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PARKS AND NATURAL RESOURCES

MANAGEMENT: A SYSTEMS STUDY

. Abstract

A study of the'management structures for state parks and natural resource
’protection areas is presented in this paper. The analysis vehicle is a system
dynamio; model of a typical park encompassing flora and fauna natural
“resources, cuiturai heritage,resources, and recreational areas. Such systems
;are eohplex feedback struotureswnnere'management goals must pe drawn to
-tachieve desired ends within fiscal and personnel constraints. The model is
used - to suggest methods of measuring the tradeoffs between goal accomplishment-
*;and«resource constraints. The model was developed through an extensive study
of the'éarks Systemvof Florida. (Key words: Goal Management, System

t Dynamics, Simulation, Natural Resouroes~Management)

Introdnction
The management of state parks is addressed in tne study reported in this
~fpaper.-a8ark sYstems are‘complex feedback structures that encompass flora and
:ﬁrauna4natura1-resources. cultural heritage and historical resources, and
v'recreational racilities. TYpically, maintenance and. development of the
Jracilities and resources are labor intensive requiring oareful allocation of
:'personnel to competing functions. A methodology to evaluate goal development,
.allooation.or“personnel and-subsequentzsystem performance and measurement“is
‘presented and discussed. - B .‘
| ‘The stato,park system has three basio;responsioilities: _oonservingii

inatural:and~culturalnresouroes, providing reoreationai services for the
publio,;andnrepresenting to the public the'signifioance~of-natural and
cultural reatureai These three responsibilities form. tne basis for the

varioua operational functions in the system.‘
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The basic unit in the system is a State park. The macrosystem is the sum
of the various parks in the state and their inﬁeracting functions. Given
this, initial analysis foéused on the nature of various types of parks and
whether or not the individual parks had unique structure. A later phase of
the research will focus on the interaction among parks.

An accepted tenet of thensystem dynamics approach is that progress in
early stages of a study does not require‘extensive data gathering and
statistical analysis (Forrester, 1961). In the:ease of the park system, this
was true, as a causal diagraﬁ, discussed in the next séction, could be
developed with only limited contact with operating mariagers. Progress beyond
.the causal analysis phase of the research required statistical information

'about the hypothesized relationships. An exténsive questionnaire, therefore,
was developed and administered withvghe objective of gathering data that wouid
better define the major areas of a dynam;cimodel‘and the quantitative
relationships among the system variables. The data were subjected to
extensive factor and regression analysis.

The factor»analysis supported the structure of the system iqcorporated
into ‘the dynamic model discussed in a later section. Regression analysis was
used ﬁo better define the transfer functions between the elements and to

 provide quantitative values for a number of the parameters and equation
elements (Clark, al987). The equation sét that resulted hasibeen extensively
vtested with the objective of designing measurement structures that allow

“wanagement to allocate limited staff among simulﬁaneously competing functions

E;nd‘td evaluate the results of the allocation decisions. In the remainder of
7tﬁe:paper, the results of the tests an&'a recommended measurement structure

-are discussed and a more detailed discussion of the system elements presented.
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- Causal Analysis

Accepted methods of causal analysis were applied to develop an initial
model of a typical park [Coyle, 1978; Pugh & Roberts, 1981; Hall, 1983]. 4an
overview of its structure is shown in Figure 1. There are seven major
management areasvin a typical park. These deél with the management of natural
resources, maintenance and-development of -cultural and recreational
facilities, the people who visit=£he,park, the revenue visipors generate, and
-the people and vehic;es neéessary for park protection and maintenance. The
individual variables chosen to represent these areas are shown in the more

rdetailed causal diagram of Figure 2.
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Figure 1. Sector Struqturé of the Park System Causal Model
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The complex feedback structure of the system éan be seen in the ‘diagram
as can the structural relationships between the compe;ing goals that vie for
li¢ited resources. The key elements in the system are the labor hours
availab;e, the level of facilities, thevleVel of protection, the level of
'naturalfresbuﬁces;management. and veﬁlcles and equipmenﬁ capability. These
elemeﬂts'éﬁe interrelated in a way common to such systems. There is a goal in
each area, a decision function that translétes the goal into action, and an
actual‘reSﬁlting output tRoberts, 1963]. An example is highlighted in the
cauéal structure shown in Figure 3.
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Hours . ' fe=) P
Available { ARSI

8+ oY N\ s e
“ N . -Desired Natural
- Labor "~ . .7 Resources Management

.t - Hours ' /
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Figure 3. Typical Feedback Structure

Three loops are detaialed in the figure. There is one highlighted bybthe
dashed line and two with dotted lines. All three are negativé loops
indicating stability at some performance level.v This assumes,,o£~course} that
the flscal resources required to purchase labor in sufficieh€IQuantities-to
heét-desires are ;vailable. Management must balance the system's ?esourcés‘to
achieve, as nearly as possible, all of tﬁe‘competing goais.f‘Th@jtranalatiqn,.
of these typical causal structures into a dynamic model provides management
with a vehicle to evaluate goal changes and comcomitant resbﬁbéé‘ .

requirements. Such a vehicle was the primary objective of the park study.
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The causal diagram contains a numbér'of variables that obviousiy are
difficult to measure, especially in the ratio Scéie. Part of the research was
‘directed at devéloping meaningful quantitative representations for things like
natural resource managemént, proteétion, equipment capability, personnel
- capability, and facilitie;. Akvalue of the‘research approach came from having
managérs focus on the structures and provide suggestions for their measurement
[Richardson and Pugh, 1981]. The meésures and more detailed variable
representations will be addressed in the next secﬁion.where_the structure of
the pafametric model is discussed.

Parametic Model Structuré

The causal model introduced in the last Section was the basis for the
parametric model discussed in this section. A modified flow diagram for the
system is shown in Figure 4. As can beISeen, there was a direct tfanslétion
of the elements:introduced in the causal model; The concept for se?eral
levels in this particular model is somewhat different than that normally
thought of in the system dynamics approach [Forrester, 1986; Richardson and
ﬁugh, 1981]. This stems from the measurement structure chosen for qualitative
variables and the particular nature of parkslmanagement.

There are three’levels of the nine shown which have quantitative measures
that can §e directly cobserved in the system. These are the two levels for
available:labor hours (in training and fully dhalified) and for attendancé.
These can. be measured‘in the ratio scale ;nd directly included in the model.
Measdres in the ordinal scale for the other‘levels were devéloped and refined
in extensive diécussions with park managers. -The general approach to
measurement will be i;lustrated by using on the "level of resource management"
as an example.

The initial value of thevvariaple was set by assessing a particular

park's land mass, flora and fauna. A complexity index for flora was developed
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" using an eleven point Likert scale (0-10) from "open land in a natural state
(no management'required)“‘to "diverse flora requiring extensive management."”
The managers assign a number based on the amount of ecological burning
‘required, the need for exotic plant control, the requirement for native plant
management, and the need for erosion control. Each element could be graded
separately, of course, and a composite score derived but this waé qot done in
this phase of the study. For fauna, a similar index from "natural state" to
nextensive wildlife management required" was employed. The number is assigned
by evaluating the need for ‘exotic animal control and native animal

' management. In Florida, saltwater can have a significant impact on management
requirements, so a similar index is used to assess its influence. The initial

‘“yalue for the level is then formed by solving the following equation:

Level of Resource Management = ((Size *{Flora Complexity Index +
Fauna Complexity Index)) * Saltwater Influence Index

The absoiute value given is not parti¢uiarly‘important rather its
magnitude relative to other parks, and over timé, its relative change within
the park. The change is controlled through the rate_variable "resource
management‘change rate." The rate variable is a percentage mulpiplied times
the level and developed in equa;ions of the following form.

LRM.X = LRM.J+DT*(RMCR.JK)
RMCR.KL = LRM.K*(RMPF.K+VECLE.K)

where:

LRM Level of Resource Management (Dimensionless Units)

RMCR- Resource Management Change Rate (Units/Time)

RMPF  Resource Management Provided Factor (%). This variable
is a table function that translates labor hours available
intoe functional ocutput.

VECLF Véhicles and Equipment Capability Level Factor (%). This
variable translates the vehicle and equipment capability
of a park into its contribution to resource management
output.
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The level is then free to rise and fall as personnel and equipment are applied
bto achieve a. given output. This structure is common in the model. Normﬁlly,
a level is a physical acdeumulation within a system. Here it represents an
abstract, at least in terms of ratio measurement, concept. The change in the
level and not its absolute value is of importance.
Considerable testing of the model was directed at balancing the
functions, such as the resource management provided factor, so that personnel
were allocated among the various management areas. The goal in hhis analysis
was to have the model stabilized at the initial level values and to have the
~managers involved agree that the model reasonably represented, over time, park.
behavior. This was done by testing the four components of the variable
"desired level of labor hours" and the separate functions that allocate effort
to the management areas. The structure can be seen in Figure U4 and the form-
of the‘desired labor hours équation is: #
DLOLH;L'=‘LHRFRM.K+LHRFFM.K+LHRFP.K+LHRVEM.K

where:
DLOLH  Desired Level of Labor Hours (# of hours).
LHRFRM = Labor Hours Required for Resource Management (# of hours)..
LHRFFM Labor Hours Required for Facilities Maintenance (# of hours).
LHRFP Labor Hours Required for Protection (# of hours).
LHRFVEM Labor Hours Required for Vehicle and Equipment Maintenance

(# of hours). o

The typical structure of the four components of the equation iz shown in
the table function of Figure 5 uéing‘the goal variable "desired level of
facilities factor"” aé the indépéndent element and "labor hours required for
facilities méintenahce"vas the dependent elemeht.»The table is structured so
that, in each calculation period the éxact amount of labor hours necesséry to

maintain the initial value of the facilities is added to the desired labor

hours variable. The "desired level of facilities factor" is a ratio formed by
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dividing the goal for the level of the facilities established by management by

the actual value for the level. It is modified by attendance.

Desired Labor

Hours
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352 -
342 A

32 7

322 -

3t~

L] [ M . 1] * (]
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Figure 5. Typical Labor Hours Required Function

As long as management does not change the goal, the function along with
the others similar to it will produce stability. The compiéx'feedback nature
of the system only partially is illustratéd by this equatioh'étructure. The
feedback loop for the entire structure is isolated in Figure 6. It shows the
translation of a goal into the resources required to attain it. The nature of
the structure also illustrates the considerable delay in translating the goal
into a facilities change. When a goal isjghanged, it 1is cgmpéred to the
actual level and more people hired thrcugh1§éé,effect on desired personnel.

As new people are added, a proportion of their”iabor hours would be devoted to
maintenance thus raising the absclute value of the level. If management
intended all of the new perscnnel be allocated to maintenance, the allocation
table function that provides effort in maiptenance would have to be changed.

That table function controls the facilities maintenance change rate.
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The pgrametric model contains four of the type of loops illﬁstrated in

- Figure 6: one for facilities, one for resources, one for protection, and one
for vehicles and equipment. Managers provided estimates of the percentage of
labor hours allocated to each area. These percentages were used to partition
the labor.hours using table functions. The results of operation of the model

given these structures will be discussed in the next section.

Rate of Labor
A D e = D e .
_<<?7 Hiring Hours : ‘;:IL

(7 Availab le \
, ~\ Labor Hours
Desired Level of Decay <::> Allocated To
Labor Facilities Rate Maintenance
Hours . T {;77 //
/\\ Desired [/
Facilities 41 Maintenance Level of o Rate
- Factor . Factor r\ , Maintenance of Change
A Desired \\‘—’/
Level of
Facilities

Figure 6. Typical Feedback Structure

Model Operation and Results

As with most System dynamics models, the park model was designed to be
stabie under inftial conditions. 'As noted, the goal functions were
specifidélly structured to provide stability that would remain unless the
goals were changed or the environmental variables shifted. As a resulﬁ,
ékperimentation with the model focused on changes in ;ﬁe'goals_and
environmental variables. The initial run of the model undér‘basic conditions
is ahoﬁn-in Figure 7. There is growth in attendance that produces growth in
the various parts of the system as long as the system is not resource

cohstrainéd. Tﬁe'structure that produced this ocutput was extensively tested

using‘the methods suggested by Vorraster and Senge (1980). The testing
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procedure established confidence that the model was useful for its,stated

purpose.
A Average Level of Attendance * Vehicle and Equipment Capability
R Level of Resource Management S Labor Hours Available -
M Level of Facilities Management P Level of Protection
E -] Qe [N
-] a &
ademEa, o . . a i
awy [ » Y
ee__.__499 %% ¥y & AEEEEE T EERE
ir-] [=] (=~ T L I e R T R R T R T S T T S R T S SR SR RS
;‘\!s°8°~g| i 1 t ?
amvYQONo ma
- ngsa:l 1 | éhh!hhha s:
I 3 t ,sbi h'
1 1 ] hh ] §<E [
1 | 1 hh i nﬂdu i
t t [ 1 R <0 |
B b - P [
888888’ ....... .. R L, -] L e
28388888 ( i éﬁs & ¥
8- Xl A )
2753835 ! - 2% B o
- RN} ] - 1 .; '&W P ]
H t i . » - ul’m z 1
t | [ 1 D'ﬁu ga “q T
. t 1 -~ mag»;ﬂ 0o, '
hg . 1 t [} mmmu£§<< T ! zz t
) Su«§§°°8 ............. [ . » -‘}ﬂq Y - VR S e T
SHAS9SS y @@ o L <m fa . ] ,
g-gggss, @® Wt g% . ' T .
[ mmé“" ¢§§ l&& = 1
1 mw 'l <<H A znu ]
t - L t ] 1 I
i afa*™ <“u® mmmi - n® ' !
o3 ~d a» . L] B =
- 1-T-X-E- DR R L SRR T - M"Y - 1 o |
SQQQQQQ*Q ...... Y B IR R I T N S R
~HoeNAag hﬂﬁﬂégm 1 za ' !
s-9ggss. R il 2% ! o
O - <« | ! 1 1 1
“?ﬁ%ﬁh a® ile . .
i = .
' om ow® t - 1 1 '
! -} | D= 1 1 t
o -] .
FScooca'E :::’z ! ! !
gmccgcgg b -3 3 >3 - B T S I T T N R R T Lt e e s e
So@5S833 2 s < o
oO~NONe @ o -] ) <
- NMROCON Lol N L] -
X o

Figure 7. Basic Model Output

Three examples of the‘types of éxbériménts performed with thé'hodel will
be discussed. The first involvgd induéing a 3.0% growth goal‘in resources
management.  The response, shown in Figure 8, was predictable given the nature
of the model. The resources management le@el (Rvin Figure 8) responded to the .
changed goal by increasing slowly over the period. The response was not as

rapid as expected because the level of vehicle capability (*) declined.
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P

slightly providing a limit to the growth goal. Resources in this area would
v be required to sustain the‘growth. The level of labor hours (S) increased to
a ﬁew level and stabilized. The increase in facilities indicated some of the
additional capability .was éhanneled into the facilities maihtenance activity

(F) thus producing a further limit on the resources management growth

objective.
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o Fiéére's. Resource Management Growth Experiment

o The éecond;experiment'involved increasing the goal for the level of

facilities by about 4% and adjustment of attendance growth to remove any
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effect that was exogeneous to the system (new roads; for example).

The

results are shown in Figure 9. Facilities increase and after a brief "take-

off" phase attendance also increases.

As the effect of facilities use

produced by the increased attendance is felt, the growth begins to decline.

The levels of vehicle capability and available labor hours responded as they

did in the system because no specific effort was made to allocate the added . .

This condition was described by managers as

labor hours to only. facilities.

common in parks.

(unintended) requirements and responses in other areas.

Increase of goals in one area produced additional
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Figure 9. Facilities Growth Experiment
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In the third experiment, a budget conétraint factor was added to limit
~the labor hours tﬁat could be added while the facilities growth goal was
increased. The résults; shown in Figure 10, were to reduce the labor hours
growth'and predictably, tovproduce slower movement toward the increased goal:
for the level of facilities. 'Because of the slight percentage reduction the
changes were not pronounced.- These and other tests further raised confidence
that the model was a suitable devige for evaluating managerial initiatives and
would be useful in increasing understanding of park dynamics.
Conclusions

The results discusseq.in the paper indicate that system dynamics is an
aﬁpropriate appfoach fdffa model of tﬁe type of service system presented.
As illustrated, the model may be practically employed to develop personnel
budgets and theoretically to experiment with the nature of the effect of goals
in service systems;‘ These -uses of the model are currently under evaluation.
The issues of measurement in such a system are especially»interesting and are
discussed more completely in a fully documented version of the model. A paper
describing measurement more completely is available upon request

(Clark, D1987).
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Figure 10. Budget Constraint Factor Experiment
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