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Dear Dr. Konohira:

I was pleased to receive your letter of August 25 and to hear that you are
enjoying your stay in Hew Zealand. My wife, Helen, and I have visited Hew
Zealand twice and really love the country and its people. I didn't get to the
Forest Research Institute the last time I was there, but when I was there in
1980 I spent several days there, particularly with Dr. Madgwick. Please give
him oy regards.

Things are busy as ever here at the Forest Service in the Pacific lorthwest.
The focus at the present time is on the completion of drart Forest Plans for
all of our National Forests. We just recently completed the selection of
preferred alternatives for all the Plans, and they should all be published in
draft form soon after the first of the year. The draft Plans that are
presently out for review are generating public interest and rany comments from
the public. Much of our time over the next year or so will be spent dealing
with the public comments, the revisions of the draft Plans, and the publication
of the final Plans. Beyond that, we expect numerous appeals of our plans but
hopefully, if we have done our job well, there will not be very many lawsuits
or if there are, that we can deal with them sucoessfully.

Unfortunately, I was unable to attend the IUFRO Congress in Yugoslavia this
fall. I have been spending a great deal of time this past 6 conths on a
training program which will probably eventually lead to a promotjion and
tranafer to a new post.

Keep me informed of the results of your research and, if you have occasion to

visit the United States again, please let me know. If you do, I will try to
ge for a longer visit than we were able to have last time.

MES C. SPACE
eputy Regional Forester

J. AR—Z2EDFH
BHIVVPUNOEREZORRC OV T [Orerview of Forests in Washington State, {SX
RPMLCEE 2, 1986 #BECUTTFLSEN,
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I FHA - £RTF N (Resource inventery anc yield control Systems)
I BHREWSEFTL (Silvictual stand model)

I A#MEBEFL  (Conversion planning)

[V Y.Xonohira®®RZS5t @ (Stanc specfic harvest scheduling)

i) I, T, M1986 Forestry Handbook (New Zealand Institute of Foresters Inc.)h53|H
L7,

I. Resource inventory and yield control systems (R.Hancock , 0. Garcia)

The New Zealand Forest Service has, over the past 10 years,
expended considerable effort in developing the tools needed to
forecast more accurately the future wood supply patterns from its
plantation forests. The quantitative base was laid in the work of the
Mensuration Project Team (1976—78) and its successor, the Resource
Inventory Group. This base has been developed latterly by the
Radiata Pine Task Force (1979-82) and is likely to be taken further
by the present Conversion Planning Project Team (1983-88%).

Resulting from this effort is a suite of computer packages now
maintained by the Resource Inventory Group in Rotorua, in close
liaison with the Forest Mensuration and Management Systems
Section of the Forest Research Institute. These packages are
available on the Government Computer Centre's ICL 2980 and on the
New Zealand Forest Service network of DEC VAXs.

(1) The stand record system

The stand record system (SRS) is a computer-based management
information system for plantation forest managers and planners.
Information on areas and silvicultural treatments, as well as growing
stock descriptions in mensurational terms, is stored in the system and
is readily available through an information retrieval system. The
system is designed primarily to assist those engaged in monitoring
and planning the wood supply, by helping to organise, analyse, and
summarise information describing forests in a manner useful for yield
forecasting. However, other uses of the system by operational staff,
draughting personnel and others are also possible. '
Examples of the type of management enquiry that may be quickly
answered by accessing the stand record system include:
— Has the radiata pine in Compartment 6, Karioi Forest been
thinned? . .
— What is the total area of radiata pine in Golden Downs Forest?
— What is the age class distribution of Corsican pine on tractor
country at Kaingaroa Forest?
— Locate radiata pine stands at Karioi Forest that are candidates for
low pruning this year.
— Produce a yield forecast over the next 5 years for all radiata crops
at Esk Forest that are aged 25 years or more.
The bring-up and powerful searching and sorting facilities
developed to readily answer such queries obviously have the potential
to aid forest management generally.
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(2) The growth and yield system

The growth and yield system (GAYS) has been developed primarily to
provide stand level growth and yield estimates for use in Forest
Service yield-control procedures.

The system has two basic components, the growth and yield
subsystems, and is characterised by a number of features, inciuding:
— interactive input with screen and printer output;

— convenient and flexible yield table review facilities;

— an on-line HELP facility;

— creation of COMMAND files for easy editing and re—running;

— ability to specify a model via valid combinations of basal area
increment, topheight, volume, diameter distribution, taper, and
breakage equations;

— code shared with other components of the yield—control system
facilitating easy maintenance and consistency;

— incorporation of the EARLY growth routines.

The growth subsystem enables future basal area, topheight and
stems per hectare to be estimated from starting values, using
equations developed from permanent sample plot data. The yield
subsystem then calculates volumes either by using stand volume
equations, or by use of the stand volume generator contained in
program PROD. The link between the two subsystems is optional.

(3) Prediction of log assortments

Program PROD is a computer program to calculate stand tables and
the assortment of logs expected from stands of known or predicted
age, height, stocking, and basal area when particular cutting patterns
are applied. The estimates of volume provided may subsequently
form part of the input to forest modelling such as the Interact2
Forest Simulator (IFS), or other long-term planning systems

Input to the system consists of data containing the basic stand
parameters for stands of interest, and one or more cutting patterns to
be applied to individual stands.

Like many of the systems described in this paper, users may
specify the tree volume volume equation, taper function, breakage
function, and the predictive functions for the diameter distribution. to
be used for a particular set of basic stand parameters. Standard
equations are available within the system.

(4) Stand treatment and growth simulation

Stand treatment and growth simulation (STAGS) is the repla

fOI'. GAYS on the VAX. It is a stand level, growth) simulatiol; ::}or;f:r;

;lgz é? thekgrowth ;nd yield system, in that it incorporates the growth

ackage and sever. i

o ta’t)) ok g al other mensuration packages, to generate
The program operates in 3 phases:

— setting up models and tables:

— setling stand parameters;

— generating yield tables.

Stands are grown interactively and may be grown either to an age
(and month), or a specified height. They may also be thinned and, in

the case of some models, fertilised. Output in all instances is to both
screen and file.

(5) Extraction thinning control

The Forest Service recognises the importance of routine management
inventory procedures carried out in conjunction with silvicultural
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operations as a means of monitoring the state of the forest growing
stock. The EXT. THIN. (Extraction Thinning) system is specifically
concerned with the field and office procedures necessary to collect
and process the information required for the control of extraction
thinning operations.

Processed field data can then be used to formulate a written
description of the work required and may also be used to set a
production rate for the job using production standards from work
study.

Tt¥e system, whilst primarily designed for control of extraction
thinning operations, is also applicable to quality control of
waste-thinning operations where the field assessment is the last
silvicultural assessment received by the stand.

(6) Assessment of recoverable volume hv 1lne tyne

A method for the assessment of recoverable volume by log types
(MARVL) is a system for the preharvest inventory of single-species
exotic stands.

The system recognises the potential of stands to yield different
products (log assortments) when subjected to different cross-cutting
patterns. The approach used is to observe and record stem quality
and size on a sample of standing trees_and then predict the results of
cross-cutting these trees under the infiuence of a variety of log
specifications and requirements as specifiéd by the inventory officer.
~o merchantability factors are required.

The method has been designed to meet the needs of personnel
involved in the planning and administration of harvest operations. It
assists in marketing and logging planning by estimating the crop yield
by different log types and by defining the quantity and location ot
high-value products such as peeler logs. As an aid in allocating
logging equipment and setting bonus targets, it provides information
on total recoverable volume, on average merchantable sizes for hauls
and on numbers and sizes of individual logs. It can also be used to
provide recoverable factors as a control for long-term yield
forecasting.

(7) General purpose forest inventory

Program QADI is a general-purpose forest inventory system which
provides growing stock information for a tree population. it replaces
that part of the New Zealand Service “Standard Methods for Inventory
and Growth Measurement of Exotic Forests”, (Lees, 1976) concerned
with extensive surveys to determine the current condition of forest
areas.

In contrast to the MARVL inventory system which caters specifically
for the intensive assessment of mature crops before harvesting, QADI
is applicable to the more general, and often extensive, surveys in
stands of any age.

The system describes the forest growing stock in terms of average
age, stocking, basal area, top height, and total stem volume —
information which can subsequently be input to forest modelling
systems via yield tables, produced using growth models.

(8) Forest estate model

Simulation has long been used by foresters to answer “what if”
questions about the effects of forest management. Essentially it
consists of building a simplified abstract representation of the forest (a
model), e.g., by a set of tables and rules, and using this to predict the
consequences of different management alternatives. The ready
availability of computers has reduced the work involved in carrying
out these simulations, and so made it possible to analyse many more
alternatives at a much higher level of detail.
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There are 2 simulation systems in general use in New Ze‘aland for
long-term forest management planning: RMS80/RMS85 (Allison et al.
1979, Allison 1980, 1985), and IFS (Garcia 1981). Both simullators. in
common with older non-computerised procedures, use a similar
conceptual model of a forest estate.

The forest is described by a classification of areas into “crop types”
and age classes. Stands are grouped into crop types according to )
growth, silvicultural regimes, harvesting methods, location, oyvnerShlp.
or other characteristics, as appropriate to the planning exercise.
Events are recorded for time intervals (“periods”) of length equal to
the number of years in an age class.

Figure 1 illustrates the model for 1 crop type with 5-year age
classes. The state of the forest at the beginning of a 5-year period is
described by the area in each crop type and age class. During theA
period some of the area in each class may be cut, and the remaining
area moves into the next age class at the beginning of the next
period. The harvested areas may be replanted immediately into the
same or different crop types, or left unplanted.

The areas cut from each class are multiplied by the appropriate
entries in harvest product/resource tables, to compute volumes
produced, or resources required or generated in the period. The
residual areas may be multiplied by entries in the same )
product/resource tables to assess the growing stock, and by entries in
another set of tables to account for intermediate products/resources
such as thinning yields and silvicultural costs. It is also possible to
transfer areas between crop types; this is useful for modelling
alternative silvicultural regimes or changes of ownership.

In using these simulators, the user specifies (or accepts defaults
for) the actions to be taken in each period. Decisions include the
areas to be harvested from each crop type and age class, areas
which will be replanted, and areas to be transferred across crop
types. There are various alternative ways of specifying these actions.
For example, the user may just give the total volume to be produced
in the period, and the program automatically distributes the necessary
cut among crop types and age classes according to predetermined
rules. A number of different reports can be produced to describe the
results of applying a particular management strategy.

RMSB80 was developed by NZ Forest Products Limited, and has
been used mainly by the largest private companies (NZ Forest
Products and Tasman Forestry), and by the School of Forestry of the
University of Canterbury. It operates in batch mode and is written in
Fortran. A distinctive feature is the computation of a number of “forest
mass” measures developed by Allison (1978). These measures
indicate similarity of the current state of the forest to a normal forest;
they have been found useful in communicating with top management,
and for some valuation and yield control and analysis purposes.

IFS, developed at the Forest Research Institute, has been largely
used by the New Zealand Forest Service and by some smaller
forestry organisations and forestry consultants. It is primarily an
interactive system, although it can also be used in a batch mode.
Versions in several Basic dialects are available for ICL and VAX
mainframes and for a number of microcomputers.

Simulation uses trial-and-error to search for an acceptable
management strategy. Only a limited number of possible alternatives
can be tried, and in many instances much superior solutions may be
overlooked. Given a clear statement of objectives and constraints,
optimisation techniques can be used to find a “best” solution. It must
be recognised, however, that the objectives and constraints used in
optimisation models are often gross oversimplifications, and many
relevant factors that are difficult to quantify are ignored. Also,
currently available optimisation methods are not suitable for handling
as high a level of detail as the simulators.

By far the most commonly used optimisation technique for
long-term forestry planning is linear programming (LP). Several
applications of LP have been carried out in New Zealand. Some of
them were developed by operational research experts in collaboration
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with management for modelling a specific situation (e.g., White and
Baird 1983). Two general-purpose LP-based systems for use by
forest managers are CPLAN (Shirley 1979) and FOLPI (Garcia 1984).

CPLAN, like most LP forest management systems, follows the
so-called Model | formulation (see, for example, Clutter et al. 1983).
Individual stands are grouped into “cutting units”, which correspond
approximately to age classes within crop types. For each cutting unit.
a number of management alternatives are nominated. These
alternatives specify the management of stands over the whole
planning period, and should cover all the reasonable combinations of
silvicultural treatments and successive harvesting ages. The flows of
the relevant products, resources, costs, and revenues for each
management alternative must be provided. The manager specifies an
“objective function” or end result to be maximised or minimised, for
example, present net value, and a series of constraints on the flow of
products and/or resources. CPLAN then generates the best over-all
management strategy by determining how much of each cutting unit
should be treated according to each management alternative. Solution
of the model may be followed by post-optimal analysis, where the
effects of changes in constraints, alternatives, and resource flows are
investigated.

FOLPI does not use the Mcdel | formulation. Instead, it is based on
a model of the forest identical to that used by the simulators
described above. Given an objective function and a set of constraints,
LP is used to calculate for each period the areas to be cut from each
crop type and age class, the areas and destination crors for
replanting, and any transfers of area across crop types. The same
input data files are used by IFS and FOLPI, and reports identical to
those produced by IFS can be generated interactively. Objectives and
constraints are specified in a form that does not require &ny detailed
knowledge of LP.

(9) Weight/volume conversion

Program CONV is a system which describes the collection and
processing of sectional measurement data in order to determine
weight/volume conversion factors for individual truckloads of logs
Measurement of diameter and bark thickness at predeterriined .
intervals along the log are used to calculate log volumes using
Smalian’s formula. Log volumes are summed to give truckload
volumes in cubic metres. Division of the load volume by the load
weight in tonnes gives the conversion factor in cubic metres per
tonne.

The system also has an optional facility for segreqati
load volume into predefined product clasges labegllgcgje‘l'ts':gﬂ?;' t:rtw?il
“pulplog”.

(10) Logging waste assessment

Assessments of the waste wood on cutover areas and landings are
required for a variety of reasons such as the reconciliation of
standing-crop-volume estimates with volume outturn, and for short-
and long-term yield control. They also provide logging management
with information about the standard of logging operations, and in
some cases logging organisations may be charged for recoverable
waste.

The logging waste assessment system (LWAS) describes the field
and computer procedures required to enable the assessment and
recording of waste-wood volumes on cutovers and landings, by way
of either cutover assessments, skid assessments, or stacked wood
assessments. The system is designed to operate on an annual cycle
coinciding with the financial year. Waste-wood assessments are
performed throughout the year and progress reports are produced at
convenient intervals.
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(11) Mensuration packages

A series of these procedures, called the mensuration subroutine

packages, have been implemented on the New Zealand Forgs}

Service network of VAX computers for use by any person writing

programs, whether a local forester, or an EDP specialist. The modular

design allows the subroutines to be incorporated easily into any

applications program. The routines are efficient, fully testgd gnd

documented. They increase the effectiveness of the applications

programmer, and the mathematical description provides a standard

mensurational definition. On-line help is available and a hard copy

reference manual can be obtained either from the computer, or as an

internal Forest Research Institute report. Subroutines are available in

the following areas:

— Tree heights (calculations from angles and distances).

— Heighvdbh curves (fitted to data and for making estimates).

— Mean top diameter (as derived from plot measurements).

— Tree volume and taper.

— Log scaling (sectional measurements).

— Special functions (Weibull distribution, random normal numbers
etc.).

— Stand volume tables (functions of basal area, height and
stocking).

— Scattergrams (for generating low-resolution plots).

— Breakage (estimating tree-break height).

| — Growth models (prediction of stand growth over time).
— Products (derivation of dbh distribution and yield by log types).

The Silvicultural Stand Model (SILMOD) is a package of

computer-based mathematical models. It is designed as an indicative

tool to help forest managers evaluate alternative silvicultural regimes
for stand management of radiata pine. To achieve this it is necessary
to account for the quite complex relationships between the various
factors expressing site, silviculture, stand growth, log quantity and
quality, the harvesting and milling processes, and the sawn timber
and residues produced.

Thus the model simulates the growth, harvesting, and processing of

a stand. It can be used to evaluate the effects on relative stand

productivity and, using cash flow analysis, relative stand profitability of

varying:

(1) Site variables — site productivity, topography, distance to mill,
wood density, internode length, and incidence of sweep and resin
pockets.

(2) Silvicultural regimes — initial spacing, pruning, thinning, and
rotation age.

(3) Processing variables — minimum sawlog diameter, sawing
pattern, conversion standard, grading routine, sawing cost, and
prices for sawn timber and residues.

The package currently consists of 10 programs, 5 of which

(denoted below with an asterisk) were in existence before the model

was developed:

EARLY This program predicts the growth of young stands from
about mean crop height 3 m through to 18 m. It allows
for the effects of pruning and thinning on growth and
predicts the diameter-over-stubs for each pruning litt.

*KGM2  One of these growth models is then used to predict

*AGM1 stand growth from the point at which EARLY terminates,

*SGM1 to clearfelling. Except for BEEK (a national model), they

*BEEK are each appropriate to different regions

GDNS

AGM2

*PROD  This program uses data from the growth model to
estimate the distribution of tree sizes (diameter and
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height) in the stand and simulate the cutting of trees into
logs at production thinning and/or clearfelling. The log
assortment from the stand is predicted by log height
class, small end diameter and volume.

HARPCE This program estimates the costs of extracting the
predicted log assortment using either skidder, tractor, or
hauler and of loading and trucking the logs to the mill.

PREVAL The final program first estimates the log quality
variables: density, sweep, and internode index. It then
predicts the quality variables branch index and defect
core using data from the first 2 programs. Growing costs
and the processing method are then specified. Using the
estimates of log volumes, diameters, and taper from
PROD, log conversions and hence gross sawlog values
are then predicted along with the distribution of sawn
timber grades. Finally, net log values, stand net worth,
and the (discounted) present net worth are calculated.

Using the package involves:

(1) Defining the alternative strategies to be evaluated.

(2) Collecting the necessary data required to enable these to be
simulated.

(3) Interpreting the resuits, taking into account management
objectives and the known limitations of the input data and of the
simulation package.

SILMOD has been developed at the Forest Research Institute and
is currently implemented on 2 computer networks, belonging to the

New Zealand Forest Service and Datacom Systems Ltd.

IIT Conversion planning (B.Manley)

The Conversion Planning Project Team has developed an integrated
modelling system consisting of a portfolio of models, methods, and
databases. The components can be used individually or linked
together to help decision-makers address a wide range of conversion
planning issues including:

— stand assessment and prediction;

— log evaluation;

— plant management and design;

-— process selection;

— stand economic modelling;

— forest estate modelling;

— future market opportunities.

The Conversion Planning Project was set up at the Forest
Research Institute to incorporate and extend the previous work of the
Mensuration Project Team and Radiata Pine Task Force in the
development of a conversion planning model system linking the
output of the forest and the various processing options to market
requirements for a full range of forest products.

An outline of the model system is given in Figure 1. The
components of the system are shown together with the main linkages
between the components. Solid lines are used to depict the formal
linkages (i.e., output of 1 component is used directly as input by
another component). Other linkages are shown as broken lines.

Details of the model system were presented at the FRI Conversion
Planning Project Team general meeting in April 1986. The
proceedings of this meeting are to be published.

An integral feature of the model system is the use of the standard
set of log grades proposed by Whiteside and Manley (1985) for
resource descriptions purposes.
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Figure 1: Conversion Planning Project Team
Model System
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1. Stand Assessment Method

A set of standard quality codes has been developed and incorporated
into a cruising decision tree to allow the assessment of stands in terms
of the proposed standard log grades using the MARVL (Deadman
and Goulding 1979) preharvest inventory system.

As the MARVL method involves cruising of external tree features
only, it provides no information on the internal quality of pruned logs. A
complementary assessment is required to evaluate pruned log quality
(see Somerville, Park, and Goulding 1986).

2. Stand Prediction Model

The stand prediction model, STANDMOD, predicts stand outturn by log
grade of different silvicultural regimes.

Inputs to the stand prediction mode! specify stand conditions at the
simulation starting point (e.g., initial age, stocking) and the silvicultural
regime to be applied (e.g., pruning, thinning).

Outputs include stand composition by log grade at any specified age
together with parameters for each log grade.

This model predicts at the single hectare or stand level and is
primarily intended for use over the medium to long term (5 to 50 years).

3. Log-grade Data Preparation Program

This program allows the merging, aggregation, and editing of resource
data to be input into the processing models.

4. Detailed Plant Models

Detailed plant-level models have been developed for sawmilling and
plymilling. These operational models are primarily designed for
short-term plant design and management problems.

5. Log-Yield Models

Log-yield models predict the products of log grades when they are
utilised in different processing plants, and the costs and revenues
associated with this processing. They attempt to measure the worth of
logs to the processor under given assumptions.

Log-yield models have been developed for the following products or
processes:
— sawmilling;
— plywood;
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— export logs:
— export chips (whole log chipping);
— panel products — medium density fibreboard,
— hardboard,
— particleboard;
— pulp and paper — bleached kraft pulp,
— newsprint,
— linerboard;
— hydrolysis (ethanol).

6. Tender-evaluation Model

The tender-evaluation model finds the allocation of logs that maximises
a seller's revenue while meeting buyers' requirements. It allows the
seller of logs to evaluate buyers' bids and take into account their
log-mix requirements.

7. Process-selection Model

The process-selection model can indicate likely processing options
under perceived market opportunities. It allocates a specified resource
of logs and residues to processes on the basis of relative log and
residue values subject to market demand constraints. The relative
allocations of logs and residues give an indication of the relative merits
of the processes for the particular log supply and market scenario.

8. Stand Economic Model

The stand economic model (SECMOD) provides a discounted cash flow
analysis at the single hectare or stand level. Stand physical-yield data
can be obtained from the stand prediction model. Costs associated with
growing, harvesting, and log transportation are user-specified as are log
revenues. The user is required to specify a unit price for each log grade
(or iog-grade aggregation).

The pathway through the model system incorporating the stand
economic model will replace SILMOD

9. Forest Estate Models

The forest estate models, IFS (Garcia 1981) and FOLPI (Garcia 1984),
allow the forest manager to explore alternative forest management
strategies, FOLPI can be used to model forestry
problems involving a single forest or a number of forests. FOLPI can
model yield-control/log-allocation problems involving forest
management, forest harvesting, and the transportation of logs to
processing plants with specified demands.

10. Market-scenario Information

As part of the conversion planning project research has been carried
out on the medium- to long-term market prospects for a range of forest
products. A range of market scenarios were developed based on this
research.

The Conversion Planning Project Team Model System as it currently
stands does not represent an end point. It will continue to be developed
and enhanced. Some components such as those developed by the
Mensuration Project Team or the Radiata Pine Task Force (e.g.,
MARVL, parts of STANDMOD) have been used for some time. Other
components represent first-generation versions which may well be
modified and improved as further research is done.

IV Stand specific harvest scheduling assisted by computer maps
(Y. Konohira)
—— Development of a mid-term planning system
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Objectives: The objective of this work plan is to develop a computer based
mid-term harvest scheduling system which can function to coordinate the long

term plan's goal and the direction of the short term plan. The plan will cover
harvesting during the next five to ten years. The system can support the planners
in making better decisions when they specify the stands to be cut in each year
following the direction of the long term plan, the Harvesting and Marketing Strategy.
With this specification of the stands, the system provides information about timber
volume and quality, stand location and income/expense which are essential to
marketing, logging-silvicultural operations and financial management. This system
can work effectively when the scale of harvest is extended, profitability is
emphasized and the regulations become more strict. The goal of the work plan is

to establish a planning tool on the Vax computer network which the planners can
easily handle to revise the mid-term plans.

Advantages: The system will be of use to logging planners controlling more than
fifty stands to be cut each year. By -computerizing the calculations of the
volumes, revenues and costs of future harvests, the system will allow the logging
planners more time and scope for testing different alternatives to maximize profit.

Methods: This system consists of three processes. (1)Listing the candidate stands
ready to be cut, (2)specification of the stands scheduled to be cut and (3)report
writing. At first, the system lists the candidate stands with the data of harvest
volume, timber grades, terrain and income/expense etc. Most of these data are
provided by the existent computer files or tools, for example, Stand Record System,
Growth Model and Stand Model. Additional data are given to the system by the
pleznners which are collected in the field, market, or routine operations.

Secondly, stand specification is processed by the planners interactively with
computer assistance including the map informztion. The criteria of the selection
are flexible because they mostly depend on the management requirement of the
forests. The computer provides enough information to the planners in order to
satisfy the given criteria, however, the final decision is made by the planners
not by a mathematical optimization.

Lastly, after the specification of the stands scheduled to be cut, a report
writing program makes several reports to meet the management requirements.

Schedule: This work plan consists of two parts, the development of main frame
and a mapping option. The main frame can be developed by the following steps.
(1)Exploring the potential requirements for the mid-term planning processes,
(2)design details with the user's participation considering the hardware and data
availability, (3)prototype programming, review and application test, and
(4)finalizing and documentation. The development of the main frame is temporarily
scheduled from July of 1986 to July of 1987.

The mapping option can be a gateway to the total mapping system and a basic
discussion how to introduce a geographical information system is necessary. The
mapping of this system should be developed paralleled with the discussion.

The schedule is temporarily set from 1986 to 1988.
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