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Overall Goal: This course is to contribute to the reduction of the growing toll (deaths and injuries, property loss, environmental degradation, etc.) of disasters in the United States by providing an understanding of the significant role of mapping and modeling in the management of hazards.
Session Goal: This session will introduce students to basic concepts and principles of mapping within a hazard context
Objectives:

3.1
Provide a Basic Definition and Concepts of a Map
3.2
Provide an Overview of Important Map Types

3.3
Discuss Other Important Mapping Issues

______________________________________________________________________________

Scope:

The oldest known map – the remnants of a clay tablet map dating to about 2,200 B.C. – was discovered in northern Mesopotamia.  Ever since this discovery humans have effectively used maps for recording and communicating information about their environment.  Maps are part of our daily lives, whether we use them as navigation tools in our cars or to present and analyze the outcomes of election results.

At the beginning of class, the instructor will ask students about their daily use of maps (for traveling, hiking, fishing, etc.) and if they would use maps in their professional lives (as surveyor, cartographer, GIS expert, emergency planner, etc.).  The instructor will then ask students from the latter group to explain in more detail what type of maps and how they would use them in their profession.

Finally, the instructor will tell students that this section will provide an introduction into cartography and mapping as it relates to disaster management.  This topic is important, because maps are important input data sources and output products for the analyses, modeling and visualization using Geographic Information System (GIS).  The overall goal of this module is to

(
increase student’s appreciation for maps;

(
make them aware of how to critically evaluate the information presented in maps; 

(
teach them how to produce maps that follow accepted design principles in order 

to effectively communicate the map content to the map reader.

______________________________________________________________________________

General Readings: 

Student Readings:

Dent, B.D. (1999) Cartography: Thematic Map Design (5th ed.). Boston: McGraw-Hill.

Madej, E. (2001) Cartographic Design. Using ArcView GIS. Albany: OnWord Press.

Monmonier, M.S. (1997) Cartographies of Danger: Mapping Hazards in America. Chicago: University of Chicago Press.

Additional Instructor Readings:

Brewer, C.A. and T.A. Suchan (2001) Mapping Census 2000: The Geography of U.S. Diversity. Redlands: ESRI.

MacEachren, A.M. (1995) How Maps Work. Representation, Visualization, and Design.  New York: Guilford.

MacEachren, A.M. and D.R.F. Taylor (1994) Visualization in Modern Cartography, Oxford, England: Pergamon.

Monmonier, M.S. (1996) How to Lie with Maps (2nd ed.). Chicago: University of Chicago Press.

Robinson, A.H., Morrison, J.L., Muehrcke P.C., Kimerling, A.J. and S.C. Guptill (1995) Elements of Cartography (6th ed.). New York: Wiley.

Slocum, T.A., McMaster, R.B., Kessler, F.C. and H.H. Howard (2005) Thematic Cartography and Geographic Visualization (2nd ed.). Upper Saddle River, NJ: Prentice Hall.

______________________________________________________________________________

General Requirements:

Power Point slides are provided for the instructor’s use.

The instructor’s course syllabus should be distributed to the students following the instructor and student introductions.

On the first day of class, the instructor and students can bring examples of different maps with them.  This may include atlases, tourist maps, trip-tics from the AAA, etc.  If students did not bring any maps with them they can search for maps on the Internet.  The following websites should provide a wide variety of different map types:

http://www.fema.gov/

http://www.census.gov/

http://www.nationalgeographic.com/

http://www.randmcnally.com/

http://www.hammondmap.com/

http://www.esri.com/
______________________________________________________________________________

Requirements:

Use the PowerPoint slides provided.  Proposed exercises and questions are suggested to stimulate discussion.  By the end of this session students should be familiar with the basic concepts of cartography and mapping.  They should understand the principle differences between reference and thematic maps and should be familiar with different thematic map types.  They should further understand the concept of map projections and how different types of map projections can introduce different types of biases.  The use of color in maps and map lettering are two important topics that will complete this session.

The instructor should tell students that this session does not show them, how to compile a map using a graphics, mapping or GIS package.  Rather this session should increase student’s appreciation for maps as an input and output product for GIS analysis and modeling.  Students will also learn to more critically assess the map content and to evaluate and distinguish good design principles from poor one’s.

At the beginning of this session, if no previous introductions have been performed, the instructor should provide an overview of his/her background in disasters, and particularly, in cartography and mapping.  The instructor will then ask each student in turn, whether he/she has had any professional experience with mapping, e.g., as a cartographer, surveyor, teacher, GIS expert, etc.  If a student has had professional experience, the instructor will follow-up the question by asking the student to explain the software he/she used, the types of tasks they performed, and a general estimate of their proficiency.

Instructor introduction:

Briefly explain your cartography background, where you were trained, on what software, and the general types of projects you are involved with.

If you have had formal training in cartography explain the difference between the traditional, non-digital cartography and the modern, digital or computer cartography.  Also mention that modern cartography in the US is carried out by the private sector (Rand McNally, Hammond, National Geographic Society), governmental agencies (USGS, DMA) and academia (geography).  Finally, state that maps can be compiled with either graphics (Adobe Illustrator, Canvas), GIS (ESRI or GeoMedia products) or mapping software (unique to private companies).

If you have had no direct cartography experience, provide examples of how you have 

            interacted with cartography, preferably within a disasters framework.

Student introductions:
Students will be asked, one by one, to talk about their background and provide examples of how they have used maps before (e.g., for traveling, hiking, etc.).  Students will also be expected to briefly talk about their major, how far along they are in their major, and whether they have any examples of using maps in their discipline.   

           If a student has compiled a map before, the instructor will follow-up the question by asking the student to explain the software he/she used, the type of map he/she compiled, for what purpose and the data sources used.

Student Exercise 1:  Before starting with the formal lecture students are asked to individually run through a simple and short exercise.  The purpose of this exercise is to stimulate students’ interest in this session and to make them aware of how important maps are when dealing with hazards.

Students should go to the following website: http://www.esri.com/hazards/makemap.html and first, input their hometown (or largest city close to their hometown) as “Area of Interest”, second, select an appropriate “Type of Hazard Map” and third, click “Make the Map!” (Slide 2).
After the map is displayed on the screen, students should interactively zoom-in and zoom-out of the map, move to adjacent regions, change the “Current Map View” in order to display different types of hazards and while doing this observe how the map content changes.

While viewing different “hazard maps” ask students to identify the following map elements: map title, map legend, map credits, north arrow, map symbol, thematic overlay, label, and map scale, (Slide 3).  As a final question, ask students, if any additional information should be included in these maps and if they would like to perform additional interactive tasks to the one that are provided.

Remarks:

Objective 3.1 Provide a Basic Definition and Concepts of a Map
I.
Basic definition of a map (Slide 4)

A.
Every map is a graphic representation or a model of reality or milieu

1.
A map represents cultural features, such as transportation, settlement, political-administrative boundaries, etc.

2.
A map represents physical features, such as elevation, hydrography, land cover, etc.

B. A map can also display mental abstractions that are not physically present on the geographical landscape.  An example is to map people’s attitude (quality of life, for or against gun control, etc.).

C.
A map is also a communication device.

Q: Ask students to search for “Maps” on the Internet and list as many cultural and physical features that they can find on randomly selected maps, listed after the search.  Students should also identify any maps that contain mental abstractions.

II.
Elements of a map (Slide 5, Slide 6)

A.
Title

1.
The map title should be short and concise.  It should precisely say what is displayed in the map.  The map title is usually placed above the mapped area.  It is better to use a main and a subtitle instead of one long main title.  The map title should have the largest type size of any text on the map.  It can be all in upper case or in upper and lower case letters.

B.
Mapped Area

1.
Shows the graphic representation of the cultural and physical environment.

C.
Credits

1.
Include map sources, map producer, publishing date, data collection methods, information about the map projection, and other explanatory notes, etc.  This information is also referred to as metadata. 

D.
Legend

1.
Explains all graphic representations from the mapped area.  Symbols in the legend should look exactly as they appear in the mapped area (same size, color, etc.).

E.
Direction
1.
Maps are usually oriented with north being up.

F.
Symbols

1.
Are graphical representations of

a.
point-like features:  nuclear power plant, location of a tornado touch-down, superfund site, etc.

b.
linear features:  highway, canal, hurricane track, etc.

c.
areal features:  wild fire, flood, landslide, etc.

Student Exercise 2: Have students draw map symbols, either by hand or with a graphics software package (e.g., Adobe Illustrator), for any number of the following hazards: drought, flood, tornado, wild fire, tsunami, explosion, hazardous material incident, avalanche, earthquake, landslide.

After students have finished ask them to go the following website: http://dept.kent.edu/geography/dymon/ and select “Proposed Emergency and Hazard Mapping Symbology and Definitions”.  This report contains point symbols for Incident, Natural Events, Operations, and Infrastructure, including all symbols they were asked to draw.  They have been suggested by Ute Dymon, Full Professor in Geography at Kent State University to be used as standardized symbols on “hazard maps”.
G. Scale

1.
Map Scale is the relationship between distance on the map and distance on the ground.  This relationship is usually expressed in the form of a ratio relating one unit on the map (numerator) to many units on the ground (denominator).  The smaller the denominator, the larger the map scale.  A larger scale map covers a smaller area, which is shown with more detail.  In addition, a larger scale map shows features from the physical and cultural environment that are less generalized.  On the other hand, the larger the denominator, the smaller the map scale, the larger the area that is shown on the map, the less detail can be shown, and the more features from the physical and cultural environment are generalized (Slide 7).

a.
Large scale maps:  1:24,000 and larger; examples are cadastral maps that show a record of city land lots and the 7.5-minute, 1:24,000-scale quadrangle map series from the USGS
b.
Medium scale maps:  Range in scale from 1:24,000 to 1:250,000; examples are USGS 1:100,000-scale and 1:250,000-scale maps;

c.
Small scale maps:  1:250,000 and smaller; an example would be a world map (Slide 8)

Q: It is important that students are familiar with the concept of a map scale.  For this reason ask students to calculate both the distance on the map and the corresponding distance in reality for several map scales, including 1:24,000, 1:100,000, 1:250,000 and 1:1million.

2.
The map scale can be represented numerically, graphically or verbally on the map.  Often, both forms are used simultaneously (Slide 6).  For medium and small scale maps, the map scale only applies to certain areas on the map, e.g., the map center, the center latitude or longitude.  This is due to the map projection employed to project the portion of the earth onto a flat surface.  For more information see Section on “Map Projections” later in this session.

3.
Map scale also influences how features are represented on a map.  For example, a city may be represented with an areal symbol on a large-scale map, but with a point-like symbol on a medium or small-scale map.

Q: Ask students to search for maps with different scales on the Internet and find examples of cultural and physical features that are represented with different categories of symbols (point-like, linear,  real) at different scales.
H.
Map frame

1.
Encloses the mapped area; often includes locational information in the form of geographic coordinates.

I.
Map projection

1.
See section on “Map Projections” later in this session.

Objective 3.2 Provide an Overview of Important Map Types
Requirements:

Use the PowerPoint slides provided.  Proposed questions and student exercises are suggested to stimulate discussion.  By the end of this section students should understand the principle difference between reference and thematic maps.  They should know the most important reference map series published by the USGS.  Additionally, they should be able to select the most appropriate (quantitative) thematic map type for the data that they want to map.  Finally, they should be aware of potential biases that are introduced through mapping.

Remarks:
I.
Classification of maps (Slide 9)

A.
Maps can broadly be divided into non-tangible (i.e., mental maps) and tangible maps
1.
Mental maps are developed in people’s mind over time.

a.
Mental maps differ from person to person, dependent on experience, spatial interaction with the environment, etc.

b.
Mental maps are usually relatively accurate for places that we know best and relatively distorted for places that we know less well.

Student Exercise 3: Have students draw a mental map on a white piece of paper of a disaster that they know well or that happened close to where they live.  Alternatively, ask students to draw a mental map on a paper of a place that everybody is familiar with, such as the university campus, downtown area of a city, etc.  A comparison and evaluation of these mental maps should reveal that more familiar places are drawn more accurately, while less familiar information is highly generalized and less accurate.

2.
Tangible maps can be reference maps or thematic maps.

a.
Reference maps are also referred to as general-purpose or topographic maps.

b.
Thematic maps consist of a geographic or base map and a thematic overlay.

c.
Any map displaying any type of disaster will be a thematic map.  The corresponding geographic base map will differ by type of disaster.

3.
Thematic maps can be further subdivided into qualitative and quantitative thematic maps (Slide 9).

a.
Qualitative thematic maps can answer the question: “Where is something located?”

b.
Quantitative thematic maps can answer the question: “How much can be found at this location?”

Q: Ask students to provide examples of qualitative and quantitative thematic (disaster) maps.  For example, a qualitative thematic (disaster) map could show the different types of disaster (flood, forest fire, hurricane, etc.) for an entire country or a continent.  A quantitative thematic (disaster) map could visualize the amount of damage one or more disasters caused in each state of the US.

4.
Quantitative thematic maps can display one or more variables at the same time (Slide 9).

a.
A one-variable thematic map displays one variable, a bi-variable map displays two variables and a multi-variable map displays three or more variables at the same time.

b.
Quantitative thematic maps should not display more than two to three variables at the same time. Maps quickly become too complex to be properly understood by the average map-reader.

c.
For example, a bi-variable quantitative disaster map could display the results of a plume model from an accident in the chemical industry and the population at-risk living in the vicinity of the chemical industry.

II.
What is a reference map?

A.
Reference maps customarily display both natural and man-made objects from the geographical environment.

B.
The emphasis is on location and the purpose is to show a variety of features of the world or a portion of it (Robinson and Petchenik, 1976).

C.
Reference maps include information about settlement, hydrography, transportation, elevation, political-administrative boundary, and similar features.

D.
Most industrialized countries in the world have a governmental agency that is mandated by law with the production of reference maps for the entire country at different scales (mostly large to medium scale).

1.
In the US, the United States Geological Survey (USGS) is mandated with the production of reference maps.

2.
USGS reference maps are available as so-called quadrangle maps at different scales.

3.
The collection of reference maps at the same scale for one country are referred to as map series.

III.
Examples of reference maps from the USGS

A.
7.5-minute map (Slide 10)

1.
This is the best-known USGS map at a scale of 1:24,000 (1 inch = 2,000 feet).

2.
A 7.5-minute map covers an area of 7.5 minutes of latitude and 7.5 minutes of longitude.

3.
It takes about 57,000 maps to cover the conterminous 48 States, Hawaii, and territories.

B.
1:100,000-scale map (Slide 11)

1.
Virtually all of the conterminous United States and Hawaii are covered by 30- x 60-minute maps at a scale of 1:100,000.

2.
Most of these maps are derived from 1:24,000-scale maps.

C.
1:250,000-scale map (Slide 12)

1.
These maps are available for the entire United States.

2.
For the conterminous United States quadrangles are 1 degree of latitude by 2 degrees of longitude.

IV.
Examples of different types of Orthophotos

A.
Orthophotomap (Slide 13)

1.
Orthophotomaps are multicolored, distortion-free, photographic image maps.

2.
They are produced in standard 7.5-minute quadrangle format from aerial photgraphs.

3.
They show a limited number of the names, symbols, and patterns found on 7.5-minute topographic quadrangle maps.

B.
Orthophotoquad (Slide 14)

1.
Orthophotoquads are color, distortion-free, photographic image maps.

2.
They are produced in standard 7.5-minute quadrangle format from aerial photographs.

3.
They have no contours and only minimal cartographic treatment and include only a few names and symbols.

C.
Louisiana Oil Spill Coordinator’s Office (LOSCO) Digital Orthophoto Quarter Quadrangle (DOQQ) (Slide 15)

1.
DOQQ’s are 3.75-minute color infrared (CIR) orthophotos for Louisiana at one meter or about three feet resolution.

D.
USGS Orthoimage (Slide 16)

1.
They are also referred to as USGS high-resolution 1,500-meter orthoimages.

2.
Orthimages are natural color orthophotos at 0.3-meter pixel resolution (approximately 1-foot).

3.
They provide imagery for a 1,500- by 1,500-meter block on the ground and consist of 5,000 by 5,000 raster pixels.
V.
Examples of additional reference maps from the USGS

A.
Shaded relief map (Slide 17)

1.
The USGS publishes shaded-relief editions of certain topographic maps to accentuate physiographic features of special interest and for some State, Antarctic, and national park maps.
2.
These maps use shaded relief, as well as contour lines, to represent the shape of the terrain.
3.
The pictorial effect of such maps is emphasized by relief shading.  This is a halftone overprint that simulates the appearance of sunlight and shadows on the terrain and creates the illusion of three-dimensional topography.

B.
Topographic-bathymetric map (Slide 18)

1.
On topographic-bathymetric maps, contour lines show elevations of the land areas above sea level
.

2.
On these maps, isobaths (bathymetric contours) show the form of the land below the water surface.
3.
In order to produce these coastal maps, the National Ocean Service provided bathymetric data to be added to USGS topographic maps.
C.
Further USGS reference maps include map series from counties (at scales of 1:50,000 or 1:100,000), states (at scales of 1:500,000 or 1:1,000,000), and national parks (ranging in scale from 1:960 to 1:250,000).

Student Exercise 4: Make a list of different disasters vis a vis a list of different topographic maps, including orthophotos that would be most appropriate to analyze each disaster.  Also supply the most appropriate scale in each instance.

VI.
What is a thematic map?

A.
A thematic map is designed to demonstrate particular features or concepts.  In conventional use this term excludes topographic maps (Meynen, 1973).

B.
The purpose of all thematic maps is to illustrate the “structural characteristics of some particular geographical distribution” (Robinson, 1975).  
C.
This involves the mapping of physical and cultural phenomena or abstract ideas about them.

D.
There are literally hundreds of different thematic maps, including thematic maps related to climate, politics, health, tourism, just to mention a few.

E.
Any thematic map consists of a geographic or base map and a thematic overlay (Slide 19).

1.
The base map provides locational information and is usually a simple reference map.
2.
The thematic overlay includes the main theme of the map.
F.
Thematic maps can be grouped into two different types, including qualitative and quantitative thematic maps (Slide 9).

1.
Qualitative thematic maps show the spatial distribution or location of similar elements.
2.
Qualitative thematic maps visualize the spatial distribution of nominal or categorical data, such as names, religious affiliations, languages, etc.

3.
Quantitative thematic maps display the spatial aspects of numerical data.

4.
Quantitative thematic maps visualize numerical data at the ordinal (less than / greater than) or the interval/ratio (how much different) scale.

a)
An example for ordinal data would be the ranking of large US cities by quality of life.

b)
An example of interval/ratio data would be population density per US state.

c)
Both examples are single variable maps.  If more than one variable, say “unemployment” and “ % labor force in the manufacturing industries”, is displayed in a quantitative map at the same time, then it is called a multi-variable map (Slide 9).

VII.
Relationship between type of map and map scale (Slide 20)

A.
There exists a linear relationship between the proportion of reference and thematic maps and map scale.

B.
The smaller the scale the larger the %of thematic maps becomes and vice versa.  
C.
In other words, most reference maps can be found at large scales, whereas most thematic maps can be found at small scales.
Student Exercise 5: Ask students to search the Internet and find as many examples of thematic disaster maps as possible.  Have students write down the URL of the website, map producer, scale, type of disaster, number of variables displayed and if the map is qualitative or quantitative in nature.
VIII.
What is a choropleth map?

A.
The International Cartographic Association (ICA) defines the choropleth map as “a method of cartographic representation, which employs distinctive color or shading to areas other than those bounded by isolines.  These are usually statistical or administrative areas.”

B.
Making a choropleth map starts with the collection of data by statistical or administrative areas.  An areal symbolization scheme is then devised for these values, and the symbols are applied to those areas on the map whose data fall into the symbol classes.  The selection of symbol classes is based on a classification method (Slide 21).

C.
It is important that choropleth maps should only map relative but not absolute data.  Relative data include densities (e.g., population density - people per square mile), percentages (e.g., % of people 65 years and older), rates (e.g., number of homicides per 100,000 people).

D.
The following three decisions have to be made when compiling any choropleth map:

1.
Number of classes
2.
Type of classification method
3.
Color or areal symbolization scheme

IX.
Selecting the number of classes

A.
A trade-off exists between too many and too few classes.  Too many classes make the choropleth map to complex and difficult to perceive and to understand by the map-reader.  Too few classes results in too much information loss.

B.
Different rule-of-thumbs have been developed to help in the selection of the number of classes:

1.
The number of classes is calculated with the square root of n, where n is the number of observations.  This means that the number of classes increases with an increase in the number of observations and vice versa.
2.
The number of classes is between 5 and 9 (7 +/- 2 classes), independent on the number of observations.

3.
Squares-rule-of-thumb:  The number of classes is either x or y calculated from the following formula: 2x < n < 2y, where n is the number of observations.  Again, as the number of observations increases, so does the number of classes.

Student Exercise 6:  Ask students to calculate the number of classes, using all three rule-of-thumbs measurements.  Two different examples are listed below for illustrative purposes.

First example:  How many classes do you need when making a choropleth map for the 50 US States?

1. Square root of 50: Seven classes

2. 5-9 classes

3. 2x < 50 < 2y ( 25 < 50 < 26, so either use 5 or 6 classes.  Since 26 (= 64) is closer to 50 than 25 (= 32) choose six classes.

Result: Any choropleth map with six or seven classes would be appropriate.

Second example:  How many classes do you need when making a choropleth map for the 89 census tracts of the East Baton Rouge Parish?

1. Square root of 89: Nine classes

2. 5-9 classes

3. 2x < 89 < 2y ( 26 < 89 < 27, so either use 6 or 7 classes.  Since 26 (= 64) is closer to 50 than 27 (= 128) choose six classes.

Result: Any choropleth map between six and nine classes would be appropriate.

X.
Selecting an appropriate classification method

A.
Equal steps:  The equal-steps method creates classes with constant class intervals (0-10, >10-20, >20-30, etc.).  It is easy to understand and to interpret, but not a good classification method.  It is only useful when histogram of data array has a rectangular shape and when enumeration units are equal in size.  This is rare for geographic phenomena.

B.
Natural breaks:  It is a good classification method.  Numerical differences within groups are less than the differences between groups.  It uses a graphic array to find class boundaries.  It is a simple optimization method.

1.
Finding class boundaries for the natural breaks method, requires the data to be sorted from the lowest to highest value.

2.
The sorted data are then graphed in a Cartesian coordinate system with the rank order of the spatial units (e.g., census tracts, counties, etc.) on the x- and the data values on the y-axis.

3.
Class boundaries are drawn where the largest absolute differences between adjacent values exist.

4.
An example of finding class boundaries in an ordered graphic data array is shown in Slide 22.  In this example, identifying the five largest absolute differences between adjacent data values create six classes.

C.
Quantiles:  This classification method creates an equal number of observations in each class.  It is misleading if enumeration units vary greatly in size.

D.
Standard deviations:  A standard deviation is defined as the average deviation of the data values from the mean (average) of the data set.

1.
It is a measure of variability in the data.  The more the data are spread out, i.e., the larger the variability in the data, the higher the value for the standard deviation and vice versa.

2.
It is a relative measurement.

3.
In most cases the class width is one standard deviation and the number of classes is even (four or six classes).

4.
This is a good classification method when different data sets for the same study area are compared with each other (e.g., population, crime, unemployment, etc.).

E.
Many more classification methods exist, including arithmetic and geometric progression, optimal classification methods, etc.

Student Exercise 7:  Ask students to map the same disaster data with the choropleth mapping approach for the same study area but using different classification methods and observe the differences between the differently classified choropleth maps.  Use any mapping or GIS software package to perform this exercise.  The final result should be similar to what is displayed in Slide 23.

XI.
Selecting a color or areal symbolization scheme

A.
In general, classes with lower data values are visualized with lighter colors and classes with higher values with darker colors.  Details about color schemes can be found in the “Section X.3.2 The Use of Color in Maps”.

XII.
Finally, it should be mentioned that different classification methods create differently looking choropleth maps (Slide 23).  Therefore, the selection of the appropriate method is crucial.  It is also good practice to mention the classification method in the map credits, such as “Data were Classified by Natural Breaks.”

XIII.
What is a common dot map?

A.
Common dot mapping involves the selection of an appropriate point symbol to represent each discrete element of a geographically distributed phenomenon.

B.
The symbol form does not change, but its number changes from place to place in proportion to the number of objects being represented.

C.
Design decisions involve the placement of dots and the selection of dot value and dot size.

XIV.
Examples of common dot maps with different dot sizes and dot values (Slide 24).

Student Exercise 8:  Ask students to map the same disaster data with the common dot map approach for the same study area but using different dot sizes and dot values and observe the differences between the different dot maps.  Use any mapping or GIS software package to perform this exercise.  The final result should be similar to what is displayed in Slide 24.

XV.
What is a proportional point symbol map?

A.
In proportional point symbol mapping the cartographer selects a symbol form (circle, square, or triangle) and varies its size from place to place, in proportion to the quantities it represents.

B.
Map readers can form a picture of the quantitative distribution by examining the pattern of differently sized symbols
.

C.
The circle is the most popular symbol form.

D.
Proportional point symbol mapping is selected when data occur at points or when data is aggregated at points within areas.

XVI.
The selection of symbol sizes

A.
The selection of different symbol sizes for proportional point symbol mapping has been studied for several decades.  
B.
Studies researched the mechanisms whereby map-readers perceptually scale quantitative symbols.

C.
Recent studies suggest using range grading for the selection of symbol sizes.  

1.
With range grading, the data array is divided into groups; 

2.
Each group is represented by a proportional symbol that is clearly distinguishable from other symbols in the series;

3.
With range grading, symbol-size discrimination is the design goal, rather than magnitude estimation (Slide 25).

XVII.
An example of a proportional point symbol map is shown in Slide 26.

Student Exercise 9:  Ask students to use any disaster data and visualize them with a proportional point symbol map.  Students should select range-graded circles from either of the two sets displayed in Slide 25.  The final map should look similar to the proportional point symbol map shown in Slide 26.

XVIII.
What is an isarithmic map?

A.
Isarithmic mapping involves mapping a real or conceptual three-dimensional geographical volume with quantitative line symbols (Slide 27).

B.
The two forms of isarithmic mapping include the isometric map and the isoplethic map (Slide 28).

1.
Isometric maps are generated from data that occur at points;
2.
Isoplethic maps are generated from data that occur over geographic areas.
XVIV.
Isometric mapping

A.
Both actual and derived values can be mapped isometrically.

1.
Actual values include temperature, precipitation, elevation, etc.

2.
Derived values include ratios, proportions, means, standard deviation, etc.

XV. In isoplethic mapping, data can be represented as ratios, proportions, or averages that directly or indirectly involve areas.

A.
Ratios:  Infant mortality rate in Baton Rouge;

B.

Proportions:  20% of total area is wetland;

C.

Average:  Crop yield per acre averaged for all counties in the US.

XVI. Interpolation methods in isarithmic mapping

A.
Interpolation is a procedure for the careful positioning of isolines - an isoline connects points with the same quantitative values - in relation to the values of the data points.

B.

Many interpolation methods exist, including linear interpolation, triangulation, kriging or kernel density interpolation.

C.
In 
linear interpolation, for example, an isoline with a certain value is positioned between adjacent points at proportionate distances from each other.

D.
Isolines are named after the data being mapped (Slide 29).

XVII. Design elements in isarithmic mapping

A.
Isolines should appear dominant on the map, as figures in perception.

B.
Isolines should be rendered as solid color and much or all of the remaining map information should be screened.

C.

Isolines should be labeled periodically.

D.

The map legend needs to describe 

1.
the units of the isolines (e.g., persons per square mile) and 

2.
the isoline interval.

XVIII.
What is a flow map?

A.
Flow maps are maps that show linear movement between places.

B.
Symbols on quantitative flow maps are lines, usually with arrows to show direction that vary in width (Slide 30).

C.
Three different types of flow maps can be distinguished, including radial, network, and distributive type (Slide 31).

D.

Shipping routes, airline service, ocean currents, migration or traffic flows, and other similar presentations are all examples that can be shown with flow maps.

XVIV.
Classification of flow maps (Slide 31)
A.
Radial flow maps possess a radial or spoke like pattern; an example is a traffic flow map.

B.

Network flow maps reveal the interconnectivity of places; an example is an airline route map.

C.
Examples of 
distributive flow maps are trade flows or diffusion of ideas or things.

XVV.
Design elements in flow mapping

A.
Flow lines must be dominant figures in perception, with strong edge gradients and clear continuity.

B.

Smaller flow lines should appear on top of larger flow lines.

C.

Arrows are necessary if direction of flow is critical to map meaning.

D.
Various legend designs for flow maps are shown in Slide 32.
Question:  Ask students, if they could think of examples, where flow maps would be useful in disaster planning and management.  An example would be a flow map showing the evacuation routes that people would use in a coastal area.

Objective 13.3 Discuss Other Important Mapping Issues
Requirements:

Use the PowerPoint slides provided.  Proposed questions and student exercises are provided to stimulate discussions.  By the end of this section students should be familiar with three important mapping issues, including map projections, color, and lettering.  In terms of map projections, students will learn about the map projection process, important properties of map projections, and which projection is best suited for a particular scale and map type.  When discussing color, students will learn about color components, color systems and color schemes.  Finally, with regards to map lettering, students will learn how to name places and how to label things (rewrite this paragraph later).

Remarks
I.
Definition of a map projection

A.
A map projection is a systematic representation of a round body such as the Earth on a flat (plane) surface.

B.

There are literally hundreds of individual projections.

C.
Some are quite old, such as the Mercator – dating back hundreds of years.
II.
The map projection process (Slide 33)

A.
The earth’s real shape is a geoid.

B.
A geoid is represented by a reference ellipsoid that best fits the shape of the geoid.  A reference ellipsoid can be defined by the magnitudes of the major and minor semi-axes.

C.
For most thematic mapping, cartographers reduce this ellipsoid model to a reference globe (also called a nominal or generating globe), from which a map projection is generated.

III.
Projection families (Slide 34)

A.

Azimuthal

1.
In the azimuthal class, the spherical grid is projected onto a plane.
2.
This plane can be tangential to the sphere at a point (simple form), or pass through the sphere, making it tangent along a small circle (secant form).
3.
Dependent on the location of the assumed light source for the projection numerous versions of this class exist.
a.
Gnomonic projection:  The light source is in the center of the globe
b.
Stereographic projection:
 The light source is at the point opposite the point of tangency.

c.
Orthographic projection:  The light source is at infinity (outside the generating globe).

4.
The plane may be tangent at any point on the spherical grid.  Therefore, we distinguish between
a.
Polar aspect:  The tangency is at the pole.
b.
Oblique aspect:  The tangency is at mid-latitude.

c.
Equatorial aspect:  The tangency is at the equator.

5.
The polar aspect is the normal aspect for these projections.  It produces the simplest graticule (i.e., meridians and parallels on a map projection).

a.
Meridians are straight lines intersecting the pole
b.
Parallels are concentric circles having the pole as their center

c.
Directions to any point from the point of tangency (pole) are held true.

d.
All lines drawn to the center are great circles.

i.
A great circle is the intersection of a plane through the center of the sphere with the sphere’s surface.

ii.
All meridians and the equator are great circles.

c.
Directions to any point from the point of tangency (pole) are held true.

B.
Cylindrical
Cylindrical
1.
Cylindrical or rectangular projections are common forms, frequently seen in atlases and other maps portraying the whole world.
2.
They are developed by wrapping a flat plane into a cylinder and making it tangent along a line or lines on the sphere.
3.
Points on the spherical grid can be transferred to this cylinder, which is then unrolled into a flat map.
4.
The normal aspect for these projections is the equatorial aspect, with the equator as the standard line.

C.
Conic
Cylindrical
1.
Conic projections are constructed by transferring points from the generating globe grid to a cone enveloped around the sphere.
2.
This cone is then unrolled into a flat plane.
3.
In the normal aspect, the axis of the cone coincides with the axis of the sphere.
4.
This aspect yields either straight or curved meridians that converge on the near pole and parallels, that are arcs of circles.

5.
In the simple conic projection (normal aspect), the cone is tangent along a chosen parallel, along which there is no distortion.
6.
In the secant case, the cone intersects the sphere along two parallels, which reduces distortions.

IV.
Properties of map projections

A.

Conformality

1.
A map projection is conformal when at any point the scale is the same in every direction.
2.
Meridians and parallels intersect 
at right angles and the shapes of very small areas and angles with very short sides are preserved.
3.
The size of most areas is distorted.

B.
Equal area

1.
Every part, as well as the whole, has the same area as the corresponding part on the Earth, at the same reduced scale.
C.

Equidistant

1.
The property of equidistance on projections refers to the preservation of great circle distances.
2.
The distance property is never global.

a.
Distance can be held true from one to all other points, or

b.
from a few points to others, but

c.
not from all points to all other points.

D.
True directions
True directions
1.
On azimuthal projections, true directions are shown from one central point to all other points.
2.
Directions or azimuths from points other than the central point to other points are not accurate.
3.
The quality of azimuthality is not an exclusive projection quality.  It can occur with equivalency, conformality, and equidistance.
E.
No flat map can be both equal area and conformal.  No flat map can be both equidistant and equal area.
V.
Map projection summary (Slides 35 & 36)

A.
Slides 35 & 36 are very useful, because they relate the most important map projections with their projection family, map properties, usability for mapping (map of the world to a large scale map) and general use (topographic, thematic map, etc.).

In Slide 35
1.
“Perspective” refers to a perspective view of the map.

2.
“Compromise” is related to “minimum error projections”.  These projections contain all of the four previously mentioned errors, to a greater or less degree, but as a whole provide a good picture of the globe or parts of it.

3.
A rhumb line is a line on the surface of the Earth cutting all meridians at the same angle.  A rhumb line shows true direction.  A straight rhumb line does not show the shortest distance between points unless the points are on the Equator or on the same meridian.

B.
The following guidelines can be used for selecting projections for any map in general and “disaster” maps, in particular.

1.
The smaller the scale, the larger the area that is represented on the map, the more the curvature of the earth is an issue and the more distortions can be expected.  On the other hand, in a map of a city’s neighborhood (i.e., a large-scale map) projection distortions are negligent.

2.
In a map that requires comparisons between areas of different disasters, equal-area projections should be used.

3.
If it is important to compare shapes of disasters then conformal map projections should be used.

4.
It is recommended to display the area of interest (the disaster area) in the center of the map, because distortions usually increase from the center of the map to the map edges.
Q:  Students should recommend if an equal-area or a conformal map projection should be selected for a list of disasters that the instructor provides.
Remarks:
VI.
Colors of the visible light

A.
The rainbow of colors we know as visible light is the portion of the electromagnetic spectrum (Slide 37) with wavelengths between 400 and 700 billionths of a meter (400 to 700 nanometers).

B.

It is the part of the electromagnetic spectrum that we see (Slide 38).

C.
It is important to recognize how small the visible portion is relative to the rest of the spectrum.

D.
The visible portion of the electromagnetic spectrum can be shown in its component colors when sunlight is passed through a prism, which bends the light in differing amounts according to wavelength (Slide 39).

VII.
Primary colors

A.
Additive Primaries

1.
Blue, green, and red are the additive primary colors of the visible spectrum.

2.
They are defined as such because no single primary color can be created from the other two, but all other colors can be formed by combining blue, green, and red in various proportions.

3.
It is the color that we see when mixing light or adding colors of light together.

4.
Additive primaries are used in television and computer screens and it is light that is emitted from these screens.

B.
Subtractive Primaries

1.
Cyan, magenta, and yellow are the subtractive primary colors of the visible spectrum.

2.
They are used in the printing industry.

3.
The color sensation is formed by incident light that is reflected from the surface of objects.

a.
For example, white paper looks white because it is reflecting white incident light (white light contains all colors).

b.
Pigments (inks, paints, etc.) applied to the white paper absorb colors from the light 
falling on them and reflect what's left.

c.
The pigments subtract colors from what we see, hence the name subtractive primaries.

4.

Cyan, magenta, yellow is one of many sets of subtractive primaries.

C.
Color wheel and complementary colors (Slide 40)

1.
Complementary colors are opposed to each other in the color wheel

(e.g., yellow and blue, red and cyan, magenta and green).

2.
Complementary colors have the most contrast between them.

3.
In terms of mapping disasters, it is recommended to use a particular color for the disaster (the thematic overlay) and the complementary color for the geographic or base map.  This will make the rendering of the disaster visually very prominent.

VIII.
Dimensions of color

A.
Color hue

1.
The quality in light that gives it a color name such as red, green, or blue.

B.
Color value
Color valueC
1.
An array of color based on lightness and darkness qualities (e.g., light blue versus dark blue).

C.
Color chroma
Color valueC
1.
Also referred to as saturation, intensity or purity of a color.

2.
It defines the amount of “gray” mixed with the color.

3.
The higher the saturation, the purer the color and the less gray the color contains.

4.
Color chroma is a less understood and therefore less used color dimension in mapping.

5.
Popular examples are “brilliant” versus “pale” or “fresh” versus “washed-out”.

D.
Since chroma is a less understood color dimension, it should not be used in maps, in general and in disaster maps, in particular.

IX.
Color systems

A.
For each color system, mixing different proportions of each component generates any possible color.
1.
Mixing color hue, value, and saturation
a.
Color hue ranges from 0° – 360° as defined by the color wheel.

b.
Color value ranges from 0% (black) to 100% (white).

c.
Color saturation ranges from 0% (gray, most pale) to 100% (most pure or brilliant; color does not contain any gray).

2.
Mixing red, green, blue

a.
Each additive primary color ranges from 0 (no color) to 255 (maximum proportion of the color).

b.
If the proportion of all additive primaries is 0, then the resulting color is black.

c.
If the proportion of all additive primaries is 255, then the resulting color is white.

3.
Mixing cyan, magenta, yellow

a.
Each subtractive primary color ranges from 0% (no color) to 100% (maximum proportion of the color).

b.
If the proportion of all subtractive primaries is 100%, then the resulting color is black.

c.
If the proportion of all subtractive primaries is 0%, then the resulting color is white.

d.
Sometimes a fourth color (black) is added to the existing set of three subtractive primaries.
X.
Color schemes

A.
Qualitative color scheme (Slide 41)
1.
Qualitative schemes use differences in color hue to represent nominal differences, or differences in kind.

2.
The lightness of the hues used for qualitative categories should be similar but not equal.

3.
Data about land use or land cover, for example, are well represented by a qualitative color scheme.

B.
Binary color scheme (Slide 42)

1.
Binary schemes show nominal differences that are divided into only two categories.

2.
The primary perceptual difference between the two categories of a binary scheme may be a lightness step.

3.
Incorporated versus unincorporated urban areas are well represented by a binary color scheme.

C.
Sequential color scheme (Slide 43, 44 & 45)

1.
Sequential data classes are logically arranged from high to low, and this stepped sequence of categories should be represented by sequential lightness steps.

2.
Low data values are usually represented by light colors and high values represented by dark colors.

3.
Transitions between hues may be used in a sequential scheme, but the light-to-dark progression should dominate the scheme.

4.
Terrain slope categories or population densities, for example, are well represented by sequential color schemes.

D.
Diverging color scheme (Slide 46 & 47)

1.
Diverging schemes allow the emphasis of a quantitative data display to be progressions outward from a critical midpoint of the data range.

2.
A typical diverging scheme pairs sequential schemes based on two different hues so that they diverge from a shared light color, for the critical midpoint, toward dark colors of different hues at each extreme.

3.
Deviations above and below the median death rate from a disease, for example, are well represented by a diverging color scheme. 

Remarks:

XI.
Functions of map lettering

A.
Lettering can express
1.
the nature of a geographical feature by its style,
2.
the feature’s importance by its size,
3.
the feature’s location by its placement, and
4.
the feature’s extent by its spacing.
B.
The variables of style and size are most important in the design of titles and legends.
C.
The variables of size, spacing, and placement are particularly important on the body of the map.
XII.
Selection of lettering type

A.
Typeface design

1.
All typefaces have elements in common regardless of the letter represented.
2.
Choose a typeface that allows individual letters to be easily identifiable.
3.
It is important to note that letterforms with serifs are easier to read.
a.
Serifs are finishing strokes added to the end of the main strokes of the letter.
b.
Because they are easier to read, only serif letterforms should be used in maps.
B.
Type size

1.
Type size should be large enough to be read easily.
2.
Safe practice is to set the lower limit of the type size at 6 points.
C.
Letterforms and type families
Letter
1.
The complete set of all characters of one size and design of a typeface is called font.
2.
The design variations of a basic font make up the family of that font.  Such design variations include:
a.
Type weight:  normal, lightface, and boldface
b.
Roman versus italic forms
c.
On maps, italic forms are used to label hydrographic features, including oceans, seas, bays, straits, coves, lagoons, lakes, rivers, and so on.
D.
It is common practice to use only one typeface on the map, but select several variants of a single type family.
XIII.
Placement of letters

A.
Labeling point features

1.
Point symbols should be labeled with letters set solid (no letter spacing).
2.
For a priority for the placement of labels adjacent to point symbols see Slide 48.
a.
According to Yoeli, if space is available, labels should be placed at the number one position (highest priority).
b.
If no space is available at the umber one position, label should be placed at the number two position, etc.
2.
Names of ports and harbor towns should be placed seaward, if possible.
3.
Town names should be placed on the side of the river on which the town is located.
B.
Labeling linear features

1.
Linear features on thematic maps include rivers, streams, roads, railroads, streets, paths, airlines, and many linear quantitative symbols.

2.
Labels for linear features should be set solid (no letter spacing) and repeated as many times along the feature as necessary to facilitate its identification.
3.
The ideal location of the label for a linear feature is above it, along a horizontal stretch if possible.
4.
If at all possible, place a river’s name so that its slant is in the direction of the river’s flow
C.
Labeling areal features

1.
Examples include oceans and parts of oceans, large bays, lakes, continents, countries, states, forests, and geographic subdivisions.
2.
Words should be letter spaced so as to reach the boundaries of the feature – the extent of the feature is then obvious from the letter spacing of its label.
3.
Never label vertically or upside down.
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