Chapter 10
Map Accuracy and Uncertainty

Map accuracy – Closeness of the map representation to the geographic phenomena.

Basic Characteristics of Maps

Maps are graphical representation of a geographical setting; a collection of symbols used to represent a portion of the earth.

· All maps are concerned with two primary elements – locations and attributes. 
· All maps are reductions of reality and therefore require scale conversions.
· All maps are transformations of space involving applications of map projections and coordinate systems. 
· All are also abstractions of reality and therefore require generalization of the geographic information.
· All maps use signs and symbolism; this is called cartographic symbolization

Maps must maintain their connection to—and present a useful representation of—reality. This has to be balanced against scale, projection, generalization, and symbolism requirements. Some degree of representational quality has to be sacrificed. 

Scale and Accuracy

· The ability to show detail on a map is determined by its scale because that dictates the amount of space available. 
· When features are displayed in smaller spaces, distances. between the symbols and lengths of features are reduced. 
· When features become too small to see, everything else becomes small and cluttered. 
· Visual chaos can result. 
· Cartographers have to take decisions carefully in making maps.
· A large scale map of 1:1,000 will show less area with more detail than a smaller-scale map of 1:250,000
· All maps are abstractions of reality, they require reduction of information content in order for features to be legible. 

Cartographic Abstraction

· Cartographic Abstraction is the process of transforming data that have ben collected about our environment into a graphical representation of features and attributes relevant to the purpose of the map.
· To transform geographic data to a map, cartographers rely on selection, generalization, classification, and symbolism. 
· Selection: how much information to portray
· Generalization and classification: they eliminate or deemphasize unwanted or unneeded detail
· Symbolization: how the information will be shown graphically

Cartographic Selection
· Cartographic selection refers to deciding which classes of features to show on the map. (Based on purpose of map)
· Example: on large-scale topographic map. You will usually find perennial streams (those that flow a large portion of the time but cease to flow occasionally or seasonally) and ephemeral streams (those that flow only during and immediately after periods of rainfall or snowmelt). 
· On smaller scale maps, the above will be eliminated. 
Cartographic Generalization
· Cartographic generalization refers to reducing the amount of information on a map through change to the geometric representation of features. 
· The degree of generalization is proportional to a features spatial detail, and inversely proportional to map scale. 
· Loss of detail line generalization for features like boundaries, river, and roads.  
· This also causes displacement of features as smoothing cuts off natural irregularities or causes features to overlap.
· Causes Positional error
· Think of Generalization effects not errors

Vector Generalization operations

· Variety of vector generalization methods
· Source scale – the scale at which the data originally derived from their sources. 
· Common vector generalization methods:
· Simplification – selectively reducing the number of points required to represent an object
· Smoothing – Reducing angularity of angles between lines
· Aggregation – grouping point locations and representing them as areal objects
· Amalgamation -- grouping of individual areal features into a larger element
· Collapse – replacing an objects physical deatails with a ymbol representing the object
· Merging – grouping of line features
· Refinement – selecting specific portions of an object to represent the entire object
· Exaggeration – to amplify a specific portion of an object
· Enhancement – to elevate the message imparted by the object
· Displacement – separating object
· 

Raster Generalization operations

· Generalization operations for raster data are used to either clean up small errors in the data or reduce unnecessary detail. 
· Single, misclassified cells can be eneralized by assigning hem the value that appears most in its immediate neighborhood using a majority filter function. 
· The boundaries between zones (cells with the same value) can be smoothed. 
· Then larder zones an be manipulated to invade smaller zones by expanding and shrinking their boundaries.
· Smallest allowable size for a group of cells in a raster image is the minimum mapping unit (MMU). 

Classification
· Classification can be defined as ordering, scaling, or grouping into classes that simplify the features and their attributes. 
· The goal is to typify (provide a typical example of the essential characteristics of) the features and their attributes.
· Classification of qualitative attributes is achieved by grouping similar features.

Symbolization
· Symbolization is the use of visual variables to represent the data attributes. 
· Generalization can be applied to symbolism and will have implications for map accuracy. 
· Generalize by Symbolization in two ways:
1. Reduce the level of measurement of the attribute value. Ex:- 
2. Change the conception of the features dimensionality. Ex:- a city whose boundary is a polygonal feature in reality might be reduced to a point for mapping at smaller scaled

Uncertainty and Error

· Uncertainty related to determination of what is missing in the map representation; it is a relative measure of the discrepancy between reality and its representation
· Error is a value we use to measure the uncertainty.
· Positional error is measured as the distance between the coordinates of a map feature and its location on earth
· The greater the attribute and positional errors, the larger the set of potential values the true value lies within. 

Error and Bias

· Bias – intentional or not, is a systematic distortion of the representation as opposed to a random error. Ex: lines on map that represent water and shit n go under trees…so in map those are Random errors. 
· However, if all the streams are offset in a particular direction because of misregistration of the air photo to the control points because a datum was used that is different from the rest of the information, then there is a systematic distortion in the representation called bias.

Precision and Accuracy 

· Map accuracy relates to how well the measured map coordinates conform to the true coordinates of a position. 
· Precision is the amount of detail used to report a measurement. Ex: 1.344 is more precise but not actually more accurate 1.3
· Attribute error is the misreporting of the characteristics of the feature
· Precision has 3 meanings: 
· The number of significant digits reported for a measurement
· The repeatability of measurements or the agreement among measurements
· The Rigor wand sophistication of the measuring process
· False accuracy is reporting your map use results at a higher level of accuracy than it is possible to justify from the map
· False precision – it is the reporting of results at a higher level of precision than it is possible to get from the map

Types of Map Accuracy

· Positional Accuracy
· Refers to horizontal position, vertical position, or both.
· Relevant to which types of map you use. 
· i.e., topographic requires both. Hori n Verti.
· Root Mean Square Error (RMSE) is defined as the square root of the average of the squared discrepencies in position (d) of well-defined points (n) determined from the map and compared with higher accuracy surveyd locations of each point: 
· Attribute Accuracy
· Attribute accuracy is the fidelity in the description of characteristics of the geographic features.
· Can vary greatly in accuracy and in precision
· Describe geographic features with little variation
· Precise ones describe with great detail
· Conceptual Accuracy
· Conceptual accuracy means using the correct data to represent the real-world feature or phenomena on the map.
· Responsibility of mapmaker to show accurate message
· Hot spot analysis – shows where there are clusters of more than the expected number of points and where there are less than the expected number
· Logical Consistency
· Logical consistency is the internal consistency of the representation – its helps to ensure that the proper relationships are conveyed. 
· Temporal Accuracy
· Temporal accuracy – shows how well a map representation reflects the temporal nature of the mapped features.
· Currency: 
· First thing to do is look for indicators of the maps datedness, or currency
· Tells you if it really reflects the present time
· Digital – it has metadata
· Mapping period – is the time between initial data collection and final map printing. 
· Elapsed Time – length of time between its date of completion and its date of use…the faster the environmental features on a map change, the shorter the acceptable elapsed time since the map was complete.
· Temporal Stability of features – how long something stays the same over time. 

Sources of Errors

· map errors may be introduced deliberately. Ex: may leave features out for design and copyright reasons. 
· Errors could occur accidentally. 
· Factual Errors
· Sometimes features are left off a map by mistake --- a lake or town may have been overlooked by the cartographer. 
· When a feature is misclassified by its map symbol, as when a railroad is shown as a road. These are examples of factual errors. 
· Map editing minimizes these errors
· Obvious sources of error
· Include the use of data that are out of date or incomplete. 
· Oftern data may not exist and surrogate data have to be used instead. 
· Errors resulting from natural variations or from the original data
· Sometimes error is introduced because it was “hidden” from the cartographer – this includes error resulting from natural variation in the phenomena being mapped. 
· Errors arising through processing
· Difficult to detect on map. It requires knowledge of the data and mapping system used to create map.
· Numerical Error – include wen processing numerical data. Ex: when numbers are rounded or faulty computer
· Topological errors – can occur when multiple layers of maps that are not uniform are overlayed, resulting in small lines of polygons that are unique features when they should be part of larger adjacent features
· Physiological errors – of the mapmaker (poor eyesight, tiredness, shakiness) can include error. 
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Metadata
· information describing the different sets of data used to create maps. 
· Data quality reports – part of the metadata files for the digital datasets
· Spatial Data Transfer Standard (SDTS) – all datasets used in mapping and GIS will have a metadata files that contains a data quality report. 
· 3 elements of the data quality report are particular interest to map users:
· lineage – source material used to create the digital datasets for mapping, as we;; as any mathematical transformations of the source material. 
· Positional accuracy – section of the data quality report gives the type of positional accuracy assessment carried out on the map, and he dgree to which the map complies with a standard such as the US National Map Accuracy. 
· Attribute Accuracy – can be asses in several way. 
· Symbols and notations
· Cartographers use different symbols which indicate difference in accuracy. 
· Legend Disclaimer
· Note in the map legend is the only indicator of map accuracy. 
· Reliability diagram
· Simple outline map showing variation in source data used to produce the map.
· Appears in the legend or as an inset neat the map margin. 
Liability Issues
· Mapmaker responsibility
· Every reasonable effort must be made to ensure map or cartographic database quality
· Mapmaker must inform/warn map users of potential problems and hazards in using the product. 
· Map user Responsibility
· Less well defined for users
· Every reasonable effort must be made to ensure high-quality map use.




