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APOLOGIA

26 November, 1998

Dear Professors van Ackere and  Davidsen,

I must apologize for my report.  It turns out that I chose to do more than I could do in the the allotted time.   In hindsight, I should not have attempted to make the Door County paper and the project paper one and the same.  I now think there are elements in each that should not be in the other.   Also, it turned out to be much longer than it needs to be because of including both project and Door County elements.

You will find many named sections in the paper to be blank.  These are mostly sections for Door County that would not be of value for the course project anyway.  There are two major exceptions.  As you may recall I was going to document four stages of my model building.  Well, I had time to only document the first two stages.  The last two stages have all the feedback loop and stock/flow diagrams, as well as all the behavior graphs; but there is just no accompanying text.  Also, the validation section is sketchier than it should be.  All the equations and parameters for all four models are in the Appendices, as well as partial variable documentation.   

I feel that my work on this project has been reasonably well done, however, the documentation, as you will see, is not complete.   At this point, I think I should have used only the fourth model for the paper, rather than trying to include all four models.  Yet, I think I need to include all four for the people in Door County, so that they can envision the process.  Ah well…..

I guess this is to apologize for the inconvenience of your having to read, despite its length, such an incomplete paper.    

Take care,

Paul Newton

Forward and Context

Before reading further, please read  John Shibley's "Notes" in Appendix 1.  

Mr. John Shibley is the owner of the Portland Learning Organization of Portland, Maine.  His practice focuses on the application of systems thinking within organizations.  He became involved with Door County, Wisconsin at the invitation of Ms. Elizabeth Fadell, a partner and dialogue consultant from The Enterprise Group of Madison, Wisconsin.  Ms. Fadell's work focuses on the practice of dialogue in organizations.  Ms. Fadell in correspondence with Mr. Shibley and me stated that John Shibley's notes (Appendix 1) were "the documented result of a Dialogue John and I participated in with Door County folks at the beginning of their exploration of using Dialogue to assist in dealing with land use/quality of life issues….This memo was a first attempt to capture the dynamics of the ideas explored in this conversation."

During the winter and spring of 1998, I began working with Door County through the University of Wisconsin at Green Bay's Sustainable Communities Leadership Institute.  One of several proposals that resulted from this work was to develop a system dynamics model and associated paper, based on John Shibley's notes (Appendix 1).  The purpose of this model and paper would be to illustrate the 'better questions' and 'explicit thinking' that the process of building a system dynamics model would engender in the people who build such a model and who write the associated model documentation.  Further, this model and paper would support a second proposal addressing an approach to the initial use of system dynamics and systems thinking in Door County's K-12 schools.   

Therefore, this paper is an attempt at simultaneously meeting the objectives of both the University of Bergen's IVM-462 system dynamics course and the Door County proposal.  This is why I have chosen to write it as a fictional experience by a small group of high school system dynamics students on a fictional Peninsula that happens to share many of the characteristics of the Door County Peninsula.  The fictional high school students will themselves discuss the reasons for this 'fiction' in their first presentation in this paper.   I'll let the high school students take it from here….
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1.0
Introduction

2.0
Our 1st Presentation - "Project Proposal"

2.1
Problem / issue statement and reference modes

As proffered by John Shibley, consultant to Door County, in an electronic mail message to us, "What structures working over time are turning Door County into a place its residents don't want it to become?"

To clarify this problem statement, I think it necessary to specifically identify those features of the area which the residents feel are changing to result in the area's becoming "a place its residents don't want it to become."  I have identified four such features based on John Shibley's paper (Appendix 1) and Tom Torinus' article (Appendix 2):

1)
a decrease in the attractiveness of the natural environment of the area (from Shibley's paper).  

2)
too much of an increase in population of the area (inferred from Shibley's notes).

3)
a change in the character of the population from a preponderance of people who are attracted to the area's natural environment to a preponderance of people who are attracted more to the area's built environment (from Shibley's paper).

Before reading further please read Tom Torinus' article in Appendix 2.
4)
the economic and cultural diversity of the area's population is changing to include more and more relatively wealthy  people and fewer and fewer relatively less wealthy working people (from Torinus' article).

Further, I think the residents would want to learn how they could modify the structures to reduce or reverse these changes. 

These four problems can be illustrated using behavior-over-time graphs (BOTGs).  For example, the first three problems can be illustrated as in Figure 1:
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Figure 1
Note in Figure 1 the increase and decline in NE Pop as more and more of the land area is developed.  Such development signifies a decline in the attractiveness of the natural environment.  However, the NBE Population, which is attracted both to the natural and the built environments, can tolerate higher levels of development than can the NE Population.  At some point, the level of land development, signifying the attractiveness of the natural environment, begins to bother the NBE population, causing it to begin to peak and then decline.  The only population that is now attracted to the area is the BE Population, those people who are attracted only to the built environment and not to the natural environment.  Their numbers continue to rise until most of the land is developed, and there is no more room for development.  

I hope you can see how Figure 1 explicitly illustrates the three problems implicit in the story in John Shibley's notes in Appendix 1.  These hypthesized BOTGs represent the BOT that I anticipate obtaining from my system dynamics model; such BOTGs are often called 'reference modes' of behavior in system dynamics parlance.

The fourth problem is illustrated by the BOTGs in Figure 2.
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Figure 2
In Figure 2, as property values increase, both the original population and the working populations (both permanent residents and seasonal residents) for the area decrease.  This is due, not only to the increasing property values, but also to the concomitant increases in property taxes.  

My intent is to develop the simplest feedback model that can generate the behavior modes described in these reference behavior-over-time graphs.

2.2
An 'Exploratory' model

My proposal is to build an 'exploratory' model, based on four sources:

1)
John Shibley's memo (Appendix 1),

2)
Tom Torinus' newspaper article (Appendix 2),

3)
Interaction as needed with people in Door County as I have questions while developing the model, and

4)
My personal knowledge and experience of Door County.  I live less than 20 miles from Door County, and have had significant business, personal, and recreational interaction with Door County since I moved to Green Bay in 1985.  In fact, the sailing opportunities in Door County were the primary personal (as opposed to work) attraction that led me to accept a job with IBM in Green Bay in 1985. 

By 'exploratory', I mean that the model will be based on mental models, with very little corroborating factual or historical data.  I do intend to indicate, by being explicit about the 'better questions' that modeling forces one to ask oneself, where one might want to do more detailed data collection to improve the model.

2.3
A 'General' rather than a 'Specific' model

Although my model will be based on Door County information, I intend, at this point, to use this information in a way that addresses, not Door County itself, but places with the same general characteristics as Door County. There are two reasons for this intention.  First, because this is an exploratory study primarily based on mental models and inadequate supporting data, I want to minimize the possibility that Door County residents would believe that the model and paper are more valid than they are.  I desire that Door County residents who review this model and paper see it in the same light that John Shibley desired people to see his notes (Appendix 1).  As John Shibley states in his last paragraph:

"These notes represent a very rough draft of one person’s theory of the dynamics of development in Door County. They do not reflect “the truth”: they reflect a mental model that is open to challenge, refinement and influence.  The best way to use a treatment of this nature would be as a point of departure for dialogue.  I hope you can see how having such a point of departure might enrich that conversation."

I believe that if I couch the model and paper in general terms, rather than specific Door County terms, it is more likely that Door County residents will see the paper in its proper light.
My second reason for intending to use general rather than Door County specific language is Jay Forrester's admonition, "When first modeling a social system it is usually best to model the general class of system rather than a specific system" (Forrester, 1969, Section 2.2).  So, although, at this time, I don't have any place other than Door County to use as a reference for building such a general model, I intend to use terminology appropriate to places similar to Door County rather than Door County itself.  Although basing a general model on one case is poor practice, I believe doing so in this instance will not affect my ability to achieve both my Door County and my semester project purposes.  Perhaps later studies could improve the model by looking at other locations with similar characteristics to Door County.

2.4
Characterization of places like Door County

How would one characterize 'places like Door County'?   Here are some obvious characteristics.

1)
Many people perceive the natural environment as very beautiful, thus attracting many tourists and the desire of many people to live there.  In the case of the Door County peninsula, this beauty includes:

a)
 the varied interior landscape including cliffs, peat bogs, flatlands, rolling hills, natural wildflowers,  etc.  Door County is an approximately 100 mile long peninsula formed by the Niagara escarpment which is a geological formation that heads northeast, then circles back south to form the cliffs at Niagara Falls).  

b)
the water, including harbor towns and beaches, both on the Lake Michigan and Green Bay sides of the peninsula.  Many of these towns vary in character from being nautical centers of commerce and shipbuilding to being family oriented towns, to being wild and crazy party towns, to being primarily fishing villages.  

2)
The Door County peninsula has for many years been a 'summering' place for wealthier people from one or more major metropolitan areas.  In the case of Door County, these areas are Chicago and Milwaukee.   It is generally believed that this attraction is the result of the natural beauty and relative accessibility (5 hours and 3 hours drive from Chicago and Milwaukee, respectively) of Door County.  Many relatively wealthy people from these metropolitan areas have had vacation homes in Door County for many years.  These homes are used mostly in the summer but partly in the winter as well.  More and more people from these large metropolitan areas continue to build these second homes.  Further, many people are making places like Door County their retirement residence, thus becoming part of the primary population.

3)
There is a significant transient 'tourist' population in Door County, both in the summer and winter months, although significantly larger in the summer months. 

4)
The Door County peninsula is geographically bounded on its northern and western sides by Green Bay (a bay off of Lake Michigan), on its eastern side by Lake Michigan, and to its south politically by a county line but more pertinently perhaps, but a less and less attractive natural beauty as one moves south. 

So, places like Door County can be said to be naturally beautiful, geographically bounded, and accessible to large metropolitan areas and therefore attractive for significant tourism, second home development, and a primary retirement residence area.   Were one to adapt this model to Door County proper, it would probably be appropriate to model, instead of all of the Door County peninsula, only what is called northern Door County, as it has received the bulk of the tourism pressure to date.  However, tourism is spreading into southern Door County as evidenced by recent changes in the town of Sturgeon Bay.

2.5
Dynamic Hypothesis

Following John Shibley's lead, I have developed a more detailed causal loop diagram and associated story.  This CLD and story form my 'dynamic hypothesis' of the structure that I believe will reproduce the reference modes.   I will convert this CLD and story to a system dynamics simulation model that will hopefully reproduce the problem reference behavior modes.  

The initial dynamic (compare to Appendix 1):

At some point in the past, the area had what I will call an original population which comprised the total population of the area.  In Door County this original population was composed primarily of farmers and fishermen.  People in this original population invite others to visit them in the area, and, over time, an outside knowledge of the attractiveness of the natural environment (expressed in the ratio of developed to total land area) of the area develops.  Eventually, some of the people from outside move to, or vacation in, the area, primarily due to their attraction to the area's natural environment (I am calling these people who move to, or vacation in, the area the "Natural Environment Population").   The Natural Environment Population, in turn, invites people to visit, tells their friends and relatives about the area, leading to even more people knowing about the area, which, in turn, leads to more Natural Environment Population.  Thus you have a reinforcing feedback loop, leading to a larger and larger Total Population. This is illustrated in Figure 3.
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Figure 3 The initial dynamic (compare to Appendix 1)

As John Shibley says in his notes (Appendix 1), " These last two elements combine to create a reinforcing structure (R1) which works over time to attract more and more people to the county."

Types of population:

In order to illustrate the changing character of the population, it is necessary to disaggregate the population along several dimensions.  If we are to show that, over time, the working population cannot afford to reside in the area, then we must  disaggregate the Non-working and Working populations as shown in Figure 4. 
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Figure 4 Types of Population

Although I do not believe it necessary for building a first model that will replicate the problem reference behavior modes above, at this point I will further disaggregate the population, as shown in Figure 5, simply  to make the model more realistic to the area's residents.  This disaggregation includes Non-working Permanent Residents 
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Figure 5 Types of population (cont'd)

(PR-NW-NE-Pop), Tourists (T-NW-NE-Pop), and Second-home owners (SHO-NW-NE-Pop), as well as Working Permanent Residents (PR-W-NE-Pop) and Seasonal Residents (SR-W-NE-Pop).   Note that I have added a bit of causal structure indicating that the PR-NW-NE-Pop causes increases in the PR-W-NE-Pop, and that the T-NW-NE and SH-NW-NE populations cause increases in both types of Working Population.  Actually, this causal structure is incorrect, since the availability of jobs is the real primary cause of growth in the Working Populations.  However, for diagramming simplicity's sake we will draw it as shown for now, and make this correction later in the project.  

Development of the Built Environment and a Population attracted to it:

Over time, as the population attracted to the natural environment of the area increases, some people will inevitably be attracted to the area who are not only interested in the natural environment, but also interested in what John Shibley's notes called the 'built' environment.  Although every area should determine their own individual definition of  the 'Built' environment, the definition may include such facilities as bars and clubs for nightlife, golf courses, state parks, theme parks, certain types of retail shops, marinas, etc.  Figure 6 adds to the diagram both the Built Environment, and the populations that are attracted to elements of both the Natural and Built Environments (noted as NBE Populations).

[image: image6.wmf]Total

Population

Developed / Total

Land Ratio

Natural Environment Pop

PR-NW-NE-Pop

T-NW-NE-Pop

SHO-NW-NE-Pop

SR-W-NE-Pop

PR-W-NE-Pop

Non Working Pop

Working Pop

PR-NW-NBE-Pop

T-NW-NBE-Pop

SHO-NW-NBE-Pop

 SR-W-NBE-Pop

 PR-W-NBE-Pop

Non Working Pop

Working Pop

Natural & Built Environment Pop

Built

Environment

Original

Population

PR= Permanent Resident

NW =Non working

NE = Natural Environment

T = Tourist

SHO = Second Home Owner

SR = Seasonal Resident

NBE = Natural & Built 

            Environment

BE = Built Environment


Figure 6 Development of the Built Environment and a Population attracted to it

Note that the more NBE Population, the more Built Environment, and vice versa.  Also note that the more NE and NBE Population there is, the more the Total Population increases.  

Reduction in attractiveness of the Natural Environment, and associated population shifts:

Figure 7 shows that the more Total Population there is, the more Basic Services and Development (grocery stores, roads, basic retail stores, utilities, etc) and Housing come into being.  It also shows that the more Basic Services and Development, Housing, and Built Environment there are, then the higher the ratio of developed land to total land becomes.  The higher the ratio of developed land to total land, the less attractive is the natural environment of the area to NE and NBE Populations (this relationship is not shown, but represents an assumption that the more developed an area is, the less attractive is its natural environment).   Thus, over time, as the area's land becomes more and more developed, the attractiveness of the area to NE and NBE populations will become smaller and smaller, and will restrict the inflow as well as create an outflow from of these populations to and from the area, respectively.  Since the NE Populations are only attracted to the natural environment, whereas the NBE Populations are attracted to both the natural and built environments, I expect that the NE Population  will peak and then begin falling before the NBE populations.

[image: image7.wmf]Total

Population

Developed / Total

Land Ratio

Natural Environment Pop

PR-NW-NE-Pop

T-NW-NE-Pop

SHO-NW-NE-Pop

SR-W-NE-Pop

PR-W-NE-Pop

Non Working Pop

Working Pop

PR-NW-NBE-Pop

T-NW-NBE-Pop

SHO-NW-NBE-Pop

 SR-W-NBE-Pop

 PR-W-NBE-Pop

Non Working Pop

Working Pop

Natural & Built Environment Pop

Housing

Basic Services

& Development

Built

Environment

Original

Population

PR= Permanent Resident

NW =Non working

NE = Natural Environment

T = Tourist

SHO = Second Home Owner

SR = Seasonal Resident

NBE = Natural & Built 

            Environment

BE = Built Environment


Figure 7 Reduction in attractiveness of the Natural Environment, and associated population shifts

Development of a population attracted only to the Built Environment:

Finally my dynamic hypothesis assumes there is a population that has no interest in the Natural Environment, but prefers the Built Enviroment.  The structure showing the growth of this population is shown in Figure 8.   Of course, the more of this BE Population there is, the more Built Environment there is.  And the more of this BE Population there is, the more Total Population there is, leading to more Housing and more Basic Services and Development, leading a still higher ratio of Developed to Total Land Area.  
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Figure 8 Development of a population attracted only to the Built Environment

Reduction in Resident Working Population:

I think the causal loop diagram in Figure 8 is sufficient to replicate the problem reference behavior modes for the first three problems as illustrated in Figure 1.  In order to replicate the problem reference behavior modes in Figure 2, it seems reasonable to indicate that Residential Property Values increase as the Developed / Total Land ratio increases.  Increases in Residential Property Values cause increases in Residential Property Taxes.  Increases in Property Values alone may induce working homeowners and original residents to sell their property.  On the other hand, if they haven't sufficient funds to pay the increasing yearly property taxes many original residents and working homeowners may be forced to sell their property against their will.  Finally, increases in property values and tax rates will force landlords to raise their rents, thus forcing both primary resident and seasonal resident workers out of the area.  All of this is captured in Figure 9.  
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Figure 9 Reduction in Resident Working Population

2.6
Shortcomings in our dynamic hypothesis

1)
Note that in each of the three populations NE, NBE, and BE, I have shown the non-working population influencing the size of the working population.  There are two problems with this.  The first one was mentioned earlier, and that is that changes in the level of non-working population does not directly influence changes in the levels of working populations.  Rather, the level of non-working population works to influence working population through an intermediate level having to do with jobs available from the Basic Services and Development or Built Environment facilities.  The second problem with the diagram as shown is that all non-working population, whether NE, NBE, or BE, influences jobs that influence the growth in working population, irrespective of whether the working population is attracted to the natural, built or combined environments.  On the diagram I incorrectly, for drawing clarity, show that the level of working population is influenced only by it's corresponding NE, NBE, or BE non-working population. 

2)
With the exception of showing more population disaggregation than is necessary, I have included in the diagram only those variables that I believe necessary to recreate the problem reference modes.  An example is that the causal loop diagram includes no influence of availability of jobs, housing, or basic services and development on the changes in the populations.  However, these influences are real and  could have an impact on the dynamic behavior of the model, and therefore should be included in any system dynamics model that would be deemed suitable for policy analysis to influence the problem reference behaviors.   

2.7
Attractiveness influences

One way to think of what should be included in the model is to think of the features of the area that attracts the various populations to the area.  We might call these 'attractiveness influences'.  Below is a preliminary list (I'm quite certain that there are more influences that should be included of which I have yet to think) of the attractiveness influences that should probably be included in the model.  The features in italics are included the causal loop diagram in Figure 9, whereas the other features are not, but should be before the model can be deemed suitable for policy analysis.

-
For growth of non worker populations (Permanent residents, tourists, & second homeowners) 


-
for NE population - low developed/total land ratio

-
for NBE population - mix of relatively low developed / total land ratio and availability of BE facilities


-
for BE population - availability of BE facilities

-
housing availability


-
housing values


-
housing tax rates


-
availability of basic services and development

-
For growth of permanent resident workers

-
availability of jobs (partially included in a poor way in the influence of worker on non-worker populations discussed above.)


-
for NE population - low developed/total land ratio

-
for NBE population - mix of relatively low developed / total land ratio and availability of BE facilities


-
for BE population - availability of BE facilities


-
housing availability


-
housing values

-
housing tax rates (Partially included - In the 1st model, the tax rate is constant.  Only change is in property value.  In a later iteration there will be a tax rate change due to public perceptions of the real changes in the ratio between assessed property value and tax need changes due to population changes.)


-
availability of basic services and development

-
For growth of seasonal resident workers

-
availability of jobs (partially included in a poor way in the influence of worker on non-worker populations discussed above.)

-
for NE population - low developed/total land ratio

-
for NBE population - mix of relatively low developed / total land ratio and availability of BE facilities


-
for BE population - availability of BE facilities

-
housing availability


-
housing values and tax rates as expressed by cost to rent


-
availability of basic services and development

-
For growth of basic services and development facilities 


-
size of total population


-
property values


-
property tax rates

-
For growth of built environment facilities


-
size of NBE and BE populations


-
property values

· property tax rates

2.8
Why is system dynamics applicable to this problem?

"The problems that one addresses from the perspective of system dynamics have at least two features in common.  First they are dynamic….A second feature….involves the notion of feedback" (Richardson 1981, Productivity Press, section 1.1).  

The behavior over time graphs in figures 1 and 2 illustrate the dynamic nature of the problems facing the Peninsula.  And the discussion of our dynamic hypothesis in Section 2.3 and its accompanying feedback loop diagrams in figures 3 through 9 illustrate our belief that the dynamic behavior in Figures 1 and 2 is caused by these feedback interactions.  Indeed the purpose for building our conceptual model is to prove to ourselves that the feedback structure in Figures 3 through 9 can generate the dynamic behavior modes in Figures 1 and 2. 

Therefore, based on Richardson's criteria, this problem is most assuredly one for which system dynamics is appropriate. 

2.9
Why develop a 'conceptual' model????

Talking about how the World 3 model (Meadows, 1972; and Meadows, 1974) was developed, Jorgen Randers states, "Taken together, the reference mode and the basic mechanisms constitute the 'dynamic hypothesis' of the study.  An early task in the modeling process was to test the dynamic hypothesis, that is, to check whether the basic mechanisms actually did generate the reference mode.  An initial model was made for this purpose….The simple model proved capable of reproducing the reference mode….This initial model wsa the output of the conceptualization stage and the basis for developing an improved model."  (Randers, 1980, pp 126-127).  

Thus, developing a conceptual model is an accepted stage in system dynamics model development practice.  The model that is developed in this paper is such a conceptual model.  The purpose of developing a conceptual model is to ensure that the hypothesized feedback system, plausibly structured, will indeed generate reference modes that describe the problem under study.  

In the case of the World 3 model, a feedback structure containing three stocks (you'll learn what these are in our next presentation) was adequate.   For the Peninsula model, our dynamic hypothesis hints that a five stock model may reproduce our reference modes: three populations attracted to the natural environment, the natural and built environment, and the built environment, respectively; and a working population.   

2.10
Next steps - moving towards a model suitable for policy analysis

After the quote in the previous section, Randers continues his discussion of the World 3 model, "After successful tests of the dynamic hypothesis, the modelers began a long process of discovering and correcting errors and weaknesses, and extending and elaborating the original model to obtain an increasingly 'better' model.  Ultimately, they arrived at a model that appeared sufficiently credible to warrant experimentation to devise improved policies for managing the world system.  Approximately twenty person-years of gradual extension and elaboration of the initial model led to the version of the model called World 3…that was published. …  [T]he reference mode is still intact even though World 3 has twenty-one levels [stocks] versus three in the initial [conceptual] model.  The basic structure of the expanded World 3 model is still similar to the initial model…, although the World 3 structure is less aggregate, more realistic, and more confusing." (Randers, 1980, p 130).

The Peninsula model could be expanded in similar fashion.  Our next step after completing this paper will be to look at historical population growth data from the Peninsula in hopes that we may parameterize the conceptual model such that it's historical output more closely matches historical population changes on the Peninsula.  We will also begin to consider policy changes that we wish to investigate.  Selection of these policy changes will guide further development of the model towards making the model useful for conducting experiments to see which are the best policies for reducing the problem behavior.  

Examples of model changes that will probably prove useful for policy analysis:

1)
Since there can be no immigration to an 'original population', we should probably change the name of the original population to something like 'farming population' and 'fishing population', with accompanying 'basic services population'.  

2)
Since many of the policy changes that people may wish to consider may relate to maintaining affordable housing for the working population,  tax changes for second home owners, tax changes for certain types of businesses, etc, disaggregation of the populations and businesses may be necessary.  

2.11
Feedback from Mentor

I really like your project.  And I feel that you are approaching it in an appropriate way, proceeding from a problem statement with reference mode behavior over time graphs to a dynamic hypothesis.  I also like your approach of building a generic and conceptual model first.

As I was listening to your presentation, I developed some ideas for how you might proceed with your work of developing your conceptual model.  I would recommend that you base your development process on a progression of behavior-over-time modes as follows:

1)
exponential growth of the NE population

2)
S-shaped growth of the NE population

3)
growth and collapse of the NE population under the influence of an exponentially growing NBE population.

4)
growth and collapse of the NE population, but this time under the influence of an NBE population that displays S-shaped growth.

5)
growth and collapse of  first the NE population, then the NBE population, under the influence of  an exponentially growing BE population.

6)
growth and collapse of both the NE population, then the NBE population, under the influence of a BE population that displays S-shaped growth.

7)
addition of a worker population that displays S-shaped growth in response to the work available from the presence of the NE, NBE, and BE populations.

8)
growth and collapse of the worker population under the influence of high property values caused by a scarcity of land.  

I would think that each two of these would represent about 1 week's work for your team.   Therefore, I think you should be able to report back next week with the structure you have developed for #2, then for #4 the following week, until you have completed #8 by the end of the fourth week.  

I have developed this approach rather quickly while listening to your presentation, so it would be wise if you, who have thought much more about this problem than have I, give this approach some thought and let me know what you think.   

3.0
Developing our conceptual model

3.1
Our 2nd presentation - "Farmers, Fishermen, and the Wilderness People"

3.1.1
Development of Model 1

First we would like to say that we have decided to try your approach of building model structure that  produces behavior modes that are progressively closer to the behavior modes in our problem statement.   This past week we have developed structure that produces exponential growth and S-shaped growth for the NE population. 

Let's begin with an original population of the Peninsula.  As people in the original population communicate with their friends and acquaintances from elsewhere, invite them to visit, etc., knowledge of the Peninsula grows.  Some of these people decide they like the natural beauty of the Peninsula so much that they want to vacation there, build a second home there, or even perhaps move there.  Of course, the total population of the Peninsula increases as a result.   This 'growth story' can be represented in feedback loop diagram shown in Figure 10.  
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Figure 10: "Farmers, Fishermen, and the Wilderness People" 1st feedback diagram

Initially the total population is comprised of only the original population (causal link 1).  However, as word-of-mouth advertising of the Peninsula occurs, people begin to use the Peninsula, some as a vacation destination, some as a second home location, and some people as a permanent residence (causal link 3).  The types of people who use the Peninsula in these ways are mainly attracted to the Peninsula's natural environment, because the Peninsula is mostly in a natural state, not having been exposed to much development (causal link 2).   Also, the second home owners and tourists, as well as most of the immigrants who become permanent residents, are non-working when they are on the Peninsula.  Therefore we call them a non-working, natural-environment population (NW-NE-Pop).   Of course, this immigrant population increases the total population of the Peninsula (causal link 4).   Another way to represent this 'growth story' is as a stock and flow diagram as shown in Figure 11. 
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Figure 11:  "Farmers, Fishermen, and the Wilderness People" stock & flow diagram

This diagram deserves a little explanation.  First, the two boxes represent 'stocks' or accumulations, in this case, people.  One box represents the original population (Orig_Pop) and the other represents the immigrant population (PR_NW_NE_Pop -   PR=Permanent Resident, NW=Non-working, NE=Natural Environment, Pop=Population).  For the purposes of this paper, we can discuss either the actual permanent population of the Peninsula, or an 'equivalent permanent population' that adds the permanent population to some fraction of the tourists and second home owners.  We have chosen in the system dynamics model to represent only the permanent resident population in the diagrams, thus easing our modeling task later when we expect  to have to independently consider tourist and second home-owner populations.   For purposes of this paper, we can think of the PR_NW_NE_Pop as representing either the permanent immigrant population, or an 'equivalent permanent population' comprised of the sum of the permanent immigrant population and some fraction of the tourist and second-home populations.   The diamonds in the figure represent 'constants', or numbers that do not change.  The circles represent auxiliary variables which are numbers that can change.  The single lines are information links and the double line can be thought of as a pipe carrying material, in this case, immigrants, who are moving to, or who are using, the Peninsula.  The 'cloud' at the left end of the double lines represents the boundary of our diagram, meaning that, for the purpose for which the diagram is drawn, we do not care where the immigrants come from.   

Tracing the causal links in Figure 11, the 'immigrant population' (PR_NW_NE_Pop) and the 'original population' (Orig_Pop) are added to produce the 'total population' (Total_Pop). The 'total population' is then multiplied by the 'average contacts per year per person' to give the 'total contacts per year'.  The 'total contacts per year' is then multiplied by the 'immigrants per contact per year' to give the number of immigrants who move to (or who use, depending on how you wish to think about it per the discussion above) the Peninsula each year.   Note that we have just described three very simple equations (one addition of two numbers, and two multiplications of two numbers each).  Also, note that initially, the immigrant population (PR-NW-NE-Pop) is zero and the 'total population' is comprised entirely of the 'original population.'

So far, we have used three techniques to describe the same situation, a story, a feedback loop diagram, and a stock and flow diagram.  They are all descriptions of a dynamic problem.  Note however that the feedback loop diagram, for most people, is a clearer and more concise description than is the story.  Further, notice that the stock and flow diagram description enables translation from a language story to a simple set of equations (in this case, three equations).  Using these equations, we can then make the story come alive by performing the calculations demanded by the equations, thus producing behavior-over-time graphs resulting from the story.  These calculations may either be performed manually or on a computer.  In the case of this particular story, let us assume that the 'original population' is 10,000 people, that 'average contacts per year per person' is 10, and that 'immigrants per contact per year' is 0.01 (meaning that 1 out of 100 people who learn of the Peninsula, either move to it, or use it).   Simulating for 25 years, the resulting behavior over time of the immigrant and total populations is shown in Figure 12.
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Figure 12: "Farmers, Fishermen, and Wilderness People" 1st simulation

The simulation shows exponential growth.  Looking at Figure 10, the more 'NE population', the more 'total population,' all else equal.  And, of course, because there is more 'total population', word of mouth advertising results in even more 'NE population,' all else equal.  And the cyle continues.  The same thing can be seen in Figure 11.  The more 'NE population,' the more 'total population', all else equal.  The more 'total population,' the more 'total contacts per year,' all else equal. The more 'total contacts per year,' the more 'NE immigration,' all else equal.  The more 'NE immigration,' the more 'NE population,' all else equal.  So, our model responded appropriately to how we designed it. Yet, it is impossible for growth to continue ad-infinitum.  So, there must be something wrong with our concept of this system.  

Obviously something has to limit the growth of the Peninsula's population.  Of course, the available land area would eventually limit population growth, and we didn't show this limit in our story or diagrams.  However, the population we are discussing is the 'NE population,' which is attracted to the natural environment, and which would therefore have moved away long before all the land was developed.  Aha!  We did not talk about nor show in our diagrams that, as the 'total population' increases, the amount of developed land increases (in the form of a higher 'developed/total land ratio' ).   Now, adding this as causal link 5 to our feedback diagram we get Figure 13.
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Figure 13:  "Farmers, Fishermen, and The Wilderness People" feedback diagram #2

The only feedback loop we had in our earlier feedback diagram (Figure 10: "Farmers, Fishermen, and the Wilderness People" 1st feedback diagram) was the loop defined by causal links 3 and 4 which resulted in exponential growth (Feedback loop R1).  Now we have added a second feedback loop defined by causal links 5, 2, and 4 (Feedback loop B1)  This loop indicates that as 'total population' increases, 'developed/total land ratio' increases, all else equal.  Then, as the 'developed/total land ratio' increases, the 'NE population' decreases, all else equal.  This is true because the NE people are, by definition, more interested in natural, that is, undeveloped, areas, and the more developed an area is, the less attractive it is to NE people.  And then, of course, the smaller the 'NE population,' the smaller the 'Total population,' all else equal.  Thus loop B1, starting with an increase in 'total population,' acts to decrease 'total population;' whereas, loop R1, starting with the same increase in 'total population,' acts to further increase 'total population.'  Feedback loops which act to change their variables in the same direction (further increase in response to an initial increase, further decrease in response to an initial decrease) are called reinforcing loops, and are therefore often labeled 'R' for 'reinforcing'. Feedback loops which act to change their variables in the opposite direction (decrease in response to an initial increase, increase in response to an initial decrease) are called balancing loops, and are therefore often labeled 'B' for 'balancing'.    

Thinking a bit more about the interaction of these two loops, early on, while 'total population' is small and there is plenty of undeveloped land, that is, land in its natural state that appeals to NE people, the 'developed/total land ratio' has little impact on the increase in 'NE population.'  The Peninsula is still very attractive to 'NE Population' immigration.  Thus while the  'developed/total land ratio' is low, feedback loop R1 dominates, causing exponential growth.  However, population increases result in more development.  The 'developed/total land ratio' will increase with population, over time making the Peninsula less and less attractive to potential NE immigrants, eventually slowing immigration.   Now, we say that feedback loop B1 dominates, as the growth of the area has stabilized.   This sounds more plausible than our first story that yielded exponential growth.   Therefore we constructed a stock/flow diagram (Figure 14:  "Farmers, Fishermen, and The Wilderness People" 2nd stock/flow diagram)
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Figure 14:  "Farmers, Fishermen, and The Wilderness People" 2nd stock/flow diagram

Note the addition of the second feedback loop.  As 'NE population' increases, 'total population' increases, all else equal.   'Total population', multiplied by 'land area developed per person,' gives 'total developed land.'  'Total developed land' divided by 'total land area' gives a 'developed to total land ratio.'   Then, based on our judgement at this point, and hopefully later based on research, we developed a graph that shows what we believe to be the 'effect of the developed to total land ratio on 'NE immigrants per contact per year'  (Figure 15:  Model 1 immigration table function).  Note in Figure 15, that when 'X', which represents the 'developed to total land ratio' is zero, it produces an 'effct of DT ratio on NE immigration' of '1'.  Looking back at the stock/flow diagram (Figure 14:  "Farmers, Fishermen, and The Wilderness People" 2nd stock/flow diagram), we see that we multiply 'normal immigrants per contact per year' by the 'effct of DT ratio on NE immigration' to produce the 'NE immigrants per contact per year.'   Therefore for a value of '1' for ''effct of DT ratio on NE immigration,' there is no effect on immigration, as it should be.  However, the graph also shows that by the time the 'developed to total land ratio' reaches 0.6, the multiplier is zero, meaning that no immigration occurs.  Further, note that the relationship between the 'developed to total land ratio' and the 'normal immigrants per contact per year' multiplier is non-linear, indicating how we can use non-linear relationships in system dynamics models.  
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Figure 15:  Model 1 immigration table function

Looking at the behavior over time produced by this model (Figure 16:  "Farmers, Fishermen, and The Wilderness People", 2nd BOT graph), we see that indeed the population initially displays exponential growth (dominance by the reinforcing loop R1) followed by slower growth toward a limit (dominance by the balancing loop B1) (refer back to Figure 13:  "Farmers, Fishermen, and The Wilderness People" feedback diagram #2).  Note also that the 'developed to total land ratio' controls this growth and that the ratio reaches a value of 0.6 (Figure 16:  "Farmers, Fishermen, and The Wilderness People", 2nd BOT graph), which is the value at which we chose to make the 'effct of DT ratio on NE immigration' zero.   Further, note that as immigration is increasing (the left side of the line A-A in Figure 16), 'NE population' is increasing at an increasing rate, and that, as immigration is decreasing (the right side of line A-A in Figure 16), 'NE population' is increasing at a decreasing rate.  Finally, note that when the 'developed to total land ratio' reaches 0.6, immigration is zero, as it should be in response to our graph function (Figure 15:  Model 1 immigration table function).
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Figure 16:  "Farmers, Fishermen, and The Wilderness People", 2nd BOT graph

Looking at the stock/flow diagram, we realized that the NE population not only increases by immigration, which is what our last model showed, but it also decreases by emigration, which is why we discovered it while studying our stock/flow diagram; we all know that people not only move to new residences, they also move away from their current residences.  Therefore after looking at the stock/flow diagram for awhile, emigration from the Peninsula became conspicuously absent.   I don't think it would have been as obvious to us on the feedback loop diagram (Figure 13:  "Farmers, Fishermen, and The Wilderness People" feedback diagram #2). However, more thought revealed that both immigration and emigration are implicitly included in the feedback diagram.  In fact, causal link 2 signifies not one, but two links - one to immigration, and one to emigration.  So, now, it became necessary to add emigration to our stock/flow diagram (Figure 17: Model 1 Structure, "Fishermen, Farmers and The Wilderness People").
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Figure 17: Model 1 Structure, "Fishermen, Farmers and The Wilderness People"

(See equations in Appendix 3)

Note that the logic for emigration is similar to that for immigration.  We simply add an 'effect of DT ratio on NE emigration' similar to how we handled immigration in our second diagram.  Tracing the logic from 'developed to total land ratio', we first use a graph function to describe our beliefs about how 'developed to total land ratio' influences emigration (Figure 18: Model 1 emigration table function).  We next multiply the result from the graph function ('effect of DT ratio on emigration') by the 'normal emigration fraction' to give the 'NE emigration fraction.'  'NE emigration fraction' is then multiplied by 'NE Population' to give 'NE emigration' per year.   The graph function 'effect of DT ratio on emigration' (Figure 18: Model 1 emigration table function) indicates that emigration is normal at low values of D/T ratio and increases with increasing D/T ratio.  The curve is a non-linear 's' shape because we believe that at very low and very high values of the D/T ratio, small changes in the D/T ratio will produce small changes in effect; whereas at middle values of D/T ratio, a small change in D/T ratio will produce significant changes in its effect on emigration.  
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Figure 18: Model 1 emigration table function

One difference between emigration and immigration worth noting is that we are assuming that emigration is a direct function of the 'NE population' (note the causal link from 'NE population' to 'NE emigration'); whereas, we assumed that immigration is a function not just of 'NE population' but of 'total population,' of which NE population is a part.   The emigration and immigration switch constants shown are simply mechanisms for turning the feedback loops on and off for model testing purposes.  And the 'net NE Pop immigration' auxiliary variable is simply emigration subtracted from immigration to give a net immigration for graphing purposes to better understand model behavior.  Complete equations for this model (Model 1) are in Appendix 3. 

Now, it is clear that Model 1 has three feedback loops, one reinforcing loop increasing immigration via word-of-mouth advertising, and two balancing loops which increasingly decrease immigration and increase emigration as the 'developed to total land ratio' increases.  

3.1.2
Model 1 behavior over time results

See the behavior over time results in 'Figure 19: Model 1 behavior over time results.'

Also see the parameters for Run 1 of Model 1 in Appendix 3 Section A3.1.1 under Model 1: Run 1.  
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Figure 19: Model 1 behavior over time results

There are two behavior zones represented in 'Figure 19: Model 1 behavior over time results,' one to the left and one to the right of marker 'A-A'.   The word-of-mouth reinforcing loop in the model dominates to the left of A-A and the balancing loops through the 'developed to total land ratio' variable to the immigration and emigration rate variables dominate to the right of A-A.  The point of inflection in the NE population stock in Graph 1 occurs at the peak of the net flow in Graph 2.  Up until this point the gap between the immigration and emigration flows has been increasing; after this point the gap between immigration and emigration is decreasing.  

Also note that the 'developed to total land ratio' reaches a maximum value of approximately 0.3.  Recall that in our last simulation (Figure 16:  "Farmers, Fishermen, and The Wilderness People", 2nd BOT graph) in which only the immigration loops were active (Figure 14:  "Farmers, Fishermen, and The Wilderness People" 2nd stock/flow diagram), the D/T ratio at the end of the simulation was 0.6, which was in agreement with the D/T value in our 'effect of D/T ratio on immigration' table function (Figure 15:  Model 1 immigration table function) which corresponded with an 'effect of D/T ratio on immigration' output of zero.  Now, adding the emigration feedback loop causes the model to seek a new equilibrium value for 'NE population' at which immigration = emigration.  Given the values in the 'effect of D/T ratio on emigration' and the 'effect of D/T ratio on immigration' table functions in the model, this value happens to be around a D/T ratio of 0.3.  Were we to change the table functions, a different equilibrium value for D/T would result.  What is really happening in the model is that the NE population is seeking a level at which the relative attractiveness of the Peninsula to NE people is equal to the attractiveness of other similar places to NE people.  This occurs when immigration equals emigration.

3.1.3
Summary of changes to previous ideas 

3.1.4
Feedback from mentor

3.2
Our 3rd presentation - "Built Environment, Headin' Our Way!"

3.2.1
Development of Model 2

This past week we focused on building model structure that would reproduce the following modes 
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Figure 20:  Model 2 reference modes

As we built the stock/flow model, we found our development work easier if we broke the model up into sectors rather than to try to keep the whole model together in one diagram.  However, this has the unfortunate consequence of hiding much of the feedback structure.  So, we will depend a lot on an expansion of the feedback diagram we used last week to show the feedback structure.  We will try to, perhaps simultaneously, use the stock/flow model structure to describe the rationale for our equations.    

Over the course of the week, we developed four model iterations.  We could take you through diagrams of each one as we did last week, but we would like to try a different approach this week.  We would first like to show you our current feedback loop (Figure 21: Model 2 feedback loop diagram) and stock/flow diagrams (Figure 22: Model 2 NE Population Sector, Figure 23: Model 2 NBE Population Sector, Figure 24: Model 2 Total population and word of mouth sector, and Figure 25: Model 2 Land Use Sector).  We will then attempt to refer to parts of these diagrams as we take you through our thought development over the course of the week.  The equations for these models are in Appendix 3, Section A3.2.2.   
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Figure 21: Model 2 feedback loop diagram
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Figure 22: Model 2 NE Population Sector
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Figure 23: Model 2 NBE Population Sector
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Figure 24: Model 2 Total population and word of mouth sector
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Figure 25: Model 2 Land Use Sector

As we said, over the course of the week, we developed four model iterations.  We would now like to take you through the distinguishing features of each of those iterations.  

1)
The major distinguishing features of the first iteration were:

a)
the only NBE feedback structure included was the word of mouth immigration loop.  

b)
the structure shown in Figure 24: Model 2 Total population and word of mouth sector was implemented.  The focus of the structure to the left of 'total pop' in the figure is to assume that the types of people (NE or NBE) who hear about the Peninsula are can be divided into basically the same ratio of NE and NBE people living on the peninsula.  This is done through calculation of  NE and NBE 'contact ratios,' which are then used in the word of mouth feedback loops in Figure 22: Model 2 NE Population Sector and Figure 23: Model 2 NBE Population Sector.  This structure was unnecessary in the model we presented last week because, at that time, we were only concerned with the 'NE population.

Iteration 1 produced the following general behavior. 
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Figure 26: 1st iteration behavior in Model 2 development

Note that the general behavior is what we would expect, growth, then collapse of the NE population as the NBE population grows, causing significant increases in the D/T ratio.  Note however, that the D/T ratio is greater than 1 which is impossible.  This will naturally take care of itself 

2)
In our second iteration we added the balancing loop in which immigration is affected by the 'developed to total land ratio.'  The behavior-over-time produced by this iteration was as follows (Figure 27:  2nd iteration behavior in model 2 development).  
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Figure 27:  2nd iteration behavior in model 2 development

Note that the balancing loop comes into effect and that immigration essentially ceases at a D/T ratio of 0.6 since, to this point, we are using the same graph function we used for the NE population last week.  

3)
In our third iteration we simply added the emigration balancing loop as a function of 'developed to total land ratio.'  Now, the NE and the NBE models are equivalent.  We are essentially back to Model 1, but with two populations, NE and NBE, that are equally attracted to the natural environment.  Note that we have yet to add the built environment in accordance with our dynamic hypothesis.  The behavior over time for our third iteration is as follows (Figure 28: 3rd behavior iteration in Model 2 development).  
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Figure 28: 3rd behavior iteration in Model 2 development

Note that the 'developed to total land ratio' is the same as it was for the finished Model 1, as is the total population (see Figure 19: Model 1 behavior over time results).  

4)
In our fourth iteration, which is Model 2, we added the influence of the built environment on immigration and emigration.  See this structure in 'Figure 23: Model 2 NBE Population Sector' and 'Figure 25: Model 2 Land Use Sector.'  

The four table functions in Model 2 deserve some explanation.  First, the two table functions affecting immigration and emigration respectively in response to the 'developed to total land ratio' are very similar to their counterparts in the 'NE population' sector (Figure 15:  Model 1 immigration table function and Figure 18: Model 1 emigration table function).  The only significant difference is that, for the 'effect of developed to total ratio on NBE immigration,' immigration of NBE people does not stop at 0.6 as with the NE population.  It is very low (only 10% of normal) above a D/T ratio of 0.6, but it must not be 0 as some fraction of NBE people would probably continue to immigrate to the Peninsula even at very high 'developed to total land ratios.'  These two table functions are in 'Figure 29: Model 2 'effect of D/T ratio on NBE immigration' table function' and 'Figure 30: Model 2 'effect of D/T ratio on NBE emigration' table function.'
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Figure 29: Model 2 'effect of D/T ratio on NBE immigration' table function
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Figure 30: Model 2 'effect of D/T ratio on NBE emigration' table function

The other two table functions are the 'effect of built environment to total land on immigration' and the 'effect of built environment to total land on emigration,' and they are shown in Figure 31: Model 2 'effect of BE/T ratio on NBE immigration' and Figure 32: Model 2 'effect of  BE/T ratio on NBE emigration'.  We would expect the NBE population to be less attracted to an area with a low BE/T ratio than to one with a high BE/T ratio.   Therefore, at low BE/T ratios, immigration is low, and emigration is high.  And, at high BE/T ratios, immigration is high, and emigration is low.  Both curves are 's' shaped because we expect the rate of change of the effects to be less pronounced in response to BE/T ratio changes at more extreme BE/T values, and more pronounced at central BE/T values.  
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Figure 31: Model 2 'effect of BE/T ratio on NBE immigration'
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Figure 32: Model 2 'effect of  BE/T ratio on NBE emigration'

3.2.2
Model 2 behavior over time results

The behavior of Model 2 is as follows (Figure 33  Model 2 population stocks behavior over time, Figure 34: Model 2 D/T & BE/T ratios' behavior over time, Figure 35: Model 2 NE Population, immigration, and emigration, and Figure 36: Model 2 NBE Population, immigration, and emigration).  
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Figure 33  Model 2 population stocks behavior over time
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Figure 34: Model 2 D/T & BE/T ratios' behavior over time
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Figure 35: Model 2 NE Population, immigration, and emigration
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Figure 36: Model 2 NBE Population, immigration, and emigration

First, it is important to note that the NE and NBE population behavior modes in 'Figure 33  Model 2 population stocks behavior over time' essentially replicate the reference behavior modes we were seeking as shown in 'Figure 20:  Model 2 reference modes.'  So, we have achieved our objective in producing a model that replicates the behavior modes.  As long as the structure of our model is an accurate replication of reality at the level of aggregation we have chosen, we have a good model.  

The D/T ratio reaches an equilibrium value of approximately 0.584, whereas the BE/T ratio's equilibrium value is 0.165.  As with Model 1 where we had only an NE population, here we have both NE and NBE populations seeking a level at which the relative attractiveness of the Peninsula, to NE and NBE people respectively, is equal to the attractiveness of other similar places.  This is the level that the model achieves at equilibrium.  Note in 'Figure 33  Model 2 population stocks behavior over time,' that this equilibrium value is very low for the NE population and high for the NBE population.  What has happened is that we have had a shift in type of population due to a change in the character of the Peninsula that was itself brought about by increases in the developed and built environments that were themselves brought on by changes in population levels.  

Let us look at the behavior of each stock and its respective flows.  First, lets look at the NE population and its associated immigration and emigration in 'Figure 35: Model 2 NE Population, immigration, and emigration.'    Note that there are four distinct behavior modes in the NE Population behavior, each of which we will discuss individually.  

1)
sub-exponential growth to the left of marker B.  This is caused by immigration growing more quickly than emigration.  Looking at net immigration in the lower graph (immigration minus emigration) we see that it is increasing.  When net immigration peaks at marker B, there is a feedback loop dominance shift from growth due to word of mouth advertising to the next mode of behavior between marker B and marker C.  

2)
Growth at a decreasing rate characterizes the behavior between markers B and C.  The influence of the D/T ratio on immigration and emigration has become powerful enough to more than compensate for growth through word of mouth advertising.  

3)
At marker C note that immigration = emigration, meaning net immigration is 0.  Since immigration = emigration, population growth ceases, and that is why marker C crosses both the peak of the population curve and the point where the immigration and emigration curves cross one another.  Note also that the lower section of marker C intersects the net immigration curve, at which point we places a horizontal marker D.  Note that D intersects the Y axis at a value of 0, showing that net immigration is 0.  

4)
Moving from marker C to marker E net immigration is negative and becoming more negative.    This is because the difference between emigration and immigration is increasing. The D/T ratio is increasing rapidly due to growth in the NBE population.  The increasing D/T ratio is increasing emigration and decreasing immigration, thus reducing NE population, which has the effect of further increasing emigration and reducing immigration.  Between C and E, positive feedback dominates, causing the population to decrease at and increasing rate.   The dominant positive loops are composed of causal links 8 and 9 instigated by decreases in NE population brought on by an increasing D/T ratio, which itself is increasing due to growth of the NBE population.  

5)
At marker E, net immigration levels out and then starts becoming less negative.  Now the difference between immigration and emigration is decreasing and population is decreasing at a decreasing rate, meaning that balancing feedback loop(s) now dominate the behavior.

Now, let's look at the behavior of the NBE population stock, and its associated immigration and emigration flows in 'Figure 36: Model 2 NBE Population, immigration, and emigration.'  Note that there are only two forms of behavior here, sub-exponential growth dominated by positive feedback to the left of marker A, and asymptotic growth dominated by negative feedback to the right of marker A.  To the left of marker A, the word of mouth loops dominate, and to the right of marker A, the pressures brought on by increases in the D/T and BE/T ratios dominate.  

3.2.3
Summary of changes to previous ideas 

3.2.4
Feedback from mentor

3.3
Our 4th presentation - "The Natural Environment, an Epilogue"

3.3.1
Development of Model 3
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Figure 37: Model 3 reference modes

Note that, with the exception of the addition of the table function 'effect of land fraction occupied on immigration' shown below in the BE Population Sector, the structure of the NE and NBE sectors is the same as for Model 2 shown in 'Figure 22: Model 2 NE Population Sector' and 'Figure 23: Model 2 NBE Population Sector,' and so are not repeated here.
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Figure 38: Model 3 BE Population Sector
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Figure 39: Model 3 Total population and word of mouth sector
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Figure 40: Model 3, Land use sector
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Figure 41: Model 3 Feedback loop diagram

3.3.2
Model 3 behavior over time results
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Figure 42: Model 3 Population stocks and land use ratios
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Figure 43: Model 3 NE Population, immigration, & emigration
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Figure 44: Model 3 NBE Population, immigration, & emigration
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Figure 45: Model 3, BE Population, immigration, and emigration

3.3.3
Summary of changes to previous ideas 

3.3.4
Feedback from mentor

3.4
Our 5th presentation - "From 'Scrapes' to Mansions"

3.4.1
Development of Model 4
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      Figure 46: Model 4 Reference mode
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Figure 47: Model 4 NE Population Sector
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Figure 48: Model 4 NBE Population sector
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Figure 49: Model 4 BE Population Sector
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Figure 50: Model 4 Working population sector
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Figure 51: Model 4 Total population & word of mouth sector
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Figure 52: Model 4 Land use sector
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Figure 53: Model 4, Feedback loop diagram

3.4.2
Model 4 behavior over time results
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Figure 54: Model 4 Population stocks behavior
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Figure 55: Model 4 NE  Population, immigration & emigration
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Figure 56: Model 4 NBE Population, immigration & emigration
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Figure 57: Model 4 BE Population, immigration & emigration
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Figure 58: Model 4 Worker populaton, immigration & emigration
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Figure 59: Model 4 Land use ratios behavior

3.4.3
Summary of changes to previous ideas 

3.4.4
Feedback from mentor

4.0
Our 6th presentation - Evaluating Our Conceptual Model

4.1
Appropriate testing of a conceptual model

4.2
Direct structure tests discussion

4.2.1
Direct structure confirmation

It is difficult for me to find an example of the structure confirmation test using Model 4.  Examples might be whether one could confirm (with whom or how I do not know) that it is reasonable to categorize immigrant populations relative to the degree to which they prefer the natural environment to the built environment.   Another potential example would be to confirm that the ratio of, say, NBE contacts to Total contacts is proportional to the ratio of NBE population to total immigrant population. 

4.2.2
Direct parameter confirmation

Examples of direct parameter confirmation using Model 4 would be to confirm via empirical study that the values used for 'housing land area per person,' and 'basic services development land area per person' are correct.   

4.2.3
Direct extreme condition test 

An example of an extreme conditions test would be to evaluate the rate equation for immigration of working population to see if extreme conditions of the levels that influence this rate would cause implausible rate equation results.  The rate equation for immigration of working population traces back through the total population variable to all five population levels in the model.  If all of these populations were zero, then working population immigration calculates through the equations to be zero, which is what we would expect it to be.  Therefore, this one direct extreme condition test is passed.  

4.2.4
Dimensional consistency test

Dimensional consistency is simply analyzing a model's rate equations (including associated auxiliaries) to see if the units on each side of the equation match.   

4.3
Structure - oriented behavior tests discussion

4.3.1
Extreme condition test

As an example of an extreme condition test of Model 1, we might ask what would happen to the BE population if the Peninsula's government decided from the beginning not to allow development of the built environment.   This could be implemented in the model by changing the 'land area per person for BE development to 0 (for both NBE and BE people). I would expect little or no BE population growth.

And, indeed the results bear this out; the BE population does not grow.  See 'Figure 60: Extreme condition test behavior.'  
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Figure 60: Extreme condition test behavior

It is also interesting to observe the other behavior in Figure 60 and to ask if this is plausible behavior for this condition.  

4.3.2
Behavior sensitivity test

Being unsure of the land area per person required for housing, I might run some tests to see how sensitive model behavior is to changes in housing land area per person.  Running five tests with land area per person varying from 0.2 to 0.7 yields the following values for Total population:

 Housing land area

Per person (acre)

Total Pop

0.7



175,927

0.575



193,258

0.45



215,308

0.325



244,198

0.2



283,558

5.0
Conclusion
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Appendices

Appendix 1:  John Shibley's "Notes"

Some System Notes From our Conversation 5/11/97 Regarding

Development in Door County, Wisconsin

John J. Shibley

Portland Learning Organization Group

May, 1998
Here are a few simple causal loop diagrams prompted by our conversation on May 11th. I intend them as a point of departure for further dialogue, and as an example of the kind of value I believe that this approach could add to your efforts.

The initial dynamic

Door County has a quality I will call “Original attractiveness”, referring to the open space, rural, unspoiled character that I saw on the “lake side” on my visit.  This attractiveness leads to an increase in the migration of people into the County, which in turn leads to more people knowing about Door County, which leads to more migration in. 
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These last two elements combine to create a reinforcing structure (R1) which works over time to attract more and more people to the county.

The pressure for services and development

Eventually, the increase in people leads to growing pressure for new services and new development. 
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This occurs for two reasons.  There are simply more people in Door County, which pressures the existing infrastructure. In addition, there are different people in Door County, retirees with disposal income who want cultural stimulation and can afford more retail choice than natives.

The consequences of services and development
The increase in services and development has at least three consequences.

First, it diminishes, in the near term, the pressure for services and development (B1).
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Second, it reduces the original attractiveness of Door County, which should, after a delay, diminish the number of people migrating to Door County (B2). 
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If these were the only two dynamics at play, Door County’s development would find an equilibrium, since the diminished migration would lead, eventually, to less pressure for services and development.

However, a third dynamic prevents this balancing dynamic from occurring. 

The increase in services and development also causes an increase in “Secondary attractiveness”. Immigration continues to increase, but the attributes of the people immigrating begins to change.  
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Here’s what I mean by secondary attractiveness.

The first wave of immigrants were attracted by the natural beauty and rural peacefulness of Door County, and saw services and development as a way to enhance their experience of living in such a place.

However, the next wave sees such services and development as a more primary reason to visit or migrate.  They come to Door County more for the recreation provided by the built environment and less for the recreation provided by the natural environment. This in turns increases the pressure for more services and development, and changes the kind of people attracted to the County through the effects of R1.

A point of departure for dialogue

These notes represent a very rough draft of one person’s theory of the dynamics of development in Door County. They do not reflect “the truth”: they reflect a mental model that is open to challenge, refinement and influence.  The best way to use a treatment of this nature would be as a point of departure for dialogue.  I hope you can see how having such a point of departure might enrich that conversation.

Appendix 2:  Tom Torinus' newspaper article (next page)
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Appendix 3:
Model & Simulation Run Documentation

A3.1
Model 1

A3.1.1

Model 1 parameter values characterizing each run

Model 1, Run 1:

Dt
0.25 years

init
Orig_Pop = 10000

init
PR_NW_NE_Pop = 0

const
avg_cntcts_pr_yr_pr_prsn = 10

const
D_to_T_emgrtn_swtch = 1

const
D_to_T_immgrtn_swtch = 1

const
lnd_area_dvlpd_pr_prsn = 1

const
nrml_emgrtn_frctn = .02

const
nrml_immgrnts_pr_cntct_pr_yr = .007

const
ttl_lnd_area = 640000

A3.1.2

Model 1 alphabetic equation listing

Model 1 rate equations:

aux
PR_NW_NE_Pop_emgrtn = PR_NW_NE_Pop*PR_NE_emgrtn_frctn

aux
PR_NW_NE_Pop_immgrtn = cntcts_pr_yr*PR_NE_immgrnts_pr_cntct_pr_yr

Model 1 auxiliary equations:

aux
cntcts_pr_yr = Total_Pop*avg_cntcts_pr_yr_pr_prsn

aux
D_to_T_lnd_ratio = dvlpd_lnd/ttl_lnd_area

aux
dvlpd_lnd = Total_Pop*lnd_area_dvlpd_pr_prsn

aux
effct_of_DT_ratio_on_PR_NE_emgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,1.25,1.72,2.78,5.16,7.2,8.3,9.11,9.58,9.7,9.75"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NE_immgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,0.96,0.89,0.74,0.4,0.13,0"Min:0;Max:1"])

aux
net_PR_NW_NE_Pop_immgrtn = PR_NW_NE_Pop_immgrtn-PR_NW_NE_Pop_emgrtn

aux
PR_NE_emgrtn_frctn = IF(D_to_T_emgrtn_swtch=1, nrml_emgrtn_frctn*effct_of_DT_ratio_on_PR_NE_emgrtn, nrml_emgrtn_frctn)

aux
PR_NE_immgrnts_pr_cntct_pr_yr = IF(D_to_T_immgrtn_swtch=0, nrml_immgrnts_pr_cntct_pr_yr, effct_of_DT_ratio_on_PR_NE_immgrtn*nrml_immgrnts_pr_cntct_pr_yr)

aux
Total_Pop = Orig_Pop+PR_NW_NE_Pop
A3.2
Model 2

A3.2.1

Model 2 parameter values characterizing each run

Model 2, Run 1:
Dt
0.25 years

init
Orig_Pop = 10000

init
PR_NW_NBE_Pop = .001

init
PR_NW_NE_Pop = .001

const
avg_cntcts_pr_yr_pr_prsn = 10

const
be_lnd_area_pr_NBE_prsn = .2

const
bsnd_lnd_area_pr_prsn = .5

const
nrml_emgrtn_frctn = .02

const
nrml_immgrnts_pr_cntct_pr_yr = .007

const
PR_NW_NBE_D_to_T_immgrtn_swtch = 1

const
PR_NW_NE_D_to_T_emgrtn_swtch = 1

const
PR_NW_NE_D_to_T_immgrtn_swtch = 1

const
ttl_lnd_area = 640000

A3.2.2

Model 2 alphabetic equation listing

Model 2 rate equations:

aux
PR_NW_NBE_emigration = PR_NW_NBE_Pop*PR_NW_NBE_emigrtn_frctn

aux
PR_NW_NBE_immgrtn = PR_NW_NBE_immgrnts_pr_cntct_pr_yr*PR_NW_NBE_cntcts_pr_yr

aux
PR_NW_NE_Pop_emgrtn = PR_NW_NE_Pop*PR_NW_NE_emgrtn_frctn

aux
PR_NW_NE_Pop_immgrtn = PR_NW_NE_immgrnts_pr_cntct_pr_yr*PR_NW_NE_cntcts_pr_yr

Model 2 auxiliary equations

aux
BE_land = PR_NW_NBE_Pop*be_lnd_area_pr_NBE_prsn

aux
BE_to_T_lnd_ratio = BE_land/ttl_lnd_area

aux
cntcts_pr_yr = Total_Pop*avg_cntcts_pr_yr_pr_prsn

aux
D_to_T_lnd_ratio = dvlpd_lnd/ttl_lnd_area

aux
dvlpd_lnd = Total_Pop*bsnd_lnd_area_pr_prsn+BE_land

aux
effct_of_BET_ratio_on_PR_NW_NBE_emgrtn = GRAPH(BE_to_T_lnd_ratio,0,0.02,[1,0.98,0.946,0.89,0.8,0.68,0.57,0.493,0.44,0.414,0.4"Min:0.4;Max:1"])

aux
effct_of_BET_ratio_on_PR_NW_NBE_immigrtn = GRAPH(BE_to_T_lnd_ratio,0,0.02,[1,1.8,2.9,4.23,6.01,7.33,8.3,8.98,9.45,9.83,10"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NE_emgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,1.25,1.72,2.78,5.16,7.2,8.3,9.11,9.58,9.7,9.75"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NW_NBE_emgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,1.3,2,3.2,5.16,6.9,8.3,9.11,9.58,9.9,10"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NW_NBE_immgrtn = GRAPH(D_to_T_lnd_ratio,0,0.05,[1,0.99,0.96,0.92,0.85,0.76,0.66,0.52,0.38,0.24,0.16,0.11,0.1"Min:0;Max:1"])

aux
effct_of_DT_ratio_on_PR_NW_NE_immgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,0.96,0.89,0.74,0.4,0.13,0"Min:0;Max:1"])

aux
immgrnt_Pop = Total_Pop-Orig_Pop

aux
net_PR_NW_NBE_immgrtn = PR_NW_NBE_immgrtn-PR_NW_NBE_emigration

aux
net_PR_NW_NE_Pop_immgrtn = PR_NW_NE_Pop_immgrtn-PR_NW_NE_Pop_emgrtn

aux
PR_NW_NBE_cntcts_pr_yr = cntcts_pr_yr*PR_NW_NBE_contact_ratio

aux
PR_NW_NBE_contact_ratio = PR_NW_NBE_Pop/immgrnt_Pop

aux
PR_NW_NBE_emigrtn_frctn = nrml_emgrtn_frctn*effct_of_DT_ratio_on_PR_NW_NBE_emgrtn*effct_of_BET_ratio_on_PR_NW_NBE_emgrtn

aux
PR_NW_NBE_immgrnts_pr_cntct_pr_yr = IF(PR_NW_NBE_D_to_T_immgrtn_swtch=0, nrml_immgrnts_pr_cntct_pr_yr, nrml_immgrnts_pr_cntct_pr_yr*effct_of_DT_ratio_on_PR_NW_NBE_immgrtn*effct_of_BET_ratio_on_PR_NW_NBE_immigrtn)

aux
PR_NW_NE_cntcts_pr_yr = cntcts_pr_yr*PR_NW_NE_contact_ratio

aux
PR_NW_NE_contact_ratio = PR_NW_NE_Pop/immgrnt_Pop

aux
PR_NW_NE_emgrtn_frctn = IF(PR_NW_NE_D_to_T_emgrtn_swtch=1, nrml_emgrtn_frctn*effct_of_DT_ratio_on_PR_NE_emgrtn, nrml_emgrtn_frctn)

aux
PR_NW_NE_immgrnts_pr_cntct_pr_yr = IF(PR_NW_NE_D_to_T_immgrtn_swtch=0, nrml_immgrnts_pr_cntct_pr_yr, effct_of_DT_ratio_on_PR_NW_NE_immgrtn*nrml_immgrnts_pr_cntct_pr_yr)

aux
Total_Pop = Orig_Pop+PR_NW_NE_Pop+PR_NW_NBE_Pop
A3.3
Model 3

A3.3.1

Model 3 parameter values characterizing each run

Model 3, Run 1:
Dt 
0.25 years

init
Orig_Pop = 10000

init
PR_NW_BE_Pop = .001

init
PR_NW_NBE_Pop = .001

init
PR_NW_NE_Pop = .001

const
avg_cntcts_pr_yr_pr_prsn = 10

const
be_lnd_area_pr_BE_prsn = .4

const
be_lnd_area_pr_NBE_prsn = .2

const
bsnd_lnd_area_pr_prsn = .5

const
hsng_lnd_area_pr_prsn = .25

const
nrml_emgrtn_frctn = .02

const
nrml_immgrnts_pr_cntct_pr_yr = .007

const
PR_NW_BE_BET_ratio_emgrtn_swtch = 1

const
PR_NW_BE_BET_ratio_immgrtn_swtch = 1

const
PR_NW_NBE_D_to_T_and_BET_immgrtn_swtch = 1

const
PR_NW_NE_D_to_T_emgrtn_swtch = 1

const
PR_NW_NE_D_to_T_immgrtn_swtch = 1

const
ttl_lnd_area = 640000

A3.3.2

Model 3 alphabetic equation listing

Model 3 rate equations:
aux
PR_NW_BE_emigration = PR_NW_BE_Pop*PR_NW_BE_emigrtn_frctn

aux
PR_NW_BE_immgrtn = PR_NW_BE_immgrnts_pr_cntct_pr_yr*PR_NW_BE_cntcts_pr_yr

aux
PR_NW_NBE_emigration = PR_NW_NBE_Pop*PR_NW_NBE_emigrtn_frctn

aux
PR_NW_NBE_immgrtn = PR_NW_NBE_immgrnts_pr_cntct_pr_yr*PR_NW_NBE_cntcts_pr_yr

aux
PR_NW_NE_Pop_emgrtn = PR_NW_NE_Pop*PR_NW_NE_emgrtn_frctn

aux
PR_NW_NE_Pop_immgrtn = PR_NW_NE_immgrnts_pr_cntct_pr_yr*PR_NW_NE_cntcts_pr_yr

Model 3 auxiliary equations:
aux
BE_dvlpd_land = (Hvl_NBE_Pop*be_lnd_area_pr_NBE_prsn)                                +                                                                                                     (Hvl_BE_Pop*be_lnd_area_pr_BE_prsn)

aux
BE_to_T_lnd_ratio = BE_dvlpd_land/ttl_lnd_area

aux
bsnd_dvlpd_lnd = Hvl_Tot_Pop*bsnd_lnd_area_pr_prsn

aux
cntcts_pr_yr = Total_Pop*avg_cntcts_pr_yr_pr_prsn

aux
D_to_T_lnd_ratio = dvlpd_lnd/ttl_lnd_area

aux
dvlpd_lnd = BE_dvlpd_land+bsnd_dvlpd_lnd+hsng_dvlpd_lnd

aux
effct_of_BET_ratio_on_PR_NW_BE_emgrtn = GRAPH(BE_to_T_lnd_ratio,0,0.001,[1,0.98,0.95,0.9,0.8,0.7,0.62,0.58,0.54,0.52,0.5"Min:0;Max:1"])

aux
effct_of_BET_ratio_on_PR_NW_BE_immigrtn = GRAPH(BE_to_T_lnd_ratio,0,0.001,[0,3"Min:0;Max:3"])

aux
effct_of_BET_ratio_on_PR_NW_NBE_emgrtn = GRAPH(BE_to_T_lnd_ratio,0,0.02,[1,0.98,0.946,0.89,0.8,0.68,0.57,0.493,0.44,0.414,0.4"Min:0.4;Max:1"])

aux
effct_of_BET_ratio_on_PR_NW_NBE_immigrtn = GRAPH(BE_to_T_lnd_ratio,0,0.02,[1,1.8,2.9,4.23,6.01,7.33,8.3,8.98,9.45,9.83,10"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NE_emgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,1.25,1.72,2.78,5.16,7.2,8.3,9.11,9.58,9.7,9.75"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NW_BE_emgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,1.25,1.72,2.78,5.16,7.2,8.3,9.11,9.58,9.7,9.75"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NW_BE_immgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,0.96,0.89,0.74,0.4,0.13,0"Min:0;Max:1"])

aux
effct_of_DT_ratio_on_PR_NW_NBE_emgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,1.3,2,3.2,5.16,6.9,8.3,9.11,9.58,9.9,10"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NW_NBE_immgrtn = GRAPH(D_to_T_lnd_ratio,0,0.05,[1,0.99,0.96,0.92,0.85,0.76,0.66,0.52,0.38,0.24,0.16,0.11,0.1"Min:0;Max:1"])

aux
effct_of_DT_ratio_on_PR_NW_NE_immgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,0.96,0.89,0.74,0.4,0.13,0"Min:0;Max:1"])

aux
effct_of_lnd_frctn_occpd_on_immgrtn = GRAPH(lnd_frctn_occpd,0.7,0.05,[1,0.93,0.82,0.68,0.5,0.29,0"Min:0;Max:1"])

aux
hsng_dvlpd_lnd = Hvl_Tot_Pop*hsng_lnd_area_pr_prsn

aux
Hvl_BE_Pop = HIVAL (PR_NW_BE_Pop)

aux
Hvl_NBE_Pop = HIVAL (PR_NW_NBE_Pop)

aux
Hvl_Tot_Pop = HIVAL (Orig_Pop+PR_NW_NE_Pop+PR_NW_NBE_Pop+PR_NW_BE_Pop)

aux
immgrnt_Pop = Total_Pop-Orig_Pop

aux
lnd_frctn_occpd = (occpd_hsng_lnd+bsnd_dvlpd_lnd+BE_dvlpd_land)/ttl_lnd_area

aux
net_NW_BE_immgrtn = PR_NW_BE_immgrtn-PR_NW_BE_emigration

aux
net_NW_NBE_immgrtn = PR_NW_NBE_immgrtn-PR_NW_NBE_emigration

aux
net_NW_NE_immgrtn = PR_NW_NE_Pop_immgrtn-PR_NW_NE_Pop_emgrtn

aux
occpd_hsng_lnd = Total_Pop*hsng_lnd_area_pr_prsn

aux
PR_NW_BE_cntcts_pr_yr = cntcts_pr_yr*PR_NW_BE_contact_ratio

aux
PR_NW_BE_contact_ratio = PR_NW_BE_Pop/immgrnt_Pop

aux
PR_NW_BE_emigrtn_frctn = IF(PR_NW_BE_BET_ratio_emgrtn_swtch=0,                                                                              nrml_emgrtn_frctn,                                                                           nrml_emgrtn_frctn*effct_of_BET_ratio_on_PR_NW_BE_emgrtn)     

aux
PR_NW_BE_immgrnts_pr_cntct_pr_yr = IF(PR_NW_BE_BET_ratio_immgrtn_swtch=0,                                                   nrml_immgrnts_pr_cntct_pr_yr * effct_of_lnd_frctn_occpd_on_immgrtn,                                                       nrml_immgrnts_pr_cntct_pr_yr * effct_of_lnd_frctn_occpd_on_immgrtn      *effct_of_BET_ratio_on_PR_NW_BE_immigrtn)

aux
PR_NW_NBE_cntcts_pr_yr = cntcts_pr_yr*PR_NW_NBE_contact_ratio

aux
PR_NW_NBE_contact_ratio = PR_NW_NBE_Pop/immgrnt_Pop

aux
PR_NW_NBE_emigrtn_frctn = nrml_emgrtn_frctn*effct_of_DT_ratio_on_PR_NW_NBE_emgrtn*effct_of_BET_ratio_on_PR_NW_NBE_emgrtn

aux
PR_NW_NBE_immgrnts_pr_cntct_pr_yr = IF(PR_NW_NBE_D_to_T_and_BET_immgrtn_swtch=0,                                                 nrml_immgrnts_pr_cntct_pr_yr * effct_of_lnd_frctn_occpd_on_immgrtn ,         nrml_immgrnts_pr_cntct_pr_yr * effct_of_DT_ratio_on_PR_NW_NBE_immgrtn                                           * effct_of_BET_ratio_on_PR_NW_NBE_immigrtn * effct_of_lnd_frctn_occpd_on_immgrtn)

aux
PR_NW_NE_cntcts_pr_yr = cntcts_pr_yr*PR_NW_NE_contact_ratio

aux
PR_NW_NE_contact_ratio = PR_NW_NE_Pop/immgrnt_Pop

aux
PR_NW_NE_emgrtn_frctn = IF(PR_NW_NE_D_to_T_emgrtn_swtch=1, nrml_emgrtn_frctn*effct_of_DT_ratio_on_PR_NE_emgrtn, nrml_emgrtn_frctn)

aux
PR_NW_NE_immgrnts_pr_cntct_pr_yr = IF(PR_NW_NE_D_to_T_immgrtn_swtch=0,                                                  nrml_immgrnts_pr_cntct_pr_yr * effct_of_lnd_frctn_occpd_on_immgrtn, effct_of_DT_ratio_on_PR_NW_NE_immgrtn * nrml_immgrnts_pr_cntct_pr_yr                                             * effct_of_lnd_frctn_occpd_on_immgrtn)

aux
Total_Pop = Orig_Pop+PR_NW_NE_Pop+PR_NW_NBE_Pop+PR_NW_BE_Pop

aux
U_to_D_lnd_ratio = 1/D_to_T_lnd_ratio

A3.4
Model 4

A3.4.1

Model 4 parameter values characterizing each run

Model 4, Run 1:

DT
0.25 year

init
Orig_Pop = 10000

init
PR_NW_BE_Pop = .001

init
PR_NW_NBE_Pop = .001

init
PR_NW_NE_Pop = .001

init
PR_W_Pop = .001

const
be_lnd_area_pr_BE_prsn = .4

const
be_lnd_area_pr_NBE_prsn = .2

const
bsnd_lnd_area_pr_prsn = .5

const
DT_lnd_ratio_swtch = 1

const
hsng_lnd_area_pr_prsn = .25

const
nrml_emgrtn_frctn = .02

const
nrml_immgrnts_pr_cntct_pr_yr = .007

const
nrml_lnd_value = 20000

const
PR_NW_BE_BET_ratio_emgrtn_swtch = 1

const
PR_NW_BE_BET_ratio_immgrtn_swtch = 1

const
PR_NW_NBE_D_to_T_and_BET_immgrtn_swtch = 1

const
PR_NW_NE_D_to_T_emgrtn_swtch = 1

const
PR_NW_NE_D_to_T_immgrtn_swtch = 1

const
PR_W_Pop_adj_tm = 1

const
PR_W_Pop_pr_occpd_lnd_area = .3

const
ttl_lnd_area = 640000

A3.4.2

Model 4 alphabetic equation listing

Model 4 rate equations:

aux
PR_NW_BE_emigration = PR_NW_BE_Pop*PR_NW_BE_emigrtn_frctn

aux
PR_NW_BE_immgrtn = PR_NW_BE_immgrnts_pr_cntct_pr_yr*PR_NW_BE_cntcts_pr_yr

aux
PR_NW_NBE_emigration = PR_NW_NBE_Pop*PR_NW_NBE_emigrtn_frctn

aux
PR_NW_NBE_immgrtn = PR_NW_NBE_immgrnts_pr_cntct_pr_yr*PR_NW_NBE_cntcts_pr_yr

aux
PR_NW_NE_Pop_emgrtn = PR_NW_NE_Pop*PR_NW_NE_emgrtn_frctn

aux
PR_NW_NE_Pop_immgrtn = PR_NW_NE_immgrnts_pr_cntct_pr_yr*PR_NW_NE_cntcts_pr_yr

aux
PR_W_Pop_emgrtn = PR_W_Pop*PR_W_Pop_emgrtn_frctn

aux
PR_W_Pop_immgrtn = ((dsrd_PR_W_Pop - PR_W_Pop) / PR_W_Pop_adj_tm)*effct_of_lnd_frctn_occpd_on_immgrtn

Model 4 auxiliary equations:

aux
BE_frctn = BE_lnd_occpd/ttl_lnd_area

aux
BE_lnd_dvlpd = (Hvl_NBE_Pop*be_lnd_area_pr_NBE_prsn)                                                                                               +                                                                                                     (Hvl_BE_Pop*be_lnd_area_pr_BE_prsn)

aux
BE_lnd_occpd = (PR_NW_NBE_Pop*be_lnd_area_pr_NBE_prsn)+(PR_NW_BE_Pop*be_lnd_area_pr_BE_prsn)

aux
BSnD_frctn = bsnd_lnd_occpd/ttl_lnd_area

aux
bsnd_lnd_dvlpd = Hvl_Tot_Pop*bsnd_lnd_area_pr_prsn

aux
bsnd_lnd_occpd = Total_Pop*bsnd_lnd_area_pr_prsn

aux
cntcts_pr_yr = Total_Pop*avg_cntcts_pr_yr_pr_prsn

aux
D_to_T_lnd_ratio = IF(DT_lnd_ratio_swtch=1,                                                                                                                   IF(dvlpd_lnd/ttl_lnd_area<=1, dvlpd_lnd/ttl_lnd_area, 1),                                                                   dvlpd_lnd/ttl_lnd_area) 

aux
dsrd_PR_W_Pop = occpd_lnd*PR_W_Pop_pr_occpd_lnd_area

aux
dvlpd_lnd = BE_lnd_dvlpd+bsnd_lnd_dvlpd+hsng_lnd_dvlpd

aux
effct_of_BET_ratio_on_PR_NW_BE_emgrtn = GRAPH(BE_frctn,0,0.001,[1,0.98,0.95,0.9,0.8,0.7,0.62,0.58,0.54,0.52,0.5"Min:0;Max:1"])

aux
effct_of_BET_ratio_on_PR_NW_BE_immigrtn = GRAPH(BE_frctn,0,0.0002,[0,0.29,1.12,2.35,2.81,2.96"Min:0;Max:5"])

aux
effct_of_BET_ratio_on_PR_NW_NBE_emgrtn = GRAPH(BE_frctn,0,0.02,[1,0.98,0.946,0.89,0.8,0.68,0.57,0.493,0.44,0.414,0.4"Min:0.4;Max:1"])

aux
effct_of_BET_ratio_on_PR_NW_NBE_immigrtn = GRAPH(BE_frctn,0,0.02,[1,1.8,2.9,4.23,6.01,7.33,8.3,8.98,9.45,9.83,10"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NE_emgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,1.25,1.72,2.78,5.16,7.2,8.3,9.11,9.58,9.7,9.75"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NW_NBE_emgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,1.3,2,3.2,5.16,6.9,8.3,9.11,9.58,9.9,10"Min:0;Max:10"])

aux
effct_of_DT_ratio_on_PR_NW_NBE_immgrtn = GRAPH(D_to_T_lnd_ratio,0,0.05,[1,0.99,0.96,0.92,0.85,0.76,0.66,0.52,0.38,0.24,0.16,0.11,0.1"Min:0;Max:1"])

aux
effct_of_DT_ratio_on_PR_NW_NE_immgrtn = GRAPH(D_to_T_lnd_ratio,0,0.1,[1,0.96,0.89,0.74,0.4,0.13,0"Min:0;Max:1"])

aux
effct_of_lnd_frctn_occpd_on_immgrtn = GRAPH(lnd_frctn_occpd,0.7,0.05,[1,0.93,0.82,0.68,0.5,0.29,0"Min:0;Max:1"])

aux
effct_of_lnd_frctn_occpd_on_lnd_value = GRAPH(lnd_frctn_occpd,0,0.1,[1,1.4,2.1,3.1,4.7,6.7,8.2,9.1,9.6,9.8,10"Min:0;Max:10"])

aux
effct_of_lnd_value_on_emgrtn_frctn = GRAPH(lnd_value_mltplr,0,1,[1,1.5,2.3,3.7,5.6,7,8,8.8,9.3,9.7,10"Min:0;Max:10"])

aux
hsng_frctn = hsng_lnd_occpd/ttl_lnd_area

aux
hsng_lnd_dvlpd = Hvl_Tot_Pop*hsng_lnd_area_pr_prsn

aux
hsng_lnd_occpd = Total_Pop*hsng_lnd_area_pr_prsn

aux
Hvl_BE_Pop = HIVAL(PR_NW_BE_Pop)

aux
Hvl_NBE_Pop = HIVAL(PR_NW_NBE_Pop)

aux
Hvl_Tot_Pop = HIVAL (Total_Pop)

aux
lnd_frctn_occpd = occpd_lnd/ttl_lnd_area

aux
lnd_value = nrml_lnd_value*effct_of_lnd_frctn_occpd_on_lnd_value

aux
lnd_value_mltplr = lnd_value/nrml_lnd_value

aux
net_NW_BE_immgrtn = PR_NW_BE_immgrtn-PR_NW_BE_emigration

aux
net_NW_NBE_immgrtn = PR_NW_NBE_immgrtn-PR_NW_NBE_emigration

aux
net_NW_NE_immgrtn = PR_NW_NE_Pop_immgrtn-PR_NW_NE_Pop_emgrtn

aux
net_W_immgrtn = PR_W_Pop_immgrtn-PR_W_Pop_emgrtn

aux
NW_immgrnt_Pop = Total_Pop-Orig_Pop-PR_W_Pop

aux
occpd_lnd = BE_lnd_occpd+bsnd_lnd_occpd+hsng_lnd_occpd

aux
PR_NW_BE_cntcts_pr_yr = cntcts_pr_yr*PR_NW_BE_contact_ratio

aux
PR_NW_BE_contact_ratio = PR_NW_BE_Pop/NW_immgrnt_Pop

aux
PR_NW_BE_emigrtn_frctn = IF(PR_NW_BE_BET_ratio_emgrtn_swtch=0,                                                                              nrml_emgrtn_frctn,                                                                           nrml_emgrtn_frctn*effct_of_BET_ratio_on_PR_NW_BE_emgrtn)     

aux
PR_NW_BE_immgrnts_pr_cntct_pr_yr = IF(PR_NW_BE_BET_ratio_immgrtn_swtch=0,                                                   nrml_immgrnts_pr_cntct_pr_yr * effct_of_lnd_frctn_occpd_on_immgrtn,                                                       nrml_immgrnts_pr_cntct_pr_yr * effct_of_lnd_frctn_occpd_on_immgrtn      *effct_of_BET_ratio_on_PR_NW_BE_immigrtn)

aux
PR_NW_NBE_cntcts_pr_yr = cntcts_pr_yr*PR_NW_NBE_contact_ratio

aux
PR_NW_NBE_contact_ratio = PR_NW_NBE_Pop/NW_immgrnt_Pop

aux
PR_NW_NBE_emigrtn_frctn = nrml_emgrtn_frctn*effct_of_DT_ratio_on_PR_NW_NBE_emgrtn*effct_of_BET_ratio_on_PR_NW_NBE_emgrtn

aux
PR_NW_NBE_immgrnts_pr_cntct_pr_yr = IF(PR_NW_NBE_D_to_T_and_BET_immgrtn_swtch=0,                                                 nrml_immgrnts_pr_cntct_pr_yr * effct_of_lnd_frctn_occpd_on_immgrtn ,         nrml_immgrnts_pr_cntct_pr_yr * effct_of_DT_ratio_on_PR_NW_NBE_immgrtn                                           * effct_of_BET_ratio_on_PR_NW_NBE_immigrtn * effct_of_lnd_frctn_occpd_on_immgrtn)

aux
PR_NW_NE_cntcts_pr_yr = cntcts_pr_yr*PR_NW_NE_contact_ratio

aux
PR_NW_NE_contact_ratio = PR_NW_NE_Pop/NW_immgrnt_Pop

aux
PR_NW_NE_emgrtn_frctn = IF(PR_NW_NE_D_to_T_emgrtn_swtch=1, nrml_emgrtn_frctn*effct_of_DT_ratio_on_PR_NE_emgrtn, nrml_emgrtn_frctn)

aux
PR_NW_NE_immgrnts_pr_cntct_pr_yr = IF(PR_NW_NE_D_to_T_immgrtn_swtch=0,                                                  nrml_immgrnts_pr_cntct_pr_yr * effct_of_lnd_frctn_occpd_on_immgrtn, effct_of_DT_ratio_on_PR_NW_NE_immgrtn * nrml_immgrnts_pr_cntct_pr_yr                                             * effct_of_lnd_frctn_occpd_on_immgrtn)

aux
PR_W_Pop_emgrtn_frctn = nrml_emgrtn_frctn*effct_of_lnd_value_on_emgrtn_frctn

aux
Total_Pop = Orig_Pop+PR_NW_NE_Pop+PR_NW_NBE_Pop+PR_NW_BE_Pop+PR_W_Pop

A3.5
Definitions of Variables & Constants 

(Note - Although these definitions are for Model 4 only, they should generally be suitable for understanding Models 1, 2, and 3 as well.)

doc
Orig_Pop = Original Population: the people who lived in the area at the beginning of the simulation, consisting, for Door County, of mostly farmers and fishermen and their families and those employed by the few necessary supporting basic services.

doc
PR_NW_BE_Pop = Primary Resident_Non Working_Built Environment_Population:  immigrants to the area who now permanently reside in the area because they are attracted to built environment.  These people are generally retired, have other sources of income, or are sufficiently wealthy that they don't need to work and are therefore not a part of the area's working population.

doc
PR_NW_NBE_Pop = Primary Resident_Non Working_Natural & Built Environment_Population:  immigrants to the area who now permanently reside in the area because they are attracted to both its natural and built environments.  These people are generally retired, have other sources of income, or are sufficiently wealthy that they don't need to work and are therefore not a part of the area's working population.

doc
PR_NW_NE_Pop = Primary Resident_Non Working_Natural Environment_Population:  immigrants to the area who now permanently reside in the area because they are attracted to its natural environment.  These people are generally retired, have other sources of income, or are sufficiently wealthy that they don't need to work and are therefore not a part of the area's working population.

level
PR_W_Pop

aux
PR_NW_BE_emigration

doc
PR_NW_BE_immgrtn = Primary Resident_Non Working_Natural & Built Environment_ Population_ immigration:  the number of PR_NW_NE people per year who migrate to the area.

aux
PR_NW_NBE_emigration

doc
PR_NW_NBE_immgrtn = Primary Resident_Non Working_Natural & Built Environment_ Population_ immigration:  the number of PR_NW_NE people per year who migrate to the area.

doc
PR_NW_NE_Pop_emgrtn = Permanent Resident - Natural Environment population emigration:  the number of residents who were attracted to the area's natural environment who emigrate from the area each year.

doc
PR_NW_NE_Pop_immgrtn = Primary Resident_Natural Environment_ Population_ immigration:  the number of PR_NE people per year who migrate to the area.

aux
PR_W_Pop_emgrtn

aux
PR_W_Pop_immgrtn

aux
BE_frctn

aux
BE_lnd_dvlpd

aux
BE_lnd_occpd

aux
BSnD_frctn

aux
bsnd_lnd_dvlpd

aux
bsnd_lnd_occpd

doc
cntcts_pr_yr = Contacts per year:  the total number of non-residents who are made aware of the area by all area residents each year.  

doc
D_to_T_lnd_ratio = Developed to Total land ratio:  the ratio of developed land area to total land area.  This is a measure of the attractiveness of the natural environment of the area.

aux
dsrd_PR_W_Pop

doc
dvlpd_lnd = developed land:  the total amount of developed land on the Peninsula

aux
effct_of_BET_ratio_on_PR_NW_BE_emgrtn

aux
effct_of_BET_ratio_on_PR_NW_BE_immigrtn

aux
effct_of_BET_ratio_on_PR_NW_NBE_emgrtn

aux
effct_of_BET_ratio_on_PR_NW_NBE_immigrtn

doc
effct_of_DT_ratio_on_PR_NE_emgrtn = effect of Developed to Total land ratio on Permanent Resident Natural Environment emigrationt:  At low levels of development, the effect is small, meaning that normal emigration rates occur.  But as the D/T ratio increases, the effect increases rapidly, increasing the emigration rate above the normal.  Above a relatively moderate  level of the D/T ratio (approx 0.6), the effect is quite large, increasing the emigration rate to 8 times above normal.  At the moderate and lower ends of the D/T ratio, it is believed that small changes in D/T ratio will have less effect on emigration than at levels in between the low and moderate levels, thus yielding an S-shaped curve.

doc
effct_of_DT_ratio_on_PR_NW_NBE_emgrtn = effect of Developed to Total land ratio on Permanent Resident Natural Environment emigrationt:  At low levels of development, the effect is small, meaning that normal emigration rates occur.  But as the D/T ratio increases, the effect increases rapidly, increasing the emigration rate above the normal.  Above a relatively moderate  level of the D/T ratio (approx 0.6), the effect is quite large, increasing the emigration rate to 8 times above normal.  At the moderate and lower ends of the D/T ratio, it is believed that small changes in D/T ratio will have less effect on emigration than at levels in between the low and moderate levels, thus yielding an S-shaped curve.

doc
effct_of_DT_ratio_on_PR_NW_NBE_immgrtn = effect of Developed to Total land ratio on Permanent Resident Natural Environnment immigration by people attracted to the Natural Environment:  At low levels of development, the effect is small, meaning that normal immigration rates occur.  But as the D/T ratio increases, the effect increases rapidly, reducing the immigration rate from the normal.  Above a relatively moderate  level of the D/T ratio (0.6), the effect is very large, reducing the immigration rate to almost zero.  At the moderate and lower ends of the D/T ratio, it is believed that small changes in D/T ratio will have less effect on immigration than at levels in between the low and moderate levels, thus yielding an S-shaped curve.

doc
effct_of_DT_ratio_on_PR_NW_NE_immgrtn = effect of Developed to Total land ratio on Permanent Resident Natural Environnment immigration by people attracted to the Natural Environment:  At low levels of development, the effect is small, meaning that normal immigration rates occur.  But as the D/T ratio increases, the effect increases rapidly, reducing the immigration rate from the normal.  Above a relatively moderate  level of the D/T ratio (0.6), the effect is very large, reducing the immigration rate to almost zero.  At the moderate and lower ends of the D/T ratio, it is believed that small changes in D/T ratio will have less effect on immigration than at levels in between the low and moderate levels, thus yielding an S-shaped curve.

aux
effct_of_lnd_frctn_occpd_on_immgrtn

aux
effct_of_lnd_frctn_occpd_on_lnd_value

aux
effct_of_lnd_value_on_emgrtn_frctn

aux
hsng_frctn

aux
hsng_lnd_dvlpd

aux
hsng_lnd_occpd

aux
Hvl_BE_Pop

aux
Hvl_NBE_Pop

aux
Hvl_Tot_Pop

aux
lnd_frctn_occpd

aux
lnd_value

aux
lnd_value_mltplr

aux
net_NW_BE_immgrtn

aux
net_NW_NBE_immgrtn

aux
net_NW_NE_immgrtn

aux
net_W_immgrtn

aux
NW_immgrnt_Pop

aux
occpd_lnd

aux
PR_NW_BE_cntcts_pr_yr

aux
PR_NW_BE_contact_ratio

aux
PR_NW_BE_emigrtn_frctn

aux
PR_NW_BE_immgrnts_pr_cntct_pr_yr

aux
PR_NW_NBE_cntcts_pr_yr

aux
PR_NW_NBE_contact_ratio

aux
PR_NW_NBE_emigrtn_frctn

aux
PR_NW_NBE_immgrnts_pr_cntct_pr_yr

aux
PR_NW_NE_cntcts_pr_yr

aux
PR_NW_NE_contact_ratio

doc
PR_NW_NE_emgrtn_frctn = Permanent Resident Natural Environment emigration fraction:  the fraction of permanent residents who were attracted to the area's natural environment but which fradtion emigrates from the area each year.

doc
PR_NW_NE_immgrnts_pr_cntct_pr_yr = Permanent Resident Natural Environment immigrants per contact per year:  the number of PR_NE immigrants per year per contact.  PR-NE immigrants are those immigrants who become permanent residents of the area and who are attracted to the area's natural environment. 

aux
PR_W_Pop_emgrtn_frctn

doc
Total_Pop = Total Population: the total number of people who live in the area.

doc
avg_cntcts_pr_yr_pr_prsn = Average Contacts per year per person:  the average number of non-residents that each area resident makes aware of the area each year.  This includes all second, third, fourth etc contacts that originated with an area resident.

const
be_lnd_area_pr_BE_prsn

const
be_lnd_area_pr_NBE_prsn

doc
bsnd_lnd_area_pr_prsn = basic services & development land area per person:  the amount of land that would, over time, be required per person for basic services and development.  The definition of basic services & development must be determined by an individual area; however, it would surely include  roads, grocery and other retail outlets selling necessities, housing, industrial and government facilities, schools, etc. 

const
DT_lnd_ratio_swtch

const
hsng_lnd_area_pr_prsn

doc
nrml_emgrtn_frctn = normal emigration fraction:  the normal emigration fraction for the area.  (We should consider disaggregating this later in the modeling process because of potential emigration differences among the various types of population.)

doc
nrml_immgrnts_pr_cntct_pr_yr = Immigrants per contact per year:  the ratio of the number of non-residents who immigrate to the area each year, to the total number of non-residents who know about the area.

const
nrml_lnd_value

const
PR_NW_BE_BET_ratio_emgrtn_swtch

const
PR_NW_BE_BET_ratio_immgrtn_swtch

const
PR_NW_NBE_D_to_T_and_BET_immgrtn_swtch

const
PR_NW_NE_D_to_T_emgrtn_swtch

const
PR_NW_NE_D_to_T_immgrtn_swtch

const
PR_W_Pop_adj_tm

const
PR_W_Pop_pr_occpd_lnd_area

doc
ttl_lnd_area = total land area:  the total amount of land on the Peninsula. Note that 640,000 acres = 1000 square miles = an area 50 miles long by 20 miles wide.
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