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Presenter
Presentation Notes
Thank you for adding me into the schedule.






Purpose and audience 



 
Campus Map 

 
Trail Map 

 
Crime Hot Spots 

 
Suitability Map 

Analysis 
Results 

 
Atlas 

Thematic Map 

 
Census Data 

Thematic 
Maps 

 
Atlas  

Reference Map 

 
Topo Map 

Reference 
Maps 

 
Special Use 

Maps 
 

Purpose and audience 

Internal > external 
audience 

N
um

be
r a

nd
 ty

pe
s 

of
 fe

at
ur

es
 

on
 m

ap
s 

Presenter
Presentation Notes
Ask the audience about themselves:
How many make maps regularly?
How many use only GIS software to do that?
How many have a database background?
How many attended the “Cartography: Making Better Maps” session in the morning today?
Other questions?



Audience 

Complexity of 
content 

Amount of 
contextual information     

Complexity of          
language 



Cartography Cubed (Cartography3) 



Nature of the phenomena 

• Topographic 
- Land form > hydrography > land cover / land use > human 

features 

• Environmental 
- Physical phenomena and processes, e.g., hydrography 

• Network 
- Connectivity, flow, e.g., traffic 

• Navigation 
- Networks, orientation, route finding features, e.g., 

aeronautical charts 
 

• Demographic 
- Statistics, sampling, enumeration areas 



Data 



Data 

• Characteristics 
- Spatially discrete / continuous 
- Qualitative / quantitative 
- Point, line, polygon, surface, volume 
- Temporal 

• Special characteristics 
- Important values (mean, threshold, etc.) 
- Zero values 
- Missing data or unknown values 
- Uncertainty 
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Switching between numeration areas 

• Areal interpolation 
- Reaggregation of 

data from one set of 
polygons to another 
set of polygons  

• A geostatistical 
interpolation 
technique that 
extends kriging 
theory to data 
averaged or 
aggregated over 
polygons 

Obesity rates in school zones Obesity density surface 

Predicted rates for census block 



Classing data 



Classing data 



Classing data 



Classing data 

• Look at the histogram 
• Start with a standard classification (usually natural 

breaks) 
• Adjust breaks to improve the map based on knowledge 

of the data and the audience 



Classification schemes 

• Quantiles - the same number of enumeration units 
assigned to each class; variation in calculated values 
produced by different types of standardization may be 
usefully seen as ranked values 

• Equal intervals - breaks the data range into equal 
segments for predictable and equal class ranges 

• Natural breaks - minimizes variation within classes and 
maximize variation between classes; enumeration units 
that share a color are statistically more similar to each 
other than to units in other color classes 

• Standard deviations - shows you how much a feature's 
attribute value varies from the mean; class breaks are 
created with equal value ranges that are a proportion of 
the standard deviation, usually at intervals of 1, ½, ⅓, or 
¼ standard deviations 



Classification schemes 

• Three classifications of the same data set showing different patterns 
resulting from different classing methods 

- (a) quantile 
- (b) equal interval 
- (c) natural breaks 

• The number of counties in each class is shown to the right of each 
legend 

 



Adjusting classes 

• A useful adjustment is to group 
extreme outliers into their own class 
and then class the rest of the data 
range using a standard method 

• Ex - High and low extreme values 
grouped into separate classes with 
the remaining range classed using 
equal intervals 

• When there are many zero values in a 
data set, it works well to separate 
them into their own class and then 
class the remainder of the data set 



Adjusting classes 

• Apply natural breaks for good 
statistical breaks 

• Then adjust classes to include the 
national rate 

• Round data values to assist map 
reading by a general audience 



Number of classes 

• The more classes used, the less changeable the map 
pattern will be with different classing methods and 
adjustments 

• There are diminishing returns with increasing numbers 
of classes, and it becomes difficult to assign colors that 
readers can tell apart with too many classes 

• Seven classes is often the most you will want to use on a 
statistical map with classed values 

• An optimal number of classes can be found by 
examining diminishing reductions in variance with 
increasing numbers of classes 



Things to note 

• A value can only belong to one class 
- 1-9, 10-19, 20-29, etc… 



Things to note 

• A value can only belong to one class 
- 1-9, 10-19, 20-29, etc… 
- Label breaks instead 



Things to note 

• A value can only belong to one class 
- 1-9, 10-19, 20-29, etc… 
- Label breaks instead 

• Possibly add labels 
- Adds immediate understanding 
- Could change visual impression 



Labeling features with values 



Cartographic 
symbolization 



Qualitative /  
quantitative 

Point, line,  
polygon 

Visual 
variables 

Cartographic  
symbolization 
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Cartographic symbolization 



Visual variables 

Try to 
guess 
this 



Visual variables 

• Qualitative 
- Shape 
- Color hue   

• Quantitative 
- Size 
- Color value  
- Color intensity 
- Texture 



Color variables 

• Hue 
 
 

• Value / lightness 
 
 

• Intensity / saturation / chroma 
 

Often used 
together 



Qualitative data 

• Color hue symbolizes 
categorical difference in 
counts for two race groups 

• Pie chart symbols are 
scaled to a constant size 
and show relative 
proportions of mortality for 
two populations: black and 
white males 



Color schemes 

a. Sequential, single hue scheme (blue) 

b. Sequential scheme with hue transition (yellow-green-blue) 

c. Spectral scheme used as a diverging scheme with the lightest colors 
marking the overall U.S. rate (blue-green-yellow-orange-red) 



Diverging color schemes 
a. Spectral scheme modified to accommodate color blind map readers 

by skipping green hues (using blue and red) 

b. Two hues (green and purple) diverging from a central light class at 
the U.S. rate 

c. Change in rates between two time periods with diverging reds 
(increasing rates) and blues (decreasing) 



Colorbrewer.org 



Mapping methods 



Qualitative /  
quantitative 

Point, line,  
polygon 

Visual 
variables 

Standard  
mapping 
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Mapping methods 



Proportional symbols 

• Point + size 
 

• Each map symbol is scaled 
to an individual county value 

• Legend shows example 
symbol sizes and data values 
they represent 



Graduated symbols 

• Point + size 
 

• Each map symbol is 
grouped into a class 

• Legend shows symbol sizes 
and data values they 
represent 

• On this map, size is used for 
the count variable (rows; 
larger symbols for more 
deaths) 

• We’ll talk about how this 
map is also bivariate in a 
minute 



Choropleth 

• Area + lightness 
 

• Choro = area + pleth = value 
• Because the method assumes 

homogeneity within areas, you 
must normalize the data 

Obesity rates in school zones 



Special classes 

• Zero deaths are separated to 
a class  

• Significance and sparse data 
symbols are overlayed on a 
diverging choropleth 
representation 

- Note - This map also shows 
more complete wording for a 
thematic map, with general 
information in the map title, 
and specific information 
about the calculation and data 
mapped in the legend title and 
note 



Bivariate choropleth 

• A bivariate choropleth map 
offers a visual combination of 
two variables, making visible 
their covariation 

• Breaks between classes for 
white male death rates 
separate columns 

• Breaks for black male death 
rates separate rows 

• Overall U.S. rates for black 
and white groups are used as 
class breaks for both races 



Bivariate map 

• A bivariate map showing both 
number of deaths and death 
rates 

• As we saw, size is used for the 
count variable (rows; small to 
large) 

• Hue and lightness are used for 
the rate data (columns; light 
yellow to dark red) 

• The combination of small size 
and color reduces the visual 
prominence of counties with 
few deaths and thus less 
reliable rates 



Bivariate map 

• Proportional point symbols for 
rates overlay choropleth 
symbols for number of deaths 

• Counts of zero, <6, and <12 are 
used to indicate sparse 
populations and suggest 
caution in judging rates 
(especially extreme rates) in 
these counties 



Map series - quantiles 

• Each map classed separately using quantile classing 
• The maps are a time series 



Map series – same class breaks 

• The same map series with all maps sharing the same set 
of classes to aid map comparison within the time series 

• Class breaks based on the U.S. rate for each time period 
are included on all maps 

• The U.S. rate for the 5-year period mapped is highlighted 
in each maps’ legend 





Transformational view 
of cartography 



Information transformation 

Transform 1 Transform 2 Transform 3 

Census 
Ground survey 
GPS 
Remote sensing 
Compilation 
Etc… 

Selection 
Classification 
Simplification 
Exaggeration 
Symbolization 
Generalization 
Projection 
Etc… 

Reading 
Analysis 
Interpretation 

DATA 
COLLECTOR CARTOGRAPHER MAP READER 

Map reader’s 
image of 
the map 

Map 
Recognized 
geographical 

data 

Geographical 
environment 



Basic characteristics of maps 

• All maps are concerned with two primary elements 
-  Locations and attributes 

• All maps are reductions of reality 
- Scale 

• All maps are abstractions of reality 
- Generalization and its components 

• All maps are transformations of space 
- Map projections and coordinate systems 

• All maps use signs and symbolism 
- Cartographic symbolization 



Basic characteristics of maps 

• All maps are concerned with two primary elements 
-  Locations and attributes 

• All maps are reductions of reality 
- Scale 

• All maps are abstractions of reality 
- Generalization and its components 

• All maps are transformations of space 
- Map projections and coordinate systems -  

• All maps use signs and symbolism 
- Cartographic symbolization 



Basemaps and overlays 

Basemap – reference information to provide geographic 
context 
Overlay – mapped statistical data 

Administrative boundaries 
Hydrography 
Transportation 
Land cover 
Associated labels 

Administrative boundaries 
Associated labels 



Generalization 



Generalization 



Detailed country boundary data 



Detailed country boundary data + volcanic eruptions  



Generalized country boundary data 



Generalized country boundary data + volcanic eruptions 



Volcanoes + cased point symbols 
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Map projection 



Map projection 

• (a) No projection is set so latitude and 
longitude remain in the square-grid 
default arrangement 

• (b) Albers equal area projection for the 
U.S.  

• (c) Albers modified by adjusting the 
central meridian to the center of the 
mapped area to position north as up  
 

- Note - The gray-filled counties had more 
than five prostate cancer deaths for black 
males, 1970–1994 



WGS84 (Geographic) 

Presenter
Presentation Notes
Let’s switch the screen display so we can take a look at our map in ArcMap. Right now our original data are in a geographic coordinate system (WGS84). 

We can move the cursor over the map, and by looking at the coordinates in the lower right hand corner of the screen, we can see that the center of the state is at about 120 degrees west longitude. 

We’ll use this information to modify our projection.




New Zealand – WGS84 



New Zealand Transverse Mercator 

Presenter
Presentation Notes
We’ll use a conic projection because it will reduce distortion in the mid-latitudes which is where our mapped area is located, and we’ll use a conformal projection because it will retain shapes and angles.

So we’ll right click the data frame and click Properties, then click the Coordinate System tab. We’ll use a Predefined, Projected Coordinate System. The one we want is in the Continental folder for North America. Near the bottom of the list is the Lambert Conformal Conic projection for the contiguous United States.

Once we select this, we’ll click the Transformations button.



New Zealand Transverse Mercator 



New Zealand – Albers equal area 



New Zealand – Albers equal area 

Presenter
Presentation Notes
We’ll keep the method that ArcGIS has already identified as the one to convert between WGS84 and NAD83 for the contiguous United States., So we’ll click OK.

Now we’ll move the dialog box to the side and click Apply. 



New Zealand – Web Mercator (web maps) 



New Zealand – Web Mercator 

So distorted in shape 
that it does not even fit 
in the window anymore 



New Zealand projections 

WGS84 

New Zealand Transverse Mercator New Zealand Albers equal area 

Web Mercator 



Map compilation 







Five basic cartographic principles 

• Figure-ground 
• Contrast 
• Legibility 
• Visual hierarchy 
• Balance 

 



Figure-ground 



Contrast 



Legibility 



Visual hierarchy 



Balance 



Marginalia 

• Title 
• North arrow 
• Scale bar 
• Inset maps 
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Inset maps 







Locator maps 

Emphasize location relative 
to southwestern Pacific 

Ocean 

Emphasize location relative to Australia 

Emphasize location relative to Antarctica 



Affective objective 

• The “affect” of the map 
• The “look and feel” of the map 
• Aesthetic appeal 
• Get peoples’ attention, then keep it 

Presenter
Presentation Notes
So, that brings us to our last cartographic effect – the affective objective.

At the beginning of this session, we introduced the concept of the substantive objective – that is, the substance or content of the map. The affective objective is the “affect” or “look and feel” of the map.



This Map 

Presenter
Presentation Notes
…this map…




Presenter
Presentation Notes
Every decision we made about color, symbol selection, type properties, hillshade manipulation, page layout and map elements was driven by an understanding of how we ultimately wanted this map to look. We wanted it to have an eye-catching, clean, yet authoritative look to it.




Presenter
Presentation Notes
In contrast, let’s go back to the PowerPoint so you can see a map that our colleague David Barnes made with the same data for the same area. 

On this map, the colors, the fonts, the point symbols, the ocean vignette, the sepia tone and the detailed hillshade all combine to make it appear more antique and “old world.”  He, like we, made every design decision relative to an affective objective that he identified for the map ahead of time.

In fact, Mamata is going to demonstrate some of the cartographic effects used here in our “Making Beautiful Maps” session.



Additional topics 

• Legends 
• Map series 
• Multivariate maps 
• Spatio-temporal maps 
• Other mapping methods 
• Web maps 



5 minute warning 



Design and technical considerations 

• “What size will it be?” 
• “What geographic extent will I show?” 
• “What map scale will that make it?” 
• “What map projection will I use?” 
• “Will it be in color?” 
• “What will the print resolution be?” 

Presenter
Presentation Notes
When you compile a map for print, you have to figure out a few things, like, “What size will it be?”, “What geographic extent will I show?”  Given those, “What map scale will that make it?”.  “What map projection will I use?”, “Will it be in color?”, “What will the print resolution be?”, etc…

Making Web maps is no different – you still have to ask the same questions.  However, the answers might be different.  Let’s take a look at each of these using graphic examples.



What size will it be?  17” – 19” monitor 

Presenter
Presentation Notes
In terms of size, we usually design for a 17 or 19 inch LCD monitor since that is what most people have on their desktops.




What geographic extent? Larger than the screen 

Presenter
Presentation Notes
In terms of geographic extent, Web maps do not have the same restrictions as print maps.  Because users can pan, the map extent can be bigger than what you see on the screen.  



What map scale? Multiple map scales 

Presenter
Presentation Notes
And because they can zoom, that means the map scale will be variable.




What map projection?  Web Mercator??? 

 

Presenter
Presentation Notes
The question about which map projection to use is answered for you if you want to mash up with other maps.  For example, if you want to overlay your map with others on ArcGIS Online or Bing or Google Maps, then the projection you’ll use is Web Mercator.



http://w3schools.com/html/html_colors.asp 

Will it be in color?  Yes 

Presenter
Presentation Notes
When you ask, “Will it be in color?”, remember -- computers today are capable of displaying millions of colors, so the issue of Web-safe colors is moot, and almost every Web map you see will be in color.  But it helps to understand that print color is different from onscreen color.



What will the resolution be?  96 dpi 

 

Presenter
Presentation Notes
…“What will the print resolution be?”  Since the map is on-screen, the safe resolution to design for is 96 dpi or dots per inch, as all LCDs support this resolution.  Newer LCD monitors typically have a native pixel density of 120 DPI and 144 DPI but you cannot be assured that all your users will have that resolution, so design for the least common denominator.

This low resolution, coupled with the color projection, will likely have the greatest impact on the cartographic design of your map.  

Luckily, there are some tricks you can use, such as anti-aliasing, which fools the eye into see a jagged edge as a smooth edge.  Because screen displays are pixels, non-orthogonal lines and sharp edges appear jagged.  These jagged edges are softened by adding pixels of intermediate color between the object and the background. 



2 minute warning 



Design and technical considerations 

• “What size will it be?” 
• “What geographic extent will I show?” 
• “What map scale will that make it?” 
• “What map projection will I use?” 
• “Will it be in color?” 
• “What will the print resolution be?” 

 
• “How will readers interact with the map?” 

 
• “How to I publish the map?” 

Presenter
Presentation Notes
When you compile a map for print, you have to figure out a few things, like, “What size will it be?”, “What geographic extent will I show?”  Given those, “What map scale will that make it?”.  “What map projection will I use?”, “Will it be in color?”, “What will the print resolution be?”, etc…

Making Web maps is no different – you still have to ask the same questions.  However, the answers might be different.  Let’s take a look at each of these using graphic examples.















To learn more… 

• Mapping Resource Center – esriurl.com/mapping 
• Mapping blog –  esriurl.com/mapping > Blog 
• Mapping Center – mappingcenter.esri.com 

 
• ArcUser magazine (online and print) 
• ArcWatch online monthly newsletter 

 
 
 
 

 



References (in order of appearance) 
• Skipping stone image – http://en.wikipedia.org/wiki/Stone_skipping 

• “Cartography Cubed” - MacEachren, A. M. and Kraak, M.-J. 1997. Exploratory cartographic 
visualization: Advancing the agenda. Computers & Geosciences 23(4): 335-343 

• Statistical surfaces - Jenks, G. F. (1963), Generalization in Statistical Mapping. Annals of the 
Association of American Geographers, 53: 15–26 

• Areal interpolation - ArcGIS Online Help, 
http://resources.arcgis.com/en/help/main/10.1/index.html#//0031000000q8000000  

• Statistical maps - Brewer, C. 2006. Basic Mapping Principles for Visualizing Cancer Data Using 
Geographic Information Systems (GIS). American Journal of Preventive Medicine, 30(2): s25-
S36, http://www.ajpmonline.org/article/S0749-3797%2805%2900358-2/fulltext#section2 

• Visual variables - Bertin, Jacques. 2010. Semiology of Graphics: Diagrams, Networks, Maps. 
Redlands, CA: Esri Press, 124 pages, http://makingmaps.net/2008/02/13/map-symbols-showing-
multivariate-data-with-texture/ 

• Color variables – Brewer, Cynthia A. 2005. Designing Better Maps: A Guide for GIS Users. 
Redlands, CA: Esri Press, 202 pages 

• ColorBrewer 2.0 - http://colorbrewer2.org/  

• Oregon maps – Loy, W. G, Allan S, Buckley A. R., Meacham, J. E. 2001. Atlas of Oregon, 2nd 
ed., Eugene, OR: University of Oregon Press, 301 pages 

• Web Mercator measuring tool – 
http://serverx.esri.com/javascript_examples/compare_measurements.htm  
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Thank you! 
abuckley@esri.com 
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