
BC'X'75

An Information Slstem
~ for Rural lanll·Use Planninll

G. Thornburn , K.M. Magar and G.S. Nagle
Pacific Forest Research Centre

Canadian Forestry Service



,
,

AN INFORJof.ATION SYSTEM FOR RURAL LAND-USE PLANNING

by

G. Thornburn, K. H. Magar and G. S. Nagle

PACIFIC FOREST RESEARCH CENTRE

CANADIAN FORESTRY SERVICE

VICTORIA, BRITISH COLUMBIA

INFORMATION REPORT BC-X-75

Department of the Environment

January, 1973



ABSTRACT

This report describes a method of calculating and displaying

economic consequences of land-use proposals for rural (crown owned) lands.

A computerized system for storing, integrating and using physical and

economic data, based on Canada Land Inventory map data for most resource

sectors, has been developed to a stage that is operational. although

further refinements are required for practical use.

For specified areas and land use (single or multiple) the

system accumulates physical capability data which is translated into

production capability based on data concerning product mix and industry

structure. The estimated physical product is, in turn, processed through

economic subroutines to generate economic effects.



iii

TABLE OF CONTENTS

PREFACE

THE NEED FOR AN INFOR}!ATIOK SYSTE}I

DEVELOPMENT OF A COMPUTERIZED
LAND-USE INFORMATIOr\ SYSTE}! ("CLUIS")
Selection of Economic Criteria
Summary Description

DATA BASE
CLI Capability Haps
Other Capability ~~ps

Maps other than Capability Maps
Economic Data

INSTRliCTIONS TO THE SYSTEM
Definition of Boundaries
Use Assignment
Optional Instructions

ACCUMULATION OF PHYSICAL DATA

ECONOMIC SUBROUTINES
Forestry Sector
Agriculture Sector
Wild Ungulate Sector
Wetland Wildlife (Waterfowl) Sector
Recreation Sector
Fishin~ Sector
Mining Sector

OUTPUT
Automatic printout
Optional

FUTURE OPTIONS

CONCLUSIONS

APPENDIX A (flow charts)

APPENDIX B (sample run)

v

1

3
5
6

8
9

11
13
15

18
19
21
2"

25

52

66

APPENDIX C Canada Land Inventory and its Current Applications 88
in British Columbia



LIST OF TABLES

Table 1. Canada Land Inventory Map
Information Used in CLUIS

Table 2. Fishing Capability Codes for Lakes and Streams

Table 3. Hypothetical Accumulator Matrix

Table 4. Derivation of Recreational Groups

Table 5. Hypothetical Annual Recreation
Capability - Use Matrix

Table 6. Automatic Sectoral Printout from CLUIS

LIST OF FIGURES

Figure 1. Computerized Land-Use Information System

Figure 2. Boundary Specification

iv

Page

10

12

27

36

40

43

7

20



v

PREFACE

The computerized land-use information system described 1n this

report has been developed by the Economics and Biometrics sections of the

Pacific Forest Research Centre. This work has been carried out under

Canadian Forestry Service Study No. PC 075. The system was developed on

a Univac 1108 computer in Calgary, accessed by dataphone from a rented

terminal at the Pacific Forest Research Centre. By June, 1972. the

program had been converted to the Research Centre's new Digital Equipment

Corporation PDP 11/20 computer.

To develop the system in a meaningful way, a case study area

was selected, in consultation with provincial authorities and Canada Land

Inventory personnel, in the East Kootenay district in south-eastern

British Columbia. This report presents only methodology. without direct

reference to the case study. due to the confidentiality of much of the

data.

Although responsibility for the conduct of the study, and for

opinions expressed in this report. is that of the authors, this work

could not have been accomplished without the encouragement and cooperation

of the British Columbia Environment and Land-Use Technical Committee. in

particular the Technical Sub-Committee. and the agencies represented

thereon. The assistance of many individuals in provincial and federal

government agencies, industry and other organizations is gratefully

acknowledged. The collaboration and advice of A.H. Vyse, also an economist

at the Pacific Forest Research Centre. as well as his assistance in pre

paring the manuscript for publication. is further acknowledged. ProgramDing

in the conversion process has been the responsibility of J.D. Rudd. who
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also prepared the sectoral flowcharts in Appendix A.

The study has reached a point at which the system is operational,

although further work can be done on extensions and modifications. This

report is descriptive rather than technical 1n nature. Comments concerning

technical details, desirable changes or extensions of the system are

invited. Address correspondence to the Director, Pacific Forest Research

Centre. 506 West Burnside Road. Victoria, B. C.



AN INFORMATION SYSTEM FOR RURAL LAND-USE PLANNING

THE NEED FOR AN INFO~ATION SYSTEM

"The image of the frontier is probably one of the oldest images
of mankind. and it is not surprisln~ that we find it hard to
get rid of."

1
- Kenneth Bouldln~

Only recently have many Canadians come to realize that land

and its natural resources are. or soon will be, 1n short supply even in

the vast relatively isolated parts of the country. The main forces con-

tributing to this realization include the rapid rate of expansion in

industrial activity. tremendous strides in resource production and trans-

portattan technology, and the recent increase in concern for environmental

quality and the protection of our natural heritage. The fact that all

land 1s not equally suited to all uses intensifies the problem in specific

areas.

With this realization comes the need for a mechanism of land

allocation. In theory, when land becomes a scarce commodity. it should

be optimally allocated by the market system - its best use would be deter-

mined by the user most willing to pay for it, based on relative economic

returns from alternate uses. Society has not allowed, and should not allow,

economic returns alone to govern land use. The reasons evolve from the

fact that the effect of many private economic decisions may not result in

1
K. E. Boulding, liThe Economics of the Coming Spaceship Earth, II by H. Jarrett,
ed., Environmental Quality in a Growing Economy. (Washington, D.C.:
Resources for the Future., 1966.), p. 3.
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a socially desirable land-use allocation, because those private decisions

are not independent of, and often adversely affect. other members of

society, and because the interests of the latter are not effectively

represented in the "market".* We have. therefore, an institutional arrange-

ment - vesture of land ownership in the Crown - to ensure that land al10-

cations are made not only on economic grounds but also on the basis of

social. environmental and other considerations reflected by the political

process.

As the governments remain accountable for their actions, land-

use decisions must be rational and in the long-term interests of society.

Further. because the allocation of land to a certain use often restricts

or prevents other uses for long periods of time. the land ''budget'' must be

balanced not only for the present but also for many future years. Thus.

land use must be allocated on the basis of careful planning, and justified

on economic and/or other (such as environmental) grounds. Such plannin~

and justification must be based on information. Many years of observation

and research, facilitated by modern data storage techniques, have resulted

in a very large and continually growin~ volume of data on which to base

decisions. This alone is of little use. however. as such data must be

organized in a manner that separates the relevant from the superfluous and

* For economists. at least three issues are involved - (a) the role of
externalities resulting from the effects of one user on other members
of society, (b) the "public goods" issue whereby the market system does
not reflect values generated by some land uses because they cannot be
distributed in discreet units on the basis of marginal cost of an indivi
dual's consumption of the good produced. (c) the problem of "equity"
whereby all members of society do not have equal market power.
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presented in a form that is understandable to and usable by the decision

maker. For a particular decision, data requirements must be identified

and the necessary data gathered from often diffuse sources. Modern land-

use planning, with all its complexities furthered by a vast unconsolidated

data base, requires some system which can assemble. analyse and interpret

data in a manner relevant to the user of the system.

DEVELOPMENT OF A COMPUTERIZED LAND-USE INFOR}1ATION SYSTEM ("CLUIS")

To investigate techniques for providing economic input to the

land-use decision making process, a study was undertaken to develop a

computerized system for storin~ and integrating physical and economic data.

using Canada Land Inventory map data where possible.*

The goals of the study were to (1) identify the types of infor-

mation, that can be used to improve the decision-making processes for

allocating rural public lands to alternate uses; (2) investigate and test

the usefulness of Canada Land Inventory map data in their present form,

as the physical land capability input for such an information system, and

(3) identify areas of serious information deficiency.

Several basic precepts and assumptions are inherent in the

approach taken in developjng the system:

- A regional case study is essential to real pro~ress toward a

* A brief description of the Canada Land Inventory, with further references,
is provided in Appendix C. along ,... ith a discussion of previously developed
attempts to use CLI map data for land-use planning in British Columbia and
their short comings. Appendix C also discusses the Canadian Geographic
Information System developed by ClI and why it was not used in the develop
ment of this project.
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relevant system. The area chosen was the East Kootenay region

in South East British Columbia because (1) all eLI maps had

been completed for the area, (Ii) the region has a relatively

simple economic structure, and (iii) significant land-use

conflicts exist in the region which require resolution in the

near future.

- Much useful information exists in reports or unpublished (and

often unwritten) sources. Although much of this information

must be improved for accurate analysis, land-use decisions must

be made in the meantime. Hence development of the system was

not made dependent on the provision of accurate data, although

efforts were made to acquire the best data available.

- Canada Land Inventory map information is essentially sound and

sufficiently accurate over large areas to provide an estimate

of physical land capability. The data should thus be scrutinized

only in terms of its ability to provide information of the form

and type required by the system.

- The system must be flexible in its ability to accept changes in

data, particularly production and economic. because of the

weakness of much of the current data and the rate of technologi

cal changes in resource sectors. This would allow the use of new

or alternate data for different resource management techniques.

- Social accounting systems must take the environmental as well

as economic effects of production into account. The difficulties

of quantifying these effects in their physical, let alone social,

dimensions are well known. but should not prevent the system from
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taking account of these effects in broad terms.

- The set of public and private land-use objectives, physical and

economic constraints and external influences acting on regional

land-use decisions are too complex, and available data too weak,

for mathematical optimization at this stage. Thus, the system

is not designed to generate optimal or "best" land-use configu

rations, but to display a simple but useful set of effects for

alternate land-use proposals. By weighing these effects accord

ing to the relative social values of the criteria they represent,

a ranking of alternate proposals could be calculated. As exper

ience and information grow, the simulation of effects can

become more complex and closer to the real life situations.

Selection of Economic Criteria

A large number of planning criteria, both economic and non-economic,

are relevant and necessary for land-use decision-makers. Several basic

economic parameters were selected because they appeared to represent the

fundamental economic goals of regional land-use development. Non-economic

criteria are presumed, at this stage, to be taken into account by the

decision-makers as they consider the econimic information provided by the

information system. Further criteria can be added as the goals of land-use

policy become more clearly defined and as data and methodology become avail

able.

The specific parameters selected on this basis are the amount of

value added, net regional income and direct employment generated by a
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particular land-use decision. and the stability and annual rate of growth

(on a histori~al basis) of value added. the latter being regarded as a

substitute for stability and growth of the other parameters as well.

Value added can be defined as gross sales value of production,

less the cost of materials and supplies (including fuel and electricity)

purchased or. alternately, as the net contribution to net provincial

product.

Net regional income is defined as gross sales value. less income

leakages (such as purchases and returns to capital from outside the region),

times an income multiplier reflecting further rounds of expenditure stem

ming directly from the original income-generating activity. It represents

the total amount of economic activity generated within the region by the

land-use decision.

Summary Description

An outline of the basic system is shown in Figure 1. eLI and

other maps are stored on a computer file with each point identified by

coordinates on a square grid. The other maps include those of mineral

locations, lakes, streams and roads, drainage patterns, fisheries capa

bility, forest cover, accessibility, present use and various administrative

boundaries.

For specified areas and land uses (single or multiple) the system

accumulates phYSical capability data, which is translated into production

capability based on data concerning product mix and industry structure.

The estimated physical product is, in turn, processed through economic

subroutines to generate economic effects. At present, final output includes
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the following economic measures: sales value (or total expenditure), value

added, distribution, of value added between factors of production expected

growth rates and stability of value added, net regional income and direct

employment.

One of the original concepts of system design was also to provide

estimates of the environmental effects of land-use proposals. Due to lack

of data and methods for analyzing environmental effects, however. this

aspect of CLUIS has not been developed. except for a procedure for "flagging"

potentially "dangerous" situations.

The remainder of this report describes the system in detail, in

the following order: Data Base, Instructions to the System, Accumulation

of Physical Data. Economic Subroutines. Output. Future Options, Use of the

System.

Appendix A provides summarized flow charts for each sector. and

Appendix B consists of a sample computer run for a small area.

DATA BASE

The main data file consists of series of digitized maps, 24 at

present. covering the entire study area. The maps were hand-coded on a

square grid, key-punched and stored on magnetic tape. Automatic digitizers

are available for this work. Map data. including change of grid size, can

be readily updated by re-coding. and new maps can be added. 1f necessary.

The grid system is based on (x,y) coordinates with the origin

at a point from which the axes would embrace all parts of the irregular
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shaped area. A square grid was used to keep the size of ~rid unit constant

over the 10,000 square mile study area. The resulting grid was transferred

onto all maps 80 that the information for a particular geographic point

contained on each map was matched to a unique x and y coordinate. A verti

cal base line (longitudinal only at the centre of the area) was established

on each map sheet to facilitate extension of the grid from one map sheet

to another. This was necessary because map sheets are not perfectly rec

tangular so that grid units overlap from one map sheet to the next. Hence.

the grid system must be tilted slightly to maintain a rectangular coordinate

system over the whole area.

Although the system 1s independent of grid size. a one-square-mile

grid unit was selected to minimize the time and cost of manual coding, mini

mize editing and processing computer time for the large area, and to have the

facility to hold as large a portion of that area as possible within the com

puter at one time. On the other hand, the grid unit had to be meaningful

for planning purposes, subject to the degree of accuracy of the data.

There are three basic types of maps included in the data base

CLI, other capability maps, and maps depicting information other than land

capability.

CLI Capability Maps

CLI maps provide the basic land capability data for most resource

sectors. A list of the sectors involved and the information coded from each

map is provided in Table 1. Not all information on the maps was coded.

Symbols ("sub-classes") indicating physiographic constraints on land capa

bility (e.g. adverse climate. topography, soil deficiencies, etc.) were
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Table 1: Canada Land Inventory Map

Information Used in CLUIS

Sector

Agriculture

Forestry

Definition of Class Subclass Nurmer of
subclasses

Limitations on diversity IrriRatlon status 2
of crops due mainly to
soil characteristics.

Capability to grow com- Species 10
2

mercia! timber when stocked
with optimal number and
species of trees.

Recreation

Ungulates

Quantity of recreational
use that land unit can
attract and sustain with
out undue deterioration
of resource base.

Capability to sustain
ungulate wildlife popula
tions at various inten
sities. 3

Activity or
landform
feature

Species
Range type

25

6
2

Wetland Wildlife Capability for the support
or production of waterfowl,
determined by the degree of
limitation affecting the
quality and/or quantity of
suitable habitat.

1 Irrigation, as well as other improvement practices, is assumed where con-
sidered "feasible", both technically and economically and not requiring
a major reclamation project. This breakdown (irrigable/non-irrigable) is
not actually identified by a subclass on the maps but as a double rating
for those lands that are irrigable.

2
The data record identifies the 9 species common to the area, lumping all
other minor species in an "other" category.

3 One additional "super" class was created to delineate several extremely
productive areas, on advice of Fish and Wildlife personnel. There are
normally seven capability classes, but in wildlife, eight are used.
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omitted for this study.

The use of a relatively large ~rid unit required some rules con

cerning assignment of a capability class to that ~rid unit. As a general

rule. the classification of the area which covered the ~ajor portion of

the unit was accepted for the grid unit as a whole, with one major excep

tion noted below. This approach led to some degree of bias in that small

areas, such as along small streams and bluffs, were often omitted. Such

areas may be a class higher or lower than the surrounding area. It was

decided, however, that the advantages of the large Krid and consistency

were more important than identifying the relatively unimportant (in terms

of relative area and economic significance) narrow strips of area at this

stage of development. The one major exception ~as the specific inclusion

in the coding of high quality recreation areas around lakes and along

streams. In this case, these high quality areas. though small in case

area, are. in fact. dominant over the immediately adjacent terrain including

the lake or stream, and are of considerable economic significance. The

expansion of area assigned to high class recreation (by assigning the

whole grid unit to it) is not a serious problem as such uses are usually

linear rather than areal in concept (beach, boat launching), site specific

(waterfalls, historic sites) or require "buffer" zones around the actual

area used (camping, viewing). Thus it was decided to classify the whole

grid unit as high quality recreation if at least one quarter of the grid

unit was 50 identified on the map.

Other Capability Maps

Land capability for two important resource sectors. fisheries

and minerals, are not provided by the Canada Land Inventory. To provide
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at least a framework for considering these resource activities. a fisheries

map. developed by the B.C. Fish and Wildlife Branch. and a historically-

based minerals map. developed in co-operation with the Mineralogical Branch,

B. C. Department of Mines and Petroleum Resources, have been used.

Fisheries Map. Developed by regional fisheries officers, the fisheries map

is based on local knowledge rather than scientific survey, and represents

estimates of sport fishing capability based on actual use (largely related

to angler success) and the streams' physical characteristics. It identifies

streams and lakes believed to have present fishery capability, potential,

marginal and no capability (the latter due to small size, steep grade,

periodicity, etc.) as well as probable spawning areas and artificially

stocked lakes.

Stream fishery capability within a grid unit is identified on a

code of 1 to 7. A zero code means that there is no stream within the grid

unit. Fishing capability is also stored in the stream file, discussed

below. If more than one capability code occurs within a grid unit, the one

covering the largest area or length of stream prevails.

Lake fishing capability 1s identified on a 1 to 4 scale which,

again, also identifies unclassified lakes within the grid unit.

Table 2: Fishing Capability Codes for Lakes and Streams

~ Capability

Artificially stocked
Natural fishery
Potential fishery
Unclassified

Code

1
2
3
4
5
6
7

Stream Capability

Spawning area
Good fishing and spawning area
Good fishing
Potential fishery
Marginal fishery
No fishery possible
thlclassified
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Both stream and lake fishing capability codes merely indicate

whether a capability exists within the grid unit. Unlike the ell maps,

there are areas with no capability rating if neither a stream nor a lake

is present. The area involved (or length of stream) is stored in separate

stream or lake files.

¥ineral Capability Map, A true capability map. in terms of the physical

land capability for various quantities and types of mineral, is not avail

able, although one is in the early stages of development by the Provincial

and Federal mines agencies. In the short term, therefore, a map has been

prepared showing the locations of known mineral deposits. past and presently

producing mines and proposed mines, by type of mineral. In addition, the

broad areas judged to have high, medium and low probabilities of finding

commercial mineral formations are outlined on the map. No information

regarding potential quantities or ore densities is, however, included. The

following information is coded for each grid unit, if relevant:

(a) type of mineral or rndneral combination

(b) status of area, i.e. mineral bearing area, or tested locality,

past producing mine, presently producing mine, etc., within the

grid unit.

Maps Other than Capability Maps

At present, several maps are used within the system which do not

provide land capability information as such. They identify physical,

economic or administrative characteristics which may act as incentives or

constraints to a particular use, link geographic locations to relevant

economic data on file, or are used in some other way within the system. The

most important of these maps are described below.
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Present Use Map: Included 1n the Canada Land Inventory series, this map

indicates the predominant present use of lands, within broad categories.

Present use of lands 1s an important economic and sociological considera

tion in land-use planning. and the map could form a basis for estimating

the costs of changing existing land-use patterns.

Stream and Drainage Map: A stream and drainage network has been developed

1n which each stream. uniquely identified by an eight-digit code, 1s coded

by each grid square through which it passes (i.e. mdle by mdle) from its

headwaters to the point at which it enters another stream or leaves the

study area. Each point (grid unit through which it passes) 1s also iden

tified with its fishing capability. approximate lineal length within the

grid square and stream flow. The latter. at the present time. is generated

by the computer from historical flow records (Canada Water Survey) at

various points on the stream network and from the drainage map. The drain

age map consists of a drainage code for each grid unit which records the

point where run-off from that grid unit enters the stream network. The

number of grid units draining to a given flow record point. downstream

from any higher flow record point. is calculated and an average (per grid

unit) net flow is established. Then flow is assigned for each point on

the stream on the basis of average (per grid unit) net flow and number of

grid units drained at that point.

Lake Map: To identify significant lakes located in the study region (lakes

greater than 120 acres or groups of small lakes) for the recreation and

fishing sectors. all such lakes have been coded, together with their fishing

code, area and perimeter within the relevant grid square.

Accessibility Map: A network map has also been derived to take account of
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road access parameters. It consists of three parts:

(a) Road network: sections of major highways are identified by number

and coded by each grid square through which it passes, west to east

or south to north. Secondary (usually ~ravel) roads are identified

by a number and the points at which they enter highway segments.

(b) Viewability Index: each grid square is identified as bein~; viewable

within one half mile or three miles of a highway; viewable within one

half mile or three miles of a secondary raad; or outside those areas.

(c) Accessibility Index: each grid square is coded as to its distance

from a secondary road and distance on that road from a specified

highway segment.

Administrative maps include identification for each grid unit of the

following administrative information: Public Sustained Yield Unit (or

Tree Farm License) in which it is located. forest inventory map number.

grazing permit assigned to the unit. land status (whether it is alienated

land. or under Forest Service or Lands Service jurisdiction) and designated

use under the Regional Plan. Any number of such data can be included.

depending on the requirements of the user of the system.

Economic Data

Economic data have been taken or derived from many sources,

supplemented by two field trips into the case study area to obtain know

ledge on a first hand basis. Most of the regional data were obtained from

the files and publications of federal and provincial government agencies

and industry in the region or at Victoria and Vancouver. In many instances,

such data were not derived analytically but on the basis of experience and
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observation. In addition, much data have been taken from published reports

on research in other areas, particularly the United States. Although they

may not directly concern the case study area. these data provide realistic

estimates of values for the economic parameters concerned. Where no data

were available. feasible values were assigned on the basis of expert advice

or values in other related sectors. The rationale of this approach to

data use stems from the following presumptions:

(a) the primary goal of the project is to develop an operational system

rather than provide an accurate assessment for the case study area; hence

the lack of specific data was not allowed to prevent development of the

system;

(b) given the inaccuracies of inter-class boundaries and coding in grid

units, the returns from providing extremely accurate economic data (often

requiring extensive research and field work) are likely to be low, particu

larly in relation to other research priorities;

(c) improvement of data can occur subsequently on an incremental basis,

once data requirements and shortcomings are clearly identified. It should

also be the responsibility of the agency operating the system, rather than

a research establishment, to refine data.

The types of economic data required vary between sectors but

usually concern one of several basic operational steps:

Product mix - data concerning industry structure and marketing patterns

(e.g. saw logl peelerl pulp wood breakdown, foreiRtt I resident hunter

proportions, cowl calf herd composition, etc.).

Physical Conversion ratios - data providing linkages between the resource
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and its product. and between various forms of the resource or product

(e.g. board feet of lumber per unit of wood, recreation space standards,

hunter success ratios, animal unit months per mile of rafiRe and ani~al

weights).

Revenue data - (e.g. beef prices. expenditures per angler day, etc.)

Economic conversion factors - which allow conversion of the basic economic

measure, sales value or regional expenditures into criteria such as value

added, net regional income and employment. These include the proportions

of revenue expended on materials and supplies, income leaka~e factors

and multipliers, and employment/production or emp]oyment!revenue ratios.

Other economic data include historical and projected ~rowth trends, income

distribution patterns and measures of economic stability.

With respect to revenue data, the values used are statistically

derived for a point in time or are expected averages over time. Thus the

interactions of supply and demand within the re~ion are not taken into

account. A demand is assumed to be present for the quantity of resource

or activity supplied by the land-use allocation, and that the addition to

supply will not affect market prices. The validity of such an assumption

holds only when the additional supply is a small proportion of the total

market and hence the producer j 5 a "price-taker". This is clearly the

case with the agricultural (beef cattle) and forestry sectors of the case

study area, which have national and international markets, respectively.

It is also the case with individual recreationist-hunter-fisherman expen

ditures. except for the portion spent on camping. other accommodation and

other site-specific fees. which have a restricted spatial market. Total

expenditures may be constrained, however. due to a lack of demand for
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recreation facilities, and thus where over-capacity results. Obviously,

these instan~e8 would artificially inflate the value of such activities

and severely bias the inter-sectoral comparison of alternate land uses.

This could also be the case with other products having restricted spatial

markets, such as perishable agricultural products and pulp chips, and with

specialty products for which there is only a small market.

Ideally, a market simulation model should be included to take

account of supply-demand interactions. In the meantime, however, the

system relies on the decision-maker to avoid creating drastic over-supply

situations, or to change the revenue data as necessary. The former is

the more likely alternative and could be exercised by restrictin~ the

amount of land allocated to anyone use at the instructional phase of

operating the system.

INSTRUCTIONS TO THE SYSTEM*

The purpose of the instructional stage of the system is to

define for the computer the geographical area of interest for which infor

mation is required, and assign or give rules by which to assign a land-use

pattern for the area. The basic philosophy in this approach is to provide

as much flexibility as possible and to allow the user to play a decision

making role within the system. Thus great importance is placed on the

user describing one or more feasible land-use patterns. based on his (their)

knowledge of the area. experience, and social, political or other constraints.

* For examples pertaining to this and following sections. see Appendix B.
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Alternate proposals (in subsequent computer "runs") can be com

pared and proposals adjusted as necessary by the assimilation of "feed

back". Internal optimization by the computer. could only be achieved at

this point by adding a subroutine by which the computer would run all

possible combinations of uses and, for each grid unit, assign the "best"

use on the basis of some criterion such as maximum net regional income.

Such a process would be cumbersome and costly.

Instructions involve two basic steps. as noted above: definition

of boundaries and use assignment.

Definition of Boundaries

The first step is to define the "major" area for which infor1ll.a

tion is required. It must, of course, lie within the area for which map

data is stored. The boundary is defined by giving a minimum and maximum

"x" (abscissa) value for each "y" (ordinate) value through which the

boundary passes on the grid system. In other words. for each grid unit on

the vertical axis containing part of the boundary. there are two corres

ponding grid units on the horizontal axis. on the western and eastern

boundary. to be defined. FiRUre 2 gives an example.

The major area can be divided into as many as 20 sub-areas. each

of which is defined in the manner described above. The restriction on

number is set arbitrarily at any point in time. to allocate computer core

space. When defining an area with two or more sub-areas. it is only

necessary to define all of the sub-areas. not the major area. In fact. a

boundary instruction for an undivided major area is treated in the same

manner as an instruction for a single sub-area.

With the boundaries specified. the system will scan only the



FIGURE 2

B

7

6

5

y 4

3

2

- 20 -

BOUNDARY SPECIFICATION

, In T- I
...... ---ri, 1'-. I !

I , .oil " I I
~ I

,

V !
,

I i I

\ ,,

3I I I I.
I ,

,
1,

II •
\ 2, 1/ I

I) I
/'

I
,,

11 V II

,

, 1-/ I i I I ! I,
I,I ,

'- AC TU A l !

I - ,, -- ,
BOUNDARY, ,

I ,

2 3 4

x
5 6 7 B

Boundary for: y X
Min Max

Sub-area 1 2 3 4
3 2 4

Sub-area 2 3 5 6
4 2 7
5 2 4

Sub-area 3 5 5 7
6 2 8
7 2 3

6 8
8 6 6

Sub-area 4 7 4 5
8 4 5



- 21 -

section of the file containing grid units within and including the

co-ordinate boundaries for data relevant to the specified land use.

Use Ass ignmen t

The reason for defining sub-areas is to make assignments of

different uses to different parts of the area. There are two ~asic

methods for making assignments, direct assignment and logical assign-

ment. In each case. the assir,nment can be for single or multiple use.

Direct Assignment - Single Use. This is the simplest method, in which a

particular use is assigned to each of the sub-areas. For example. sub-

area 1 might be assi~ned to forestry*, sub-area 2 to a~riculture*. etc.

Thus the program assumes that the sub-area will be managed for that par-

ticular use alone and will produce 100 percent of the land capability

(CLI or adjusted) for that use.

Direct Assignment - Multiple Use. More than one use can be nssi~ed to a

sub-area as multiple use combinations of up to three. In general, multiple

use means that the full land capability for any of the sin~le uses involved

will not be attained. With the addition of a second use to a land area,

the productive capability for the first one will usually diminish. The

relationship between the rates at which the capability for one use

diminishes as the other use increases is termed the "trade-off" curve.

* Forestry, in the context of this report as in CLI, refers to the ~rowing

and harvesting of timber only. 0ther forest values are accounted
for in other sectors.

Agriculture. as used for examples in this report, refers to domestic
cattle ranching and related activities.
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Ideally, trade-ofls between the various land uses should be

determined within the information system. By integrating trade-off

simulation models into the system. the optimal proportion of each

resource's capability that could be developed on an area would be gene

rated frOm data concerning the physiographic characteristics of the land

and the particular resource characteristics. including economic values.

Such models are not available at this time. although one 1s being developed

at the Pacific Forest Research Centre to establish trade-off functions

between trees. grasses and shrubs.

In the meantime. the system calls for direct input from the

decision-maker and resource manager. They must inform the computer

what proportion of capacity can be realized for each use in a multiple

assignment, on the basis of experience and knowledge of the resources

and land area involved. As the trade-off is normally a continuous function

rather than a point. this input requires some assumptions concerning

management practices and a value judgement as to which use should be dom

nant. For example, one might propose that in a certain sub-area, ao per

cent of the forestry capability and 30 percent of the recreation capacity

could be realized, or vice versa. In defining the trade-off point. the

sum of percentages of capability need not be 100 percent. Some use com

binations are complementary in that an increase in one use of the land

does not result in a proportional reduction in the other use, while other

combinations are competitive in that an increase in a particular use

results in a greater than proportional decrease in a concurrent use. Thus

the percentages may sum to more or less than 100. If there is no obvious
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optimal trade-off point, alternate percentage combinations can be assessed

by running of preliminary computations for the sub-area, and the most desir

able trade-off point (in terms of percentages of capability) could then be

selected.

One further technicality should be noted. The program assumes

that the concurrent uses are fully integrated over the entire sub-area.

The capability of each grid unit and of each sub-class is reduced by the

relevant proportion over the entire sub-area. The alternative to this

approach is to define several small sub-areas with different multiple

use proportions,

Logic Assignment - Single and Multiple Use, Logic assi~nment is one of

the most powerful and useful features of the system. Instead of making

direct land-use assignments, prORram instructions can be used to select

one of a number of proposed uses for each grid unit on the basis of the

individual grid unit's characteristics as identified by its data record.

Thus the program can be instructed to assign one use if the grid unit has

a certain data characteristic, but a different use if it does not.

Several conditional statements can be employed for a sub-area,

but one must ensure that the most restrictive statement is read first

and that the group of statements are logically complete so that each grid

unit will be assigned a use under one of the statements. The program

reads the first statement and if the grid unit meets the condition, it

assigns the specified use and proceeds to the next grid unit; if not, it

reads the next statement, and so on, until it reaches the last statement,

which must be an all-inclusive statement to assi~n a use to all grid units

not otherwise assi~ned. The following example shows a set of logic state

ments, using verbal terminology:
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For each grid unit in the sub-area:

If it contains a lake of less than 1~

and has good fishing or stocked capability,
square miles 1n area
assign to fishin~ usej

If it contains a lake equal to or greater than l~ square
miles and has a recreation ratin~ higher than Class 4, assign to
recreation use;

If neither condition holds, assign to forestry use.

Similarly, any other parameter contained in the data base can

be employed as a constraint on the use assignment. As all data in the

computer are numeric, such instructions must be translated into computer

language, identifying the constraint as an integer falling within the

allowable range for the particular data field, and using one of the

following "operators": greater than, less than, equal to, greater than

or equal to. As many as 100 logic statements are permitted at this

stage for the whole of the area under consideration.

Optional Instructions

In addition to the instructions required to operate the system,

a number of optional instructions are available which result in additional

information print-out. At present, four such options are available,

although others can be added at will. The options now in use are a

listing of use assignments and boundaries for each sub-area, a map of the

area and assigned uses resulting from the instructions, and a listing of

present use by assigned use combination, and can each be requested by

specifying "yes" or "no" at the beginning of the run.

If required, a listing that "flags" grid units, for which the

land-use assignment results in a situation potentially harmful to the

environment, can also be requested. At present there are 20 such situa-

tions that can be flagged. At the beginning of a run a check for any or
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all of these situations can be specified. For example, the decision

maker may wish to be informed if a mining operation would occur on a

stream with spawning potential immediately downstream, or if certain types

of recreation are proposed on a high quality ungulate winter ran~e area.

ACCUMULATION OF PHYSICAL DATA

Once area boundaries and uses have been determined, the pro~ram

proceeds to the data accumulation stage. This process calculates the

major area's capability for producin~ resource commodities, in terms of

area, resulting from the land-use proposal. This information is summarized

in a series of matrix tables called accumulators.

The accumulation procedure operates on each Rrid unit in the

data base. one at a time. If the data record indicates that the unit

is within the major area, the program determines the sub-area and use,

calculates the proportion of capability that can be realized, and stores

the result in the appropriate accumulator. Subsequent p.rid units are

examined in the same manner and the results added to the previously

accumulated capability for the relevant accumulator.

There is at least one accumulator, usually by CLI class and

species or sub-class, for each resource sector or land-use. At present,

there is one accumulator each for forestry, agriculture, recreation,

waterfowl and mining, two accumulators for present use (assi~ned use x

present use status, and forest types x administrative unit), and two

accumulators for fishing (stream, lake). Wild unRulates has three

accumulators - CLI Class x species, for (1) total theoretical capability,

(2) winter range adjusted by range condition, and (3) winter ran~e
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adjusted by range condition and the proportion that can be removed by

hunting (see Appendix AJ). Such multiple accunulators are required if

sub-sets as well as the total of capability data are required either for

print-out or for the economic subroutines, or if transformations of the

data are dependent on other characteristics of the grid unit (such as

range condition contained in the data file.)

TWo current limitations of the program should be considered

at this point. For the sake of efficiency, system design is such that

once the data concerning a grid unit reaches the relevant accumulator.

the unique identity of that grid unit. including the sub-area to which

it belongs. is lost. Hence. any manipulation of that data or process

of identification which is based on the unit's characteristics or geo

graphical position must be accomplished before this point. Secondly.

because one grid unit at a time is passed through this process. it is

not possible for the system itself to take account of cont1Auous grid

units in order to set minimum or maximum constraints on the size of area

in a given use. The onus of setting constraints must fall to the user

of the system during the process of establishing a land-use proposal.

These constraints would ensure that a sub-area would be technically and

economically viable. while not so large as to drastically alter market

conditions for the product. However it 15 unlikely that within the area

of any particular land-use planning exercise the total production would

be anything more than a small proportion of the total supply (except for

certain types of recreation.)

At the accumulator stage, capability is still in units of area

but this does not mean that the summation of these capability figures is



- 27 -

equal to the actual area. This apparent anomaly results from: (1) adjust-

ments to capability which occur prior to accumulation because they depend

on the data record of the individual ~rid unit (such as adjustin~ downward

for poor ran~e condition); (ii) removal of part of the area from the accu-

mula ted area (subtracting area of lake surfaces from land-based sector

accumulators), and (iii) proportional reduction of capability for a given

use due to multiple-use configurations. In addition the summed entries do

not remain in whole units, for the above reasons and also because eLI

ratings may be complex (e.g. 80~ class 2, 20% class 3). Table 3 represents

a typical accumulator matrix at the end of the process.

Table 3: Hypothetical Accumulator Patrix

Agriculture Irrigable Unirri~able Total
----------(square miles)-----------

CLI Class 1 .0 .0 .0

2 .5 .0 .5

3 12.2 0.8 13.0

4 16.2 10.5 26.7

5 2.9 18.2 21.1

6 0.9 8.5 9.4

7 .0 1.6 1.6

In this example, there is the equivalent of 12.2 square miles of Class 3

irrigable agriculture capability resultin~ from the land-use assi~rnent.

ECONOMIC SUBROUTINES

When the accumulation of total equivalent areas for each sector

is completed, the program directs each accumulator's total to the economic

subroutine for the relevant resource sector. Each subroutine is unique.
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but all have the purpose of converting area into physical production which,

1n turn, is converted into economic parameters. Sectoral flow charts are

presented in Appendix A, and only a summary for each sector 1s given in

the text. below. Each sector is described from the beginning of the accu-

mulation stage to indicate the type and origin of data entering the sub-

routine.

Forestry Sector

Forestry capability data are accumulated directly from the eLI

Forestry maps. resulting in area equivalents by class and species. It

can also be broken down by administrative unit. The forestry sector is

the most straight forward for convertin~ areas to physical product

because the eLI classes are based on ranges of mean annual increment of

wood volume. Under sustained yield forest management of second growth

areas, the volume increment approximates allowable cut and hence the

volume of wood harvested.* This volume is adjusted downward to reflect

transitional unstocked areas. cull and waste in harvestin~, etc. It

could also be adjusted for changes in management practices to techniques

other than those assumed by CLI. Introduction of a forest fertilization

program, for example, could result in an increase in yield by some average

factor.

Timber volume is broken down into log grade and type (pulp logs.

sawlogs. peelers and miscellaneous). depending on industry structure in

* CLUIS does not take account of old-growth timber which also affects the
quantity of timber harvested. In the case study area there was very
little mature timber and volume increment in second growth stands does
approximate allowable cut. For other areas an allowable cut subroutine
will have to be developed.
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the region, end-use policy and log grade data. This allows conversion

into various products using known conversion factors, resulting in

volumes of lumber (dimension and boards), plywood, pulp (from bolts, if

relevant, and chips) and miscellaneous products, includin~ shakes and

poles, depending on species.

Estimated production is wultiplied by current (or expected

average) market price for each product to obtain sales revenues. Usin~

average or mill-specific ratios, these are translated into value added

and employment, each of which is totalled over all products. Sales

revenue less estimated transfer of funds from the region, times an

income multiplier provides net regional income.

Agriculture Sector

The subroutine for the agricultural sector is based on beef

cattle ranching, the only significant agricultural production possibility

in the case study area. Thus the major agricultural use of land is for

cattle grazing. Two ancillary products are included, fodder production

and Christmas trees. With the former, it was assumed that the re~ion

would be self sufficient, producing just enough fodder for its winter

feed requirements. A level of Christmas tree production which would not

reduce total range carrying capacity and which would be primarily aimed

at preventing forest succession on rangeland is also assumed.

The physical data base in a~riculture is less well defined than

in forestry. eLI gives ratings that reflect the degree of limitation

to the production of a wide range of crops. rather than a quantitative

ranking of productivity. Class 1 has no limitations imposed by soil

conditions on the range of crops; Classes 2 and 3 have moderate and
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moderately severe limitations; Class 5 lands are suitable only for the

continuous growth of hay and pasture, and Class 6 lands can be used only

for open grazing.

For the principal activity, grazing, an average animal carrying

capacity for native range (Classes 5 and 6) was estimated from reports on

file with the B.C. Department of Agriculture. and this was used as a basis

for ranking those classes as well as extrapolating for Classes 3 and 4.

Fodder production was estimated in the same way for Classes 1-3, and for

Christmas trees (Classes 3-6), unlike other products, a larger number of

such trees were permitted on the lower land class because of much reduced

animal carrying capacity.

Potential yield per grid unit in te~ of animal-unit-months

(A.U.H.)* for summer range, tons of hay and number of Christmas trees

is thus accumulated. True utilization, however. requires the areas

in fodder and range (which are assumed completely separate) to be cal-

culated on the basis of summer and winter AUM requirements. This, in

turn, is based on herd composition (cows/yearlings/calves) in both summer

and winter as well as food requirements of each age group. Having cal-

culated the optimal summer/winter AUM ratio, the program assigns

agricultural capability. converted into ADM capacity, to fodder production

(starting at the highest class) and summer range until all land is assigned

in the optimal ratio.

• An animal-unit-month is the food required to sustain one mature animal
for one month. In this subroutine, the animal unit is an adult cow.
Younger animals require only part of an AUM per month.
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With the number of summer AUM defined. herd size can be deter

mined, of which certain proportions of cows. yearlings and calves are sold

each year. The number of animals is converted into live weights which.

times a market price per hundred weight for each type of animal. results

in selling value and the other economic measures based on selling value.

Fodder. because it is used within the TeRioo, does not result

in direct economic returns. although its value and employment effects are

included in beef sales. The economic returns from Christmas trees result

from the number of trees cut annually (the proportion cut is the inverse

of the number of years in the rotation period) and their market value.

Wild Ungulate Sector

Ungulate maps are used as the physical data for big game

hunting activity. This was an important economic sector in the case

study area. Hunting and observing of big game is a sub-class of the eLI

Recreation maps, but development of hunting within the recreation sub

routine would not have been satisfactory.

According to historical data, the level of hunting activity

is more a function of number of game animals than size of area, so it

is necessary to take account of land productivity for producin~ game

within the region. This is not provided by the recreation ~~ps. but

by the ungulate maps. In fact, the size and quality of area available

for big game winter range is the constraining factor on game populations

and hence hunting activity. One of the major conflicts of land use in

the case study area was that between big game, domestic cattle and forest

succession on the winter ranges. The actual location of the hunting

activity, however, was not considered important as long as it occurred
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within the region.

The system. at present. allows hunting as the only economic

activity stemming from wild ungulates. It 1s recognized that non-consump-

tive uses. such as viewing, are important components of the total benefits

gained from wildlife management.* Because of the great methodological and

practical difficulties involved 1n measurinR such benefits. as well as the

need for further theoretical exploration of the subject, no direct account

is taken of non-consumptive benefits. However the system does facilitate

their consideration in an economic framework. A net opportunity cost of

assigning land to ungulate use can be calculated by determining the amount

of revenue, net regional income or employment that is foregone by not

allocating the land to alternate uses. Thus the subjective value of non-

consumptive benefits can be placed in economic perspective. If the

economic impact of hunting is in itself greater than that of alternate

uses, the opportunity cost is negative, and non-consumptive uses can be

ignored for purposes of land allocation.

The accumulated winter range area, adjusted by range condition

and the proportion of each species that can be hunted, is the data that

enters the subroutine stage. The adjustment for huntable proportions is

based on the average proportion of each species that can be harvested in

any given year. This is dependent on herd population dynamics, game

* Remarks in this and the following paragraph apply equally to other
sectors, described below, involving non-consumptive uses - wetland
wildlife, certain types of recreation and fishing.
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management objectives and range condition. If required, the system can

also calculate the amount of summer range available to ensure a balance

betyeen summer and winter range. This is not usually a problem, however.

as summer range is at high altitudes and generally outside of land-use

conflict areas.

One additional capability class was created for ungulates.

Because Fish aod Wildlife Branch records indicated that there were a

few small but extremely productive winter range locations in the study

area, a "super" class was created with over double the normal Class 1

carrying capacity.

Area equivalents are converted into the number of animals. by

species. that can actually be produced and hunted. The number of A~!s that

the land is capable of producing within each eLI class is known. Such data

are expressed in white tail deer units (in the study area). Hence. where

other species are identified. these units must be converted into those of

other animals. e.g. one mule deer AUM is the equivalent of 1.2 white tail

units*. one mountain sheep unit the equivalent of one white tail unit. etc.

Where multi-species classes were indicated. a proportional breakdown of the

grid unit into the different species columns 1n the accumulators is necessary.

the actual proportion depending on number of species indicated and position

in the species code.

The number of ani~ls that can be removed from the population of

each species is multiplied by the inverse of the expected hunter success

* eLI maps do not differentiate white tail and mule deer. For purposes
of food requirements only. it was assumed that the populations were
even in numbers and each deer requires an average of 1.1 AUM.
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ratio (number of hunters per animal of each species killed) and broken

down into foreign, including Canadians from other provinces, local and

other British Columbia hunters. Such conversions are based on historical

data for the study area. This results in the annual number of hunters

by origin. The daily expenditure and length of stay 1n the region are

known, and allow calculation of total expenditures (the equivalent of

sales revenue) and the other economic measures 8S in the other sectors.*

Wetland Wildlife (Waterfowl) Sector

eLI classes for waterfowl were grouped, on the basis of class

definitions, into good, fair and poor marshes for the conversion of area

directly into potential hunting capability. Space standards developed by

the Ontario Department of Lands and Forests, in terms of hunters per acre

of good, fair and poor marsh, were used. The number of hunter-days per

day is multiplied by the effective number of days in the open season for

migratory birds (based on four full days per week) to determine the total

number of hunter days. by hunter origin. This number is adjusted by a

factor (as was the wild ungulate sector) to take into account the number

of days spent in the area without actually hunting by foreign, local and

other B.C. hunters. Daily expenditure by hunter origin times the total

number of hunter days provides total expenditures and the relevant conver-

sion factors applied to derive value added, net regional income and

employment •

• Value added in the wild ungulate. waterfowl. recreation and fishing
sectors is defined as being the same proportion of expenditures as it
is of retail sales, including accommodation services, as such
expenditures are primarily income to the retail sectors.
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Recreation Sector

By far the most complicated subroutine, the recreation sector
9

is based on space utilization standards and data (or assumptions) concern

ing the amount of each type of recreation used concurrently by various

types of user.

The eLI maps identify 25 different sub-classes or types of

recreation. The main difficulty with the eLI data 1s that it is a largely

subjective ranking of recreation capability, reflecting the "quantity"

of recreational use that a land unit can attract and sustain without undue

deterioration of the resource base. There are usually three types of

recreation included in each classification. anyone of which, or some

combination of them. determines the actual eLI class.

Such a classification system presents problems for a generalized

method of determining economic effects of using the recreational capability.

CLUIS requires an estimate of capacity for each type of recreation for

various land units. and actual utilization in terms of visitor days within

a complex recreational activity structure.

To simplify the accumulation process. the 25 sub-classes or types

of recreation are consolidated into eight "groups" - (1) beach activities,

(2) canoeing, (3) factors yielding quality extensive recreation,

(4) specific site capabilities of recreational interest (5) camping,

(6) cottaging, (7) boating activities, and (8) skiing. eLI sub-classes

for angling. upland wildlife and wetland wildlife were ignored in this

subroutine as they have their own subroutines.
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Table 4: Derivation of Recreational Groups

Group Definition CLI Sub-classes included In group

1. Beach activities

2. Canoeing (river)
Canoeing (lake)

3. Factors yielding quality
extensive recreation

4. Specific site capabilities
of recreational interest

5. Camping

6. Cottsging

7. Boating activities

8. Skiing

B. Beach
D. Deep inshore water

c. Canoeing

E. Recreational1y significant
vegetation

M. Small surface waters
P. Cultural landscape patterns
Q. Variety in topography or land

and water permitting a variety
of activities

R. Rock formations
V. Viewing

F. Waterfalls or rapids
G. Glacier viewing or experience
H. Historical or archaeological

interest
J. Gathering and collecting
L. Landforms
T. Thermal springs
X. Other features
Z. Man made structures

K. Organized camping

N. Lodging (cottaging)

U. Deep water boating
Y. Family boating

s. Skiing

Recreational capability is accumulated from the CLI recreation

map in conjunction with the lake map. The unit of measurement is not always

area 1n terms of grid units, but varies with the nature of the recreational

activity. For those activities which are land area based, capability is

accumulated for the proportion of the grid unit remaining after the area

of lake surface in that grid unit is subtracted. These activities are
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camping~ skiing, extensive and site specific groups. Other land based

activities are lineal 1n concept because they are related to lake frontage.

In these cases, beach activities and cattaging, the unit of measurement

is that of lake perimeter within the grid unit, in quarter miles (lineal).

Water based activities include boating and canoeing. The accumu

lation of boating capability, in terms of lake area, is complicated by the

fact that eLI classifies only the land bordering water bodies. Hence eLI's

sub-class "u" is defined as " s horeland fronting water suitable for yachts

and other large craft •••. " Access must be available ~o the water. Some

grid units bordering the water body may not be classified as boating

capability if there are three more important sub-classes to be displayed

in the code or~ more importantly, because the particular grid units do

not allow access to the water. Also, grid units in the middle of large

water bodies may have no classification, yet these sections of water can

absorb recreational capacity that can be attributed to the recreation land

use as long as sufficient access is available somewhere on the water body.

To surmount this problem, boating capability is determined from

the lake maps. If the CLI data indicate a boating sub-class, the area of

lake within the grid unit is automatically accumulated. If not, but the

lake file indicates part of a lake that is in total size larger than a

specified minimum (currently 1.5 grid units or approximately 1000 acres),

the area of the lake within the grid square is also accumulated.

An identical process is followed for lake canoeing, which is not

specifically identified within CLI. The only difference is that a maximum

size is set, usually the same size as the minimum for boating. Thus all

lakes between 160 acres (minimum size for identification for a single lake
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or group of small lakes) and 1000 acres are at present assigned to canoeing.

In addition, river canoeing, identified by CLI. is accumulated In terms of

miles of river.

One further step Is required before accumulation takes place.

When more than one recreational activity occurs within the same grid unit,

the total capability for each activity cannot be realized in many cases.

There is a trade-off between activities within the recreation sector.

Capability data for multi-activity sectors are passed through a trade-off

matrix to reduce individual activity capabilities as necessary.

The accumulated area capability entering the economic subroutine

is transformed into potential capacity. using space standards such as number

of campsites per acre. The theoretical and practical problems of defining

optimal capacity for a specified level or "quality" of recreational exper

ience, a function of the degree of crowding, were ignored in favor of adopt

ing space standards recommended by the u.s. Bureau of Outdoor Recreation and

similar agencies. The daily capacity is multiplied by an estimated season

length for each activity to determine total annual capacity, which is

summed over eLI classes.

The difficult part of the program ia to convert capacity into

projected economic values, which are a function of visitor origin. Five

types of recreationist are recognized: cottagers, campers or origin within

the region (local campers), campers from outside the region (visitor campers),

local recreationists who do not camp (local day-users). and those from out

side the region who do not camp (visitor day-users). It is assumed that the
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latter type stay in motels or hotels within the region one night for every

day of reereation capacity utilized. In addition, campers are subdivided

into those who use only camping facilities and those who engage in other

recreational activities in the area. All of these ratios have been assumed

for current purposes.

To specify what proportion of capacity for the various recreational

activities are used by the different types of recreationist. a use-priority

structure was assumed. The program assumes that cottagers, the number of

whom is determined by cottaging capacity. have first callan other activity

capability, the mix and amount of which is also assumed. The program must

check, of course, that the amount of capacity of any given activity utilized

does not exceed that available. If it does not, the amount of each activity

used by cottagers is stored; if it does, the maximum capacity figure is

stored.

This process is repeated for campers, who are assumed to have

second priority, and the remaining capacity, if any. is assigned to day

users. The proportions of visitors vs. locals for campers and day-users

are constant for all activities. The result is a matrix of capability in

terms of man-days for all activities and each type of recreationist. An

example of such a matrix is given in Table 5. These values are multiplied

by those in a similar matrix with estimated expenditures per man-day, the

result of which, when summed, is total annual expenditure by local and

visitor recreationists. This is converted into value added, etc., in the

same way as for the wildlife sectors.
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Table 5: Hypothetical Annual Recreation Capability-Matrix

Activity Group*
Type of 1 21 22 3 40 41 5 6 7 8

recreationist ----------------------recreation man-days-----------------------

Local camping 2095 467 821 2670 10,500 1050 0 0 2308 752

Local day-user 4787 2505 1455 8180 0 0 0 19,861 1215 6509

Visitor camping 6150 252 704 4788 21,540 2100 0 0 3042 2497

Visitor day-user 2429 402 507 3965 0 0 0 24,105 240 315

Cattsging 650 104 312 844 0 0 3120 0 312 210

* Key to activity groups

1. Beach activities 41. Camping only

21. River canoeing 5. Cattsging

22. Lake canoeing 6. Skiing

3. Boating activities 7. Extensive Rroup

40. Camping and using 8. Site specific Rroup
other capability

Fishing Sector

Fishing capability is calculated for four distinct fisheries

- Bummer and winter stream fisheries, and summer and winter lake fisheries.

Stream capability is accumulated by capability and stream flow

categories. For a grid unit containing a stream with present or potential

fishing or spawning capability, the length of stream within the grid unit

is added to the appropriate position in the accumulator. Total capability

(miles of stream) is translated into summer and winter capacity by using

space standards for each season (summer/winter) and flow category. Stream

flow is required because larger streams have greater capacity per mile than

smaller streams. Annual capacity. in fisherman-days, is obtained by
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multiplying summer and winter daily capacity by the respective season

lengths. Lake capability is calculated 1n the same manner except flow

is not a factor.

The total number of fisherman-days for each of the four

fisheries are divided into those of foreign, local and other British

Columbia origin, each of which has a different daily expenditure pattern.

The annual expenditures for each fishery are added, and the other economic

measures calculated in the usual manner.

Mining Sector

The mining sector of the system goes only as far as the

accumulator stage. There is no economic subroutine at this time because

it was not possible to convert the limited data available into estimates

of potential ore production. The data merely indicates the locations of

mining claims which have been tested for mineral capability, the actual

minerals found on the claim, presently producing mines, and abandoned

mines. In addition, the minerals map shows broad areas of land that are

probably of high, medium and low potential. There is no indication of the

location of potential developments or of the quality and quantity of ore

that could be produced.

As a result, CLUIS can provide only an assessment of "mineral

status" for each grid unit in the terms described above. This is not

without value, however, as the possibility of future mining activity must

be considered in land-use planning, particularly where sub-surface rights

are independent of land ownership and such rights can take precedence over

surface rights.
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OUTPUT

Computer printout can be obtained at virtually any stage of

computation. Also, a large number of economic criteria can be calculated

and displayed. This section, however, describes only the output that

the system 15 currently programmed to provide. This includes what might

be described as "automatic" printout as well as "optional" printout. the

latter being provided at the request of the user of the system as described

on pages 24 and 25 of this report.

Automatic printout

At the end of each computation, the accumulated capability and

economic implications (sales revenue or recreational expenditures, net

regional income, employment, etc.) for each sector. as well as area-totals

of these effects, are printed out. The various sectors also have several

items of interim printout concerning the physical capability and details

concerning individual products. Table 6 specifies the printout automatic

ally produced for the seven sectors.

In relation to printout. a point discussed earlier in the report

must be reiterated. At accumulation. the identity of the individual grid

unit and hence the identity of sub-areas disappears. Thus it is not possible

to print out information for separate sub-areas. If this is required,

separate runs must be made of each sub-area unless there 1s only one use

per sub-area and that use does not occur in more than one sub-area. Com

putations beyond the accumulation stage and subsequent printout are of total

sectoral capability wherever it occurs in the major area.
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TABLE 6: AUTOMATIC SECTORAL PRINTOUT FRO~ CLUIS

":zH
'"~H..

":zH
:z
!;!

ACCUMULATOR TOTALS i I
I

IUSED IN SUBROUTINES I(BY eLI CLASS AND X X X X X X X
SPECIES OR SUBCLASS

I

OTHER ACCUMULATOR I
TOTALS FOR ADJUSTED X X

,, I
I

,
OR UNADJUSTED CAPA- I

,
BILITY I

i,
I

MULTI-PRODUCT OPTI- X X IMIZATION DETAILS I ,

PHYSICAL OUTPUT OF I I
SEcrOR OR DAILY X X X X x I x ,

,
CAPACITY

QUANTITIES OF FINAL !

PRODUcrS OR ANNUAL X X X X X X
,

USER CAPACITY I I
I

SALES VALUE OF
X X In.8. n.a. n.8. n.8.

PRODUCTS BY TYPE I

TOTAL SALES VALUE X X n.a. n.a. n.8. n.a.

TOTAL EXPENDITURES
X X X X

BY USERS
n.8. n.a.

TOTAL VALUE ADDED
(AMOUNT. STABILITY , X X X X X X
EXPECTED GROWTH
RATE)

NET REGIONAL INCOME X X X X X X

DIRECT X X X X X X
EMPWYMENT



- 44 -

Aside from information for each resource sector, the program

provides a total or weighted average for each economic criterion for the

entire area. This results from adding the economic effects of each sector

or, in cases of distribution. growth. and stability of value added. taking

an average weighted by the amount of value added for each sector.

An accessibility table Is also printed out automatically. Based

on the accessibility map, it portrays the number of grid units. by use

assignment. that are in the following accessibility categories:

- less that or equal to one mile from a main (paved) road.
- less than or equal to one mile from a secondary (gravel) road,
- less than or equal to three miles (but greater than one mile)

from any road,
- less than or equal to ten miles (but greater than three miles)

from any road,
- greater than ten miles from any road.

Optional Printout

As mentioned in the section on Instructions to the System, there

are several options for additional printout. These are merely listed below

with comments as to their format. Specific examples are contained in

Appendix B.

Use Assignment and Boundaries - A listin~ in computer terminology of the use

assignment statements and the co-ordinates of the boundaries of each sub-area,

resulting from the instructions to the program. This is used for checking

purposes.

Use Assignment Map - A computer map is printed, identifying each grid unit

in the test area with its sub-area number and assigned use.
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Present-use inventory - A table can be printed which shows, for each use

combination assigned by the program, the number of grid units within each

of the present land-use categories provided by the eLI present use maps.

This allows the comparison of proposeo land use status for the area with

present use.

Environmental quality status - A listing can be requested to provide

"warning" statements if the assigned land use for a grid unit could have

a detrimental effect on the "environment" or other land uses. There are

20 different conditions that can he specified by the user. The user can

specify which of these 20 conditions he wishes the system to examine. For

any particular grid unit up to 5 conditions can be listed.

The format of the printout is a double table. The first part

lists the OlwarninR I1 statements and, for each, the grid units to which each

is applicable. The second part of the table specifies. for each grid unit.

the uses which evoked a statement and, in each case. the code numbers of

the messages applicable to that grid unit.

FUTURE OPTIONS

The number of possible improvements and extensions to the infor

mation system. as it has been described in thie report, is virtually

limitless. A basic framework has been provided into which more sophisticated

methods of reading and analyzing data, additional data and subroutines, and

further steps in manipulating the data can be inteKrated. The nature of

such modifications, however, is more dependent on the exact requirements

of the user of such a system than was the conceptualization and basic devel

opment stages which have been completed to date. The other requirement for
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pursuing development 1s a conscious and planned program of data collection.

The present system has established a data base which identifies data

requirements. provides a basis for collecting more accurate data where

necessary, and can easily be modified for changes to the system.

Despite the ahove comments, there are some extensions to the pre

sent system which the authors wish to recommend. These concern research

tasks that. it is believed. are necessary to provide a more complete system

for planning purposes. but have not been provided to date.

1. Time phasing. At present, economic values are provided only on an

annual basis. It is, however. desirable to consider such values over

a short-term planning horizon. such as ten years. This would involve

projection of economic effects for the period, allowing for adjustments,

taking into account changes in growth and stability factors over time.

Care would also have to be taken in adjusting economic data, due to

changes in market values and technology, over time. The benefit stream

would include, in many cases, a phasing-in of production capability over

several years where the assigned land use is not that presently occurring

on an area. For example, assignment of 8 presently forested area to

wild ungulate production may result in a period of several years before

winter range is established and game populations are at the appropriate

level.

Printout for the revised measures of economic impact would pro

bably include annual values for certain years during the period, e.g.

the first and last years and the year in which full capability is

attained, as well as an average annual rate of growth and the net
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present value of measures such as value added and net regional income

over the period.

2. Change-over Cost. As described in this report. the system generates

information on economic benefits, but does not take into account the

direct costs incurred to achieve those benefits. Such costs would

include those of management and capital input, notwithstanding any

costs of changing the land from one use to another. This may have a

significant impact on the decision. Although one use may have higher

benefits than the other, the costs of providing those benefits may be

so high as to put the proposed use at a net disadvantage. particularly

when the net present worth approach is taken. Again. a simple example

1/
can clarify the issue.-

Envision an area of land that could be used for Forestry, Ungulate
or Recreation with net present values of the net region~l income
measure being $16 million. $20 million and $25 million, respectively.
Assuming that net regional income is the only decision variable. the
Recreation option would be chosen. If the net present value of
change-over and management costs were $4 million, $6 million and $15
million, respectively, presumably the Un~ulate option would dominate,
as the regional present net worths would appear to be $12 million.
$14 million and $10 million. respectively. On the other hand. by
taking into account the net regional income effect of those costs. as
well as the basic income generation. with regional multipliers of
2.5, 1.0 and 0.7. it might be shown that the true net worth is more
like $22 million. $20 million and $20.5 million. respectively. Note
that these new rerional income calculations would not include actual
operating costs, as these are already taken into account in the
original income multiplier.
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The addition of costs to the system would involve a subroutine

which would compare projected and present land use (using the present

use maps) and determine an average change-over cost per unit of area,

year by year. over the planning horizon period. Such costs would be

either calculated or available in a data matrix.

In certain instances immediate benefits from change-overs in

land use may offset costs. The most obvious example is the presence

of timber which has to be removed for conversion to grazing or

recreation land, and may result. if merchantable, in a net return.

either in direct log sales or income and employment benefits.

In addition to these particular extensions. there are a number

of significant modifications that. could be implemented as techniques

and data become available. These include integration within the

system of an environmental quality model, more sophisticated techniques

of economic analysis and the use of simulation models to generate

physical trade-off functions and market variables. In addition the

system could be applied to other geographical areas, the grid size

could be changed and the use of sophisticated digitation and display

equipment could be investigated.

CONCLUSIONS

As implied by the title of this report, CLUIS was designed as a

framework to provide information for rural land-use decision making. As

such, its development has been based on the economic structure of a
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specific and predominantly rural region of British Columbia. It is

believed, however, that this information system, and in particular its

basic components, could he applicable to the needs of planners in other

areas.

The value of the system lies not only in providinR information

concerning the economic and ultimately environmental implications of broad

scale rural land-use decisions. More importantly, the system provides

a relatively low cost method of storing, retrieving and manipulating map

information of any kind, as lonK as it can be expressed on a grid basis;

and it provides a method of accumulating map data within defined bound

aries, either on direct instructions or on the basis of any characteristic

or series of characteristics defined within the data base.

Several conclusions can be drawn from the study concerning land

use planning data. Canada Land Inventory information is, in general,

capable of providing a usable and consistent physical data base for

estimating the economic potential of lands, within the sectors for which

coverage is available. The major problem with using eLI for this system

1s the recreation mapping. Recreation covers a great many activities, each

with its own requirements from the land base. By grouping up to three

diverse activities within any given classification. the classification

system not only obscures the actual land capability for each of those

activities, but is forced to be somewhat subjective in its ranking.

The recreation classification would be more useful to th~ infor

mation system if it were broken into several sub-sectors. presentin~ inde

pendent classification and maps for different types of activity such as

camping, boating, extensive recreation activities. wildlife vieWing/hunting.
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etc. The maps could then provide an assessment of land capability to

attract and sustain individual activities, with classes representing

potential utilization levels. This would also permit the use of sub

classes that are more specific and that reflect qualitative aspects of

the site.

There is one further major shortcoming of eLI coverage. It

does not provide comparable data for fisheries {at least, in British

Columbia} and mineral capability. These sectors are important to British

Columbia and. in some ways, are the most sensitive resource sectors for

land-use planners at the present time.

One of the major implications of the system 1s the need for up

to-date regional data. Much info~ation exists in files. desk drawers

and miscellaneous publications that is useful to land-use planning. Often,

however, such information is not readily available in the desired form, or

its existence is not known. Equally important. a great deal of information

is lacking, particularly with-respect to actual (as opposed to eLI theore

tical) land capability and economic data on a regional basis. In addition

the mining, fishing, wildlife and recreation sectors have received little

attention at all levels of statistical information. For the efficient

operation of land-use planning, a concerted and continuing effort will have

to be made to establish an accurate and consistent data base and efficient

methods of storing and retrieving such data.

Finally, it is useful to reiterate what CLUIS does not do. It

does not provide a tool for resource management on specific sites. nor

does it provide the definitive answer or elixir for land-use planning

decision makers. It does not optimize land use on an area, nor suggest
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the easy solution to difficult problems. It does not make the decision

makers task any easier but, by providing a system to facilitate the use

and analysis of a large quantity of factual information, the output of

which is only as accurate as the data provided to the system. it allows

them to consider the implications of their decisions and, hopefully, make

more informed and better decisions.
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APPENDIX A

This Appendix provides summarized flo~ charts for each sector,

showing how map data are accumulated and the resulting total processed

through the economic subroutines. They are presented in the following

order:

Al Forestry
A2 Agriculture
A3 Wild Ungulate
A4 Wetland Wildlife (Waterfowl)
AS Recreation
A6 Fishing
A7 Mining
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EXPIANATION OF CHARTING

SYMBOLS

Processing Symbol

An operation performed on the input data
ego subtraction, division

General Input Out put Symbol

Input or output data
Input or output operation

Decision Symbol

Indicates a comparison to decide and select
among alternate sequences or operations

Magnetic Tape Symbol

Indicates data is stored in a file on tape-
M. D. refers to Main Data File which contains
all map data on a grid unit basis

Document Symbol

Indicates hard copy output

Connector Symbol

Contains a number-Look for the same number
to pick up the flow

COIrunents Symbol
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Appendix Al

Forestry Sector
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Appendix A2

Agriculture

Sector

Flowchart

Agriculture

Accumulator

1
®
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Completed for Total
Area. Begin Agriculture
Economic Routine
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Wild Ungulates

Sector Flowchart
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Recreation Sector

Flowchart

Lake
r-__~N~°'(present

Yes

Tota
Area

.25

Add
No Lake

/""1"iCanoeing

Yes
If No boating
shown in CLI
rating add
boating

Multiply
Accumulated
Capability by
." Assigned

Add results
into appropr.
places in
accumulator

Recreation
Accumulator

up to four
groups possible
per subarea

Accumu1ation completed
for total are& ~gin

recreation economic
routine



-62-

(
End )

~

Detennine
Armual
Capacity

!
1) cottagers

Distribute2) campers
Capacity amongJ) day
three userusers
types

,j.

Calculate
Values
Generated

Calculate
Net Regional
Income,
Employment

L
Net Regional
Income, Value
Added
Employment

'"



Lake }
River

Summer
Winter

-63-

Begin

Grid Unit
Assigned to
Fishing Use

r
__--"N=<O River·

Present

yes

Accumulate
River
Fishing
Capability

No Lake
present •

yes

Accumulate
Lake fishing
Capability

Multiply by
~ Assigned

Add into
appropriate
place in
accumulator

fishing
accumulator

Appendix A6

Sport Fishing

Sector Flowchart
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APPENDIX B

A sample computer run, compiled for this report, is contained in

Appendix B. All optional printout was requested, including a listioR of

the instructions to the program. The followin~ page depicts a stylized

map of the actual area processed. and a specification of the assignment

instructions as they might be provided by the user of the system.
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:~ap of sample area, showing grid units and assigned boundaries:
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" .,--- ,
II I

\
\

10 \
\

118 119 120 121 122 123 124
X

Appendix B

Assignment Instructions:

For each grid unit in
Sub-area 1 If there is a good fishing stream, assi~n 601 fishery

capability: and
If Recreation claSS-is p:reater than 4. assign lOO~'

Recreation capability, or,
If Recreation class is less than or equal to 4. assign

90% Forestry capability and 20% Recreation capability:
Sub-area 2 If there is a good fishinR strean, assign 80X fishing

capability; and
Assign 50% Agriculture capability and 70' Un~ulate

capability
Sub-area 3 If there is a good fishing stream, assign 80% fishing

capabil ity; and
If there is a stocked lake. assi~n 80% of Jake Fishing

capobjlity and 60% Recreation capability or,
If there is not a stocked lake. assign 100% Pecreation

capabili ty.
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APPENDIX C

CANADA LAND INVENTORY AND ITS CURRENT APPLICATIONS

IN BRITISH COLUMBIA

The Canada Land Inventory Program

The Canada Land Inventory (CLI)k is a comprehensive survey of

physical land capability and present land use, designed primarily for land-

use planning rather than land management purposes. Undertaken as a joint

federal-provincial program in 1963, eLI has established a common base for

land capability data description, and is continuin~ to provide maps of

land capability for five resource sectors: agriculture, forestry, recrea-

tion, wild ungulates and wetland wildlife. A map of present land use, in

terms of cover type, is also provided. Bounded areas on the maps, of

which there is one for each sector, represent homogeneous units based on

physical characteristics relevant to the particular sector and identified

by a capability code. This code gives the CLI capability class (a 1 to 7

ranking of land capability for the particular use), sub-class (identifying

either significant limitations or type of use) and species where relevant.

Published maps are on a 1:126,840 scale.

Intersectoral Comparison of Maps - ~~nual Techniques

eLI has been extended to inter-map comparison by two means in

Queen's Printer,

Objectives.
Queen's

• Detailed descriptions of the ell system and techniques are available in
various CLI publicBtions. and are summarized in:
Department of Regional Expansion, The Canada Land Inventory:

Scope and Organization. GLI Report No.1. Ottawa:
Printer. 1970. Catalogue No. RE63-1/1970.

, A Guide for Resource Planning. Ottawa:
--------"1970. Catalogue No. RE63-7/1970.
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British Columbia. Both of these techniques have stemmed from a desire to

use CLI data to provide informatiorr for land-use planning and have been

developed by the provincial ARDA staff.

The first method, called inter-sector analysis, involves pre

paring a composite map. based on grouping sectoral eLI ratings into high,

moderate, extensive and special categories, on which uses are assigned

to that sector displaying the highest capability category for an area.

Where an area has more than one sector of prime or moderate capability,

allocation is made by a committee ot resource managers on the basis of

the overall pattern of use - size of area, uses in contiguous areas, and

the likelihood of dominance by one use (only primary uses are indicated),

The inter-sector map is of limited use for planning. however. due to the

type of information it presents and. more importantly. does not present.

The CLI classification is. in most cases. a ranking of relative

physical capability for the production of a particular resource. The

forestry and wild ungulate classes are cardinal, i.e. they represent defin

able levels of physical capacity. Other sectors receive only an ordinal

ranking and. in the case of recreation, a subjective ordinal ranking. In

either case. however. the inter-sector analysis. in comparing all sectors,

takes into account only the ordinal qualities of the ranking. Yet such a

ranking provides only the capability of stating that one location is better

forestry or recreation land than another. The classes for agriculture can

not be compared for example, with the same or different classes for for~stry

or other resource sector classes. Equally tenuous is a comparison between

the grouped classifications. Hence there 1s no basis for stating. as does

the inter-sector analysis, that Class 2 agriculture is a superior use to
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Class 3 forestry, or that Class 3 forestry. agriculture or recreation

(high capability group) Is a preferred use to u.c. class 3 wildlife

(moderate capability ~roup). The allocation to a primary use or special

category further complicates the issue and could lead to inconsistencies.

The second application of eLI map data is t.he "resource atlas"

for a region. This consists of a series of transparencies, each printed

with the generalized eLI capability map for one sector or other types

of map information. overlaid to provide a combined image. Areas of poten-

tial conflict, as well as areas of high single resource capability, thus

become visible. The resource atlas is useful in focusing the attention

of land-use decision makers on specific locations and potential uses. but

does not aid in the solution. Further research can be directed, however.

to such areas in order to make a calculated decision.

The Canadian Geographic Information System

The need for automated data management and analysis has resulted

in the development of many computerized geographical information. A com-

prehensive review of several important systems is available in the proceed-

ings of the Second Symposium on Geographical Information Systems, held under

the auspices of UNESCO and the International Geographical Union in 1972.*

The system most relevant to this report is the Canadian Geographic

Information System (CGIS) which was established to make use of large-scale

computers in order to reduce. tabulate, manipulate and analyse the vast

* Tomlinson. R.F .• ed. Geographical Data Handlin~. UNESCO/lGU Symposium
on Geographical Information Systems. Washington: Dept. of
Commerce, U.S. Ceological Survey. 1972.
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quantities of data provided by the Canada Land Inventory. Some stages of

the sophisticated system are operational now and the final phase of devel-

opment has been reached. The system will accept maps (at scales of 1:25,000,

1:50,000 and 1:126,840) containing areas represented by closed boundaries.

The maps are automatically scanned, reduced and stored, along with descrip-

tive data. The retrieval subsystem was designed to allow analysis of the

data and the production of reports and tabulation. The subsystem is dynamic

in nature and will allow a processing system to be built from the various

components as required. The scope of the system Is outlined in publications

available from the Lands Directorate. Department of the Environment.*

Consideration was given to basing the rural land-use information

system described 1n this report on CGIS. At the time the project was ini-

tiated (April. 1970), however, there were major technical problems with

CGIS. Also. processing of map data is costly and requires a large computer

(IBM 360/50). For these reasons, and because most of the systems analysis

snd programming (related to stream and accessibility networks, economic

subroutines and non-CLI data files) remained to be done, it was decided to

develop a separate system which could be run on a smaller computer Bnd which

would be more flexible in design •

• Tomlinson, R.F. An Introduction to the Geo-Information System of the Canada
Land Inventory, Ottawa: Department of Forestry and Rural
Development, 1967.

Department of the Environment, Lands Directorate. Geo-Information System,
OttawB, 1972.




