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Applications of Systems Analysis in Wildland

- Management: An Overview

Introduction

-

Hénagers of tha notion's wildlands are being subjected to increased
Pressure to satisfy the growing desires of the Amaricsn'peopie from a
static or shrinking land base. This pressure manifests itseif in seversl)
ways. One obvious source of pressure is that which acco&panies any major
land use decision. For example, certain segments of society advocate
massive land withdrawals for wilderness or national parks to promote the
preservation of the native flora, fauna and naturaliy endowed beauty for
future generations. Others promote increased utilization and development
of our wildlands for commodity ressurces such as timber, forage and
ninerals. Both groups act in a manner consistent with their perception of
the best use of the resources to meet current and projected demands. WYith
much at stake coaflicts are inevitable. This results in pressure baing
applied to the nation's wildlands managers in an effort to rcsalve tha

conflict in the most satisfactory and expeditious maanzr,

In addition to land use pressures, managers and administrators are
also cenfronted with conflicting demands to: (a) “save tha ecology" by
promoting sound environmental programs and palicie;, (b) adopt economically
efficient and equitadle policies--especially on the public lands, (c) limit use
of resources todzy to maintain future options, (d) Increase the output of all
goods and seryicgs from our wildlands, and (e) modernize administrative
procedures through the use of a cOmprehen§lve Mmanagement information system.
In addition to these pressures we must acknowledge that wildland management

Systems are complex aggregations of physical, ecological, cultural and



political sub-systems. Ezch of these sub-systems i3, in turn, composed
of a ccmplex set of interrelated components. Therefure, it Is apparent
that ccoprehensive and systematic long-range planning and pclicy aralysis

are necessary precursors of effective wildland managanant.

These reasons, and others, suggest that s&stems andlysis - operaticns
research (SA-0R) has a v}tal role to play by providing a sound structurs
for policy and decision analysis. W¥While some yearn for '‘the good ole days"
it ceams apparent that current demands for increased levels of detailed
cnalysis coupled with more scphisticated compu<zrized syz::ms of planning
ard control should insure that SA-OR play a role in the future. The para-
mount, but unanswerable question, [s, 'How.much of a rol= SA-0R will play
in shazing the future pol!ciés and strategies which affect our wildlands,"

It is towards a resolution of this question that this paper is circcted,

Before addressing this issue-in any depth it seems appropriate 2o
access the current state of the art by reviewing past applicazions of SA-OR
to th2 management of our wildlands. Following this review the discussion
will canter on possible reasons which explain wity SA-CR has, or has not,
becn effactively wutilized by wildland managers and adminictratars and

suagestions for ways to increase the utilization in the future.

Five years ago Bare (1971), in a comprehensive review article, reported
on the stzte of the art concerning the application of SA-GR techniquas to
the management of forested lands. At that time a search of the literature
produced 336 references containing applications. The majority of uses
involved either linear programming or computer simulation. Martin and
Sendak (1973) published an annotated bibliography of forestry applications

which contained 416 references current through 1971, After reviewing



source materials for the preparation of this paper the number of references
has grown to over 925.1! Obviously, with this numter of referencas it Is
impossible to present a detailed analysis of individus! pspers. Instead,
we will attempt to relate applications of SA-OR to the general classes or

types of problems.

Linear Programming

As msntioned above, linear programming(LP) has been the most widaly
used of the mathematical programming techniques. The reasons for this are
rrcbably the same cnes previously identified by analysts In other disciplinege-
simplicity of model formulation, computational capacity, minimal data re-
Guirements and general level of managerial familiarity: As far a2s known,
LP was the Tirst SA-OR technique widely applied by lond manzgers with the
firet applicaticn reported in 1958. In the intervening yeirs LP has beon
extensivaly used by: (a) land use planners Interested in allocating Yand
resourcas to their optimal use so as to satisfy budgetary, ecological and
physical constraints, (b) timber management specialists to derive optimal
silvicultural schedules and cutting budgets, (c) range managers to derive
optimal patterns of grazing and ranch management, (d) wocd procurement
managers to obtain least-cost schedules subject to raw matcrial demands
and available wéod supplies, (e) mill managers to allocate arc/or utiliza
169s to obrzin thair maximum contribution to profit, (f) wildlife and
fishery managers to optimize the management of animal populations subject
to_cohstraints on the reproductive potential of the populaticn, hunter

pressure and'carrying capacity of the land, (g) transportation planners to

1/ . '
— This bibliography will be published as a separate document.



design optimsl road networks, and (h) fire managers to allocate srarce
firefighting resources in the most efficient manner, Today LP Is routinely
used in both the public and private secters tc solve thesc types of prob-
lems. In addition, the literature zbounds with othar resorted 2priizations

which have been applied on a limited scale.

.

Goal Programming

Mzny wildland management decislions involve the consideration of mul~
tiple gosls and objectives. In the case of ths national forests, this is
rzquired by lawj in other instances the characzer of the \.nd end/or
pressures from users of the land create a multiple go2l environment. Cften
times these goals conflict thus necessitating a compremise soluticn, SA-OR
offers considerable promise by providing tools useful for analyzing
alternatfves under these cir;umstances. Todate the only multiple criteria
dzcisicn-making tool used by wildland managers has been goal pregramming.
While this tool is currently enjoying considerable popularity, which due
to its computational power may continue, it has yet to ba cxtensively uti-
lized in a routine fashion. Further, to be an effective decision aid goal
programaing requires that managers assign priorities and/or weighzs to
each of their goals. In practice this is extremely difficult to accom-
plish especially on public lands where Congress has fziled to identify ths
national policies and goals in a manner consistent with a quantitative
determina£ion of priorities. However, in some instances, managers and/or
interdisciplinary plaqning‘teams are able to arrive at an agreeable priority
structure. Public input often times results in conflicting recommanda-
tions which also must be incorporated into the priority setting process.

Of course, without a clearly stated set of objectives it is difficult to



arrive at an agreeable set of priorities to Input into the analysis: This
suggests that the bottleneck is one of goal specificatinon and quantifica-
tion rather than cne of an analytical nature. This further suggests that
until this issue Is clarified there is little hope that Increased znalytic
capability--in the form of more sophisticated multiple criterio decision=

making tools--will be of much value.

Interger Programming

Papers illustrating the use of integer linear programming (ILP) have
appeared in modest numbers. Applications todate have bean associated with:
(a) transportation planning Invelving the optimal set of rozd projacts to
undertake to minimize construction and road maintenance costs, (b) the
derivation of optimal timber management schedules involving harvestiné and
thinning operations, (c) the sllocation of land parcels to their best use
to meet certain land use requirements, and (d) the determinaticn of the
optimal number and location of manufacturing plants supportable by the wiid-
land base. The transportation analysis applications are routinely used on
some western national forests, but the other uses are still in thz experl-=
mental stages., Historically, the inability of most ILP computer codes to
handle large-scale problems has been a primary cause of low usage by wild-
land managers. In addItion, most managers feel that LP provides an approx-
imate solution that is adequate considering the lack of control that accom=
panies actual implementation. Of course, for some applications - such as

transportation planning ~ th2 nature of the formulation reyuires the use

of ILP.



Non-1inear Prograsming

Actual applications of non-lincar progremming (KLP) in wildland
managcment are almost nonexistent, In faecz, fewer than 2 dozen references
we:e found In the literature which report any us2 of NLP. PFossible reasons
for this are: (a) many wildland managers and/or fheir technical staff
are unfamiliar with NLP, (b) most problems faced by wildland managers czan
be satisfactorily solved using LP, (c) most NLP computer packages <in only
handle relatively small sroblems thus making them unattractive to manzgers
faced with real-life problems, and (d) general purpose computer codes for
solving NLP problems are relatively difficult to use - often requiring the
mznager to furnish partial der:vatives. Needless to say, rmost wildland
managers have not been trained to provide such inputs, and feél uncomfort-
able using such techniques. The few reported uses of NLP have involved
resource allocation problems similar to those reported for LP. However,
to our knowledge, there are no routine production-oriented uses made of

NLP In wildland management.

Dynamic Progqramming

Dynamic programming (0P) has received considerably more attention in
the literature than has NLP. However, there are very few actual applicz-
tions to real-life probléms. Examples of the use of OP are: (a) the
determination of opt}mal timber management programs including the harvest
schedule, (b) the optimal allocation of trees and/or logs to various manu-
facturing facilities to maximize profit, (c) the determination of optimal
pest management strategies, (d) the development of optimal fire suppres-

sion plans, and (e) the development of rate-of-spread models useful for



studying the behavior of forest fires., Reasons explaining why DP has noz
been heavily used by wildland managers are similar to those given for NLP.
In addition, the lack of a single DP medel discourgges managers because

of the difficulty of model formulation. The level of mathematical maturiey
required also scares off some potential users. Lastly, the '‘carse of
dimensionality' and enormous computational times further discourage the

use of DP for large-scale applications. In short, it is douetfuj whethear

DP will ever enjoy the popularity of LP.

Simulation

Computer simulation is the most popular SA-OR technique being used to
study to a variety of wildland problems including: (a) the efficiency of
slternative forest sampling designs, (b) the characteristics of alternative
timbar harvesting and transportation systems, (c) the response of stands
and/or individual trees to various growth stimulating treatments and growing
conditions, (d) the behavior of whole forests and regional economies as
alternative land use policies and treatment programs are tested, (e) the
population dynamics of insect, wildlife and fishery populations as influenced
by weather, stand conditions and wildland use declsions, (f) the charac- |
teristics of wildfires under a variety of burning conditions, fuel arrange-
ments and attack strategies, (g) the mill-yard inventories of forest pro-
duction manufacturing facilities, under conditions of varying mill con-
sumption rates, labor pools, weather conditions and delays in ordering and
acquiring wood, (h) the allocation of logs to various end product users,

(i) the behavior of the hydrologic characteristics of watersheds under
different land use practices and (j) the training of wildland managers in

gaming~simulation experiments.



In terms of real-life applications, computer simulation ranks as the
most widely used SA-OR tool in wildland management. The primary reason
for this is the versatility of the tool enabling it to be used for a
variety of purposes. Secondly, models can be constructed to tailor-fit the
sitvation thus relieving the analyst from imposing large numbers of limiting
“assumptions. Third, simulation models can be built around the existing
data base without requiring a major data-gathering effort prior to implamen-
tation and/or analysis. Fourth, "quick and dirty" models can be developed
with short lead times to provide timely inputs to the decision-making process,
And, lastly, "quick and dirty" solutions obtained through simulation are
often times satisfactory when viewed in the context of actual implementation

where on-the-ground modification is the rule rather than the exception,

Miscellaneous

Applications of queuing theory, decision theory and network theory to
wildland management problems are also very sparse. While three dozen refer-
ences were observed in the literature, most of tﬁese were small scale
'"demonstration' applications. Network theory, including critical path
methods, has shown great promise in dealing with the design and construc-
tion of forest transportation networks. Several applicaticons have been
reported on the western national forests and by forest industry. Deci;ion
theory offers promise If used as a pedagogical too! to provide structure to
decision making unéer uncertainty. In fact, all of the references to
decision theo}y fall into this category. Queuing theory has received some
attention with regard to timber harvesting and manufacturing but no known

applications pertaining to land management exist.



Assessment of Utilization

With this brief overview of applications the discussion now turns to
an assessme;t of the success of SA-CR-in solving - or ziding the solutien
of ~ the major problems of wildland manage}s. Certainly the list of refer-
ences containing applications is impressive, Further, the above overview
has identifiéd certain successful applications which are in routine use,
Nevertheless, it is our opinion that only & small percentage of the SA-OR
work reported in the literature it ever used to aid the resource manager,
We further believe that in order to change this we must alter cur modus
operandi and steer a new course with renewed enthusiasm. Before turning to

this, let's briefly assess where we stand teday.

Bare (1971) summarized his review of the forestry SA-OR literature by
identifying six hurdles or problems which inhibited greater managerial use
of SA-OR. Among these were: (a) minimal use of multiple criteria decision-
making tools inspite of the fact that many wildland management problems
involve multiple goals, (b) difficulties associated with incorporating non-
quantifiable and/or non-marketable benefits into the analysis, (c) sub-
optimization introduced by incorrectly specifying system boundaries in an
effort to deal with a more manageable problem formulation, and (d) the
under-utilization or mis-management of the SA-OR group within an organization.
Many times such groups are used after the fact to Justify decisions already

reached rather than as an integral part of the decision-makirg process,

One might classify these as technical' barriers to effective utiliza-
tion as they primarily relate to matters of technical origin, In retrospect
we feel that while these were - and still are - significant barriers to the

utilization of SA-OR they pale in significance when compared to what we may
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call the "institutional' barriers. These are hurdles associated with tha
practice of SA-OR which for the most part have bzen erected by practitioners
of SA-OR themselves. Grayson (1973, 1975) discussas these in the context

of explaining why managers refuse to use SA-OR. His conclusions are that
managers refuse to use SA-OR because: (a) of excessive time taken by SA-0OR
groups to respond to managerial requests, (b) of the inaccessibility of

data needed by many SA-OR models once they are constructed, (c) many managers
aren'g familia; with SA-OR models and are resistant to change, and (d) many
SA-0R groups produce models which barely resemble the real-word because the
messy, hard-to-handle people problems, power structures and politica) pres-
sures are assumed away. Certainly it is hard tc find fault with Grayson's
conclusions and yet it leaves the systems analyst in a quandry cs to how to
resolve the dilemma. For instance, i§n't SA-0R taught in universities as
an orderly, systematic approach to operational problems thch utilizes the
scientific method? And, further, doesn't science oper;te slowly and method~
lcally by critically examining all available evidence before making an
informed judgement? [If you read any contemporary introductory OR text,
this is the mental picture that is conveyed. ] It is no great surprise thon

that analysts are slow to respond to managerial requests.

This, as Grayson (1975) and others suggest, implies that the root of
the problem of ineffective analyst - manager interaction may lie squarely in
the lap of the educational system. However, Grayson is quick to acknowledgse
that the sword has two edges, and for managers he suggests the following for
increasing the use of SA-OR: (a) dismantle $SA-OR groups by placing personne)

out in the organization, (b) hold the SA-OR staff accountable for results

and not just for recommendations, and (c) maintain managerial expectations




within reasonable bounds and appreciate small gains, We should point out
that these same Institutional barriers apply just as well within the con-
text of wildland management as they do to managerial situationsin other

environments.

Another tendency of analysts, which inhibits utilization, is to produce
""packages' of models tb solve the every need of the manager. Except for thz
highly structured - time invariant decision situation - these packages of
models tend to discourage managers rather than encourage them. Further,
due to their necessary generality, they can rarely be used without modifica=
tion, and this further lessens their utility. A recent review of several
large scale RANN-NSF environmantally-oriented models supports the same con-
clusion (Mar, 1974). Other agencies seem to be reaching this same conclusion

with a resultant slow-down in the development of new ""packages' of models.

Those practicing SA-OR in the public lands sector are faced with another
set of potential hurdles. These are associated with what Rittel and Webbar
(1973) refer to as "wicked'" problems. Liebmann (1975) in discussing the
application of SA-OR to public sector systems also discusses these problems
or barriers. He idgntifies the following properties of wicked systems:

(a) technological uncertainty - for example in wildland management we do not
have a sufficient understanding of the basic behavior of wildland ecosystems
to be able to predict with certainty the response of the system to a natural
or man-induced disturbance. Thus, with this imperfect understanding it is
difficult to identify the set of actions to undertake to attain some desired
outcome, (b) no common agreement on public goals, and (c) the large number
of "clients" who have a legitimate voice in the decisions. Certainly,

practitioners of SA-OR in the public sector - and even to some degree in the
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private sector = view these as significant barriers because of their per-
ceived role in the decision-making process, That Is, analysts often assume
away the '"messy problems' so that they can proceed with their analysls.
However, as stated by Liebmann (1975), these analysts may be erring by
failing to recognize that "...to a large degree, the roie of optimization

and modelling, is the formulation of alternatives rather than the selection

of one of them.. And their new role, in turn, requires a qualitatively dif-
ferent approach on the part of the analyst." Quade (1975) in speaking to

the lack of success of SA-OR in solving the major problems of society suogests
that explicit recognition be made of the non-quantifiable, political and
sociological characteristics of thé systems being studied. Obviously, consi-
deration of these factors will greatly complicate the analysis but may be
needed if SA-OR is to be used effectively, or at all, to address future

problams.

Summarz

In summary, '"What is the future role of SA-OR in wildland management?"
We think that the forgoing overview and assessment provides ample justifica-
tion for the following conclusions:
1) Wildland managers and administrators will continue to feel the
pressure to provide increased levels of outputs and services frecm
a shrinking land base. This will necessitate comprehensive and
systematic analysis of alternative programs and policies in order
to pursue the most effective and efficient course of action. This
all points to an increased role for SA-OR in the future. However,
practitioners of SA-OR must be responsive to the criticisms
identified earlier in this paper if maximum usage of SA-OR is to

become a reality.



2)

3)

4)

5)

6)

7)
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We should accelerate the evaluation and use of multiple criteria

decision-making models, This will sharpen the distinction between
the trade-offs involved under differing priority sets, and it will
provide an analytical framework compatible with the multiple goals

for which most wildlands are managed.

wheée possible, pursue the use of ''quick and dirty' mcdels in lieau
of large-scale, expensive, time-consuming, data intensive models.
Where not appropriate we must recognize that large-scale models
may only be cost effective in situations where a repetitive usage

is anticipated.

De-emphasize the development of ''packages'' of models unless they
are composed of modules which can be dis-assembled and re-assembled

quickly and cheaply.

Recognize that SA-OR analfﬁts should be spread throughout a firm or
agency along with other managers to encourage increased communica-

tion and utilization of SA-0OR results.

We should strive to incorporate non-quantitative political, cultural
and sociological factors into our analyses if they are relevant.
While the resulting ''messy'' problems will be difficult to analyze
using conventional techniques, this should stimulate the develop-

ment of new concepts and procedures more useful to managers and

administrators.

Fully recognize the difference between public and private sector
problems. As suggested earlier in this paper, this may involve

the use of SA-OR to help identify alternatives and not just to



select from a previously given set, This will unquestiocnably
require the development of new concepts of analysis but should

result in a more useful set-of analytical procedures.
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