-
cient ﬁraqtice since only a small percentage of the precipitation.
which falls- during the fallow period'is'stored in the séil. In some
areas, excessive amounts of water have accumulated by summer fallowing
ana saline seeps have resulted.

Figure 29 shows the locations in the state where'summer fallowing

may not be recommended for moisture conservation. The two criteria

used to identify these lands were (l) greater than 14 inches of average

aﬁnﬁal precipitation, and (2) soils with low water-holding éapacities.
This ﬁap was included in a Cooperative Exténéion Service press

reiease by Dr. Paul'K?esgé, Extension_Soilchientist. The 1:1,000,000

map from Whiéh the smaller version was produced will be drafted into a




Figure 28.

Areas with some soils influenced by sodium.
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. final form at a later date and made available to researchers and other

interested parties.
This map should have helped to keep thé summer fallow-recrop
question in the minds of the Montana farmers who 1ive-in the shaded

areas.

. Effectiveness of Computer-Drawn Maps

- The frincipal advantage of the computer-drawn map is that thousands:
of cells can be quickiy énalyzed and compa?ed. A composite map can be
pfoduced by the computer in a fraction of the time that one can be
éroduced manually.

At present, however, there are several problems which need to Be
resolved to increase the utility and effectiveness of these maps. 'ﬁost
of these can be resolved witﬁout difficulty.

If a large amount of enhancing is reqhired of the computer maps

_to increase their utility, much of the time saved by machine processing

"will be lost.

Even'though special plotter pens were used, the contrast between

the lines drawn and the Background was not sufficient for phbtographic

processing or viewing of these maps at large meetings. The maps ~

included in this thesis had to be redrafted in ink on tracing paper,
line patterns were placed on the cells, and then they wete photo-

graphically reduced. While the maps are excellent for personal use they
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are poor, in their present condition, for formal presentations. Thé
use of darker ink.and better plotter paper would help alleviate this
problem. |
One disadvantage of the computer map has recently been overcome.
This is the large size of the 1:1,000,000 maps which makes them
unacceptable by neﬁspapers and magazines. It is now possible to alter

the scale of these maps. and produce a size which most publishers will

.use. If a shading'systémvis implemented it will be possible to go

from plotter to newspaper without any delay and thus increase the

" timeliness of these maps.

One type of information which is useful but lacking at preéEnt is
location data, i.e., county lines, cities, water features, etc. The -
témpofary.solution to this problem has been to produce a clear,'ﬁélf—
tone, mylar overlay of these reference systems to superimpose on the
plotter-drawn maps. A more effective mechanism‘should be found. Since
the public often views Eomputer products with some apprehension every
effort must be ltaken.to make the maps easy to use. :

Computef maps hgve:limifations for overlay presentations. The

computer .can perform a series of analyses of individual maps and ‘then

‘produce a composite, while manual operations must superimpose each of

these in turn to arrive at the final map.' However, for group presenta-
tions this manual process communicates well with the public, while the

final computer map does not convey how it was produced;

b
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It should be possible to improve the quality and effectiveness

of the present computer-drawn maps without great expense. For large

meetings and other special situations some enhancement may still be

required.
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CONQLUSIONS"

The.Moﬁfana Coﬁputer Graphic Systeﬁ has deménstréted potentiéi as
a reséarch aid and'a.mechéniém fdf-rééidly commuﬁicétiﬁg agfongﬁic
infdrmafion to tﬁe public.

This system'bfoduces a qséfﬁl product at a low éosp'gnd‘reqﬁires:
_1ittlé maintenance.

The31:1;000,000~map.scale, la;itude—léqgitudé grid systeﬁ,‘and
'change;poinf encoding method comprised a'érdceaure that could Be ﬁsea
'by nonspecialists to répidly encode resource data for computer storage.

The‘éyétem’has anéiyticai capabilitiéé and applicatiOns.far Eéyond
thoée démohstéated in this thesis. Itrc0§ld be readily_adapted td‘ .
‘process dynamic resource data suéh as soil %ater status and land use

patterns.




" RECOMMENDATIONS

The utility and effectiveness of the system can be increased by

- the use of: (1) plotter pens which draw darker lines and use differéﬁt

colored inks, (2) better quality plotter péper or drafting film, (3) -
cell shading patterns, (4) geographic references, and (5) easier tech-
niques to access the system.

A technique is needed for transfering the plotter grid onto

'drafting.film without shrinkage or stretching as this will increase

encoding efficiency and accuracy and reduce the amount of time réquifed_'

to make corrections.

To ensure the continued use of the system, workers in several
disciplines should obtain practical experience in its application.
The users manual should be tested and then distributed to experi-

ment station researchers.
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. APPENDIX I
USERS MANUAL FOR THE MONTANA COMPUTER GRAPHIC SYSTEM

The Montana Computer Graphic System (MCGS) was designed as a low-

'ﬁcost,-broad—écale research and planning aid. Data contained in the

system are usually based on long-term averages and .are genéralized

informapion.

The system utilizes the computer to pfoduce plotter—-drawn ﬁaps.
Use of the compﬁter permits the reseache; to view the gedgraphical.-
distribution of one or more components of the natural landscape éuch
as soils, climate, climax vegetation, geology, or others. The'amount

of data displayed can vafy from statewide coverage of a parameter to

. a single class depending upon the needs of the user. In additionm,

it is possible to use the computer to overlay many different factors .

to obtain a composite map. For example, a researcher may be interested

in 1ocating.the lands ip Fhe state which have a certéin type of soii,
iength 6f frost-free season, and averagé annual pregipitatioﬁ. By ..
specifying fﬁe range of characteristics of importance for each pafam—-
ter, a plétter—dréwn map can be produced which displafs the locations

that have these features. Figure 1 is an example of such a map. This

~use of the system to locate agriculturally or environmentally similar -

areas is one of ‘the most frequent applications of the MCGS.
Maps are produced at a scale of 1:1,000,000 and the Albers
Equal-Area projection. This scale is'adequate for obtaining an over-

view of the state or a major portion of it. Since this system is
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Example of plotter-drawn map.
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based upon generalized resource information it should not be used for

site specific work.. An on-site field examination is -required for

theée activities,

The syétem has its greatest reliébility in the eastern two-thirds
of the staté and in the intermontane valleys of the west. "It has less
reliabilit& in mountainous areas.

The data are.stored and retrieved on a cell basis. For this

reason the computer-—drawn map consists of rectangles and straight lines

rather than the conventional circles and curved lines found on man-

made maps; In using the computer maps a good rule to follow is that

clusters of cells are more reliable than individual units.

This manual is designed for two.different types of users. . The
first, and probably most common, will be the researcher or planner who

wants to -use all or a portion of one or more of the existing files.

"For this type of application this manual contains instructions on how

- to identify the required parameters and the format to use in submitting

this informatién for computer proceséing. The other potential user
will be the occasional individual who would like to add files tolﬁhe
data bank. Many types of resource infprmatiop are not presentiy in
thé MCGé} thus, a researcher may find it desirable to add ﬁew resource
data to the system and then combine this information with existiﬁg

files to obtain an important composite display. For this second type
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of user, a detailed description is presented of the entire storage

and retrieval process.

Potential users should examine.the following list of files' to
depermine if it contains environmentalearameters of importance to
their work and‘if the.map‘intervals.afe sufficiently narrow to be
usable; Background information is provided for each map file stored
ithhe cémpﬁter. The identification numbers for the intervals of each
parameter are also listed. These are the values that the computer
uses to identify thése intervals and thus these identification numberé

will be written on the fortran coding sheets.
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Title: Average Length of Frost-Free Season Publication Date: 1965 .

Source: Dr. J. M. Caprio, Agricultural Climatologist, Montana Agri-
cultural Experiment Station, Montana State Univ., Bozeman.

Classes: (in days) Computer Identifier .
10- 30 . 001
‘30- 50 002
50~ 70 003
70- 90 <004
90-100 005

100-110 006
110~115 007
115-120 008
120-125 009
125-~130 010
130-135 - 011
135-140 012

Comments: Reference used was Mont. Agric. Exp. Stn. Foldér No. 83.
. Data based upon weather records for 1921-50.
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Title: Average Date of First Freeze Publication Date: 1965

Source: Dr. J. M. Caprio, Agricultural Climatologist, Montana Agri-
' cultural Experiment Station, Montana State Univ., Bozeman.

Classes: (dates) ' Computer Identifier
8/03- 8/08 ' 001
8/08- 8/13 002
8/13~ 8/18 003
8/18- 8/23 " 004
8/23- 8/28 005
8/28- 9/02 006
9/02- 9/07 . 007
9/07- 9/12 008
.9/12- 9/17 : 009
9/17- 9/22 010
9/22- 9/27 ' : 011
9/27-10/02 ' 012

Comments: Reference used was Mont. Agric. Exp. Stn. Folder No. 82,
Data based upon weather records for 1921-50.

L
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Title: Average Date of Last Freeze

Publication Date: . 1965

Dr. J. M. Caprio, Agricultural Climatologist, Montana Agri-
cultural Experiment Station, Montana State Univ., Bozeman.

(dates)

 5/05-5/10

5/10-5/15.

5/15-5/20
5/20-5/25
5/25-5/30
5/30~6/04

- 6/04~6/09

6/09-6/19
6/19-6/29
6/29-7/09
7/09-7/19
7/19-7/29

Computer Ide

ntifier

012
011
010
009
008
007
006
005
004

003 -

002
001

Comments: Reference used was Mont. Agri. Exp. Stn. Folder No. 8l.

Data based upon weather records for 1921-50. .
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Preliminary Estimate of Average

Anniual Potential Evapotranspiration

Publication Date: 1973

Source: Dr. J, M. Caprio, Agricultural Climatologist, Montana Agri-

cultural Experiment Station, Montana State Univ,, Bozeman.

(in inches)

East of Computer
Divide .  Identifier
11.5-12.5 001
©12.5-13.5 002
13.5-14.5 003
14.5=15.5 004
15.5-18.0 013
18.0-20.5 014
20.5-22.0 015
22.0-23.5 016
23.5-25.0 017
25.0-26.5 018
26.5-29.0 019
29.0-31.5 020
31.5-33.0 021

West of Computer
" - Divide Identifier
11.5-12.5. 001.
12,5-13.5 002
13.5-14.5 003
14,5-15.5 004
15.5-17.0 005
17.0-19.0 006
19.0-20.0 007
20.0-21.0 008
21.0-22.0 009
22.0-23.0 010
. 23,0-24.0 011 -
24.0-25.0 012

Comments: Based on the conversion of average date when lilacs begin

to bloom to estimaggd average gnnual accumulation of solar -
thermal units x 10 (see 'Mont. Agric. Exp. Stn. Circ. 251

and Bul. 607).
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Title: Percent of Average Annual Precipita~ . Publication Date:
© tion Falling from May 1 to July 31 -

Source: Dr. J. M. Caprio, Agricultural Climatologist,'Montana'Agri—
‘ cultural -Experiment Station, Montana State Univ., Bozeman.

Classes: (in perceﬁt)

©17.5-20.
20.0-22.
22.5-25
25.0-27
27.5-30.
30.0-32.
32.5-35.
35.0-37.
37.5-40.
40.0-42.
42.5-45.
45.0-47.
47.5-50.
- 50.0-52.
52.5-55.
55.0-57.

1941-70.

S mouvououLouLoumo Lo uw o

Computer Identifier

001
002
003
" 004
005
006
007
008
009
010
011
012
013
014
015
016

Comments: The base period used in computing these percentages was

Unpublished data.
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Title: Percent of Average Annual'Precipita— Publication Date:
. tion Falling from April 1 to July 31

Source: Dr. J. M. Caprio, Agricultural Climatologist, Montana Agri-
cultural Experiment Station, Montdna State Univ., Bozeman.

Classes: (in percent) Computer Identifier
20.0-22.5 . 001
22.5-25.0 ‘ 002
25.0-27.5 003

- 27.5-30.0 004
30.0-32.5 005
32,5-35.0 006
35.0-37.5 007
37.5-40.0 008
40.0-42.5 009
42.5-45,0 010
45.0-47.5 011
47.5-50.0 012
50.0-52.5 013
52.5-55.0 014
55.0-57.5 ‘ 015
57.5-60.0 - 016
60.0-62.5 017
62.5-65.0 ' 018
60.0-61.75 , 019
61.75-62.5 020

Comments: The base-period used in computing these percentages was
1941-70. TUnpublished data. . .

LU |




Title: - Average Annual Precipitation, based
on 1941-70 Period

100

Publicatioﬁ Date:

1977

Source: Snow Survey Unit, Soil Conservation Servicé, U. S. Department
of Agriculture, Bozeman. : ' '

0- 6

6- 8

10- 12

o 12— 14

C 14— 16

16~ 18

18- 20

20- 30

. 30~ 40

40~ 50

. 40~ 60

"© 50~ 60

60~ 80
80-100 -

'100-120

>120

Comments:

Classes: (in inches)

Computer Identifier

001
002
003
004
005
© 006
007
008
009
010
011
012
013
014
015
016

Based upon snow course data, mountain storage precipita-
tion gauge data, and climatological stations. Data
collected by Snow Survey Unit of the SCS, National Weather
Service, Forest Service, and others. -
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Title: 'Average Annual Snowfall, 1958~72 | Publication Date: 1975

Source: Snow Survey Unit, Soil Conservation Service, U. S. Depart-

~ment of Agriculture, Bozeman.

Classes: (in inches) Computer Identifier
0- 25 001
25- 50 . : 002
_ 50-100 , 003
100-200 _ ' 004
200~300 005 -
300~500 ‘ 006 3
500-700 007
500-800° 008
500-1000 009

Comments: Based.on data obtained from federal, state, and private

cooperative snow surveys for Montana, coordinated by
SCS/USDA and from Cllmatologlcal Data for Montana published
by USCOMM—NOAA
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Title: Average Annual Value of Factor R Publication Date: ‘1976
Sourca; Soil Conservation Service, U. S Department of Agrlculture,
Bozeman .
Classes: o ngputar Identifier
© 10 : . 001
15 - ' 002
20 ' 003
25 . 004
30 . 005
50 - 006
75 007
100 008
125 009 -
150 - 010
Comﬁeﬁts: ‘Factor R is the designation in the Universal Soil Loss

Equation for the effects of average annual erosive rains.

Map is based on data obtained from 1958-72 average annual
“snowfall data, from climatological data, and from isopluvials
- of 2 year 6 hour precipitation.

]
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Source:

Classes:

Comments:
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Title: 50 Year 24 Hour Peak Precipitation

Snow Survey Unit, Soil Conservation Service, U. S. Department

of Agriculture, Bozeman.

]
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Computer Identifier

001
002 .
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019

Taken from National Oceanic and. Atmospheric Administration

Atlas 2, Vol. 1, 1973. .

Publication Date: 1973 .




Title: Elevation
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Publication Date: 1970

Source: Snow Survey Unit, Soil Conservation Service, U. S. Department

of Agriculture, Bozeman.

Classes:! .(in feet)

above 9,000
7,000-9,000
6,000-7,000
5,000-6,000
4,000-5,000
3,000-4,000

2,000-3,000

below 2,000

Computer Identifier

001
002
003
004
005
006
007
008

' Comments: Data obtained from U. S. Geological Survey fopogfaphic maps

‘and compiled into a 1:1,000,000 map.
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Title: Number of Strong Chinooks Per 100 Years Publication Date:

Source: Dr. J. M. Caprio, Agricultural Climatologist, Montana Agri-~-

cultural Experiment Station, Montana State Univ.; Bozeman.

Classes: o + Computer Identifier

0- 75 . 001

75-100 © 002
100-150 ' B 003
150-175 : .- 004
175-200 - ‘ 005
200-225 : 006
225-250" , 007
- 250-275 008
275-300 - 009
100-125 010
125-150 ‘ : 011

Comments: Unpublished map.
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Title: Conéumptive Use of Water . Publication Date: 1973

Source: Soil Conservation Service, U. S. Departmeﬁt'of Agriculture,

Bozeman.
Classes:

High
Moderately high
Moderate
Moderately low
Low
Mountainous

Computer'Ideﬁtifier

001
002
003
004
005
006

Comments: Map published in Irrigation‘Guide for Montana.
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Title: Geology

Source:

Classes:

Geologic Map of the United States, U.
Washington, DC.

Lance -Formation

Fort Union Formation

Montana Group

Colorado Group

Claggett and Eagle Formations

Bearpaw and Judith River Formations

Older Tertiary Volcanic Ro¢ks

Intrusive Rocks

Devonian to Cambrian Rocks

Mississippian Rocks

Dakota Sandstone and Lower Cretaceous

Jurassic Rocks: »

Dakota Sandstone to Morrison Formation

Archean Rocks

Upper Part of Belt Series ‘

Alluvium, Lake Deposits, Beach Sand, Marine . 023
Deposits, and Glacial Deposits

PuBlication Date: 1931

(reprinted 1960)

S. Geological Survey,

Computer Identifier

01l
010
019
015
016
014
027
025
007

1005
017
012
018
004

- 002

Older Intrusive Rocks ) 013
Miocene and Pliocene Continental Deposits 021
Triassic Rocks 026
Pennsylvanian Rocks 006
Younger Volcanic Rocks and Interbedded 024
Continental Deposits

Belt Series, uridivided and other Algonkian Rocks 001
White River Group . 022
Mesa Verde Formation

Comments:

028

Original map was at a scale of 1:2,500,000 and was sub-

sequently enlarged to 1:1,000,000.

This map is very

generalized, particularly for the mountainous portions

of the state.
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.Title: Soils * Publication Date: 1978

Source: Montana Agricultural Experiment Station with the cooperation
of the Soil Conservation Service .and Forest Service, U. S.
Department of Agriculture.

. Cbﬁputer
Classes: Identifier
- INTERMOUNTAIN AND PIEDMONT SECTION .l
- Aridic/Xeric/Ustic-Frigid:
Av _ Entisols, Inceptisols, & Molliscdls of nearly level
to sloping terraces, fans, & flood plains o
Avl Fluvaquents-Torfiorthents—Caiciorthids - 085
Villiy, Ryell, Rivra
Av2 Xerochrepts-Xerifluvents-~Haplaquolls 047
. Chamokane, Corvallis, ? : :
Av3 Ustochrepts~Ustifluvents-Haplaquolls 093
' 7 s 7 ?
Av4  Argiborolls-~ Haploborolls—Fluvaquents ' 029
Beaverton, Gallatin, Villy
Av5 Haploborolls-Argiborolls-Camborthids S 112
? L) ? Y ? : :
Aquic-Cryic:’
B Mollisois of neariy level cold, wet basins
B Cryaquolls-Cryoborolls' ' 132
) _ ? o ' :
Xeric~Frigid:
Ct . Mollisols of nearly level to strongly sloplng
outwash terraces, fans, & benches
Ctl Haploxerolls-Xerochrepts—Xeropsamments 004

3 _ Victor, Chereete, Kalispell, Blanchard
| : ' . varlant Jocko
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Martinsdale, Fairfield Work/Turner Farnuf

Computer
Classes: ' ’ , - Identifier
Ct2 Haploxerolls-Natrargilds 110
' ? s Ravalli
D Molllsols & Alflsols of nearly level to sloping
lacustrine terraces’
- Dtl Haploxeralfs~Argixerolls 041 -
Tarkio, ?
Dt2 Natrixerolls-Argixerolls 053
~ Post, Polsoén, ?
E Inceptisols & Entisols of nearly level to étrongly
sloping outwash terraces & fans with forest cover ‘
""Et Xerochrepts-Xerorthents-Ustochrepts 038
7 .. ? s Totelake ‘
Fg Mollisols of undulating to ;blliﬁg glacial moraines
Fg Hablpxerolls—Nétrixerolls - 067
" Quigley-like, Polson’
Ustic-Frigid:
Gb Mollisols of nearly‘level to highly dissected,'
sloping, & steep benches & terraces
Gbl Argiborolls-Haploborolls 122
Bozeman*, Amsterdam* (*presently cryic series) ‘
Gb2 Argiborolls-Lithic Haploborolls~Haploborolls 036
3: Hilger, Castner, Turner/Absarokee, rock
_ outcrop 1/ .
Gb3 Argiboro11s—Eutroboralfs—Haplaquolls 096
Coe ,Hanaker Bignell, Turrah
Gb4 Arglborolls 012

'l/ Series listed to the right of the slash (/) are minor soils.
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Classes:

Gb5 Argiborolls-Calciborolls
Danvers, Judith, Fairfield/Utica, Windham

Gb6 Calciborolls
Windham, Utica, Judith, Ipano

Gf Mollisols of sloping to steep foothills
Gf1l Argiborolls-Lithic Argiborolls
Martinsdale, Sinnigam, rock outcrop/Doughty,
Castner
Gf£2 Argiborolls-Haploborolls
Terrad, Timberg, Big Timber
Gf3 Calciborolls-Haploborolls
Lap, Armington, rock outcrop/Windham, Reeder
Gf4 Haploborolls-Ustorthents
Winifred, Wayden
Gf5 Haploborolls-Lithic Haploborolls
Hedoes, Belain, Castner
Gg  Mollisols of undulating to rolling piedmont

glacial moraines

Ggl Argiborolls-Haploborolls
?

?
N {

Gg2 Argiborolls-Haploborolls-Calciborolls
Williams, Zahl, ?

Ustic-Frigid/Cryic:

HE

Mollisols & Entisols of sloping to steep foothills

Hfl Haploborolls-Argiborolls-Cryoborolls
Perma, McDonald, Skaggs

Hf2 Haploborolls-Cryoborolls-Paleboralfs
" Castle, Frica*, Mord, Tigeron/Absarokee,
Sinnigam - (¥*proposed series)

Hf3 Argiborolls-Haploborolls=Cryoborolls
Absarokee, ? , Bridger

Computer

Identifier

010

051

087

034

141

055

049

092

042

059

073

106
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Computer
Classes: ' . Identifier
Hf4 Ustorthents-Lithic Haploborolls ) o111
' Wayden, Castner/Lambeth, Regent, Lap, Rottulee,
rock outcrop
Ustic~Ctyic:
Ib Mollisols of nearly level to highly dissected,
sloping, & steep benches & terraces
Ibl Cryoborolls 101
Bridger, Passcreek, Rooset '
Ib2 Cryoborolls-Cryaquolls 123
? , ?
Ib3 Cryoborolls-Cryoborolls, shallow 009
Michelson, Redchief, Fifer, terrace escarp-
ments ’
If Mollisols & Inceptisols of sloping to steep
foothills
Ifl Cryobrolls-Lithic Cryoborolls 100
"Ess, Cheadle, Nielsen -
If2 Cryoborolls ' ‘ 086
Hanson, Skaggs/Duncom :
If3 Cryoborolls-Cryochrepts—-rock outcrop ‘ 121
Leavitt, Orofino, Maxville, Tiban, ?
If4 Cryobrolls-Cryochrepts-Ustochrepts 050
Sebud, Whitore, Duncom, Whitecow -
Iz Mollisols of undulating to rolling piedmont glacial
moraines ' :
Ig Cryoborolls ' 008

Leavitt, Burnette, Adel, Babb

Aridic~Frigid:

Jb Mollisols & Aridisols of nearly level to highly
dissected, sloping, & steep benches & terraces
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Classes:

Jb  Argiborolls-Calciorthids
Radersburg, Amesha, Scravo

Jf Mollisols, Aridisols, & Entisols of foothills

Jf Argiboroils—Hap1argids~Torriorthents, shallow
Nuley, Evana*, Riedel variant ‘

Computer

Identifier

098

097 -

Kb Aridisols of nearly level to highly dissected, sloping,

& steep benches & terraces

Kbl Calciorthids-Torriorthents
Crago, Amesha, Scravo

Kb2 Calciorthids-Haplargids—Argiborolls
Musselshell, Diamondville, Evanston

Kb3 Calciorthids-Argiborolls-Camborthids
Avalanche, Evanston, Alona variant

Kb4 Calciorthids :
Musselshell, Cargill, Crago, Ashuelot

Kt Aridisols of nearly level to dissected, sloping,
& steep lacustrine terraces

Kt Camborthids-Natrargids '
Lone Pine, Round Butte/Irving

Kf Aridisols & Mollisols of sloping to steep foothills.

Kf Calciorthids-Argiborolls
Rencot, Tolman

ydic-Frigid/Cryic:

Lt ‘Cryic Inceptisols & Entisols of nearly level outwash

terraces with forest cover

Lt Cryochrepts—Cryorthents
? ?

099

138

144

094

064

108

145
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and crystalline lithology)
Garlet, ? , rock outcrop

Computer
Classes: Identifier
Lg  Inceptisols & Alfisols of ‘undulating to rolling
valley and foothill glacial moraines with forest
cover : :
Lgl Cryochrepts—-Eutroboralfs-Eutrochrepts 003
? R ? , ?
Lg2 Cryoboralfs-Cryoborolls 007
Loberg, Adel
Lg3 Cryochrepts-Cryoboralfs 127
? s ?
. Udic-Cryic:
Ma. Inceptisols (Andic) of steep & very steep
forested mountains
Ma  Cryochrepts—Cryandepts (mixed lithology with 046
Holloway, Truefissure surficial volcanic ash)
Me Inceptisols & Alfisols of steep & very steep forested
mountains
Mel Cryochrepts-Cryoboralfs—Eutroboralfs (glacial 002
deposits over quartizitc, atrgillaceous, and
dolomitic lithology)
Holloway*, Sherlock, Bignell (*glacial phase)
Me2 Cryochrepts-Cryoboralfs (argillaceous & 125
quartzitic lithology)
Garlet, Mikesell, Worock
Me3 Cryochrepts-Cryoboralfs-Cryoborolls (granitic 089
and crystalline lithology)
Garlet (?), Loberg or Woodrock, Leavitt
Med Cryochrepts-Cryoboralfs-Lithic Cryoborolls 048
(mixed lithology) .
Whitore, Garlet, Nugget or Loberg, Cheadle
"Me5 Cryochrepts-Cryoboralfs-rock outcrop (granitic 135
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Computer
Classes: Identifier
Udic/Ustic-Frigid/Cryic:
ME Inceptisols of steep & very steep forested mountains
Mfl Cryochrepts-Ustochrepts-Eutroboralfs (mixed 032
‘ Holloway, Winkler, Yourame, Bignell lithology)
Mf2 Cryochrepts-Ustochrepts—Cryorthents 095
Elkner, Ambramt, Stecum
Mf3 Cryochrepts-Ustochrepts~Cryoboralfs (calcareous 005
Whitore, Repp, Trapper -lithology)
Mf4 Cryochrepts—Ustochrepts—Lithic Cryoborolls 069
(argillaceous and quartzitic lithology)
? ; ? , Cheadle
Mo Mollisols, Inceptisols, & Alfisols of steep & very
steep mountains with open forest-grass cover
Mol Cryoborolls-Cryochrepts—Cryoboralfs (mixed 139
‘ ? ? ? lithology)
Mo2 Cryoborolls—-Cryochrepts-Ustochrepts (caleareous 090
Hughesville, Whitore, Skaggs lithology) :
Mo3 Cryoborol1s4Cryoboralfs—Crydchrepts (mixed 079
Teton, Loberg, Garlet lithology)
Mo4 Cryochrepts—Cryoborolls~Haploborolls (mixed 015
Skaggs, ? . ?/Sheege, Tigeron lithology)
Mo5 Cryoborolls (mixed lithology) 142
Duncom, Tarrete, Mayflower
Mo6 Eutroboralfs—Argiborolls-Lithic Cryoborolls 088
(granitic and crystalline lithology) '
Loberg variant, Hilger, Cheadle
Udic—-Cryic:
R Mountain peaks & sloping to very steep alpine
grasslands
Rock outcrop, talus, Cryoborolls & Cryochrepts 006

R

(mixed lithology)
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Classes:
GREAT PLAINS SECTION

Aridic/Ustic-Frigid

Ap Entisols, Aridisols, Inceptisols, & Mollisols of

nearly level to sloping low terraces, fans, &
flood plains

Apl Torrifluvents~Salorthids
Havre, Harlem, Bowdoin, Lardell/Nobe,
McKenzie, Glendive

Ap2 Camborthids-Torrifluvents-Torriorthents
Yamac, Havre, Harlem, Kobar Glendive

Ap3 Camborthids-Natrargids~Torrifluvents
Yamac, Gerdrum, Havre, Harlem, Glendive

Ap4  Ustochrepts-Ustifluvents-Argiborolils
Cherry, Havrelon, Lohler, Savage, Farnuf

Ap5 Ustifluvents-Haploborolls—-Argiborolls
Havrelon, Lohler, Farnuf, Savage/Bowdoin,
Turner, Nobe

Ap6 Haploborolls
Lolo, Nesda

Ap7 Haploborolls—Argiborolls-Ustifluvents
Tally, Savage, Fergus, Straw, Korent

Aquic-Frigid:

. Aw _ Mollisols & Entisols of nearly level wet bésins,
low terraces, & flood plains

Aw Haplaquepts—Torriorthents—Haﬁlaquolls
McKenzie, Nobe, Dimmick

Ustic~-Frigid:

Nb Mollisols of nearly level to highly dissected,
sloping & steep benches & terraces

Nbl Argiborolls
Farnuf, Turner

Computer

Identifier

018

074
043
054

026

131

078

013

066




sedimentary bedrock plains

Npl

Np2

Np3

Np4

Np5

Np6

Np7

Np8

Np9

Argiborolls-Ustorthents . X 077
Reeder, Regent, Eltsac, Absarokee/Cabba, Norbert,
Gerber, Castner, Amherst, Sinnigam, Borky

Argiborolls-Lithic Argiborolls - 083
Absarokee, Sinnigam/Macar, Shane, Rentsac :

Argiborolls~Haploborolls~Ustochrepts not encoded
Farnuf, Vebar, Macar :
Calciborolls~Haploborolls 082
Trulon, Lap, Bitton, Straw
Haploborolls-Argiborolls-Ustochrepts S 134
Shambo, Labre, Barkof

Haploborolls-Ustochrepts—Ustorthents . 062

Chama, Cambert, Cherry, Lamber/Shambo, Farland,
Farnuf, Morton, Arnegard

Ustorthents~-Argiborolls 105
Doney, Farnuf, Wayden '

Ustorthents-Haploborolls-Natriborolls 104
Eltsac, Vebar, Adger/Farnuf

Ustipsamments-Ustorthents 130
Flasher, Dast

Entisols, Mollisols, & Inceptisols of dissected,

rolling to steep sedimentary bedrock plains & hills

Nhl

Haploborolls-Calciborolls-Argiborolls 081
Winifred, Utica, Danvers, Savage/Maginnis,
Judith, Roundup, Absarokee, Sinnigam, Windham

Ustochrepts~Haploborolls-Argiborolls : 080
Lamédéer, Barvon, Ringling, Reeder/Doney, Farnuf '
Lambeth, Cabba '

= . b L Lit L A
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Computef :
Classes: Identifier
Nb2 Haploborolls 076
Duffy, Lihen, Tally/sand dunes, rock outcrop
Np Mollisols & Entisols of gently to strongly sloping
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Classes:

Nh3 Ustorthents-Lithic Haploborolls-Argiborolls
Wayden, Castner, Regent/Rentsac, Belfield,
Lambeth, Rottulee, rock outcrop

Nh4 Ustorthents-Ustochrepts
Lambert, Zahill-Cambert

Nh5 Ustochrepts-Ustorthents ‘
Cambert, Lambert, Dast, Barkof/Tinsley, shale -
outcrop

Nhé Ustorthents-Haploborolls
Tinsley, Lambert, Lihen

Nh7 Ustochrepts-Ustorthents—~Haploborolls
0 .

? ?
b * b *

Og Mollisols & Entisols of undulating to rolling
glacial till plains
Ogl Argiborolls-Haploborolls
Dooley, Parshall/Tally, Zahill
Og2 Argiborolls-Haploborolls
Bearpaw, Williams, Zahl/Gerber
0g3 Argiborolls-Ustorthents
Vida, Williams, Zahill
Og4 Argiborolls-Ustorthents
Williams, Zahill/Bowbells, Farnuf, Gra11
Dimmick
Oh Entisols & Mollisols of dissected, hilly glacial
till plains
Oh  Ustorthents-Argiborolls
Zahill, Williams, Tinsley/Dimmick, Farnuf,
Grail, Bowbells
ot

Mollisols of nearly level to sloping glacial outwash

& stream terraces

Ot Haploborolls-—Argiborolls

Dooley, Turner, Manning, Parshall, Tally/Wabek

Computer

Identifier

118
023
057
063

129

027
044
014

024

025

031
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Classes:

Ardidic—-Frigid:

Pb

Mollisols & Aridisols of nearly level to highly

Pp

dissected, sloping, & steep benches & terrices

Pbl Argiborolls-Camborthids
Brussett, Lonna/Onray, Gilt Edge, Shonkin,
Ethridge '

Pb2 Calciborolls-Calciorthids
Rothemay, Binna, Crago, Ashuelot/wet saline land

Pb3 Haploborolls-Camborthids—-Argiborolls
Kremlin, Abor, Dutton/wet saline land, Yawdim,
Cabbart

Mollisols & Aridisols of gently to strongly sloping

Ph

sedimentary bedrock plains

Ppl Argiborolls-Haploborolls-Lithic Argiborolls

Tanna, Roundup, Beenom/Yamac, Yawdim, Delpoint

Pp2 Argiborolls—Haplargids-Lithic Torriorthents
Evanston, Bonfri, Rentsac/Beenom, Gerber, Lambeth

Entisols & Mollisols of dissected, rolling to steep

sedimentary bedrock plains & hills

Phl ‘Torriorthents, shallow-Argiborolls-~Camborthids
Cabbart, Evanston, Delpoint/Dilts, rock outcrop,
Yawdim, Kobar, Gerdrum

Ph2 Torriorthents, shallow-Lithic Torrlorthents—
Torrifluvents -
Cabbart, Rentsac, Havre/rock outcrop, Glendive,
Lohler, Yawdim

Mollisols & Aridisols of undulating to rolling glac1al

till plains

Sgl Argiborolls—Haploborolls
Telstad, Joplin, Chinook, Scobey/Hlllon Thoeny

Sg2 Arglboro11s—Palearglds—Natrarglds
Scobey, Phillips-Elloam/Sunburst

Computer
Identifier

137

065

068

017

035

039

040

016

011
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Computer
Classes: . ‘ Identifier
Sg3 Argiborolls-Torriorthents-Natrargids _ 020
Scobey, Sunburst-~Elloam/Phillips
Sh Entisols & Aridisols of dissected, hilly glacial till
plains
Sh  Torriorthents-Natrargids-Torriorthents, shallow 021
Sunburst, Elloam, Lisam
St Mollisols of nearly level to sloping glacial outwash
& stream terraces
St  Argiborolls—-Haploborolls ' 030
Evanston, Assinniboine, Attewan, Chinook
Tb Aridisols of nearly level to highly dissected, sloping,
& steep benches & terraces
Tbl Haplargids-Haploborolls-Argiborolls 103
Pinelli variant, Kremlin, Chanta, Degrand,
Attewan, Yamac
Tb2 Natrargids-Hapargids 084
Creed, Pinelli variant, Gerdrum _
Tb3 Camborthids-Torriorthents 102
Yamac, Marias, Vanda, Busby
Tp Aridisols of gently to strongly sloping sedimentary
bedrock plains
Tpl Camborthids~Haploborolls-Argiborolls 107
Busby, Chinook, Evanston
Tp2 Camborthids-Torriorthents, shallow 126
Yamac, Birney, Cabbart (fine-loamy soils) .
Tp3 Camborthids 091
Cambeth, Lonna, Delpoint
Tp4 Camborthids~Torriorthents, shallow ' 115
Busby, Twilight, Riedel (coarse~loamy), Sunburst
Tp5 Haplargids—Camborthids-Natrargids . - 052

Pinelli variant, Cambeth, Lonna, Creed




)

‘ Classes:

120

Th _FEntisols & Aridisols of dissected, rolling to steep

sedimentary bedrock plains & hills

Thl
Th2
Th3
Thé
Th5
Thé
Th7

Th8

Torriorthents—Camborfhids
Lambeth, Cambeth, Yawdim, Delpoint

Torriorthents, shallow-Camborthids~Torriorthents
Cabbart, Birney, Yamac, Armells

Torriorthents, shallow-Torriorthents—Camborthids
Cabbart, Reidel, Yawdim, Yamac/Twilight, Busby

Torriorthents-Torriorthents, shallow—Cémborthids
Lambeth, Cabbart, Delpoint

Torriorthents-Lithic Torriorthents—-Camborthids
Yawdim, Rentsac, Busby

Torriorthents-Natrargids
Yawdim, Delphill, Creed, Cabbart/shale outcrop

Haplargids-Torriorthents~Camborthids
Pinelli variant, Delphill, Yawdim, Kobar

Torriorthents-Lithic Torriorthents-Camborthids
Yawdim, Lambeth, Rentsac, Yamac/rock outcrop

Ug Aridisols of undulating to rolling glacial till plains

Ugl

Ug2

Paleargids-Natrargids—Argiborolls
Phillips-Elloam, Kevin/Scobey, Sunburst, Nobe

Natrargids~Camborthids-Torriorthents
Elloam, Bascovy, Dilts

Aridic/Ustic-Frigid:

Vb Aridisols, Mollisols, & Entisols of clayey, nearly

level to sloping terraces, fans, benches, &

lacustrine basins

Vbl

Vb2

Arglborolls —-Eutroboralfs
Dutton, Gerber, Pylon, Linnet, Shaak

Camborthids-Torriorthents-Argiborolls
Kobar, Marias, Pendroy, Attéewan/Ethridge, Kev1n,
Scobey, Floweree

Computer

Identifier

072
117
058
114
136
061
120‘

113

- 019

060

070

- 037
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: Computer
Classes: Identifier-
Vb3 Camborthids—Natrargids : 140
‘Bickerdyke, Gerdrum "
Vb4 Natrargids-Torriorthents . 075
- Absher, Nobe/Lonna
Vb5 Torriorthents~Natrargids-Torrifluvents 033
Vaeda, Vanda, Absher, Havre/Harlem, Nobe, ' ’
. McKenzie .
Vb6 Salorthids-Haplaquepts . : 128
Lardell, McKenzie .
Vh___ Entisols & Aridisols of clavey, noderately.sldping to
© .- dissected, rolling & steep shale plains
Vhl Torriorthents, sahllow-Camborthids-Natrargids 022
Lisam, Dilts, Bascovy, Abor, Absher/rock outcrop ‘
Vh2 Ustorthents-Ustorthents, shallow-Haploborolls 071
Eltsac, Wayden, Winifred, Cabba, shale outcrop
X Badlands & Entisols of highly dissected, steep, river .
: btreaks
X  Badlands-Torriorthents, shallow-Torrifluvents 056
Rock outcrop, Lambeth, Lisam, Yawdim, Harlem/
Dilts, Havre °
WAT Water
WAT Lakes or Reservoirs - ‘ , _ B 045.
Cemmenté: ? dndicates unidentified soil series. Soll map was compiled

from county soil association maps, published soil surveys,.

1:250,000 topographic maps, and the following generalized

.s0il maps: (a) Headwater RC&D, Soil Conservation Service,-

1:500,000 map scale; (b) Clark Fork of the Columb;a River
Basin, Soil Conservation Service and Forest Service, '

- 1:500,000 map scale, April 19743 and (c) Soils of ‘Eastern

Montana by J. M. Ashley and C.'A. Mogen in Impacts of
Induced Rainfall on the Great- Plains of Montana, Section 7,
Surface Hydrology, Mont. Agric. Exp Stn. Bul. Map at
1:1, 000,000.
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Title: Climax Vegetation Publication Date: 1976
Source: R. L. Ross and H. E. Hunter, Soil Conservatlon Service, U. S.
Department of Agriculture, Bozeman.

.. . Computer

Clagses: f Identifier
EASTERN GLACIATED PLAINS:
Silty Range Site, 10-14" Precipitation Zone (P. Z.)

1 (Includes thin breaks too small or irregular to delineate) ' -001
Needleandthread, western and thickspike wheatgrass, green needlegrass,
little bluestem, prairie junegrass, porcupinegrass, blue grama, native
legumes, silver sagebrush, western snowberry, winterfat
Silty-Clayey Range Site Complex, 10-14" P, Z,

2 Silty: Same as Site No. 1 002
Clayey: Same as Site No. 3

3 Clayey and Shallow Clay Range Site Association, 10-14" P, Z.

Western and thickspike wheatgrass, green neediegrass, little bluestem, 003
prairie junegrass, plains reedgrass, biscuitroot, milkvetches, American
vetch, silver sagebrush, winterfat

y Dense Clay-Clayey-Saline Upland Range Site Compliex, 10-14" P, Z.

t 00
Dense Clay: Western and thickspike wheatgrass, green needlegrass, 4
prairie junegrass, big sagebrush,Nuttall saltbush, greasewood
Clayey: Same as Site No. 3
Saline Upland: Alkali sacaton, western and thickspike wheatgrass,
greasewood, Nuttall saltbush, dinland saltgrass, bottlebrush squirreltail,

Sandberg bluegrass

r Saline Lowland Range Site, 10-14" P, Z.

J .

Western and thickspike wheatgrass, alkali sacaton, alkali cordgrass, - F)()S
slender wheatgrass, Nuttall alkaligrass, inland saltgrass, Canada
wildrye, sedge, greasewood, Nuttall saltbush
6 Sands and Sandy Range Site Association, 10-14" P. Z.
Sands: Prairie sandreed, needleandthread, Indian ricegrass, little 006 .
bluestem, sand bluestem, sun sedge, native legumes, skunkbush sumac
Sandy: Needleardthread, prairie sandreed, threadleaf sedge, little
bluestem, sideoats grama, western and thickspike wheatgrass, native
legumes, blue grama, skunkbush sumac, rose
WESTERN GLACIATED PLAINS:
Silty Range Site, 10-14" P, Z.

/ . 007
Needleandthread, western and thickspike wheatgrass, green needlegrass,
bluebunch wheatgrass, basin wildrye, prairie junegrass, native legumes,
silver sagebrush, blue grama i

3 : Silty-Clayey Range Site Cumplex, 10-14" P, Z,

008

Silty: Same as Site No, 7 °

Clayey: Same as Site No. 9
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Clayey and Shallow Clay Range Site Association, 10-14" P. Z. -

Green needlegrass, western and thickspike wheatgrass, bluebunch wheat-
grass, needleandthread, prairie junegrass, plains reedgrass, milkvetches,
scarlet globemallow, winterfat, prairie sandreed

Dense Clay-Clayey-Saline Upland Range Site Complex. 10-14" P. Z.

Dense Clay: Western and thickspike wheatgrass, green needlegrass, basin
wildrye, prairie junegrass, Nuttall saltbush, greasewood

Clayey: Same as Site No. 9

Saline Upland: Alkali sacaton, western and thickspike wheatgrass,
greasewood, basin wildrye, Nuttall saltbush, inland saltgrass, bottle-
brush squirreltail, Sandberg bluegrass i
Saline Lowland Range Site, 10-14" P, Z.

Alkali sacaton, western and thickspike wheatgrass, Nuttall alkaligrass,
alkali cordgrass, slender wheatgrass, inland saltgrass, sedge, grease-
wood, Nuttall saltbush

Sands and Sandy Range Site Association, 10-14" P, Z.

Sands: Prairie sandreed, needleandthread, Indian ricegrass, threadleaf
sédge, native legumes, yscca, skunkbush sumac

Sandy: Needleandthread, prairie sandreed, threadleaf sedge, bluebunch
wheatgrass, western and thickspike wheatgrass, native legumes, skunkbush
sumac, blue grama

Subirrigated and Wetland Range Site Association
Tall reedgrasses, tufted hairgrass, slender and bearded wheatgrass,

northern mannagrass, prairie cordgrass, tall sedgés, basin wildrye,
Canada wildrye, willows, cottonwood, boxeider

EASTERN SEDIMENTARY PLAINS:

14

16

17

Silty Range Site, 10-14" P. Z.

(Includes thin breaks too small or irregular to de]inéate)

Western and thickspike wheatgrass, little bluestem, needleandthread,
green needlegrass, bluebunch wheatgrass, big bluestem, prairie june-
grass, threadleaf sedge, native legumes, silver sagebrush, skunkbush
sumac, winterfat, blue .grama, western snowberry

Silty Range Site, 15-19" P, Z,

Western and thickspike wheatgrass, green needlegrass, little bluestem,
big bluestem, bluebunch wheatgrass, Idaho fescue, sideoats grama, native
legumes, needleandthread, prairie junegrass, silver sagebrush
Silty-Clayey Range Site Complex, 10-14" P, Z.

(Includes thin breaks too small or irregular to delineate)

Silty: Same as Site No. 14

Clayey: Same as Site No. 18

Silty-Clayey Range Site Complex, 15-19" P, Z.

SiTty: Same as Site No. 15

Clayey: Same as Site No. 19

Computer
Identifier

009

010

011

012

013

014

015

016

017
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Clayey and Shallow Clay Range Site Association, 10-14" P, 7.

Western and thickspike wheatgrass, green needlegrass, 1ittle bluestem,
bluebunch wheatgrass, prairie junegrass, native tegumes, big sagebrush,
Nuttall saltbush, winterfat

Clayey and Shallow Clay Range Site Association, 15-19" P, Z.

Green needlegrass, western and thickspike wheatgrass, bluebunch wheat-
grass, basin wildrye, big bluestem, 1little bluestem, Idaho fescue,
prairie junegrass, prairie sandreed, native legumes, big sagebrush,
Nuttall saltbush, winterfat

Dense Clay-Clayey-Saline Upland Range Site Complex, 10-14" P, Z.

Dense Clay: Western and thickspike wheatgrass, green needlegrass, basin
wildrye, big sagebrush, Nuttall saltbush, greasewood, prairie‘junegrass

Clayey: Same as Site No. 18
Saline Upland: Alkali sacaton, western and thickspike wheatgrass,

greasewood, basin wildrye, Nuttall saltbush, inland saltgrass, bottlie-
brush squirreltail, Sandberg bluegrass

Sands and Sandy Range Site Association, 10-14" P. Z.

Sands: Prairie sandreed, needleandthread, sand bluestem, Indian rice-
grass, little bluestem, sun sedge, native legumes, skunkbush sumac,
yucca .

.Sandy: Needleandthread, prairie sandreed, threadleaf sedge, little

bluestem, sideocats grama, big bluestem, native legumes, blue grama,
skunkbush sumac, rose

Riverbreaks, 10-14" P, Z.

Ponderosa pine, Rocky Mountain juniper, western and thickspike wheat-
grass, bluebunch wheatgrass, green needlegrass, prairie sandreed, little
bluestem, greasewood, big sagebrush, needleandthread, Nuttall saltbush,
basin wildrye, native legumes, shadscale saltbush, creeping juniper

Badlands, 10-14" P, Z.

Western and thickspike wheatgrass, green needlegrass, little bluestem,
bluebunch wheatgrass, prairie sandreed, alkali sacaton, prairie june-

grass, Nuttall saltbush, big sagebrush, American vetch, plains muhly,

sideoats grama, greasewood, juniper

Forest-Grassland Complex, 12-14" P, Z., on Very Shallow to Deep Soils
with a Frigid Temperature Regime and Light Brown, Loamy Surfaces on
Ro1iing to Hilly Terrain

Forest: (50%) Ponderosa pine, Rocky Mountain juniper, little bluestem,
bluebunch wheatgrass, sideoats grama, skunkbush sumac, western wheat-
grass, native Jegumes

Grassland: (50%) Little bluestem, needleandthread, western wheatgrass,
green needlegrass, bluebunch wheatgrass, prairie sandreed, big bluestem,
native legumes, skunkbush sumac, yucca, prairie junegrass, blue grama

Forest-Grassland Complex, 15-19" P, Z., on Very Shallow to Deep Soils

with a Frigid Temperature Regime and Light Brown, Loamy Surfaces on

Undulating to Hilly Terrain

Forest: (60%) Ponderosa pine, bluebunch wheatgrass, ldaho fescue,
tittle bluestem, sideoats grama, snowberry, native legumes, arrowleaf
balsamroot, green needlegrass, common chokecherry, saskatoon service-
berry \

Grassland: (40%) Big bluestem, bjuebunch wheatgrass, western wheatgrass,
green needlegrass, needleandthread, prairie junegrass, basin wildrye,
lupine, snowberry, saskatoon serviceberry, common chokecherry

_Computer

Identifier

018

019

020

021

022

023
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025




inland saltgrass, big sagebrush, Nuttall saltbush, greasewood, prairie
Jjunegrass, Sandberg bluegrass

Clayey: Same as Site No. 31
Saline Upland: Alkali sacaton, western and thickspike wheatgrass, .

greasewood, Nuttall saltbush, basin wildrye, inland saltgrass, big
sagebrush, bottlebrush squirreltail

i PR . ) I T AN A Ll
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-Computer
Classes: Identifier

26 Ponderosa Pine Forests on Moderately Deep to Deep Soils with a Frigid ) 026
Temperature Regime and Light Brown to Brown Surfaces on Undulating to
Steep Terrain, 15-19" P. Z.

Typical overstory composition is: Ponderosa pine 100%
WESTERN SEDIMENTARY PLAINS:
Silty Range Site, 10-14" P, Z.

27 ) : e . 027
Bluebunch wheatgrass, western and thickspike wheatgrass, qeed]eandthread,_
green needlegrass, basin wildrye, threadleaf sedge, prairie junegrass,
native legumes, big and silver sagebrush, skunkbush sumac, common choke-
cherry, blue grama
Silty Range Site, 15-19" P, Z,

28 - s 028
Bluebunch wheatgrass, western and thickspike wheatgrass, ldaho fescue, !
green needlegrass, basin wildrye, needleandthread, native legumes, big
sagebrush, sticky geranium, prairiesmoke
Silty-Clayey Range Site Complex, 10-14" P, Z.

29 ) 029
Silty: Same as Site No. 27
Clayey: Same as Site No. 31
Silty-Clayey Range Site Complex, 15-13" P, Z.

30 ' 030
Silty: Same as Site No. 28
Clayey: Same as Site No. 32

- Clayey and Shallow Clay Range Site Association, 10-14" P, Z. o

31 y Y Rang : 031
Western and thickspike wheatgrass, bluebunch wheatgrass, green needle-
grass, big sagebrush, prairie junegrass, plains reedgrass, prairie
sandreed, milkvetches
Clayey and Shallow Clay Range Site Association, 15-19" P. Z.

32 . 032 .
Bluebunch wheatgrass, Columbia and green needlegrass, Idaho fescue,
basin wildrye, big sagebrush, western and thickspike wheatgrass, prairie
junegrass, prairie sandreed, lupine, other native legumes, sticky
geranium, prairiesmoke

. Dense Clay-Clayey-Saline Upland Range Site Complex, 5-9" 9. Z.

33 033
Dense Clay: MWestern-and thickspike wheatgrass, inland saltgrass,

Nuttall saltbush, big sagebrush, black sagebrush, bud sagebrush, shad-
scale saltbush, greasewood, Sandberg bluegrass, prairie junegrass
Clayey: Western and thickspike wheatgrass, bluebunch wheatgrass, prairie
Jjunegrass, plains reedgrass, big sagebrush, bud sagebrush, milkvetches,
winterfat, blue grama
Saline Upland: A]ka]f sacaton, western and thickspike wheatgrass,
greasewood, Nuttall saltbush, shadscale saltbush, fourwing saltbush,
inland saltgrass, big sagebrush, bottlebrush squirreltail, Sandberg
bluegrass
Dense Clay-Clayey-Saline Upland Range Site Complex, 10-14" P, Z.

34 Dense Clay: Western and thickspike wheatgrass, green needlegrass, 034
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Riverbreaks, 10-14" P, Z.

Ponderosa pine, Rocky Mountain juniper, Douglas-fir {north slopes),
bluebunch wheatgrass, western and thickspike wheatgrass, green needle-
grass, prairie sandreed, basin wildrye, needleandthread, greasewood,
big sagebrush, creeping juniper, native legumes, prairie junegrass

Forest-Grassland Complex, 12-14" P, Z., on Very Shallow to Deep Soils
with Frigid Temperature Regimes and Light Brown, Loamy Surfaces on
Rolling to Steep Terrain

Forest: (50%)" Ponderosa pine, Rocky Mountain juniper, bluebunch wheat-
grass, western wheatgrass, skunkbush sumac, snowberry, needleandthread

Grassland: (50%) Bluebunch wheatgrass, needleandthread, western and
thickspike wheatgrass, green needlegrass, big sagebrush,. prairie sand-
reed, native legumes, prairie junegrass

FOOTHILLS AND MOUNTAINS

Silty Range Site, 10-14" P. Z,

Bluebunch wheatgrass, rough fescue*, needleandthread, prairie junegrass,
western and thickspike wheatgrass, green needlegrass, basin wildrye,
threadleaf sedge, native legumes, big sagebrush, winterfat, Idaho fescue

*Codominant with bluebunch wheatgrass west of the Continental Divide
but insignificant on east side at this P. Z.

Silty Range Site, 15-19" P. Z.

Rough fescue, Idaho fescue, bluebunch wheatgrass, Columbia needlegrass,
basin w11drye, spike fescue, parry danthonia, slender wheatgrass, luping
sticky geranium, arrowleaf balsamroot, prairiesmoke, big sagebrush, tall
larkspur, prairie junegrass, timber danthon1a big bluegrass

Silty Range Site, 20-24" P. Z. )

Rough fescue, Columbia needlegrass, Richardson needlegrass, mountain
brome, bearded wheatgrass, slender wheatgrass, basin wildrye, Idaho
fescue, lupine, sticky geranium, prairiesmoke, tall larkspur, big sage-
brush, spike fescue, spike trisetum, purple oniongrass, nodding brome,
quaking aspen, American bistort

Silty-Clayey Range Site Complex, 10-14" P, Z.

Silty: Same as Site No. 37

Clayey: Same as Site No. 42

Silty-Clayey Range Site Complex, 15-19" P. Z.

Silty: Same as Site No. 38

Clayey: Same as Site No. 43

Clayey and Shallow Clay Range Site Association, 10-14" P. Z.

Bluebunch wheatgrass, western wheatgrass, green needlegrass, basin
wildrye, prairie junegrass, plains reedgrass, big sagebrush, milkvetches,
American vetch, biscuitroot

Clayey and Shallow Clay Range Site Association, 15-19% P. Z.

Rough fescue {except south central Montana}, bluebunch wheatgrass,
Columbia needlegrass, western and th1cksp1ke wheatgrass, Idaho fescue,

basin wildrye, Tupine, st1cky geranium, arrowleaf balsamroot, big sage-
brush, prairiesmoke, prairie junegrass, deathcamas-

Computer
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Saline Lowland Range Site, 10-14" P, 7.

Basin wildrye, alkali sacaton, Nuttall alkaligrass, alkali cordgrass,
slender wheatgrass, western wheatgrass, inland saltgrass, greasewood,
silver buffaloberry

Sands and Sandy Range Site Association, 10-14" P, Z.

Sands: Prairie sandreed, needleandthread, Indian ricegrass, bluebunch
wheatgrass, threadleaf sedge, native legumes, skunkbush sumac, yucca

Sandy: Needleandthread, bluebunch wheatgrass, native legumes, thread-
leaf sedge, big sagebrush, prairie junegrass, skunkbush sumac

Limy-Shallow-Very Shallow Range Site Complex, 10-14" P. Z.

Limy: Bluebunch wheatgrass, prairie junegrass, needleandthread, thread-
leaf sedge, western and thickspike wheatgrass, Sandberg bluegrass,
native legumes, winterfat

Shallow: Bluebunch wheatgrass, rough fescue, needleandthread, big sage-

brush, prairie junegrass, western wheatgrass, Sandberg bluegrass, gray
horsebrush, phlox, native legumes

Very Shallow: Bluebunch wheatgrass, prairie junegrass, western wheat-
grass, threadleaf sedge, phlox, needleandthread; Sandberg bluegrass,

‘native legumes - mountain mahogany, limber pine, antelope bitterbrush,

big sagebrush, and Rocky Mountain juniper in cracks and:crevices of
bedrock

Subirrigated and Wetland Range Site Association

Tall reedgrasses, tufted hairgrass, American mannagrass, tall sedges,
slender wheatgrass, bearded wheatgrass, basin wildrye, willows; shrubby

- cinquefoil, prairie cordgrass, elephanthead pedicularis, monkeyflower,

native clovers, Indianpaintbrush, common blue-eyedgrass

Alpine Grassland on Deep to Moderately Deep, Well Drained to Poorly
Drained Soils with Cryic Temperature Regimes and Dark Brown and Very
Dark Brown Surfaces on Sloping to Steep Windswept Mountain Tops Above
Timberline, 40-70" P. Z.

Tufted hairgrass, sedge, sheep fescue, alpine bluegrass, alpine timothy,
native legumes, wolf willow, red mountainheath, white dryad, alpine
bluebell, bluejoint, purple reedgrass, moss silene, yellow avens, tufted
phlox, eriogonum, American bistort, shrubby cinquefoil

Forest-Grassland Complex, 15-19" . Z., on Shallow to Moderately Deep
Soils with a Frigid Temperature Reglme and ‘Brown to Dark Brown Surfaces
under Grassiand and Brown to Gray Surfaces under Forest on S]op1ng to
Steep Terrain

Forest: (60%) Douglas-fir. common snowberry, white spiraea, Oregongrape,
heartleaf arnica, Columbia needlegrass, [daho fescue, bearded wheatgrass,
kinnikinnick

Grassland: (40%) Bluebunch wheatgrass, Idaho fescue, Columbia needle-
grass, basin wildrye, spike fescue, lupine, arrowleaf balsamroot

Rocky Mountain Juniper and Limber Pine on Shallow Soils with a Frigid
Temperature Regime and Dark Grayish Brown Surfaces Developed from Lime-
stone or Calcareous Sandstone Residuum on-Moderately Steep to Very Steep
Mountain Slopes - Rock Outcrop 40-70%, 10-14" P, Z.

Typical overstory composition is: Rocky Mountain juniper 60%
Limber pine 40%

Douglas-fir and Ponderosa Pine Climax Forests on Deep Soils with Cryic
or Frigid Temperature Regimes and Light Brownish Gray, Brown, or Grayish
Brown Surfaces on Hilly to Steep Mountain Slopes, 16-22" P. Z.

Typical overstory composition is: Oouglas-fir 60%
Ponderosa pine 40%

Computer
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Soils with Cryic or Frigid Temperature Regimes and Grayish Brown, Light
Brownish Gray, or Light Yellowish Brown Surfaces on Moderately Steep to
Very Steep Mountain Slopes East of the Continental Divide, 16-35" P. Z,

Subalpine Fir, Douglas-fir, and Ponderosa Pine Climax Forests on Deep : 052

Typical overstory composition is: Subalpine fir 50%
Douglas-fir 35%
‘Ponderosa pine 10%
Engelmann spruce 5%

Subalpine Fir and Douglias-fir Climax Forests on Deep Soils with Cryic 053
Temperature Regimes and Pale Brown or Light Brownish Gray Surfaces on
Moderately Steep to Very Steep Mountain Slopes, 20-45" P. Z.

Typical oversfory composition is: Subalpine fir 65%
) * Douglas-fir 25%
Engelmann spruce 10%

Spruce and Douglas-fir Climax Forests on Deep Soils with Cryic or Frigid 054
Temperature Regimes and Brown or Grayish Brown Surfaces and Calcarequs

- Subsoils on Strongly Sloping to Very Steep Mountain Slopes, 20-45" P. Z.

Typical oversiory composition is: Spruce 50%
, Douglas-fir 40%
Subalpine fir 10%

Subalpine Fir, Douglas-fir, and Ponderosa Pine Climax Forests on Deep 055
Soils with Cryic or Frigid Temperature Regimes and Grayish Brown, Light
Brownish Gray, or Light Yellowish Brown Surfaces on Moderately Steep to
Very Steep Mountain Slopes West of the Continental Divide, 16-70" P. Z.

Typical overstory composition is: Subalpine pine 50%
- Douglas-fir. 35%
Ponderosa pine 10%

Cngelmann spruce 5%

Douglas-fir Climax Forests on Deep Soils with a Frigid Temperature Regime 056
and Light Gray Surfaces and Calcareous Subsoils on Gently Rolling to

Hilly Mountain Foot Slopes and Strongly Sloping to Steep Mountain Slopes,

16-30" P. Z. )

Typical overstory composition is: Douglas-fir 90%
Grand fir 10%

Subalpine Fir, Douglas-fir, and Grand Fir Climax Forests on Deep Soils 057
with Cryic or Frigid Temperature Regimes and Light Gray or Palée Brown
Surfaces on Steep to Very Steep Mountain Siopes, 30-70" P. Z.

Typical overstory composition is: Subalpine fir 65%
Douglas-fir 35%
Grand fir 10%

Western Redcedar and Western Hemlock Climax Forests on Deep Soils with 058
Frigid Temperature Regimes and Brown to Pale Brown or Light Gray Surfaces
on Gently Sloping to Gently Rolling Valley Floors, 20-35% P. Z.

Typical overstory composition is: Western redcedar 70%
Western hemiock  15%
Grand fir 15%

Grand Fir and Douglas-fir Climax Forests on Deep Soils with Frigid ’ 059
Temperature Regimes and Pale Brown or Light Gray Surfaces on Steep to
Very Steep Mountain Slopes, 25-60" P. Z,

Typical overstory composition is: Grand fir 45%
Douglas-fir 45%
Western redcedar 10%

& western hemlock
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Computer
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Subalpine Fir Climax Forests on Deep Soils with Cryic Temperature 060
Regimes and Brown or Strong Brown Surfaces on Steep to Very Steep
Mountain Slopes, 60-100" P. Z.
Typical overstory compesition is: Subalpine fir 70%
Mountain hemlock 20%
Douglas-fir 10%
Hardwood Climax Forests on Alluvial Floodplains Along Major Rivers and 061
Growing on Shallow to Deep, Well Drained to Poorly Drained Soils with
Frigid Temperature Regimes
Typical overstory composition is:
East of Continental Divide: Cottonwood 80%
Other hardwoods 20%
West of Continental Divide: Cottonwood 80%
. Conifers 20%
Rockland and Mixed High' Elevation Vegetation Consisting of Forests, i 062

Krummholz, and Alpine Areas Growing on Shallow to Deep, Very Gravelly
or Very Cobbly, and Stony Soils with Cryic Temperature Regimes , 40-110"
P, Z. .

Typical composition is: Rockland 70%
-Vegetation 30%

: Publication Climax Vegetation of Montana. Map is based
upon soils and climate. Soils data taken from soil
association maps. Soils are grouped by geogrephic area
and annual precipitation zones. .
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The following sections describe the storage and retrieval process
used in the Montana Computer Graphic System. Individuals who need to
use existing files rather than add new ones should proceed to the

section on the retrieval of the information.

Computer Stqrage of Resource Data

Before the data can be processed (enéoded) for. storage in the
computer it should be on a .map at l:i,OO0,000 scale_(l inch = 16 miles)
and Albers equal-area projection. Resource data sites will normally
be located on a larger scale map which is thén reduced td’this scale,
The 1:250,000 USGS topographic map series is the largest scale which,
covers all of Montana. Some larger scale.maps are available for some,
but not all, areas of tﬁe'state. An index of these maps is available
in room 728 Johnson Hall, Montana State University.

All maps which are to be stored in the computer must be aﬁ a
common écale_anq projection so they can be overlayed or superimposed
for a composite display‘of several éarameters; If a l:i,OOQ;OOO base
map is required, oﬁe may be fouﬁd in room 728 Johnson Hail. A Map-0-
Graph projector fo¥ enlarging or reducing maps ié also located there.

It is recommended that the lines used to sepérate map intervals -
be labeled frequently and clearly to faéilitate the determination of
those values during the encoding process. At this time the resource

map will be covered wifh a grid which will obscure some.of the detéil.
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The use éf colored pencils to identify each cléss facilitates this
process.

When the map is ready to encode, the user should contact the
Agricultural Experiment Station Statistical Services Section and
request that a plotter—-drawn g;id be produced. This grid is used to
dividé the resource data into many discrete unit cells. The data are
stored and retrieved based upon these cells.

The computer map is plotted on opaque paper whigh is not suitablg
for encoding since it must be possible to look through éhe grid to the
feéource map below. fhis necessitates taking the plotter grid to a
shop,.such as Selby's in Bozeman, which has the capability of copying
this grid on to static—free drafting film which has a base thickﬁess
of .003 inch and mattee on one side. This material is transparent,

stable, and durable and is-ideal for use as an encoding grid.

The grid has some rows and columns numbered on the edge of the map.

It ié recommended that additional units within the gri& be 1abgled.
The easier it is to determine a location within the grid the faster
the encoding will be.

The grid'shouid be placed on top of the resource map and secured’
with masking tape. Fgrtrén coding sheets~éhould be obtained and the
name of the reéource map being encoded should be written at the top
of the sheets. The use of a light table may be beneficial depending

upon the complexity of the map to be encoded.
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Two people sﬁouid be used to encode the resource data, one to read
'from the grid while the other records Fhese values onto‘the fortran
coding sheets. The encoding process élways starts at the uppef left
hand (northwest) corner of the state (column 247). . The data éhould

be recorded on the sheets in the following format:

© Column Description
1- 3 ' Row number
4 : - Blank
5- 7. Column number
8 Blank
9-15 Resource code
16 . \ Blank _
17-19 : Column number
20 Blank
21-27 . : Resource code
28 Blank
29-31 Column number
32 : Blank
33-39 Resource  code
40 Blank.
41-43 Column number
44 Blank
45-51 Resource code
52 : Blank
53-~55 ) Column number
56 Blank
57-63 : Resource code
64 ' Blank
65-67 Column number
68 ‘ ) Blank
69~75 ' Resource code
.76~80 Blank

Row and column data are always a 3~digit number, being right
justified with zeros being placed in unoccupied card columns on the

left (Figure 2).
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Appendix figure 2. Format used to encode data.
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The resource codes are left justified in a 7-columﬁ field. Zefos
are not ﬁlaced in the unoccupied remainder of the field to the right
of the resource value. Either alpha (letter) or numeric (number)
éy@bols may be used for resource codes., Before encoding begins, a
legend should be prépared showing the intervals used in the map and
the symbols which will be recorded to represent each class. Since
many values mﬁst be read and recorded to encode almap-it is important
that this symbol be'as short and distinct as possible.’ |

A change point system is used to process the data for computer
storage. This means that a row.of cells is examined until one is
identified which has a different value than the previous interval. The
two'ﬁethods uséd to assign values to a cell'are first, dominant unit
and'second; centrally located valué. Alcéll is examined ‘and a value
assigned based upon the map interval which occupies the majority of
the cell. Where no iﬁterval is clearly doﬁinant the centrally located.
unit‘is‘reéorded. Thié process continues from left to right (column
247 to column 7) for much of the map. When the last valﬁe change is
recorded for a row, thé first cell to the right of the.right edge of
the map (006 for much of the map) is recorded but a resource cell is .-
not assigned. This is recognized by the computer as being the formét
for the end:of the row..

Aftef all rows of a map have been encoded, the fof;ran‘sheéts

must be checked for the following:
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1. Since the coding began at ﬁhe left side of the map (where
the columns have the highest number) and proceeded to the
right (where the column numbers decrease) it is nécéssary
to verify that the columns récorded were in descending
order.

2. The change point method means that adjacent values
recorded should not be the same, Qhecking keeps this
type of error from gettiﬁg into the éomputer.

3. The last valug recorded for éach row must'be a column
number without an accompanying resource code. Failure
to cat;h this type of error results in a plotter map .
with an unéven boundary." —

4. The irregular shape of the western.boundary of the state
presents eﬁcoding problems since there .are éoﬁe rows
pf'cells which include a portion in Montana followed
by'an out-of-state area followed by in-state data. The
accuracy of this encoding must also be verified. |

When all coding sheets have been checked they are ready po,bé

keypunched and verified. A description of the data §hou1d be atfacﬁed
to-the fortran forms, This should inciude the titie of the map, its
source, the intervals used; and the symbols used to represent each and

any other information. There are three rows of 24 large,cﬁaracters
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allotted for the title and five 80~column rows established for the
credits. Experiment station researchers should téke the fortran farmé
to the Statistical Serviées Office in the Computer Center for processing.

After the plotfef;drawn map is produced it must be checked fof
accuracy. Verification_df the correctness of the map entails super-
imposing thg plbtter map on the original hand-drawn map and checking
each cell. Reéistry symbols C{i})'should be placed on both maps before
overléying them. The use of these marks permits the. user té put the
corrected map in the exact position where the corrections were made.

Each row must be examined carefully and all cells verified. Theré
are fhreé types of data-corrections thaf may.need to be madé (Figure 3).
These are to correct individual cells, té correct portioné'of a line
that must all bé chanéed to a single value, and to correct an'entirg
line. The format to be uséd for each of these is as follows:

A. To correct individual cells the data cards must have
the following format: '

Column Description
1- 3 ' Row numBer
4 Blank
57 " Column number
8 . Blank
9-10 Correct resource code
11-80 Blank
B. To correct portions of a line (from colummn __ to column - )

the data cards must have the following format:
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Column Description
‘1- 3 - Row number
4 Blank )
5~ 7 lst column number wheré correction should begin
8 Blank : -
"9-11 - Last ‘column number where correction should begin
12 Blank
13-14 Correct resource code for the sequence of cells
15-80 Blank - '

C. To correct an entire line:
Use procedure outlined for the original encoding.

Usually once the registration symbols are used the.corrected map
will have only ; negligible number of invalid cells. Although a
" totally correct map is the goél, the great number of céllé involved
precludes this without the expenditure of an éxcessive amount of
time. Certaiqu fhe plaing areas which are of greatest importanée
to the Méntana Agriéultufal Experiment Station can be corrected to
a high degree of accuracy without large‘time requirements. It is
usually the mountainaps areas which have less reliability.

This coﬁpletes the éémputer storagé porfion of the procedure.
The next ‘'section describes the formét used to retrieve dafa frdﬁ the

system.

Retrieval of Computer Stored Resource Data

The Montana Computer Graphic System has the potential for helping
researchers and planners with a wide variety of problems. The complex—

ity and 1arge‘ﬁumber of possible applications make it imbractical fo
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- enumerate all the possible encoding formats which ﬁight be used to
retrieve.stored data. For this reason, this discussion Will be limited
to the most common app;ication, the composite analysis of several maps.
For other types of application the Statistical Servicés Section of
the Montana Agricultural Experiment Station should be contacted.

For composite aﬁalysis the user should examine the list of files
and select the intervals 6f the maps which are of importance. A list
of the maps to be utilized should be madé and each one assiéned a
sequential number, i.e., 0L, 02, 03, etc. The computer identification
number for each interval of each parameter to be used in the composite
analysis should also be recorded.

In selecting classes of several files for composite analysis, the
number of possible combinations may be large. For example,;sixréoil.
units, two precipitatiop intervals, and two frost~free seaSén périods
would have 24 possible combinations. Each of these must be identified
and recorded on fortrén coding sheets (Figure 4). . The encoding férmat
groups one class from each parametef into a combination.

If the plétter is to show only the cells which meet one set of
specificafibns, i.e., 10~12 inches of precipitation, 100-110 days
frost-free season, Argiborolls, etc., 00l will always go in card
columns 1—3 of the first card for each of the possible combinations.
These columns will be blank in the other cards of the particular.

cdmbination. The general format to be used.on the fortran.coding
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sheets is:

Columns - Description

1- 3 Numeric value for composite (001 if the cells
to be shown meet one Set of specifications,
002 if two sets are used, etc.). Only

- required on first card of a set. '

4 ] Blank

5~ 6 Map Number (01, 02, 03, etc.).

7 Blank _

8-11 Computer identifier for an interval or class

of a map.
Thus each line of the fortran coding sheets, and each cérd which
. results, identifies a map and an inte;val of each of fhesé. The cards
from each map and'intervél used are grouped to reflect a possible
coﬁbinaéion. |

To illustrate this methodology, if three files are used_fof a
composite analysis, the'computer might be tpld to look at map 1 and
locate the cells which have value 29, then examine map 2 for values
14, 15, or 16 and map 3 for values 3 or 4. Each cell which has one of
these six possible coﬁbinations wili have a 001 éssigned to it and a
map will be drawnshowing the location of these cells.

It is also possible to have .a éingle plotter-drawn map produéed
Which uses éeveral‘different criteria and displays the cells which:
meet these with differént symbols.

When the coding sheets are submitted for pfocessing,ﬁhe-tiéle and

ény other infofmation that will go dh the plotter produced map should
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be included. If the map is to be used for a pfesentation to a large

group some color enhancement will be necessary.




[ b=t (] JLLY P | Ly

143
APPENDIX II

INSTRUCTIONS FOR: PREPARATION OF THE ALBERS EQUAL—AREA PROJECTION

An equal—area projection based upon two standard parallels was
proﬁosed By H. C. Albers of Gotha in 1805.‘ fhis projection combines u
a small-scale error with equality of area. It has copcentric parallels.
and meridians that radiate.from:the center of the paraliels. .Two
standard oarallels ate chosen so that'abopt'two—thirds of the map is
enboapassed by them and their radii are calculated so aslto make the .
"projectiod edual—areaA(Rasiz'1948). This comoutation is iﬁvolved'and‘
the mathematical formulas.required are'not easy to locate.

Since macﬂ'time and effort were required to deterﬁiﬁe'how to ﬁake'
this projeetion, the.protedure is included here for.others. The

followiﬁg information is based upon correspondence with Mr. Doyle Smith;

" U. S. Geological Survey, Reston, Virginia.

'Mathematical Model~

:A.. Definitions:

o The latitude of a p01nt whose progectlon coordinates -aré
‘ desired : .
TR The longltude of a point whose prOJectlon coordinates are .
desired.
'Ec‘ ‘The;eccentricity of the earth,
o The latitude of the center of the map.

A ‘The Idngitude referenced to the central meridiah.” Au = U =Y
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Py The lower (southerly) standard parallel for projection

ol 4 having two standard parallels or the standard parallel
for projection having one standard parallel.

Peap2 The upper (northerly) standard parallel for projection
P having two standard parallels.

2 The constant of the cone for conic projections.

k The constant of integration for conic projections.

a Radius of the earth in nautical miles.

B Minor axis of Spheroid (meters).

The following are the transformation constants for the Albers
Equal-Area Projection. These must be computed before you can
determine the location of specific points.

2 2
a cos psRl ” a cos pspz
2
5 =(1 - Eczsinzpspl) (1 - Eczsin psp2)
2 '/G}Sin B, - sin B.)
Cg 2 ¥ ik
where sin Bl’ sin B2, and C equal the following:
A 2 34 4 L 6 6
e + =E + 2
150 3Ec sin pspl 5 ¢ sin pspl 7EC sin psgl
sin B = sin p_ [ O TR B ]
P 1.0 + =Ec¢” + =Ec + —Ec
3 5 7
1.0 + Z-Eczsinzp 2 gEcasinAO * éEc6sin6O
: 3 sp2 5 sp2 7t sp2
sin B, = sin o ,[ IR S I SR ]
P 105 §Ec + EEC + 7Ec

sin Bl and sin B2 are based upon the two standard parallels used

02 = a2(1.0 - Ecz)[ 2 R (éis log(i f gz))]
(L - Ec)

_ a cos pspl
o SR L
2(1 - Ec“sin Pq )

pl
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1.0 + 2.2 .2 3.4 . 4 4. 6 _, 6

K=y : = : &
. [ 3 c 51n.pO + 5Ec sin po + 7Ec sin po:I
sin B, = sin o, 1.0 + %Ecz + —Z-Ec" + —;iEc6 :

sin B0 is based upon the parallel midway bétween the twb standard

parallels used for the projection. -

2

2, 2 %
r, = [ 4+ “g(sin By - sin B )]

The following equations are used for the transformation from
latitude and longitude to x,y (map coordinates) given %, k, and r .
o

1.0 + %Eczsinzp + %Ec4sin4p + —Z%Ec6sin6p

2.2 3.4 4. 6
1.0 + 3Ec + 5Ec + 7Ec

sin B = gin p[

-sin B is based upon the actual coordinates you are trying to locate

2

T =.[k2 + g%—-(sin B

' 1
o - gin B)]/2

1

X =T sin'(l « Au)
m

y =1, =T cos (Aug)

x and y are the actual map coordinates.

In solving these equations the following values should be used:

Ec 0.082271854 (the eccentricity of the earth)
a = 3435.8016.nautica1 miles (radius of'the éarth)

= 29°30'N (the lower, southerly, standard parallel)

pspl " '
psp2 = 45°30'N (the higher, northerly, standard parallel).
p = 37°30'N (latitude of the center of map)
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Objective: To convert x and y in nautical miles and show
cartesian reference.

E. Solution.

Preliminary (required to compute location of any coordinates):

N 2,2, 3p 4, 4 6
Series: =1 + 3Ec. + 5E 7E
=1+ %{.0822)2 +~—53-(.0822)4 + 5(.0822)°
=1 +-%(.00676) + %{.000046) + ~0
= 1.00453
1+ 2-Eczsinzp + éEc4sin4p + ﬁ-Ec6sin6p :
. 3 pl 5 spl . 7 spl
sin By = sinp [ 2.2 3.k, h 6 ]
P 1 + SEc® + 2Ee” + 2pc
3 ety
. . (o] !
sin Bl = sin 29 30'
1 +-%(.0822)zsin229030' + %(.0822)4sin429030'.+-;(.0822)6sin629030'
' 1.00453
o 14 .00L +~0 + ~0
3 = - '
sin B, = sin 29°30 [ 50453
= (sin 29°30')(.9966)
sin Bl = L4907
‘ 1 + Zpc2s1n2p + 3getsin’o + ﬁEc6sin6p
& . 3 sp2 5 _sp2 7 sp2 1
sin B, = sino_, [ Zpo2 4 3gch 4 dpcb.
_ 1 + <Ec¢™ + =Ec =Fc '

3 5 t3




o Ll

| ]

[

147

sin B, = sin 45°30' -

1+ £(.0822)%s10%45°30" +2(.0822)%s1n*45°30" + 2(.0822)%1n%5%30"
[ 1.00453 ]

_ Ounrrl + .0023 + ~0 + AQ -

sin B, = sin 45730 [_ ‘ 100453 , -

sin B, = (.7132)(.9978)

sin B, = .7117

¢? = a* - mAHl—2 + B 1 FEE)

(1 - Ec™) T .
' 2 .5 .25 + .0822,
= (3435.8) (1 - .0822") [P+ (22> 10 210022y

- o ‘ 1 - .0822%) - 1w 08227

| = (11804722) (.9932)[.5034 + .5011]"
¢ = 11777210
. 2 2 aZCOSZ

~ a CO? pPSl . pspz
S~ Bt ) (- EeleinZy )
, j - pspl ' 'psp2
2C2(sin B2 - sin Bl) .
(3435.8)%c0s%29°30"  _ (3435.8)%cos”45°30"
Lo l- .0822%51n%29°30" - 1 - .0822%s1n%45°30"
(2) (11792159) (. 7117 - .4907)
'8942301.4 _ 5799350.4
| & _-998% "~ .9965
5212134.3
% =._.6018
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| acoso
k= : 2,2 L
2(1 - Ec“sin“p )

spl

3435.8 cos 29°30'
= ' w3 i
:6018(1 - .0822%51n%29%30")%

2990.37 -

.6018(.9984)
k = 4973.03
. : -1+ 2Eczsin2p + §Ec4sih4p + ﬁEe6ein69.
. ‘ 3 "o 5 0 7 L)
sin B, = sin p [ 2.2 3.4 46 ]
1 + §Ec + EEC 7Ec
1+ 3( 0822) (sin 37 30! )
= '
sin 37°30 [: 100453 -
= (.069)(.9974)
sin B_ = ..607
o -
2c2 . L
r, = [k + ———(sin B1 - sin B‘)]
. 2(11777210) _ cayiZ
T R4973 0) + 6027 (. 4907 .607)]
r = 4492.83
o  Aze.09

To determine the location of a specific set of coordiﬁates:
Example: 45° North 104° West:
= 45°

Ay = 6° since 104 West is 6 degrees east from the origin of the )
map which is 1ocated at 37°30'N 110°W. . o
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Y.
37°30'N x
(0,0) 2
110 W
2
1+ %Ec sinzp 2 gﬂcasinap + %Ec6sin6p
sin B = sin p[ S ) 3 A
1, 3Ec 5Ec 7Ec

1+ %(.0822)2s1n245° + A0 + ~0
1.00453 ]

sin B sin 45° [

sin B = ,7055
2

2 2 1
e —%~(sin B, - sin B)]2

1

? 2, 2(11777210) i
r. = [(4973.0)7 ¥ Sat(4907 ~ .7055) ]

r_ = 4040.2
Xo= T uatnd (@ 5 AL)

m
x = 4040.2 sin (.0618 x 6°)

x = 254.44 nautical miles
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' y =71, - T, cos a ° An)

v = 4492.83 -~ 4040.2 cos (RAu) '

.y 460.6 nautical miles

These x and y values represent the distance on a 1:1 scale map
from 37.5°N and 110°%W to the point selected (in this case 45°N and
'104° w)

To convert to measurements which the plotter can use to draw the
map , the following equations are used:

X nautical miles + 275
13.706

x inches =

inches = v nautical miles - 337.5
y inches =~ 13.706

(13.706 nautical miles/inch on the map)
fhese measures are calculated from a poiﬁt close to the bottom of
the plotter paper. The plotter starts at the lower left and ﬁiots

from there.
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APPENDIX III

CLIMATIC DATA SUMMARY FOR CORVALLIS RESEARCH CENTER :

Frost-Free Sedason

Length of freeze-

Year Last freeze First freeze free season (days)
1966 June 5 Sept 30 117
1067 May 26 Oct 4 131
1968 June 14 Oct 2 110
1969 | May-Zl Sept 4 106
"1970 ‘May 14 Sept 10 119
1971 June 15 Sept. 14, 91
1972 May 26 Sept 7 104
1973 ~June 19 Sept 17 90"
1974 June 2 ‘Sept 2 - 92
1975.  May- 26 - Sept 19 116
1976 May 29 Sept 8 102
1977 100 -

May 30

Sept 9

Averége length of frost-free season at Corvallis Research Center
(1966-77) is 106.5 days.




Precipitation

Month 1977 1976 1975 1974 1973 1972 1971 1970 1969 1968 1967

1966
Jan 41 .25 1.27  1.46 .35 1.04 .96 1.5 2.32 .28 1.31 .90
Feb 13 .65 .98 .16 .20 1.65 .37 .16 .35 . .54 .37 .27
 Mar .62 .3 .59 1.03 .81 .91 .58 .70 .07 .22 .89 .45
Apr . .29 1.19 2.03 .20 .41 1.35 1.91 . .36 .46 .45 1.90 .11
May . 2.19 1.26 2.10 1.21 .68 1.0L 1.39 1.41 2.70 .98 1.13° .32
June  L:11  1.14 1.18 .98 1.91 .93 1.12 2.22 2.96 1.24 2.18 2,19 -
July - 1.55 1.11 1.28 .9r .15 .82 .0l 1.89. .24 .25 .38 .27 %
Aug 1.200 1.50 2.22 1.93 .50 .32 1.23 .04 .03 1.43 .25 .99
Sept  1.04 1.05. .30 .35 1.67 1.36 .62 1.34 .81 1.88 .68 .89
oct .68 .21 3.43 .33 1.47 .43 .17 .09 .69 .76 2.41 .72
Nov.  1.16 .38 .54 .34 2.12 .42 .87 . .45 .11 1.02 .56 .2
Dec N/A Trace .65 .20 .96 .92 .13 .43 .72 .53 . 1.08 .24

Total  9.08 16.57 9.08 '11.23. 11.16. 9.36 10.60 11.46 9.58 13.12 . 7.59

. Avérage annual precipitation at Corvallis Research Center (1966~77) was 10.8 inches.

™7
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