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Lecture 15: Dealing with 
Uncertainty



All maps are distortions

ÅάLǘΩǎ ƴƻǘ Ŝŀǎȅ ǘƻ ƭƛŜ ǿƛǘƘ ƳŀǇǎΣ ƛǘΩǎ ŜǎǎŜƴǘƛŀƭΦΦΦǘƻ ǇǊŜǎŜƴǘ ŀ ǳǎŜŦǳƭ 
ŀƴŘ ǘǊǳǘƘŦǳƭ ǇƛŎǘǳǊŜΣ ŀƴ ŀŎŎǳǊŀǘŜ ƳŀǇ Ƴǳǎǘ ǘŜƭƭ ǿƘƛǘŜ ƭƛŜǎΦέ  --
Mark Monmonier

Åά! ƳŀǇ ƛǎ ŀ ǎŜǘ ƻŦ ŜǊǊƻǊǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŀƎǊŜŜŘ ǳǇƻƴέ

ÅDistort 3-D world into 2-D abstraction (projection: distorts scale, 
direction, area, shape)

ÅConvert real-world features into symbolic objects e.g. city to 
circle

ÅMaps can portray abstractions (e.g., gradients, contours) as 
distinct spatial objects



The limits to mapping

ÅMeasurement errors e.g. sampling, missing data

ÅMethodological errors e.g. conflation

ÅSymbologyerrors

ÅMap use and interpretation errors

ÅMisuse, misinterpretation and belief



Attribute uncertainty



What is Uncertainty?

ÅNIST data quality: 
Ålineage
Åpositional accuracy
Åattribute accuracy
Åcompleteness
Ålogical consistency

ÅAlso:
Åsource
Åscale
Åmethodology
ÅReliability
Åtrust and confidence



Example

Å3 reports, two say a bridge exists one says it is destroyed

ÅReport 3 introduces uncertainty

ÅBridge is 0.666 certain, >0.5

ÅTrust? Reliability of sources

ÅMethod in OSM



Lineage



Positional accuracy e.g. NMAS
Å 1. Horizontal accuracy. For maps on publication scales larger than 1:20,000, not more than 10 percent of the points tested shall be in error 

by more than 1/30 inch, measured on the publication scale; for maps on publication scales of 1:20,000 or smaller, 1/50 inch. These limits of 
accuracy shall apply in all cases to positions of well-defined points only. Well-defined points are those that are easily visible or recoverable 
on the ground, such as the following: monuments or markers, such as bench marks, property boundary monuments; intersections of roads, 
railroads, etc.; corners of large buildings or structures (or center points of small buildings); etc. In general what is well defined will be 
determined by what is plotableon the scale of the map within 1/100 inch.

Å 2. Vertical accuracy, as applied to contour maps on all publication scales, shall be such that not more than 10 percent of the elevations 
tested shall be in error more than one-half the contour interval. In checking elevations taken from the map, the apparent vertical error may 
be decreased by assuming a horizontal displacement within the permissible horizontal error for a map of that scale.

Å 3. The accuracy of any map may be tested by comparing the positions of points whose locations or elevations are shown upon itwith 
corresponding positions as determined by surveys of a higher accuracy. Tests shall be made by the producing agency, which shall also 
determine which of its maps are to be tested, and the extent of the testing.

ÅпΦ tǳōƭƛǎƘŜŘ ƳŀǇǎ ƳŜŜǘƛƴƎ ǘƘŜǎŜ ŀŎŎǳǊŀŎȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ǎƘŀƭƭ ƴƻǘŜ ǘƘƛǎ ŦŀŎǘ ƻƴ ǘƘŜƛǊ ƭŜƎŜƴŘǎΣ ŀǎ ŦƻƭƭƻǿǎΥ ά¢Ƙƛǎ ƳŀǇ ŎƻƳǇƭƛŜǎ ǿith National 
aŀǇ ŀŎŎǳǊŀŎȅ {ǘŀƴŘŀǊŘǎΦέ

Å 5. Published maps whose errors exceed those aforestatedshall omit from their legends all mention of standard accuracy.

Å 6. When a published map is a considerable enlargement of a map drawing (manuscript) or of a published map, that fact shall bestated in 
ǘƘŜ ƭŜƎŜƴŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ά¢Ƙƛǎ ƳŀǇ ƛǎ ŀƴ ŜƴƭŀǊƎŜƳŜƴǘ ƻŦ ŀ мΥнлΣллл-ǎŎŀƭŜ ƳŀǇ ŘǊŀǿƛƴƎΣέ ƻǊ ά¢Ƙƛǎ ƳŀǇ ƛǎ ŀƴ ŜƴƭŀǊƎŜƳŜƴǘ ƻŦ ŀ мΥнпΣ000-scale 
ǇǳōƭƛǎƘŜŘ ƳŀǇΦέ

Å 7. To facilitate ready interchange and use of basic information for map construction among all Federal mapmaking agencies, manuscript 
maps and published maps, wherever economically feasible and consistent with the uses to which the map is to be put, shall conform to 
latitude and longitude boundaries, being 15 minutes of latitude and longitude, or 7.5 minutes, or 3-3/4 minutes in size.

Issued June 10, 194l U.S. BUREAU OF THE BUDGET
Revised April 26, 1943
Revised June 17, 1947



Attribute accuracy/definition and scale



Temporal and differential completeness



Logical completeness



bƛŎƪ /ƘǊƛǎƳŀƴΩǎ ±ƛŜǿ
(www.wiley.com/college/chrisman/define.html )



Source: Longley et al.



Tile/Merge 

Source: Longley et al.



Spot the tiles



Scale-induced, temporal error



1994

2015



Generalization uncertainty

ÅMeasurements not perfectly accurate

ÅMaps distorted when generalized
ÅSelection

ÅSimplification

ÅCombination

ÅDisplacement

ÅObjects at scale can be far less than 0.1mm

ÅDefinitions vague, ambiguous, subjective

ÅLandscape has changed over time



Classification inconsistency



Classification purpose



Dealing with uncertainty

ÅSimple quantification

ÅShowing missing data

ÅConflation

ÅSymbolizing uncertainty



Map showing the discoveries of Abel Tasman in 1642-по ŀƴŘ мсппΦ ¢ƘŜ ƳŀǇ ƛƴŎƭǳŘŜǎ ǘƘŜ ǘǊŀŎƪ ƻŦ ¢ŀǎƳŀƴΩǎ ŦƛǊǎǘ ǾƻȅŀƎŜ мспн-43 from
Mauritius. It was included in Vol. 3, part 2 of his Francois ±ŀƭŜƴǘƛƧƴΩǎhistory, Oud ennieuwOost-Indien(Old and new East Indies).



A Cartographic Trap



OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY

Occasionally TIGER Data are Inaccurate or Imprecise



Quantification

ÅHorizontal and vertical RMSE

ÅRecognized by GPS as DOP

ÅCategorical: by Confusion matrix, User/Producer, Kappa, ROC 



Missing data
Age-adjusted suicide rates 200-206 per 100,000



Rubber sheeting



Temporal conflation





Conflation



Interpolation method 
uncertainty
Top: IDW
Bottom: Spline



Fuzzy attributes and positions

ÅPositions assumed accurate

Å.ǳǘ ǊŜŀƭƭȅΣ Ƨǳǎǘ ōŜǎǘ ƎǳŜǎǎ ά.Ŝǎǘ !ǾŀƛƭŀōƭŜ 
5ŀǘŀέ

Å5ƛŦŦŜǊŜƴǘƛŀǘŜ ōŜǎǘ ƎǳŜǎǎŜǎ ŦǊƻƳ άǘǊǳǘƘέ

Åά{ƘŀŘƻǿ ƳŀǇ ƻŦ ŎŜǊǘŀƛƴǘȅέ
Åwhere an estimate is likely to be the 
most accurate

ÅTracking error propagation



Source diagram: NOAA Chart (Kotzebue, AK)



Fuzzy overlay



More Strategies

ÅSimulation
ÅComplex models

Å5ŜǎŎǊƛōƛƴƎ ǳƴŎŜǊǘŀƛƴǘȅ ŀǎ άŀ ǎǇŀǘƛŀƭƭȅ ŀǳǘƻǊŜƎǊŜǎǎƛǾŜ ƳƻŘŜƭ 
ǿƛǘƘ ǇŀǊŀƳŜǘŜǊ ǊƘƻέ ƴƻǘ ƘŜƭǇŦǳƭ

ÅHow to get message across

ÅMany models out there
ÅResearch on modelinguncertainty (NCGIA Initiative 1)

Å¦ǎŜǊǎ ŎŀƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜƳ ŀƭƭ

ÅGiven choice, most users do not want uncertainty 
information



Probabilities



Outliers
SRTM elevation errors of over 100m vertical



Options for dealing with map uncertainty

1. Ignore the issue completely

2. Describe uncertainty with measures 
(shadow map or RMSE)

3. Simulate equally probable versions of 
data

4. Be uncertainty-aware (trust, but verify)



Monte Carlo Simulation

http://www.geog.ucsb.edu/~kclarke/ucime/banff2000/533-jc-paper.htm

1992 2050 Change Uncertainty (%)



A Review of Uncertainty in Data Visualization
Ken Brodlie, Rodolfo Allendes Osorio and Adriano Lopes
http://www.comp.leeds.ac.uk/kwb/publication_repository/2012/uncert.pdf



Kriging uncertainty in R
Figure: Visualisationof uncertainty for a 
quantitative variable (topsoil thickness in 
cm) interpolated using regression kriging: 
uncertainty included with whiteness and the 
accompanying two-dimensional legend. 



Visualizing Uncertainty


