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Presenter
Presentation Notes
Planning geographic projects (geo-projects) often begins with an orientation to the study area, a brief introduction to the project objectives, and a review of the general scope of work … well, sometimes. Once this is done, many teams move directly into a data acquisition phase, omitting a detailed discussion of the issues and the subsequent development of a comprehensive spatial data management program design to resolve those issues is the most efficient manner possible.

Establishing a well thought out program for managing spatial data for a project, that is in sync with industry standard methods for doing land use planning, is probably one of most frequently neglected tasks in geo-project planning.

Establishing a spatial data management program, compliant with accepted planning methodologies, involves both an understanding of those methodologies and an appreciation of how geographic information can be use to support and defend the results of deploying those methodologies.

This presentation introduces the Steinitz Model of Landscape Change, and how that model (the Steinitz model) can be deployed through the use of Mapping and Decision (MAD) diagrams, which in turn, can serve as a prelude to the use of ModelBuilder and other related geoprocessing tools in ArcGIS.





Definitions 

The definition of environment … 
 
 

Environment is the context for life. 
 

physical systems 
biological systems 

social systems 
value systems 

 
 
 

Presenter
Presentation Notes
Webster’s defines environment as …

1. The circumstances or conditions surrounding one.
2. The total of circumstances surrounding an organism or group of organisms, especially:  a. The combination of external or extrinsic conditions affecting and influencing the growth and development of organisms (plants and animals).  b. The complex of social and cultural conditions affecting the nature of an individual or community.

This definition points to two aspects of the environment: the “natural” environment and the “man-made” environment. It also points to, or perhaps has grown out of, the conflicts between those advocating “environmental protection” (meaning protection of the “natural” environment) and those advocating “social/economic development”.

The definition “environment is the context for life” is meant to embrace all aspects of the environment (physical, biological, social, and value systems) and thus serves as a foundation for conflict resolution, as opposed to conflict formation.





The definition of landscape … 
 
 

Landscape is the planet’s life-zone. 
 

land + water 
below + surface + above 

physical + biological + social + values 
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Presenter
Presentation Notes
Webster’s defines landscape as … 

1.  Noun:  a. The land forms of a region in the aggregate.  b. a portion of territory that can be viewed at one time from one place.
2.  Verb:  a. To modify or ornament (a natural landscape) by altering the plant cover.  b. to engage in landscape gardening (landscaping).

This points to the fact that most people have a very narrow definition of landscape. 

With respect to the scope of most geo-based projects, it is helpful to embrace a much broader, more comprehensive, definition of landscape …

Given this broader context, landscape is better defined as the planet’s life zone. This life zone includes all regions of the planet, including land and water; as well as everything below, on, and above the surface of the earth that supports life. This is the planet’s life zone. It also includes the physical, biological and social aspects of life; including our values systems and how we assess goodness (e.g. what is good and what is bad, or how we determine if something works or not).

Defining landscape as the planet’s life zone gives us the ability to embrace (undertake) much larger geo-based projects. It also gives us the ability to develop and maintain a balanced/multidisciplinary approach to identifying the issues, resolving conflicts, and for developing truly holistic solutions.
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Landscape Change Diagrams 



Landscape Change Model by Carl Steinitz 
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Presenter
Presentation Notes
The Landscape Change Model, proposed by Carl Steinitz (The Graduate School of Design, Harvard University), consists of six models defining the nature of landscape change (remember, landscape is broadly defined). The first three models comprise the landscape assessment process, the second three models comprise the landscape intervention process.

Landscape assessment includes:

  Representation models (data) that answer the question, “How should the landscape be described?”
  Process models (information) that answer the question, “How does the landscape operate?”
  Evaluation models (knowledge) that answer the question, “Is the landscape working well?”

Landscape intervention includes:

  Change models (data) that answer the question, “How might the landscape be altered?”
  Impact models (information) that answer the question, “What differences might the changes cause?”
  Decision models (knowledge) that answer the question, “Should the landscape be change?”

The Landscape Change Model provides an excellent conceptual framework for working with all aspects of landscape assessment and intervention (the process of proposing changes to the landscape). It does not, however, suggest how these models should be constructed or processed.






Modeling Spatial Information 
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Presenter
Presentation Notes
This modeling diagram, which is very similar to a ModelBuilder diagram, shows how spatial information is modeled to produce derivative information. In this case, the diagram shows how Elevation, Soils, Vegetation and Rainfall data is modeled (evaluated and combined) to produce maps showing Slope (a derivation of Elevation), Erosion Potential (a derivative of Slope, Soils and Vegetation) and Erosion Hazard (a derivative of Erosion Potential and Rainfall).

The rectangles in the diagram represent layers of spatial data. The circles represent a geographic function (process) used to convert the data in the input layer to the data in the output layer. Notice how the output from one function can be the input to another function.



Mapping and Decision Diagram 
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Landscape Assessment Models Landscape Intervention Models 

Presenter
Presentation Notes
The Mapping and Decision (MAD) Diagram serves as a storyboard, or visualization, of the entire mapping process for a project.

The Landscape Change Model, by Steinitz, (shown previously) is displayed horizontally across the top of the diagram, where it serves as a reference to the flow of spatial information represented in the main portion of the diagram.

Project data maps (layers of spatial information) are analyzed (using various geoprocessing techniques) to produce derivative maps, which are in turn used to assess, evaluate, or better understand relevant issues. These issue maps are combined or otherwise analyzed (often using some type of group-base assessment process) to create a set of evaluation maps depicting the suitability/sensitivity/capacity of the landscape to a particular land use (or set of land uses). These evaluation maps then serve as the platform, or background, for developing alternative land use plans (or land use management strategies). The alternative plans/strategies are then assessed to determine their respective impacts on the existing landscape (physical, biological, social, etc.). The decision makers can then use these assessments to decide if a proposed alternative is acceptable and when/if it should be implemented.

Once a particular plan or strategy has been implemented it becomes part of the project data for subsequent plans and developments.

The Mapping and Decision (MAD) Diagram provides a complete trace of the mapping and decision process and serves as a project plan, or blueprint, for managing and mapping the various spatial components of the project.







Mapping and Decision Diagram 

The Components of a MAD Diagram 
 
 

Semantic Structure 
 

Sensitivity Analysis 
 

Regression Analysis 
 

Benefit/Cost Analysis 
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MAD Diagram – Semantic Structure 

Presenter
Presentation Notes
The semantic structure of a MAD diagram contains the following components:

  Data (rectangle):  showing input data layers
  Function (oval):  showing spatial functions
  Derived Data (rectangle):  showing output data layers
  Link (arrow):  showing the links between data layers and functions
  Process:  consisting of all input data layers, the function, and the output data layer
  Model:  consisting of all linked processes

Notice how the output layer from one function can be the input layer to another function. While a function can have multiple input layers, it typically produces only one output layer.

The basic rule for constructing a MAD diagram is that data layers must be linked to a function, and a function must be linked to a data layer. That is, a data layer can not be linked to a data layer and a function can not be linked to another function.

The semantic structure of a MAD diagram is exactly, or nearly, the same as it is for a ModelBuilder diagram. In other words, once you have laid out a MAD diagram (showing the conceptual flow of spatial information for a project) you have the beginnings of a ModelBuilder diagram (showing the detailed flow of spatial information as it is geo-processed using ArcGIS).

ModelBuilder allows the user to present data as ovals (circles) and functions as rectangles (squares) , which is the default format for ModelBuilder, or to present data as rectangles (squares) and functions as ovals (circles), as shown in the MAD diagrams referenced in this presentation. These two representational approaches are referred to by our two opposing teams (at ESRI) as “circle-square-circle” and “square-circle-square”.

It is highly recommended that you use the “square-circle-square” format in ModelBuilder. This allows you to present data as rectangles (most maps are rectangular) and functions as ovals (a familiar icon for representing a function or activity). This is also consistent with the symbolic representation of a UML diagram, where objects and classes are shown as rectangles and activities are shown as ovals.



Watch how a change in data 
changes the final results 

MAD Diagram – Sensitivity Analysis - Data 

Presenter
Presentation Notes
The MAD diagram can be used to assess the sensitivity of the composite evaluation maps (the maps shown are the far right of this diagram), to the project data, or data layers, shown are the far left of this diagram.



MAD Diagram – Sensitivity Analysis - Decisions 
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Presenter
Presentation Notes
The MAD diagram can be used to assess the sensitivity of the composite evaluation maps (the maps shown are the far right of this diagram), to the decision variables contained in the functions, shown as ovals in this diagram.




MAD Diagram – Regression Analysis - Data 
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Presenter
Presentation Notes
The MAD diagram can be used to assess the relative contribution, or influence, of the various data maps, or data layers, to each of the composite evaluation maps.




MAD Diagram – Regression Analysis - Decisions 

Examine which decisions 
contributes most to the  

 final results 

Presenter
Presentation Notes
The MAD diagram can be used to assess the relative influence of the decision variables in each of the functions, to each of the composite evaluation maps.
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MAD Diagram – Benefit/Cost Analysis 
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Presenter
Presentation Notes
And finally, the MAD diagram can be used to assess the cost effectiveness, or the benefit/cost ratio, of each of the data maps.

If a project data map has little influence relative to the creation of the issue maps or the evaluation maps, it may not be needed in the analysis. (However, some data maps may be needed, or required, to satisfy the legal or political constraints associated with a project.)

Most projects have limited resources. The MAD diagram, once the decision variables have assigned, can be used to determine which input maps are the most important and where the project team gets the most bang for their data buck.

In some cases, it may be more cost effective to model the data that might not otherwise be available, or otherwise affordable, for a given project.



Example - Mapping and Decision Diagram 
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Concept Diagram 

ILARIS Model – Assessing Landscape Quality 
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Presenter
Presentation Notes
This diagram provides a conceptual representation of the ILARIS (Intrinsic Landscape Aesthetic Resource Information System) Model, developed by Jones and Jones, Architects and Landscape Architects, in Seattle, Washington.

The ILARIS Model was used by Jones and Jones and the Trust for Public Land to assess the intrinsic scenic quality of the landscape in the near-shore areas of the Puget Sound.





MAD Diagram 

Presenter
Presentation Notes
This slides shows a portion of the actual MAD diagram used to develop the ILARIS Model.

Post-It notes, which are easy to move around, were used to represent segments of the model. Pencil lines, drawn on the background sheet, were used to connect the various elements (data layers and process nodes) of the model. Concept sketches, process diagrams, and related calculations were done on the fly as the diagram was being created.

It took approximately six man-weeks to develop the representational strategies for modeling the intrinsic aesthetic qualities of the landscape. It then took another two man-weeks to delineate and refine the MAD diagram. 

Drawing a MAD diagram is quick and easy. Thinking about what to draw is a bit more difficult and takes a little longer.



MAD Diagram 

Presenter
Presentation Notes
The overall MAD diagram was assembled using analytical components (little models) which were developed as stand-alone modules.

Notice how each of these stand-alone modules looks very much like a ModelBuilder diagram.



ModelBuilder Diagram 

Presenter
Presentation Notes
ILARIS is an ArcGIS 9 ModelBuilder model developed for the purpose of identifying intrinsic landscape visual resources and measuring the magnitude of aesthetic expression of these resources (in this case, for the Puget Sound estuary near-shore basins).

The ILARIS model consists of approximately 50 data layers, 40 ModelBuilder sub-models, and three Python scripts. The models and scripts are organized into seven ArcGIS toolsets.

ILARIS provides a comprehensive decision-support framework, allowing the presence, quantity, and visual properties of different intrinsic landscape forms to be captured, and the significance of these forms to be identified. The model is used to assess the accumulative effect of the aesthetic viewshed and the relative uniqueness of Puget Sound’s landscapes.

It takes approximately three hours to do a complete run of the ILARIS model on the date for the Puget Sound.



ModelBuilder Output 

Landscape Significance – Entire Region 

Presenter
Presentation Notes
This particular slide, one of the many outputs from the ILARIS model, shows a measure of landscape significance for the near-shore areas in the Puget Sound.

The final model and the final output map from the model, showing the Benchmark (composite) Intrinsic Landscape Significance for the near-shore areas in the Puget Sound, can been seen in the Winter 2005/2006 issue of ArcNews (Vol. 27 No. 4).

For additional information about the ILARIS model, please contact:

  Grant R. Jones, FASLA, Founder   (gjones@jonesandjones.com)
  Christopher Overdorf, ASLA, Principal   (coverdorf@jonesandjones.com)
  Jones and Jones, Architects and Landscape Architects
  105 South Main Street
  Seattle, WA 98104
  Tel: (206) 624-5702

Note: The ILARIS model recently won an Honor Award for Research from the American Society of Landscape Architects (2006).






Landscape Assessment 
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Presenter
Presentation Notes
The landscape assessment process does not start with project data, as many people seem to assume, but rather with an assessment of what needs to be evaluated. This assessment should be converted into a list of assessment (evaluation) maps … representing the output, or product, of the assessment process.



MAD Diagram – Issues of Concern 
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Presenter
Presentation Notes
The project planner works backward from the Evaluation Maps to identify and define the various spatial issues that need to be addressed relative to each evaluation. These issues should then be converted into a list of Issue Maps.



MAD Diagram – Spatial Data 
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Presenter
Presentation Notes
Once you have defined the issues, you should determine what data is needed to assess or better understand each of the issues. Again, this assessment should be converted into a discrete list of Project Data Maps.

It is only at this point that one should begin to worry about what data is available.



MAD Diagram – Spatial Analysis 
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Presenter
Presentation Notes
Given the data and the issues you wish to assess, develop an analytical strategy (modeling strategy) for assessing each of the issues.

Note: It is often helpful to draw little cartoons depicting how the data is going to be displayed on each of the maps.




MAD Diagram – Issue Maps 
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Presenter
Presentation Notes
Perform the analysis and create maps depicting the relative severity of each of the issues.



MAD Diagram – Delphi Process 
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Presentation Notes
Use a group-based decision making process, such as the Delphi process, to determine the interdisciplinary values that will be used to combine the issues and create the Evaluation Maps.



MAD Diagram – Evaluation Maps 
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Presenter
Presentation Notes
Using the values generated in the Delphi process, create the final Evaluation Maps.

The whole idea here is to plan your work, then work your plan.
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Project Definition 
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Landscape Assessment 

Presenter
Presentation Notes
One of the keys to success in any project is having a clear definition of what it is you want to achieve, including:

  Understanding the main focus of the project, including an understanding of the primary and secondary objectives,

  Knowing the extent of the project, from the point of view of its geographic boundaries and its disciplinary domains, and

  Having a clear idea of what it is that needs to be delivered to the client.

Many projects are initiated without first having a clear definition of the full scope of the project. As someone once said, “We spend more time doing the wrong thing right, than we do doing the right thing wrong.”





Issues of Concern 
 

Definition of issue … 
 

An issue is a concern that 
can be expressed as a scaled value. 

 
Definition of Spatial Issue … 

 
A spatial issue is an issue that 

can be mapped as a scaled value. 
 
 

Landscape Assessment 

Presenter
Presentation Notes
Webster’s defines an issue as …

4. a. A point of debate, discussion, or dispute.  b. A matter of public concern.  c. The essential point.  d. A culminating point leading to a decision.

With respect to geo-project planning, it is helpful to extend this definition to say that …

An issue is a concern that can be expressed as a scaled value.

An example would be an issue (e.g. seismic risk) that could be measured as having a low/medium/high degree of significance.

All projects have issues. They typically vary in type and degree of significance. When properly understood, they can represent an excellent place to begin one’s thinking as to how to best meet the objectives of a project.

Most projects, however, do not start with a clear/holistic understanding of the relevant issues, but rather with a not-so-clear/narrow understanding of some of the issues. What is worst, is that many planners and designers come to a problem, or a project, with a preconceived solution. These early assumptions and partial understandings regarding what constitutes a solution can lead to solutions that are either not real or, at best, sub-optimum. 

Most issues pertaining to environmental (physical, biological, social, value-based) planning and design are spatial in nature. Understanding the nature of these “spatial issues” is a critical aspect of geo-project planning.
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Presenter
Presentation Notes
When project members and stakeholders are asked to discuss the issues related to a particular environmental problem or project, they often engage in what sometimes appears to be endless conversation. They typically represent different disciplines and consequently have difficulty understanding and appreciating each other’s concerns.

Participants in the discussion often have difficulty defining the issues. They often list topics and data types as issues. For example, when working on the development of an earthquake response plan one of the participants might say earth science is an important issue, another might say geology is really the issue. Earth science is a topic. Geology is a data category. Both of these pertain, however, to the issue of seismic risk.

One way to determine if something is an issue is to see if it can be represented as a scaled value. Earth science can not be represented as a scaled value, nor can geology. Seismic risk, however, can be represented as a scale value (low risk, medium risk, high risk) … as such, it is a valid issue.

One of the objectives of any planning project is to clearly define the issues of concern and how they might be represented on a map.
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Landscape Assessment 
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Presentation Notes
Once the planning team has identified the potential issues, they need to determine which are significant. Not all issues have the same degree of importance.

They also need to determine which of these issues are spatial in nature (can be represented as maps). For example, seismic risk is a spatial issue because the degree of risk is a function of location (proximity to earthquake faults and epicenters).

One goal of the planning team is to determine how to map (model) the significant spatial issues, and how to represent the values they are trying to express. The question related to our example would be, “How does one measure and represent seismic risk?”

This can be a difficult task. Issues are often elusive.

There are three techniques the project members/stakeholders can use to help them identify, understand, and describe the issues pertaining to a particular project or program:

  Listing the issues
  Classifying the issues
  Relating the issues to each other

While these techniques are not deterministic, they can help the participants identify, understand, and describe the issues.




Listing Issues 
 

                Potential Issue      Topic     Data     Issue     Spatial     Importance 
 
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
                _____________      _____     ____     ____     ______     __________  
  

Landscape Assessment 

Presenter
Presentation Notes
The above form provides a format for listing potential issues and assessing if the potential issue is a topic, a data category, or an actual issue.

In a typical issue identification session, the participants (project members and stakeholders) are asked to fill out a form listing the issues they think are important. The participants then share and discuss their lists. They compare their lists to establish a common nomenclature, to determine which issues are really issues (can be represented as a scaled value), and to develop some sense of the issue’s importance.

Once this is done, the participants prepare a common list of issues and identify which ones are spatial. They should also think about how the issue might be represented on a map.





Classifying Spatial Issues 
 

Landscape Assessment 
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Presenter
Presentation Notes
Another way to deepen the teams understanding of the issues is to classify them in accordance with the Venn diagram shown above.

Many of the issues for a given project will fall into one of the tree primary categories (earth, life, and social), while others will fall into the overlapping areas.

This technique can be used to help the team see if the issues are properly balanced. Projects with issues falling into just one or two of the areas may need to be reassessed.

Projects are often sponsored by disciplines in a single field and sometimes have a tendency to be dominated by the issues most often represented by that field. This classification technique can help the team ask questions and uncover issues related to other fields.





Relating Issues 
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Presentation Notes
One way to deepen the team’s understanding of the issues, and flush out the overlap between issues, is to compare them to each other using a cross-impact matrix.

The issues are listed in sequence down the left side of the matrix. They are then listed in the same order across the top. The matrix is then used to compare each issue with all other issues. If a relationship exists between two issues, a mark is placed in their intersecting cell.

These relationships are then discussed to deepen the team’s understanding of the issues and to assess the significance of the relationships between issues.

This technique is particularly helpful in getting the various participants to see how their issues interrelate. They begin to see the problem from a more holistic point of view and develop a higher level of appreciation for issues represented, or advocated, by other members of the team.
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Landscape Assessment 

Presenter
Presentation Notes
A number of years ago a planning team undertook a project to determine the best location for power plants on the Delmarva Peninsula. They were looking for potential coastal sites for both fossil- and nuclear-fueled plants.

The issues listed above are the actual spatial issues the team determined to be important for their project. Notice how each of the listed issues can be mapped as a scaled valve (ranging from low to high).





Exercise 1 
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Landscape Assessment 

Presenter
Presentation Notes
Source Data is the data you presume you can start with … it may or may not be available. If it is available, it may or may not be accessible. Furthermore, the actual source of the data, its extent, the way it is classified, its currency, and its accuracy may or may not meet the needs of the project. You should never assume that source data is available and ready to use.

Project Data is data that is ready to use in your project. It is available, accessible, and meets the needs of the project. Project Data is often derived from Source Data. Obtaining Source Data and converting it into Project Data is not a trivial task. Significant resources (time, money, talent, and patience) can go into the conversion of Source Data to Project Data.

Derived Data is data created or derived from Project Data. It is the data you create when you perform a geoprocessing task or run a model.
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Landscape Assessment 

Presenter
Presentation Notes
The most important thing to acknowledge is that there is a vast difference between Source Data (data that is “available”) and Project Data (data that is “useable”).

There are a variety of reasons why available data many not be useable:

  The scale might not support the intended level of analysis
  It might not cover the full extent of the study area
  It might be in the wrong projection
  The data might be classified inappropriately
  The accuracy of the data may be insufficient
  The resolution of the data may be insufficient
  There be unavoidable gaps in the data
  It might be too old and contain obsolete information
  It might be in the wrong format or stored on media that is difficult to utilize
  It might be legally constrained in some way, or
  It simply might not be accessible

Converting Source Data to Project Data can be expensive, from both a time and cost point of view.

When someone says, “The data is available.” … raise the red flag!
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Presenter
Presentation Notes
Project base maps are an important component of spatial data management. They provide the basis for both the geographic and cartographic standardization of all spatial data for the project.

The scale for a project base map is determined by the need for a particular resolution. Many projects involve the use of different scales: small-scale maps that show large areas for overview studies (regional planning), and large-scale maps showing smaller areas for more detailed studies (site planning).

The development of a base map nesting schema may be appropriate for projects that encompass vast areas and where the landscape needs to be examined at different scales.

Map projection, coordinate system, and scale are often selected based on published maps (digital and hard copy) that are commercially available (such as USGS maps).

The geographic features on a base map are determined by the need to provide visual reference and the need to maintain shared boundaries (coastlines, lake boundaries, roads, etc.) between layers in a consistent manner.

The cartographic design of a base map (sheet layout, map symbology, and the location of titles, legend, scale, North arrow, etc.) is based on the need for graphic clarity and the aesthetic values of the cartographer.
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Source data is often digital. In fact, in today’s world this is frequently the case. Most digital data is still file-based, that is, it stored as a file in a directory on a hard-drive somewhere. In the future, data will be stored in a spatially enabled database, such as ESRI’s geodatabase.

Source Data stored as a file in a directory can be obtained by simply requesting a copy of the file. This data will most likely need to be processed, in someway, to produce useable Project Data. For example, one might need to simply convert the source file to a different format; or the data categories (classes) might need to be reclassified.

Source Data can also be stored as a part of a geo-relational data model in a geodatabase. In this case, Project Data can often be extracted directly via an SQL query.

Queries can also be used to extract data which can then be saved as thematic layers in a file-based system.
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The same spatial data, if mapped properly, can be interpreted for different purposes.

Some spatial data, such as soils and elevation data, can be used to derive a wide variety of derivative maps. Soils type, as shown above, can be used to derive both settlement and agricultural potential. Digital elevation data (not shown) can be used to calculate slope, aspect, sun exposure, viewshed, drainage patterns, and so forth.

Project Data that has been pre-interpreted by one discipline may not be useful to other disciplines. It is thus very important that all Project Data be mapped as data, without any interpretation that would inhibit its use by others.

A decision table has been used in the above example to convert the legend categories (classes) on the Soils Map to legend categories on the Settlement Map. The numbers at the right side of the table are absolute values representing an estimate of expected settlement in inches. These numbers represent quantitative values.

The values used in the decision table, shown in the lower portion of the example, are relative values used to convert the soils data into a measure of the agricultural potential. These numbers represent qualitative values.
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Value scales play an important role in spatial analysis. There are four basic types of value scales:

  Nominal scales, used to identify/label/name things (the ID number given to a jogger in a race).
  Ordinal scales, used to identify the order or sequential position of things (the place positions in a race).
  Interval scales, used to measure distance or value in time and space (the length of the race).
  Ratio scales, used to determine relative distance or value (the runner completed 70% of the race).

Interval scales may not be used as multipliers, a mistake often found in decision analysis. Because of this, a ratio scale should be used to assess importance ratios, or degrees of influence.

The interval scale shown above is an excellent scale for assessing value. The user may first determine what is high, medium, and low, and then determine which of the highs are high-high, high-medium, high-low, and so on. This gives a nine-point scale. Three additional values are used to indicate over-riding restrictions (R for Restricted) , the fact that the data is or may be undetermined (U for Undetermined Data), and null (N for No Comment).

The interval scale (shown above) may not be used to measure relative importance or degree (percent) of influence.
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There are two aspects to overlaying polygon maps. One concerns the geometry of the polygons and how they are overlaid on the derived map. The other concerns the polygon’s attributes (that is, the values used to describe the data inside the polygons) and how they are combined, or interpreted, to produce attributes for the polygons on the derived map.

The geometric overlay of the two sets of polygons on the derived map is simply the intersection of the polygons on the two maps.

The attributes used to label, describe, or assign value, to the intersected polygons require interpretation. One of the simplest ways to interpret these is to compare the classes, or legend items, on one map to those of the other map and then decide, for each paired combination, what the legend items should be on the derived map.

Once this is done, all adjacent polygons on the derived map with the same attribute values are dissolved into one polygon.

The above example shows how a soils map (Dirt) was overlaid with a slope map (Slope), using a decision table, to produce a derived map showing the potential for landslides (Landslide Potential).
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The weighted overlay process can be used to combine two or more maps to produce a composite map. This technique is typically used to produce land use suitability maps or environmental sensitivity maps, as well as other types of composite maps that require input from more than two maps.

The input maps are first interpreted using a decision table (one for each map) to assess their individual measures of suitability/sensitivity for/to the given land use. An interval scale, such as the nine-point interval scale shown previously, is typically used to make this assessment. These tables are used to convert the individual input maps to individual assessment maps.

The assessment maps are then weighted to indicate their relative importance (influence) in the overlay process. These weights, or influence factors, are normalized to add up to 1.00. The normalized weights are then multiplied by the values in each of the polygons on the individual assessment maps to produce the weight values shown in the polygons on the weighted assessment maps. These weighted values are then summed for each of the intersected polygons, thereby creating the raw weighted overlay map.

Because the sum of the weights assigned to each of the assessment maps are normalized to 1.00 (that is, they add up to 1.00), the summed values on the raw weighted overlay map end up on the same nine-point scale used to assess the data categories on each of the input maps.

The summed values on the raw weighted overlay map are then rounded to their nearest whole number (integer) and converted back to the value they represent (H+ H H- M+ M M- L+ L L-). Polygons with the same value are then dissolved to produce the final weighted overlay map.

Working through this is example is the perfect antidote to a sleepless night.
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Two different techniques are often used to establish importance ratios (influence factors, or weights).

In the first technique, represented by the first two numeric columns in the above table, the decision maker assigns a 1.0 to the least important item on the list (in this case, a list of issues used to assess residential suitability). He or she then assigns a number equal to or greater than 1.0 to the most important item to represent how many times more important that item is than the least important item.

The other issues are then assigned rations representing their importance relative to the least and most important items. These importance ratios (IRs) are then normalized (proportioned) so the add up to 1.00. The normalized importance ratios (NIRs) are then used as the weights (multipliers) in the decision process.

In the second technique, represented by the middle two numeric columns, the IRs are assigned to each item as a percentage, representing the percent influence for each item. The percentages are then normalized to a base of 1.00 by simply moving the decimal point two places to the left.

The second technique is easier for most people to understand and is recommended in most circumstances.
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Interpretations of the various data maps leading to the creation of a particular issue map usually occur within a specific field, or with fields that are closely related. Consequently, most of the decisions leading to the creation of an issue map are made by individuals of like mind. Differences of opinion are usually resolved through normal discussion.

Interpretations of the various issue maps as they relate to an assessment of suitability for a particular land use, or land management strategy, usually involve input from many disciplines. These decisions are typically made by individuals with divergent (often conflicting) opinions.

The Delphi process is an established technique for making group-based decisions. The process was first developed in the mid 1950s to forecast the effects of a massive bombing attack on the United States. Later, in the 1960s, it was applied most frequently to technological forecasting. It has since been used in a wide variety of applications where subjective information is a component of the decision process.
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In the field of environmental planning, the Delphi process has been used with three types of groups:

  Interdisciplinary teams
  Interagency committees
  Citizen participation groups

Many professionals in a singular field do not understand the considerations, assessments, or even the jargon of their co-professionals in other fields.

Interdisciplinary teams can use the Delphi process to assess situations and make value judgments involving more than one discipline. The Delphi process is a great way to get the various disciplines to talk to each other and to see their problem from different viewpoints.

Interagency committees have used the Delphi process to make decisions pertaining to regional planning projects involving multiple-agency jurisdiction. The process is an excellent way to facilitate interagency cooperation.

Citizen groups have used the Delphi process to express their values pertaining to proposed land use plans. In some cases they have used the process to develop the values used by the planners to create the actual plan.
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While the Delphi Process has been adapted to many different situations, the generic process works like this:

An interest group is assembled, either through correspondence or in a shared physical space, to assess issues of mutual concern. While the individuals in the group share common interest (the subject of the Delphi), they usually represent different points of view. Correspondence groups can be quite large; over 100 participants is not uncommon. Discussion groups usually work best with 15 to 35 members.

The participants are asked to comment anonymously on a set of issues, usually using some type of form. A facilitator analyzes the comments and produces a report documenting the responses of the group. The individuals then compare what they said to the group’s collective (average) response as a basis for discussion. The discussion, either through correspondence or through face-to-face discussion, is used by the participants to share, promote, and challenge the different points of view.

Once this is done, the participants, having the benefit of the discussion, anonymously comment on the issues again. A new report is generated and the process repeats itself.

Most Delphi groups reach stability (consensus and/or stable disagreement) in three or four cycles.
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The Delphi process can be used to establish the Planning Values (PVs) and Importance Rations (IRs) assigned to the issue maps that are used to create the suitability/sensitivity maps.

PVs are used to measure the degree of suitability/sensitivity for/to a given land use, for each data category (legend item) on an individual issue map.

IRs are used to assess the relative degree of importance (influence) that each issue map has in creating the composite suitability/sensitivity map.

A separate set of PVs and IRs need to be established for each issue map.

Establishing PVs and IRs for the suitability/sensitivity maps involves input (value judgments) from many sectors.

The Delphi process is an excellent way to assess the project team member’s, stake holder's, and even citizen’s values pertaining to questions regarding the use of land.
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The Delphi process can be used to determine the Planning Values and Weights (Influence Factors) used to create a weighted overlay map.
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Using the Delphi process to establish the Planning Values (PVs) and Importance Ratios (IRs) works like this:

The Delphi group typically includes members from the project team and (in some cases) representatives form stakeholder groups. If citizens are to be included in the process it is usually better to assemble them into a separate Delphi group and to later compare the results of the two groups.

The participants meet to review the issues and receive instruction about the process. Prior to any discussion, each participant uses a form for assigning PVs and IRs to the issue maps measuring suitability and/or sensitivity for each of the land uses being considered. A separate set of PVs and IRs are assigned by each participant for each suitability map and for each sensitivity map.

The facilitator analyses the statistics for each value (PV and IR) and produces a set of reports (one for each participant) showing each participant how his or her values compare to the group’s average values. The participants are not permitted to see each other’s individual values.

Group members discuss their differences and misunderstandings. They then fill out their form again and the process repeats itself through three or four cycles until the group reaches stability (consensus or stable disagreement).
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The participants indicate their value judgments pertaining to land use suitability and land use sensitivity by assigning Planning Values (PVs) and Importance Ratios (IRs) to a form similar to the one shown above.

Each participant fills out a separate form.

IRs and assigned in the space opposite the name of each issue map. PVs are assigned opposite the legend categories used to describe each issue map. This is done for each land use suitability/sensitivity map.

In the above example, three sets of PVs and IRs have been assigned: one to assess Residential Suitability, one to assess Commercial Suitability, and one to assess Open Space Suitability.

Participants will end up assigning a complete set of PVs and IRs for each land use suitability/sensitivity map for each cycle in the Delphi process.
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The facilitator processes the participant’s input forms by analyzing the statistics for each value. A report, similar to the one shown above, is the prepared for each participant.

Each participant receives a separate report showing his or her values compared to the group’s average response.

The facilitator typically receives a separate report showing a full set of statistics, including the average, mean, standard deviation, and first and second modes.

The group average and mean can be used to show how far the participant is form the group’s normative response, the standard deviation can be used to indicate the dispersion of values within the group, and the first and second modes can be used to indicate possible polarization with the group.

These reports form the basis for discussion. During the discussion, some participants will advocate their point of view, others will ask questions regarding an area of uncertainty. Some participants will have inverted on the value scales and discover they scribed values just the opposite of those intended.

The discussion following an examination of the participant’s reports always produces added clarity, helping the group move toward consensus.
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The above example shows the Importance Ratios (IRs) used to assess the suitability of the land for siting a nuclear power plant. The diagram shows how the IRs shifted during three cycles (rounds) of the Delphi process.

At the beginning of Round 1, Water Contamination Potential was the third most important issue with an IR of 0.125, and Coastal Stability was next to last, showing and IR of 0.062. After the discussion took place leading to Round 2, Water Contamination Potential moved to second place and Coastal Stability moved to fourth place. While the actual IR values changed a bit after the discussion in Round 3, the relative positions of the issues did not change. The fact that the relative positions did not change between the second and third rounds indicates the participants reached stability after three cycles.

The type of diagram shown above is an excellent way to plot values shifts throughout the process.
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A number of things should be considered when setting up a Delphi for a particular project.

Participants should have an interest in the project, be of a heterogeneous background, and represent a variety of viewpoints. If possible, all viewpoints should be represented in a balanced manner. All participants should be committed to the process throughout its duration. Once started, no new members should be added to the group.

Individual value assignments should remain anonymous throughout the process (this is not always possible). Individual opinions, however, will arise during discussions and is a natural part of the process.

The participant’s input on the Delphi forms should be the sole basis of analysis. Reports to the participants should always show the participant’s values so they can confirm that their values were input properly.

The facilitator should target values for discussion indicating disagreement or misunderstanding. The facilitator should remain neutral at all times and not let the discussion be dominated by a single individual or a special interest group.

The role of the facilitator is to comfort the disturbed and to disturb the comfortable.
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There are many types of Evaluation Maps (Assessment Maps):

  Sensitivity Maps – showing degree of sensitivity (e.g. environmental) to a particular land use or land use management program

  Pressure Maps – showing degree of pressure to develop (e.g. urban development) or change use

  Suitability Maps – showing degree of suitability for a particular land use or land use management program

  Capacity Maps – showing the capacity to absorb or withstand a particular activity

  Risk Maps – showing the degree of risk with respect to a particular even
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Here is an example how one might compare two evaluation maps, in this case showing Environmental Sensitivity compared to Development Pressure. The objective here is to determine which of the most sensitive areas are under the greatest pressure for development.

 A conservation group might want to perform this type of comparison to identify which properties should be purchased to protect them from development. Given limited financial resources the conservation groups wants to purchase the properties that have the highest degree of environmental sensitivity that are also under the greatest degree of development pressure.

The area in the lower right-hand corner of the Sensitivity/Pressure map meets this condition, as it is both highly sensitive and under a high degree of development pressure.
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Landscape intervention (land use planning, environmental design) involves the allocation of land uses and/or the deployment of land use management strategies to the landscape, often with the intent of providing the best use of the land, given a set of multiple (and sometimes competing) objectives.

The previous section of this presentation showed how to manage, analyze, and integrate spatial information from many different areas (earth, life, and social). It also showed how to incorporate the value judgments from different disciplines and how heterogeneous groups can make decisions regarding what land areas are suitable/sensitive to a specific land use.

This section shows how the planning team can use the evaluation maps prepared in the previous section for allocating a mixed set of land uses and /or land use management strategies to the landscape.

The procedure outlines a technique for determining a set of alternative “best” locations for each land use, taken one at a time, and then examines the various combinations of the alternative locations to determine what constitutes the “best” overall location for all of the land uses taken simultaneously.
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Landscape Intervention is the process of designing and proposing changes (planning/design) to the landscape (broad definition).

Proposed changes to the landscape should be based on an assessment of the landscape. This is sometimes called “context sensitive design”. 

The evaluation maps generated during the assessment phase provide the basis (context) for planning/designing proposed changes to the landscape.
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Planning and design can be fully automated (not a good idea – e.g. watch our for literal interpretations of urban growth models), partially automated, or not automated at all (which is usually the case). Most design activity comes from the designer’s imagination. The idea here is to inform that imagination by first assessing the landscape, and then providing the capacity to evaluate the quality of those imaginations (designs).

The various designs, or alternative plans, can grow out of this overall process, or come from some exogenous source. Either way, they can be placed into the work flow and subsequently evaluated.
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Impact assessments can be predicated on the results of the Landscape Assessment phase, that is, by measuring how each of the Alternative Plans rate when compared to the results of the assessment phase. Since all plans are a compromise, some will do better with respect to some of the performance requirements, while others will do better with respect to other requirements.

Impact assessment can also be predicated on factors not included in the original analysis. In some cases, the design of these additional assessments can be as involved, or perhaps even more involved, than the planning and design activities. For example, performing environmental impact assessments or security assessments may actually be more work than the development of the proposed plan.
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Presentation Notes
The various impact assessments provide the basis for deciding what to do. These assessment provide a context for decision … they do not make the decision.

In a sense, the impact assessments, and the ability to make re-assessments, even new plans, provides the decision maker (makers) with an informed decision support system. 

Of course, some decisions are made without the benefit of, or in ignorance of, or even in opposition to, this support system … such is politics!
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Urban Growth 
 

Demographic Projections 
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Land Use Projections 
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Land Use Projections 
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Presentation Notes
Urban growth, by definition, needs to be projected out over time.

The quantity of land area for each type of land use should be projected of each time interval.

The allocation of land use should then be predicated on these projections.



Alternate Land Use Plans 
 
 

Land Use Assessment Maps 
(for each land use) 

 
Morphological Analysis 

(the search for form) 
 

Adjacency Considerations 
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Land Use Allocation 

Commercial Suitability 

Residential Suitability 

Eco Preserve Suitability 
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Presentation Notes
In this example, we are given suitability maps (shown on the left) for each of three land uses: Commercial, Residential and Eco-Preserve. In each case, the highlighted areas represent the most suitable locations for each of the respective uses.

The maps on the right show preferred locations (alternative locations) for each land use. That is, there are four possible good locations for the Commercial Center (C1, C2, C3 and C4) with respect to the Commercial Suitability map. There are five possible good locations for the Residential Area (R1, R2, R3, R4 and R5) with respect to the Residential Suitability map, and there are three possible good locations for the Eco-Preserve (E1, E2 and E3) with respect to the Eco-Preserve Suitability map.

The question is, “Which is the best location-combination of these three land uses?”







Morphological Analysis 
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Presentation Notes
Morphology, as defined in the dictionary, has to do with the structure and form of something.

Morphological analysis for land use planning is used to study the optimum allocation of the land uses to the landscape. It is typically used to examine all possible land use allocation combinations and to identify which combinations are preferred.

The planning team first examines the land use suitability and sensitivity maps to identify the best alternative locations for each of the individual land uses. Separate allocation maps are then made for each land use showing the location and extent of each of the “best” alternative locations for that land use.

The planning team then uses a cross-impact matrix (table) to cross-compare the best alternative locations for two of the land uses. The most feasible (preferred) combinations of the two land use allocation alternatives are identified, the unfeasible combinations are discarded. The pairs of feasible locations are then compared with the locations for the next land use. This process continues until the best location alternatives for all the land uses have been compared.

This process produces a set of preferred land use location plans for all of the land uses.




Adjacency Considerations 
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Presentation Notes
Some land uses work best if they are adjacent to, or far away from, other land uses. Some land uses work better if they are intermixed with other uses.

A cross-impact matrix can be used to assess the various adjacency considerations between land uses.




Morphological + Adjacency 
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Presentation Notes
Land use adjacency criteria are often used to evaluate proposed allocation patterns and can thus be used to assess the preferred land use allocation combinations developed during the morphological analysis.

Once the planning team members have assessed the various adjacency considerations, they simply review the final morphological matrix and eliminate the land use allocation combinations that do not meet the adjacency criteria.




Possible Variations 
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Presentation Notes
Once the preferred land use allocation patterns have been identified in the morphological analysis, they can be delineated as small scale concept plans.

The planning team can visually review these concept plans to look for allocation patterns and to determine which plans represent basic solution themes and which represent variations of a theme.

The morphological analysis often leads to a large number of potential solutions. By examining graphic representation of these solutions, the team can often identify, and then work with, a much smaller set of basic solutions.



Basic Alternative Plans and their Variations 

Alternative 1 Alternative 2 Alternative 3 
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Presentation Notes
This slide shows the three basic land use allocation plans and their variations.

The question is, “Which is the best plan?”



Evaluate Alternatives 

Alternative 1 Alternative 2 Alternative 3 

Alternative 1 Alternative 2 Alternative 3 Evaluation Criteria 
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Presentation Notes
Once the basic land use allocation schemes have been identified, they can be evaluated by other criteria (quality of life, implementation costs, political viability, etc.) to determine which one represents the best solution.

Each scheme can be scored according to each criterion, and each criterion can be weighted to determine a total weighted score for each scheme.

The evaluation process is similar to that used to assess suitability in the previous section of this presentation.

Each criterion is assigned an importance ratio (weight) that is multiplied by the evaluation value assigned to each criteria for each scheme, thereby creating a weighted score for each criterion for each scheme. The weighted scores for each scheme are then added to determine the total weighted score for each scheme.

The value of this process is not (so much) to establish a deterministic score for each scheme, but to force the planning team to think through and assess the fit of each scheme relative to the team’s planning objectives (evaluation criteria).




Final Land Use Plan 

Final plan is the conclusion of a logical process 
 

All possible solutions considered 
 

Optimum solution(s) identified 
 

Provides a trace of the design process 
 

Presenter
Presentation Notes
The land use planning (landscape intervention) process outlined in this portion of the presentation is not meant to be deterministic, in that one step leads to the next without the possibility of variance. The process is as much an art as it is a logical process. The creation of the final land use plan is really a product of the planning team (not strictly that of a methodology), encompassing their ideas, assessments, advocacies, and personalities.

The land use planning process outlined here is designed to supplement and support the talents of the various team members by providing a way to gather, describe, store, manipulate, and assess the various planning alternates. As such, it provides a format for discussion and for exploring alternative (even opposing) value sets (e.g. pro-conservation vs. pro-development).

More importantly, it provides a trace of the planning process. Thereby giving the planning team and their critics the ability to defend their assumptions, concepts, and related consequences.




Impact Assessments 
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Assess Impacts 

Evaluation Maps 

Evaluation Maps 

Alternative Plans 

Do for each Alternative 

Impact Maps 

Impact Maps 

Composite Assessment 
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Presentation Notes
This slide shows how one might compare each of the alternative plans to the various evaluation maps as a way to assess impacts.

The individual impacts (environmental, social, energy, etc.) can sometimes be combined into an overall, or composite impact assessment.

This slide only hints at the types of impacts that might be performed to assess the vitality of a specific plan, or for comparing alternative plans.



Decision Support 
 

... for staff, stakeholders and politicians 
 

Policy Options 
(what if) 

 
Land Use Scenarios 

(opportunities and benefits) 
 

Impact Assessments 
(near and long term impacts) 

 
 

Landscape Intervention 
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Presentation Notes
Impact assessments can be rendered as, or woven into, a spatial decision support system. Components, or editions, of this decision support system can be designed for the planning staff, for stakeholders, and even for politicians.

Policy options can be explored by the various decision makers, giving them the ability to explore “What if?” scenarios.

Various land use scenarios can be explored, giving the decision makers the ability to explore alternative growth scenarios, or land use allocation scenarios.

Near- and long-term impact assessments can be explored to determine the impact of a given plan, or set of plans, over time.




Concluding Remarks 



Landscape Change (MAD Diagram) 

Alternative 
Plans 

Impact 
Maps 

Evaluation 
Maps 

Issue 
Maps 

Spatial 
Analysis 

Project 
Data Maps 

D
el

ph
i P

ro
ce

ss
 

Pl
an

ni
ng

 &
 D

es
ig

n 

Im
pa

ct
 A

ss
es

sm
en

t 

Process Models Evaluation 
Models 

Rep 
Models Change Models Impact Models D 

M 

D
ec

is
io

ns
 

Landscape Assessment Models Landscape Intervention Models 

Presenter
Presentation Notes
To repeat …

The Mapping and Decision (MAD) Diagram serves as a storyboard, or visualization, of the entire mapping process for a project.

The Landscape Change Model, by Steinitz, (shown previously) is displayed horizontally across the top of the diagram, where it serves as a reference to the flow of spatial information represented in the main portion of the diagram.

Project data maps (layers of spatial information) are analyzed (using various geoprocessing techniques) to produce derivative maps, which are in turn used to assess, evaluate, or better understand relevant issues. These issue maps are combined or otherwise analyzed (often using some type of group-base assessment process) to create a set of evaluation maps depicting the suitability/sensitivity/capacity of the landscape to a particular land use (or set of land uses). These evaluation maps then serve as the platform, or background, for developing alternative land use plans (or land use management strategies). The alternative plans/strategies are then assessed to determine their respective impacts on the existing landscape (physical, biological, social, etc.). The decision makers can then use these assessments to decide if a proposed alternative is acceptable and when/if it should be implemented.

Once a particular plan or strategy has been implemented it becomes part of the project data for subsequent plans and developments.

The Mapping and Decision (MAD) Diagram provides a complete trace of the mapping and decision process and serves as a project plan, or blueprint, for managing and mapping the various spatial components of the project.







Benefits of going MAD 

Framework for Integral Planning 
(Comprehensive / Holistic / Systems) 

 
Facilitates Communication 

(Interagency / Interdisciplinary) 
 

Delineates Project Workflow 
(Spatial Data / Spatial Analysis / Project Management) 

 
Saves Time and Money 

(Project Tasks / Resource Allocation / Benefit-Costs ) 
 

Provides a Trace of the Decision Process 
(Clarity / Accountability / Quality) 
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Presentation Notes
The Mapping and Decision (MAD) diagram affords a number of benefits …

  It provides a framework for integral planning
  It facilitates communication
  It provides a comprehensible delineation of the flow of spatial data through the project
  It saves time and money by providing a logical basis for the allocation of resources
  It provides a complete trace of the decision making process

In short, by going MAD one can plan and implement a geo-based project with sanity.
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