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Geographic informationGeographic information

n Maps and images
– geographically referenced data
– events and transactions

n The atomic form
– <x,z>
– observed for point data
– otherwise aggregated to statements about 

lines, areas, volumes











Uncertainty is endemicUncertainty is endemic
n All geographic information leaves some 

degree of uncertainty about conditions in the 
real world

n x
– the Greenwich Meridian
– the Equator
– standard time

n z
– definitions of terms
– errors of measurement









Clarke Ellipsoid of 1866

a = 6378206 m

1/f = 294.98

World Geodetic 
System of 1984

a = 6378137 m

1/f = 298.26



http://www.thesalmons.org/lynn/wh-greenwich.html

http://www.thesalmons.org/lynn/wh-greenwich.html










http://www.henry-
davis.com/MAPS/Ren/Ren1/314.html

"hc sunt dracones"

The Lenox Globe of 
1503-1507

http://www.henry






The "five-fold way"The "five-fold way"

n Positional accuracy
n Attribute accuracy
n Logical consistency
n Completeness
n Lineage
n Federal Geographic Data Committee

– Spatial Data Transfer Standard
– Content Standard for Digital Geospatial Metadata
– www.fgdc.gov

http://www.fgdc.gov


z'(x) = z(x) + δz(x)





Point symbol sets depicting uncertainty 
with variation in (a) saturation (colors 
vary from saturated green, bottom, to 
unsaturated, top); (b) crispness of symbol 
edge – middle; and (c) transparency of 
symbol – right.



Glyphs indicating wind direction, 
magnitude, and uncertainty (Pang, 2001)



Alternative depictions of data (inorganic nitrogen in 
Chesapeake Bay) and uncertainty of data interpolated from 
sparse point samples. Left view shows bivariate depiction in 
which dark=more nitrogen and certainty is depicted with a 
diverging color scheme (blue = most certain and red = most 
uncertain). Right view depicts data in both panels (dark = 
more nitrogen), with the right panel showing the results of 
interactive focusing on the most certain data.



Representation of estimated water balance surplus/deficit 
(using a mesh surface) and uncertainty in the estimates 
(using bars above and below the surface). The bars 
depict the range of a set of model predictions with those 
predictions above the mean in purple and those below 
the mean in orange.

Fauerbach, Edsall, Barnes, MacEachren animation



Ehlschlaeger simulation of Boston 
harbor







ModelModel

n {p1,p2,…,pn}
n correlation in neighboring cell outcomes
n posterior probabilities equal to priors
n 80% sand, 20% inclusions of clay
n no knowledge of correlations

















Options for uncertaintyOptions for uncertainty

n Ignore
n Present parameters
n Present simulation

– confidence intervals



Communication of 
uncertainty
Communication of 
uncertainty

n Producer to user
– abilities

n Metadata standards
– parameters of complex models

n Assertion:
– all knowledge of uncertainty can be 

expressed in a suitable simulation model
– equally likely realizations







Summary pointsSummary points
n Uncertainty endemic

– counter to cartographic tradition since 1900
n Numerous forms

– attributes versus position
– discrete objects versus continuous fields
– absolute versus relative

n Strong positive spatial autocorrelation
– marginal versus joint distributions

n Rich variety of potential methods
– value of animation and simulation


