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INTRODUCTION

The Bureau of lndian Affairs (BIA) and the Bureau of hﬁl Hanagement
(BLM) ara currently charged with the management of approximately

20% of the United States land area, some 475 milliom acres. Although
the goals and methods of the two agencies differ, both are ultimately

charged with the responsibility of insuring the maximum level of
productivity for land under their comtrol. Teshmological develop-
ments have improvad the ability to increase lasd productivity,
social developments have established a requiremeat for improved
productivity and more intemsive mansgement. Increasiag amounts

of data are required to make increasingly complex decisioms. The
abilicy of the bureaus to collect and process required data in a
form of maximum usefulness to the land manager has not kept pace
with demand.

Background

In 1969, a study of potential EROS imagery applicatioas to Department

of Interior functions was performad (Ref. 1). A survey of potemtial
remote sensing applications to BIA, BLM and Bureau of Reclamatioa
activities was conducted and simulated ERTS-A imagery studied to
determine the degree to which it could satisfy user data require-
ments. High altitude photography was also studied.

The study concluded that both ERTS-A and high altitude photos
could be of value to the Bureaus' activities. Recommendatioms
were presented for use of both types of materials.

A subsequent study was performed on applications of remote sensing
data to BIA functions (Ref. 2). Im this study, a more intensive
analysis was made of BIA management functions and processas aad '

a somewhat broader range of remote sensing applications comsidered.
Again, it was concluded that there were several potentially feasi-
ble and cost sffective applications of remote sensing to the
Bureaus' functions. Plans were presanted for development of a
resource management information system.

Within BIA and BLM, a number of studies have been conducted on
processing of natural resources data. The emphasis here has
been on the development of resource data computer storage and
processing. Processing requirements were largely astablished by
reporting requirements. Many of the applications were of essen-
tially a bookkeeping nature; e.8.,.dealing with mineral leases,
property records,. Indian land allotments, etc. Perhaps in part
because of this background, there was a strong temdency to store
and process data on a square or cell basis. Resource maps
however, do not conveniently fit this approach; they gensrally
consist of irregular boundaries and lines. Considerable diffi-
culty was encountered in dealing with such data.

CO 1000 0080 OR'G, 4/71
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Like daota portrayed on resource maps, data derived from remote
sensing tends to consist of irregular lines and polygons.
Although previous efforts had shown several applications of
remote seunsing data to the BIA and BLM, no weans existed to
conveniently handle such data.

2 Progran Scope

Recognizing the need for developaent of a computer based iafor-
mation system which would handle remote sensiog as well as
conventional mapping data, BIA and BLM contracted vwith Bosimg
Computer Services for the design and constructiom of a proto-
type Natural Rasources Informatiom System. The primary objec-
tive of this effort was the design of a computer based systems
wvhich would store, process and display data of maximum usefulmeass
to land management decision msking. The system was to include
graphic input and display, the use of remote sensing as a dats

' source, and was to be useful at multiple management levels.

Design of the system proceeded along two parallel lines. A
survey was made to establish curreat decision msking processes
and functions, information requirements, and data collectiom and
processing procedures. Conecurrent with this affort, the appli-
cation of remote sensing data to the decision making process

wvas established and potential data processing requirements
established. Based on these two anslyses, an information system
was designed. Processing software was constructed and a data base
establighed using high altitude imagery and map coverage of
selected areas of S. E. Arizona. A demonstration of system pro-
cessing functions was conducted utilizing mataerial from the dats
base.

N

3 Resport Organizatiom

This report is presentad in two volumes. Volume 1 summarizes
program activitiee and provides a brief description of the
Natural Resources Information System. Volume II provides
computer system operating procedures and inmstructioas.

Section 2.0 of Volume 1 summsrizes program activities. A
description of the protatype system and a summary of operating
experience are presented in Sections 3.0 and 4.0 raspectively.
Recommendations for further developmant and implementation are
presented in Sectiom 5.0.

Descriptions and results of the amalysss leadiag up to fimal
design of the system are presented in other Raferemces.
Reference 3 presents the results of a user ourvey. A descrip-
tion of the studies velating to remote semsimg wvhich were per-
formed under the comtract is presented in Raferemss 4. A

.0 1000 000 OMiIG, 4771
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description of data analysis activities and & pto‘“‘ti‘l of
systen design retionale are given in Reference 5, and Refervente

6 covers the Demonstraticn of System Features and capabilities,
presented {n Washington, D. C., April 5, 1972,
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2.0 SUMMARY OF CONTRACT ACTIVITIES

The development of the information system was conducted over s 12

month period and four major tasks were involved. In Phase I, a survey
of system users was conducted. The results of the user survey were
analyzed and a set of system design requirements generated in Phase 1I.
The third phase of the effort entailed the construction and testing of
software. Ln Phase IV of the effort, a data base was constructed, the
data base entered in the system, and a denon.tration of the systen
conducted,

' 2.1 User Survey/Data Collection o -

The objective of the user survey and data collection effort was te
establish information requirements of BIA/BLM land managers and te
collect data on organizational procedures and objectives. Reports,
maps, and photos pertaining to the demonstration area were also
collected as part of this effort.

Approximately 120 BIA and BLM employees were interviewed over the
first few months of the program, Reporting forms, procedural manwads,
maps, photos and reports were collected at the same¢ time. Some 50
non-BIA/BLM pergsonnel concerned with resources manggement or with
computer applications to resource management were also interviewad,
Detailed results of these efforts are described in Reference 3 - Dser
Survey.

2.2 Data Analysis and System Design

The second major phase of the progrem lad to a definition of gsmeral
system requirements. Results of the uger survey/data collection effort
were cast in the form of decision flow charts (Figure 2.1). Data
inputs, formats, and processing activities were specified for several
decision hierarchies.

Concurrent with this effort, studies of remote sensing applications
‘were initiated. An extensive literature survey wae performed to
document image quality requirements for each potential applicatiom.

Imagery available for the demonstration area was reviewed to form
preliminary estimates of its utility for resource mapping. Interpreta-
tion of cultural features, range vegetation, and timber resources

were performed and compared against available ground truth, The
results of these efforts formed the basis for determining how and
wvhere remote sensing data might be employed in developing a data

base for the prototype information system. Results of these efforte
are presented in Reference 4 - Remote Sensing Studies.

Finally, data on existing computer systems and subsystems related to
resources management were collected and snclysed. Several information
systems or research programs designed to produce such systems were
fdentified and revieved. They are summarised in Table 2.1.
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Approximately 30 mbsyitm. designed to perform discrete tasks
related to resources management, were also reviewed.

Using the results of the dats anslysis, a preliminary system design
vas established. This design specified the general types and form of
data to be stored, required processing fumctions, and {information
output. Details of the design are given {n Section 3.0; the rationale
leading to this design i{s presented in Referencs S.

System Development

In Phase II1 of the effort, software rouum'nn vritten, testsd,
and assembled. All programming was done in PORTRAN IV. Testing was
done on a CDC 6600. Details of the software packages are givea in
Volume II, Section 2.0

System Demonstration

Using data from the areas shown im Figure 2.2, a dats base vas
constructed, entered in the computer system, and ten demomstration
problems teeted.

Reference 6 - Demonstration of System Peatures, provides a description

of the demonstration problems and sample solutions, Volume 1I, Section

4.4 provides a detsiled description of how one problem was executed.

The total dats base consisted of 116 prepared overlays and sssociated
attribute data. A land use map was prepared from high altitude color
photography, the remainder of the dats base inputs were derived from
published maps. Table 2.2 lists the data base inputs sand their
characteristics, Details of the land use mapping effort are given in
Reference 4.
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1.1

3.1.1
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" SYSTEM DESCRIPTION

The Natural Resources Information System vas desiguned to be a
computer based system to atore, process and display land management
data. -Overall system flow and specific programming modules are
described in Volume 2, (Reference 2). Development and demonstration
of the system was conducted using a fierber 2000 digitizer, a CDC 6600
computer and a CALCOMP 7063 plotter.

runctional Description

The idatural Resources Information System is designed primarily to
deal with maps or map-locatable data, Maps can be stored, two or
more stored maps processed to make a map which combines or otherwise
modifies the map data, and a map overlay prepared gshowing the results
of the processing. Computations can be performed to establish the
number of acres in a mapping unit, length in miles of linear
features, and number of point features, and results pregsented in
tabular form.

‘Data Input

Three general classes of input data are utilized: maps, delineated

. photo overlays, and field observational data. In each case, dats

are stored in terms of a geographic location or boundary as well
as a resource descriptor and attributes of the descriptor. A
resource descriptor is defined as a mapping unit designation, e.g.,

Payette soil series. Attributes of a factor are itesms which furthes

define the descriptor. 1In the case of soils, texture is one of the
atored attributes. For a geologic mapping unit, rock type and age
are stored as attributes.

Data input from maps and photos is normally accomplished using an
optical digitizer and 2 keypunch. Each mapping unit ig traced by
the digitizer to a specified accuracy. The Gerber 2000 used for the

.demonstration can record data in increments as small as .00l in. to

an accuracy of .005 in. over the full table (8 ft. x 16 ft,).

Actual increments used ranged from 0.009 in. to 0,075 in. with 0.02S%
in. used predominately. Accuracy in terms of ground distance is a .
function of input scale. Locational data can also be entered manually
to any desired degree of accuracy. ' '

Each map entered in the system must shov a minimum of three points
wvhose coordinate locations cam be specified. Each mapping unit ie
assigned a discrete number as wall as & mapping unit symbol and the
information pertaining to that unit 4s punched on a card. After the
map or overlay has been digitised, an overlay is¢ printed for
comparison with the origissl, neccssary corrections msde, and the
data stored for transformstion. VPield observatiomal dsts sre
handled in a similer manner. Location of the data is plotted on a
base map or photo and input in the manner described for photos eand
maps. Coordinates may also be entered directly.

. n'o-o‘_a.‘
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The transformation process is required to place data in the mmp
projection and coordinate system utilized by the base map. The

base map used for demonstration is the Arizona Stats Righway

Department 2 inch/mile series (Fig.3.1). This series uses a Transverse
Mercator projection. The Public Land Survey grid aad the Arizoma

State Plane coordinate systems are printed on the map. ‘A UTM grid

wag placed on the base map, since the Matural Resources: ‘faformation
System is designed to operate with UTM coordinates.

Map transformation involves coordinate transform snd a process

called weeding. Curved lines are stored as straight line segments.

In the {nitial digitizing process, a line is represented by many

line segments; the weeding process reduces the number of segments

(and coordinates) used to repregent the line. Weeding is accomplished
by specifying the maximum allowable deviation of the stored line

representation from the original or digitized representation (Pigure
3.2) .

The system employs UTM coordinates but geographic coordinates may
be entered. The transformation process entails geogrephic to UTM
conversion. Other coordinate conversion routines are availsble in
the public domain but were not used in the prototype system.

Table 3.1 lists the maps which were digitized and gtored in th§

system for demonstration purposes. Input scales renged from 1/24,000
to 1/500,000., |

All maps were either in the Transverse Mercator or Polyconic
projection; no transform was performwed.

3.1.2 Data Processing

Three general classes of processing functions are performed by the
Natural Resources Information System. PFirst, and wost important,

are those involving the analysis of mapping units. Map overlavs
can be created showing areas:

1) having specified levels of one or more factors (pine
growing on slopes of 30X or more)}

2) having common attributes of a oingle factor (sandy soils);
and

3) having specified levels of one factor and mot having

specified levels of another (commercial forest not on
allotted land),.

In Boolean algebra terms, these are described as intersections,
union, and complement operations. (pigure 3.3)

1
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Map ldentification

03010000672

03020000672

o ————

03030000672

03040000672
03050000632
03060000672
03070000672

02010100482
06010104692
01031500622
01041500622
01041700622
01051500622
01061500622
01071500622

VO 03¢ B OR G e/ !

URA/

BIA/
BIA/

Table 3.1 - List of Digitised and Stored Mepe

Dascription

Soils & Parent Geological
Formation

Land Classification & Markhet
Value

Recreation - Preseat Regource
& Opportunities

!ruign Hasard
Range Condition
Vegetation (Species)

Anom‘t Boundaries & Craming
Systems

Slope (Yort Apache)
Tiwber (Yort Apache)

Land Use/ Streams
Land l;lul Rosde
Land Use/ Roads

Land Use/ Railroads ‘ .

Land Use/ Utilities
Land Use/ Cansls
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The number of factors, attributes, or map overlays used in oreparing
an overlay 1is unllmlted so long as the logic structure of each file
Is followed.

Using, for example, a timber map and soils map, it is po.cible to
prepare the following overlaya:

1) all ponderosa pine growing on sandy soil;
2) all ponderosa pine not growing on sandy soil;
3) all ponderosa pine and/or spruce growing on sandy soil;

4) all areas on the timber map where site quality exceeded a
given value;
and

5) all areas wvhich have high quality merchantsble timber and
a soil of a type known to favor timber growth.

The overlays produced by any of these operations could then be
combined with a slope map, an allotment map or an administrative
boundary map to produce a further set of overlays.

The second class of processing operations involveg counting or
tabulation. The number of acres occupied by a mapping unit or
group of units, number of miles of a boundary (e.g., lake shoreline)
or linear feature (roads or gtreams), or number of features (stock
ponds) can he calculated. Results of the calculation can be
multiplied by a value or a value added or subtracted from the
computation, It is thus possible, for example, to prepare an
overlay and tabulation showing the money to be received from logping
cach unit on a timber type map.

The third class of processing functions involves reportimg. A
series of programs are available to store and process data required
for the BIA Annual Forestry Report. Inventory data, monthly scale
reports and indfividual firce reports are stored and processed to
provids un annual record of timber accretion and depletion.

hata Output

Two principal output formats are utilized; map overlaye and tabulations.
The tabulatione are conventional computer printouts; the overlays

are prepared on a CALCOMP Model 763 drum plotter and can be generated
at any scale for which a base map in the proper projection is

avajlable. For the demonstration, a base map scale of 1/125,000 was
used. Map sheet size is limited to 29.5 icches in width and 120 feet

in length. Machine accuracy is 2 0.010 inches excluding paper
shrinkage or expansion.

16
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Equipment

There are four basic hardvare components utilized by the prototype
Natural Resources Information System. They are:

1) Cerber 2000 Optical Digitizer
2) 1BM 360-40

3) CDC 6600

4) CALCOMP 763 Drum Plotter

The Cerber dipitizer is used to input map feature coordinste data

and identifying information onto punched paper tape. The Gerber is

an automatic line following machine. A TV camera scans the {mput

map and provides a 10X magnified view of the map to the operator.,

The operator depresses a foot pedal which drives the camera along a
line. When a line {ntergection is reached, the operator must manually
adjust the scanner to follow the correct line, otherwise he simply
monitors the progresas of the machine. A small computer program
performs the automatic tracking.

The Gerber can accommodate copy up to 8 ft. by 16 ft. in size. It
operates most efficiently on high contragt copy with minimum line
weight,

The IBM 360-40 is used to read the paper tape of the digitiser and
convert values onto a magnetic tape. This step could be eliminated if
the digitizer were equipped to input data directly onto magnetic tape.
The software capability to po directly to magnetic tape exists and the
cogt to add this feature is modest.

The 6600 {s a large mult{-processing computer., BCS operates it under
the Kronos Il operating system. The combination of this ovperating
system and the computer is used by BCS to perform the functions of
file building, logical operations and printed and plotted output
tapes for off-line processing.

The machine is configured with 131K decimal 60 bit computer words.
This word size amounts to about 15 gignificant digits of accuracy

in any numbers stoved or computed. There are 12 input output date
channels connected to. 7 input output tape drives.

There are also:

-card punch
~card reader
1200 line/min. line printers .

high speed disce )
"low" speed discs) 34.4 mill 60 bit words

LS

The Natural Resources Information System is operational on the CDC 6600
computer and is designed to use no more than about one-third of the
machine's capacity. The programs on the 6600 will read the converted

17
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magnetic tape from the digitizer; create data files, produce printad
output and write plot files that may be plotted on the CALCOMP 763,

Drum plotter.

The CALCOMP 763 Drum Plotter is used to plot output overlays. Maximums
shest size is 29-1/2 inches by 120 fest. The machine plots straight
lines connecting stored coordinate pointe. Maximum accuracy is + 0.005
inches, by manufacturer's specification. In practice, especially over
large drawings, accuracy would be about +0.01 inches.

Program Vescription Summary

The Natural Resources Information System vas designad to be adaptable
to a wide variety of applications. The user controls the type of
data that is stored, retrieved, processad or displayed. A diagras
of the program layout is given in Figure 3.4, .

The system gsoftware {g¢ organized into: five program modules. The
CONVERT module is used to read digitized dats and write a coordimate
file. PLOTMP contasins the routines used to plot overlays. Imcluded
in this module 18 a program providing for plotting of digitized
data in an exploded view. Successive map features can be shifted

by some user-specified distance to facilitate map edit.

EDITOR is used for file editing and the creation of attribute files.
Coordinate transform is also included in this module. The EXTRACT
module contains software used for overlaying map files to establish
gset intersections and unions. It alpso provides s capability of set-
ting area and linear tolerances for interaction of data files.

Finally, the REPORT module containe softwere routines used for such
things as ares computation, point counting, and computation of limear
feature length. Writing of timber and fire reports and file data
listing ie also accomplished under this module.

Further details on system software are provided in Volume I1I.

File Design

The files set up for the dsmonstration system were for the most
part based qon the information available iun tha demonatration areas.
A file entry consisted of an arbitrarily assigned unique mumber
designating a specific polygon, line, or point, a strimg of
coordinate valuss providing the location of the mapped umit, and
a character string providing the attributes of the mapped unit.
An open-ended file design was used. It was comcluded that file
design, in the sansa of establigshing the specific data elements
to be included in each file, sheould be accomplished by the user
agencies. As a starting peint for this effort, however, several
prototype designs were astablished.

18
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3.4.1 Map ldemtificstion

Dats within the system is curreatly orgsaniscd ca £hs dbasis of the
input maps from vhich dats were derived. Ia general, evewry map
overlay eatered into ths file gencrates a discrate fils aad every
sap has a unique identifying sumber. im ll~digit amber dessribes
the type, origin, date and geegraphic locatiom of the map data as
shown im Pigure 3.5. Table 3.2 lists the codss assigned fer the
demonstration system. Additional digits could be assigmad to
provide greater specificity in terms of mep ares locatiom if
desired Dy the particular user application.

3.4.2 Porestry VYile Design

The forestry file wac desigmed to store information on forest
inventory mapping uaits (Fig. 3.6). Typas of information steced
include cover type (tres species, non-commorcial land classificeties),
"age, condition, crewn demsity, site quality, growth rate, and valus.
Value is defined in terme of commercial versus non-commercial,
dollars, or any combination of stend condition data. For emsmpla,

a claseification can be created which takes into account speciss,

age, and site quality. TEable 3.3 showse the layout of the fils
system,

3.4.3 8lopa/Aspect

The slops/sspact file wecords slope iz perceantage categories and
direction of slope (FPigure 3.7). Up to nine slope and nins aspest
categories can be employed. PFor the prototype system, six slope
and five aspect catsgories were used as follows:

Slope Aspact
l1=0-~42 N = North
2=5 - 82 E = Bast
3=9 - 162 W = West
4 =16 - 32% 8 = Sputh
5 =33 - 502 X = No detoctmimacion; etg.,
6= > 502 flat lamd, kaob of hill.

Slope mapping was sccomplished using 1/24,000 s=d 1/62,500 scale
U.8.G.8. ‘o”'r"htﬂ maps.

€O 1000 0080 ORIG. 4771
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Catcgosz

Lata Type
(lst two digits)

f Data Type
(2nd two digits)

€O 1000 0080 OMG. ¢/

Table 3.2

Map File System Codes

Code

01
02
03
04
05
06
07
08
09

0101-0107
0301-0319
0501

0502
0601-0607

0801-0806

Hcan!g‘

'Lamd Use

Slope/Aspect

URA Overlays
Soils/Range (BIA)
Elevation/Physiography
Timber

Geology

Range Improvement (BIA)
Precipitation

Specific lemd use
overlays; e.g. 0102 for
adeinistrative boundaries
Specific URA overlays
Elevation

Physiography

Specific Timber Data
categories; e.g. 0604
for fire mup

Specific data types;
e.g. 0806 for

natural boundaries

AYN-A 18
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Data Cau;oty

Value-1

Value-2

Value-J

Sctatus-1

Status-2

Condition

Age

Crown Demsity

density values)

Site Qualicy

Crowth Rate

Iaventory Plot

€O 1007 UOBS ONIS. /7
e . =l e e e

(Note: each ares may have

- e 3 -~ . cemies T e e’ "

Table 3.3
- Forestry File Design
Levels

Commercisl, Nop-commsrecisl

Up to 9 categeries based on
sorting of other date

Up to 9 ramges of dollisr welues

Vegetation
Other land

Vegetation typelcpodiq'? j "i":;g_§x .
ponderosa pine, mixmed “!:',
grass, etc. ‘

Virgin
Residual/cut over
Young
Seedling/sapling
Pole

Saw timber

High - 70% +
Medium 40~-69X
Low 10-39%

two ages and two crown

0= 50" at maturity

6 = 50-74" "
5 = 75-99" ..
4 «100-124' "
3 a125' + - -

MBM per year in up to iO categories

4 digit number identifying
inventory plot
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Geolegy Pile Design

The geology file was designad to store informatiom extrscted frem

geologic maps. Types of information stored include age, rock type,
and rock charscteristics. Table 3.4 lists the informstion classi-
fications. Provision was made for adding linear data (fault limes,

etc.) and point data (dip and strike, etc.). These dats, howsver, .

were not. included in the prototype file.

Soil Pile Design

The soil file was designed to accommodate BIA soil classificatisea
dats as well as SCS and BLM eoil deseription data. BIA dats may'
be entered using the dsscriptive terms shown in Table 3.5 or the
depth/texture/permiability classes shown in Pigure 3.8,

Physiographic File

The physiographic file stores data on slevation and mecro featuswa.
Elevation was racorded in 1000 foot centours, macro festures in sis

- level classification systems ranging from mountainous to flat

(Poulton's macro features classification system, (Ref. 7) as
follows:

1) Flat
a. Not dissected
b. Dissected

2) Rolling (10-25% slope)
a. Rolling or hilly
b. dissected

3) Hilly/Submoumtainous

4) Mountsinous

Land Use

The land use system (Table 3.6) was based on Anderson's land use
classificatien system (Ref. 8). Im gddition to the use categeriss,
vhich wvere coded as 4-digit numbers, provision vas msde to store
land ownership (state, private, federal agency) and municipal
boundaries. - '



Table 3.§

Geologic File Design

Date Category Levels
Age 9 levels, PreCambrian to Quaternary
Type Ignaous
Metamorphic
Sedimentary
General Characteristics - 1 Sed. - Conpsolidated
Unconsolidated

Met. - Meta-sediment
Meta-volcanic

Ig. =~ Glassy/Pragmentsl
: " Pine grained
Coarse grained

-2 Sed. Consol. - Clastie
. Non-clastic

Sed. Unconsol. ~ Well gorted
Poorly sorted

Met. - Contact
Regional
Mixed or unknown

Igneous - Bagic
Acidic

Type - Total of 67 types; e.g., limestone, gabbro, etc.
Example: 21113

.Paleozoic siltstone
2 Palesosoic
1 Sedimentary
-1 Consolidated
1 Clastic
3 Siltstone

27
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Table 3.5

Soil rile Design

Data Category ' Levels

Land Cover - 1 Cropland
' Pormer Cropland
Woodland
. Grassland
" Barren
Other

Land Cover - 2 : Rough

i Broken
S toney
Gullied
Badlands
Active sand dunes
River wash
Thin breaks
Rough breaks

Productivity High
' Moderate
Low

Soil Depth - 1 Deep 36" +
Mod. Deep 21-36"
Shallow 10-20"
Very shallow 9"

Soil Depth - 2 Less than normal thickness surface layer
Normal thickness surface layer
More than normal thickness surface layer

Texture - 1 Loam
Organic
Pine = .
Moderate
Coarse

Texture - 2 (£ine) Clay
Clay silt
Silt clay
Silt

(moderate) Silty sand

Sandy silt
Pine sand

000 Q080 ORIG. 4/71
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Table 3.5 (continued)
Soll Pile Design )

Data Cateaogz

(coarse)

Permeability

BIA Soil Délcription
(Depth, Texture, Permeability)

Erosion - 1

Erogion « 2

Inhibitory Factors ~ 1

Inhibitory Factors -~ 2

Parent Material -~ 1

Pafent Material - 2

"
C

CO 1000 0080 OMIG. &/¥3 . g , :
. ‘- . LSS L el e

" Levels

Coarse sand
Gravel
Cobbles

Very rapid
Rapid
Moderate
Slow

Very slow

(See FPigure 3.8)

Wind accumulation
Wind removal

Slips & landslides
Water '

Slight
Moderate
Severe

Alkalinity
Salinity
Calcareous
Caliche

Claypan

-Zone of lime accumulation in soil

Cypsum
Stoniness

Chert

Gravel

Non-restricting usaeble strata 10-20"
Non-restricting usable strata 20-36"
Non-restricting ugable strata 36" +

Wet
Slight
Moderate
Severe

Regidual
Alluvial

Igneous
Sedimentary

~ Matamorphic

B D e L - wms . JE
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Acidic , )
Basic ' R
Mixed Alluvium oo
Siltstone

Mixed parent rock-
Calcoreous mixed alluvium
Mixed alluvium

AA' "

;W

Table 3.5 (comstimued) = e

Sofl File Design . e

Data Qatcaog Lavels <

Parent Material - 3 Sandstone .

Limestone : *‘1‘

Shale el

A904 v
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Depth Deep Moderately Deep Shallow Very Shgllow

36" - plus 20-36" 10-20" 5-10"
Permeability " Permeabi lity Permeability
Texture

VSP SP MP RF VRP VSP SP MR RP VRP VSP SP MP RP VRP
Fine 1 2 3 13 14 15 25 26 27 3
Medifum &4 5 6 7 7 16 17 18 19 19 28 29 30 31 31 37

Coarse 8 9 10 11 12 20 21 22 23 24 32 33 34 35 35 38

Figure 3.8 Standard Symbols for Making Soil Surveys
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LEVEL 1

1. Resource Production &
Extraction

11, Transportation, Commun~
fcation & Utilities

ITI. Urban Activitiest#*

IV. Towns & Other Built-
up Areas®#®

V. Recreation

VI. Low-Activity Areas .

VII. Water Using Activities

€O 1000 0980 ORIS, /71

A.
B.
C.
D.

A.
B.
C.
DO

A.
B.
C.

A.

TABLE 3.6

LEVEL 2
Agricultural

Grazing®
Forestry

Mining & Quarry~
ing

Roads
Railroads

‘Alrports

Communications &
Utilities

Urbanized Liveli-
hood Areas (1970
Census Bursau
Definition)

Other Urban
(Population

> 2500 but not
urbanized)

Mountain Oriented
Water Oriented
Desert Oriented

Other(Golfcourses,

parks, ete)*

Marshiand Oriented.

Tundre Orisnted
Barren land
Oriented

Standing (Lakes,
Oceans, etc.)

. Flowing (Rivers)

*Indicates changes from the Anderson system.
**Mapping of urban and built-up areas ¥ill oot be beyond Lavel 1.

32
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ANDERSON LAND USE CLASSIFICATION SYSTEN (MODIFIED)

LEVEL 3
Crop Production

a. Ivrigated
b. Noa~-Irrigsted

‘Pruit/Nut Culture

a. Irrigated
~ b. Non-Irrigated

Non-Commercial®
Commercial®

Industrial
Commercial
Residential
Inatitutional®
Other Urban Land

Same as III A

Same as 111 A* plus

6.

Residential

Developaent

ATA D



§.4

.8

URA Overlays

in the BLM, administrative areas knoun as plnnning units are
graphically described on a series of up to 36 Unit Resource Analysis
overlays. For the demonstration area, 18 such overlays were availa-
ble (Table 3.7). Provision was made for storage of the information
contained on each of these overlays in a separate file. For the
most part, it was necessary to treat each as .a separate case except
for those instances where one overlay showed current conditions.and
a mate showed projected conditions. Pigures 3.9 through 3.11 show
¢xamples of these overlays.

laput Requirements

The datural Resources Information System in its present form will
lLCCpt any ‘type of data which:

1) can be located on the base maps; and

2) can be classified or described in terms of one of the
existing file systems.

The base map carries State Plane, UTM, Geographic and Public Land
Survey coordinates. The Public Land Survey is not complete over the

total area, however, Existing file systems are described in Sectien
3.4,

The normal method of data entry is by digitizing. Any map or map
overlay in a Transverse Mercator or Polyconic projection can be
handled in this manner. Maps utilizing other projections may require
projection transform. Software required to perform these transforms
is available in the public domain but has not been incorporated in
the current system,

Digitizing is performed on a specially prepared manuscript or overlay.
Three types of data can be entered; points, lines (linear features)
and mapping unit boundaries (polygons). Each type of data is entered
from a separate manuscript.

Point data are recorded on the manuscript as a point or a cross so
that the digitizer operator can readily determine the precise

location to be digitized. If all point features to be entered are
identical, they need only be symbolized on the manuscript. If they
differ in some manner, different symbols can be used or the points

can be numbered and their characteristics listed on a separate sheet.
Fipure 3.12 illustrates the three methods of portraying point features
on the digitizing manugcript.

Linear features are portrayed as solid lines; dashed, colored, or .
cross-hatched lines cannot be used. Por this reason, a linear

feature manuscript can normally show only one type of feature. Roads
and railroads, for example, must usually be shown on separate overlays.
If descriptive information on the linear features is to be gtored,

each line must be numbered. A number is applied to every line between
all intersections and the characteristics listed on a separate sheet,

33
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Table 3.7
URA Overlays

Overlay Title Types of [aformation

Soils and parent geologic formation 4 character degignator of
each mapping unit

Land clasgification and market Land value amd {ndication
value of whether or not lasd was
clessified for retentien.

Recreation : ’ Boundlry and fdemtificatien
of recrestion areass

Erosion hazard 3 level classification of
erosion potentisl

Range condition 5 level classification of
' range condition, locatioa
and {dentification of phote
stations and line traasects,
3 level classification of
range trend

Vegetation 5 level classification of
vegetation type, listing of
3 most dominant species in
each mapping unit

Range Management Grazing system type and
location, allotment boundary,
allotee identification,
utilisatfon (CYL/Sec.)

Range Improvement : Location snd identification
of all fence lines, corrlls,
and water facilities

Mineral Status Location of all areas vhere
minerals owmed by Pederal
Government

Mineral Occupancy ' Location and ideatification
of all mineral resource aress,
leases, patents, etc.

Proposed exchanges Location of land suitable for

disposal by exchange, land BLM
needs to acquire by exchange

34
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(continued)

OUverlay Title

Wildlife, Present

Wildlife, Potential

Found Scction Corners
Roads

Rights of Way

Watershed

Watershed Potential

€O 1000 0080 ORIG. 4771 we

T.ble 307

URA Overlays

35

Types of Information

Location and gpeciesg
identifi{cation of watershed
habitat areas; location of
watering facilities

Location of all found gection
corners

Location and identification
of all roads and road markers

Location, width and file
designation of transportation
and utility rights of way

Location and identification of
all watershed improvements

same for planned improvements

AVO0 19



Figure 3.9
Range Condition and Trend

[} Excellent
-7 Declining
- Improving
# Static

© Photo Station
® Line Transect

1961 Survey

1962 Survey

36



L A Y

[

Figure 3.10 .
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F3q West San Simon Slopes
F3g3 Gila Valley Farmland.
F3ne Gila Mountain Slopes

F4 is Gila-Peloncillo Mountains
F4 k2 East Chiricahua Footslopes
F4 bn Pinaleno Foothills

F4 i 3 Fisher Hills

F4 s 3. Whitlock Valley

Figure 3.11. Soils and
Parent Geological Formations
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Figurc 3.13i1lustrates three permissible mesthods of showing limear
features., - ' .

Map unit boundaries or polygons are also shown as solid o All
polygons must be closed and all must be numbered (Pigure 3.18).
Descriptive information on each polygon is listed on a separate

sheet. Digitizing with an optical line following attachment is

fastest and most accurate wvhen line weight is at s minismm and all
lines are of high and equal contrast. All of the data entered in

the system to date has been prepared using a NHumber O or 00 Rapigograph
pen on chemically frosted mylar. Pencil wvas found to be unsatisfactory
because of line contrast variations. Mechanically frosted acetate is
unsatisfactory because erssures remove the gurface and cause reflection
problems with the digitizer. T

It is also possible to use photographically prepared map separatioms
rather than inked tracings for the digitizing manuscript. This
method is particularly useful with jtems such as timber type maps,
where a separation showing only the type boundaries is normally
available,

All digitizing manuscripts must show a minimum of three coordinate
point references. In this application, six such points were usged.
These references are used to adjust scale and relate the dsts to the
base map. The geographic or UTM coordinates of the points are
recorded on the overlay. The map identifier is also recorded on the
manuscript. :
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SYSTEM OPERATION

At the present time, 119 map overlays have besem prepared for
digitizing, 4Y map overlays have been digitized, and over-
lays entered i{nto the dats base. Ten problems exsrcising thes
processing functions of the system have been run. Details of
this experlence are described in the following sections.

hata Input

All materials were prepared for digitizing as inked mylar
overlays. Most of the overlays wers traced from existing maps.
Lach overlay consisted of a series of numbered polygons, points
or lines. A separate coding sheet was prepared at the same
time to record attributes of each mapping unit.

The time required to prepare and number an overlay ranged from
.25 to 10 hours depending on number of features, complexity

of features, and scale. Rectangular features required much
more time to trace than irregular polygons.

Recording of attribute data required from .25 to 4 hours per
overlay. Time was affected principally by the amount of data
to be recorded. Representative time samples are given in
Table 4.1,

Land-use mapping was accomplished from 1/117,000 scale photos.
Approximately two hours per stereo model were required for
inictial delineation and one hour per model for radial line
plotting on a base map overlay. The plotter used pencil and

it was subsequently determined that the digitizer would not
handle pencil lines without constan¢ readjustment. Overlays
were therefore replotted in ink. This, plus numbering and cod-
ing of polygons, required from 2 to 4 hours for each of the

29 map overlays.

Digitizing of the prepared overlays required from .25 to 40
hours per overlay. A timber type map consisting of soms 200
polygons at a scale of 1/24,000 required 40 hours to digitisze.
A total of 91,000 points were recorded. A soils map at
1/125,000 scale comsisting of 9 polygons required 1.9 hours
to digitize; 3500 points were recorded. Weeading to & 400
foot chord height tolerance reduced the number of stored
points to 600,

After an overlay was digitised, additional time and cost was
required to place the data in a computer file. On as average,
for every 20 hours of original digitizing time, 16 hours of
programmer, keypunch and redigitizing labor was required plus
approximately $110.00 of machine time.

A reduction in digitizing time was exhibited as the job pro-
gressed. It was concluded, hewever, that the automatic lime
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TABLE 4.1

Preparation Time for Digitizing Overlays

: No. of Preparation
Map Scale Polygons Time
Timber Type . 1/29,000 260. - 6 hrs.
Soil/Range 1/24,000 200 10 hrs.
URA Soils 1/125,000 9 1.3 hrs.
Administrative 1/500,000 11 2 hrs.
Boundaries

CO 1000 0080 OMI@, 4/7"
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Follower used for the job is not a practical means of data

entry except where high accuracy is paramount. A hand operated
digitizer which could be used on maps as they are received appears
to be the best interim solution; a completely automatic line scan
{nput device appears to be the best long term solution.

Data Processing

Ten processing problems were performed, eight using URA over~
lays and two using a timber type map. The problams performed
with URA overlays (files) consisted of a three-file intersectionm,
union of attributes, area computation, object coumting, overlay
revision and file sorting. The timber problems involved file

sorting to locate and plot all polygons having specific
attributes.

Processing time is recorded in Computer Resource Units (CRU's),
a measure which takes into account both central processor and
peripheral equipment time,.

" The URA problems required about ten CRU's each to rum. Roughly

80 seconds of central processing time were required for each pro-
blem. Approximately 3 of the 10 CRU's were required for loading;
in a stable operating system, the time would be reduced or
eliminated. The timber problems required approximately 25 CRrRU's,
which included loading time.

Several of the ‘problems were also run by hand as a check against
the computer solutions. The URA-type problems required from
.5 to 4.0 hours to perform by hand; the timber problems were
estimated to require from 8 to 16 man-hours for performance.

{
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5.2

SYSTEM RECOMMENDATIONS - BIA

The liatural Resource Information System developed under this comtract
{s a prototypc system and as such needs to be implemented and used bv
BIA personnel on a trial basis. Many computer systems already exist
within the BIA; some of these should be integrated with the Natural
Resources Information System. Based on experience with the system to
date and the results of the user survey conducted in the beginning of
the contract, scveral recommendations for system implementation and
growth have been developed.,

System lmplementation

It is recommended that the Natural Resources Information System be set
up for Joint operation and analysis at the Albuquerque Data Center and
Arca Office. It is understood, however, that the CDC 3150 at the center
is used to capacity. For this reason, it may prove more cost/effective
to continue to operate the system on BCS facilities.

Within BIA, three general areas of system utilization are foreseen,

The first is in the basic inventory and planninp process as exemplified
by the Initial phases of the Natural Resources Development Program. The
BIA data entered in the prototype system is mostly of this type. To

test and develop the system in this utilization, the Phoenix Area Office
is reconmended.

A second area of gystem utilization is in the detailed analysis and
planning stage; e.p. development and undating of timber management plans.
For development of the system {n thig area, it is recommended that two
or more regervations involved in detailed planning be selected and the
system legted in these arcas.

The third major area of system use is in the monitoring and reporting
area. This type of utilization is exemplified by the Annual Timber
report and PBE analysis and reporting. It is recommended that this
type of application he evaluated in each of the Natural Resources
Vevelopment Program component areas (Forest, Range, etc.).

SystemsResearch

The gystem developed under this effort is a prototype and additional
regearch {8 recommended to increase cost/effectiveness. The major
problem area encountered with the prototype syatem is in the area of
data Ilnput, both polygon and attribute data. The digiting process was
time consuming and subject to errors which could not be discovered
until after data had been entered in the computer. When the errors
were discovered, it was necessary to redigitize and re-enter the data.
Problems of a similar nature were reported in the development of a
similar polygon overlay system (Ref. 9).

CO 1030 008 OMIQ, 4771
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Potential solutions to this problea include:

1) Digitizing polygons as liniar features with subsequent
computer assembly of polygons;

2) Use of a drum scanner for data entry with subsequent
computer assembly of polygons;

3) Development of automatic error detection and correction
routines; and

4) Elimination of the paper to magnetic tape conversion
process.

The drum scanner technique is utilized with the Canads Land
Inventory Systenm.

Simplifying attribute data entry can be simplified in two ways.
In this effort, a two stage process was used whereby dats were
extracted from the map and recorded, the recorded data tran-
scribed to the coding format, and each numeric or descriptive
property with its identifying number input as a data card.

This approach was used as an expedient since file designs had
not been finalized at the time of original data encoding. At
the point where final designs are established by the users,
programming techniques to automate the entry process should be
investigated. Card punching directly from the map or even
scanning and direct entry of map symbols might be investigated.

Further research is also needed to more fully define and sim-
plify the user interface. Many of the processing functions
currently included in the system require a series of user
decisions and commands for implementation. This provides a
maximum of flexibility. As experience with the system is
acquired, and standardization is achieved, wmany of these
functions can be more fully automated.

Processing Functions

Softwave developed far the prototype information system vas
concentrated in the area of mapping unit measurement and
mamipulation. There are a number of miceties which were not
included because further input from system users is needed

or because programs already exist. To have included these
existing programs ino the prototype svatem would have entailed
a needless duplication of effort,

The following subroutines are recommended for consideration
as potential additionq to the current softwave packags:

1) Coordinate conversion - Conversion between State Plans and
UTM, State Plane and geographic,
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2) rrojection transform - Transform of map projections to a
Transverse Mercator or some other apreed upon profectiomn,

3) Photo transform - Provide ahility to input data directly
from plioto overlays,

4) Line and point selection based on distance - Provide abilitv
to select points or lines at gome predetermined distance
from other known linear or point features,

5) Contouring - Draw contours based on point date; e.p., .
precipitat{on isohets.

The addition of a statistical module is also recommended. As a
starting point, the UCLA BMD and BMDX Series is recommended for review.
Additions should include Chi Square analysis and other non-parametric
statistic and various sampling statistics.

Additional display capabilities including shading, variable line forms,
and point symbols appears useful, Modificatfons to the program
permitting output on other display devices guch as the SC4020, the
Gerber, or cathode ray tube may also prove desirable.

The current gystem was designed to prepare the BIA Annual Timber
Report. As users gain experience with the system, additional reporting
functions might be added. For most efficient use of the system,
however, extensive redesign of current forms will probably be required.

A number of software packages designed to perform various record

keeping and analysis functions currently exist within BIA. It is
recommended that these packapes be inventoried and analyzed with the
objective of possible incorporation in the Natural Resources Information
System. 1t should be noted however, that many of the available programs
were developed for specific user applications and have little generality.

Finally, it i8 recommended that work be initiated on expanding the
syetem to socio-economic areas. Of particular importance are data and’
analyses relating to cost/benefit studies relatinp to the PBE process.

o

File Design

As indicated previously, the files set up for the prototype system
were established largely on the basis of information contained on
avallable maps. Standardization of file design and data reauirements
is nceded for most efficient utilization of the svstem. A hierarchical
svstem, capable of collapse or expangion to different levels of detail
is recommended,
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Equipment

Because of the problems with digitizing previously exprassed,

it is recommsended that a digitizer not be purchased at this
time. Additional ressarch is required to resolve the data

tnput problem. In the interim, data input might best be handled
on a cuntract basls.

The CDC 3150 operatad at the Albuquerque Service Canter is
heavily loaded. Furthermore, use of this system on a computer
of this size would require a great deal of conversion and
would rasult in very inefficient operation.

At the output side, a plotter similar to the CALCOMP 763 is
recommended as a compromise between speed and accuracy. The
CALCOMP appears sufficlently accurate to handle planning type
applications. If the system is extended to applications such
as lease mapping and billing, a higher order of accuracy such
as provided by the Gerber may be desirabls. At such time

as the system is extendad to all BLM offices, the use of remote
CRT terminals should be investigated. It is anticipated that
user access to the system will require 24-hour turnaround or
less.

Data Collection

One of the major problems existing in BIA is the lack of accurate
and timely data regarding resource condition and location. This
problem appears to result from thres sajor factors. First, and
perhaps most important, dats and information needs are not well
establishad nor are they consistent from one location to another.
For example, what information is really needed to best manage
timber for maximum dollar-return? Without an answsr to this

type of question, one is faced with the problem of collecting

a large variety of detailed information in the hope that some

of it will be of use.

A second factor involved in the dats collection problem is a
lack of ability to collect large amounts of detailed information.
The number of people available to collect data cannot kesp pace
with data requirements. As a result, either the data is mot
collected or it is collected in only a few locations over a

long period of tima.

[}
Finally, the ability to analyze available data, particularly
map data, is lacking. Without the ability to collect and
analyze data, it is difficult to establish wvhat data are needed
and thus to reduce the collection and analysis problem.

Duiu snd information requirements expressed by BIA users have
evolved over a number of years and are largely indirect approx-
imations of the information really desived. It is also
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apparent that information is often carried beyond the msnagemeat
level at which it is of valus or is presented in an indirect
manner such that coanidgrabl. value is lost.

The problems is not umique to BIA; it exists with many managsseat
systems. As an example, a timber typs map carries information
on species, site quality, crown density, and size. In actusl
fact, management is based on timber volume, growth rate and
mortality. It would appear that a more useful timber map might
show timber species and volume with the capability of quickly
producing revisions to reflect natural or management actions.
It would elso appear that for many applications, the level of
detail shown on a 1/29,000 scale timber map is far too fine
and that broad generalizations of data are permissible for
many applications.

The .snnual timber geport appears, in some cases, to present
data vhich requires extensive processing to fill an expressed
or implied information requirement. The raport records the
number of fires occurring during the year by size, class and
cause. Although this information may be of some use in its
own right, it would probably be of much greater value if it
were expressed as trend or comparitive data. For example, is
a total of 109 fires in one year unusually high? How does fire
loss in dollars compare to fire protection cost? The data to
perform such analyses are available from the report but there
is no formal indication that such analyses are actually per-
formed on a consistent basis.

Because of problems of this nature, it is recommended that con-
siderable emphasis be placed on analyzing upper level managemant
information requirements with the view of either raducing
reporting requirements or of carrying data analysis beyond 1its
current point.

- At lower management ievcls; i.e., area and below, it is sug-

gested that emphasis be placed on achieving consistency of
data collected and also a coarser level of data collectionm.

To achieve this latter objective, however, will require several
tests using up-to-date fine detail data. Such data was
generally found not to sxist at any single site.

To further alleviate data collsction requirements, it is
recomnanded that research be pursued in two other major areass.
The first is remote sensing. Numerous potential applications
of remote sensing exist within BIA's activities but im general
these are not being fully exploited. It is recommended that

a central organization be established to provide trainimg,
guidance, research and analysis capabilities in remote sensimg.

In addition to ponvqntional uses of imagery for -appihs,
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particular attention should be directed to automatic data
collection through remote instrument packages. This approach
would alleviate current difficulties in obtaining timesly and
accurats weather data. A second approach vhich might be
emphasized is the use of vegetation sampling using low alti-
tude aerial photography. The use of such photos, obtained
from a light aircraft and not flown to cartographic standards,

could provide a coneiderable amount of useful data at a
ainimum of cost. ' '

It is clear that ERTS imagery will not satisfy all remote samsing
requirements. Its maximum value will be in the areas of change

- detaection and sample stratification. Both applications appear

to offer substantial benefits but they are as yet unprovea. It
is recommended that remote sensing research related to high
altitude or satellite immgery concentrate on these applicatiomns.

) |
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