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Lecture 11: Dasymetricand isarithmic
mapping 



Discrete vs. continuous revisited

ÅChoroplethsuited to discrete areal, but suffers from MAUP unless 
standardized

ÅDots can work for discrete points, but can be ineffective

ÅDasymetricmapping allows discrete data to be supplemented with 
additional information about distributions

ÅIsarithmicmethods work for continuous field variables, and are 
mostly derived from terrain mapping

ÅIsarithmicƳŀǇǇƛƴƎ ƻŦǘŜƴ ŀōǳǎŜŘΣ ƻƴ ǿŜō ŎƻƳƳƻƴƭȅ ŎŀƭƭŜŘ άƘŜŀǘ 
ƳŀǇǇƛƴƎέ



Dot mapping









http://demographics.coopercenter.org/DotMap/index.html

http://demographics.coopercenter.org/DotMap/index.html




Dasymetric: Note the blank areas

ÅOverlay land use and other data

ÅMove dots to where they are most likely to reside

ÅCan compute quantities from proportions in overlay

ÅExample of data fusion





Dasymetric

ÅMethod of thematic mapping, which uses areal symbols to spatially 
classify volumetric data

ÅDeveloped and named in 1911 by Benjamin PetrovichSemenov-Tyan-
Shansky

ÅPopularized by J.K. Wright in a 1936 map of Cape Cod

ÅCartographers use dasymetricmapping for population density over 
other methods because of its ability to realistically place data over 
geography

ÅNow possible to use land use, imagery, many other information 
sources



J. K. Wright Geographical Review 1936



ÅStart with the counts for 
the choroplethmap

ÅAdjust each area using land 
use to exclude areas that 
are uninhabited

ÅAdjust the remaining area 
and recomputethe  density

ÅRemap densities within 
each land use class,  e.g. 
urban, rural



Adjustments to density



Overlapping zones



Landscan: Global Population (Eastview)





LandscanData Sources

ÅCensus

ÅAdministrative boundaries

ÅLand cover

ÅElevation and slope

ÅCoastlines

ÅImagery

ÅNighttime lights



NASA: Global Rural-Urban Mapping Project
Distributed via CEISIN: http://sedac.ciesin.columbia.edu/data/collection/grump-v1







[ŀƴƎŦƻǊŘΣ aΦ ŀƴŘ ¦ƴǿƛƴΣ 5Φ όмффпύ άDŜƴŜǊŀǘƛƴƎ 
and mapping population density surfaces 
ǿƛǘƘƛƴ ŀ ƎŜƻƎǊŀǇƘƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳέΦ The 
Cartographic Journal. 31, 21-26.



Software

ÅUse standard map overlay, e.g. in ArcGIS

ÅUsing imagery: eCognition

Å{ŎƘƴŜƛŘŜǊΩǎ ŎƻŘŜ ƛƴ w ŀǘ ¦/{.

ÅMashups



USGS Western Mapping Center
http://geography.wr.usgs.gov/science/dasymetric/ άtƭŀƴǎ ǘƻ ǳǇŘŀǘŜ ǘƻƻƭ ŦƻǊ !ǊŎDL{ млέ

http://geography.wr.usgs.gov/science/dasymetric/


Astoria, Oregon 
Rachel Sleeterand Michael Gould      http://pubs.usgs.gov/tm/tm11c2/



Isarithmicmapping

ÅIncludes contour maps

ÅAny map showing lines joining points of equal value

ÅCan shade or use colors for areas between lines

ÅCan use many terrain-based methods, such as shading

ÅBased on assumption of continuity

ÅWhen data at points (or area centroids) are used, need to use interpolation

ÅInterpolation methods and models are many

ÅLongley et al. Contrast interpolation and kernel density function

ÅCan use optimal interpolation, e.g. kriging



Isarithmicmaps using isopleths



Planar Map Transformations on Points
- Centroids

¸Multiple point or line or area to be transformed to single point 

¸Point can be "real" or representative 

¸Can use weightings or populations

¸Mean center simple to compute but may fall outside point 
cluster or polygon 

¸Can use point-in-polygon to test for inclusion 





Mean point vs. centroid



The interpolation problem



Southern California



Interpolation to a Grid

ÅGiven a set of point elevations (x, y, z) generate a new set of points at the 
nodes of a regular grid so that the interpolated surface is a reasonable 
representation of the surface sampled by the points. 

ÅImposes a model of the true surface on the sample 

Å"Model" is a mathematical model of the neighborhood relationship 

ÅInfluence of a single point = f(1/d) 

ÅCan be constrained to fit all points 

ÅShould contain zextremes, and local extrema

ÅMost models are algorithmic local operators 

ÅWork cell-to-cell. Operative cell = kernel 



Smooth and Abrupt landscapes: Surface derivative



Regular vs. Irregular Point Distribution



Aligned

Dense

Sparse

Missing from edges



Planar Map Transformations Based on Areas
- TheissenPolygons

ÅOften called proximal regions or Voronoi diagrams

ÅOften used for contouring terrain, climate, interpolation, etc 

http://en.wiki.mcneel.com/default.aspx/M

cNeel/PointsetReconstruction.html



Kernel density maps

Image source: JochenAlbrecht



Weighting Methods

ÅImpose z = f (1/d^n) 

ÅComputationally rather intensive 

Åe.g. 200 x 200 cells 1000 points = 40 x 10^6 distance calculations 

ÅIf all points are used and sorted by distance, called "brute force" 
method 

ÅPossible to use sorted search and tiling (Hodgson, ERDAS) 

ÅDistance can be weighted and powered by n = friction of distance

ÅCan be refined with break lines 

ÅUse cos (angle) to prevent shadowing 



Inverse Distance Weighting

Z=height

D=distance

P=1é.R

n= ?



Search Patterns

ÅMany possible ways to define interpolated "region" R 

ÅCan use # points or distance 

ÅProblems in 
ÅSparse areas 
ÅDense areas 
ÅEdges 

ÅBias can be reduced by changing search strategy



Search patterns



Kriging

Å"Optimal interpolation method" by D.G. Krige 
ÅOrigin in geology (geostatistics, gold mining) 
ÅSpatial variation = f(drift, random-correlated, random 

noise) 
ÅTo use Kriging 
ÅModel and extract drift 
ÅCompute variogram 
ÅModel variogram 
ÅCompute expected variance at d, and so best estimate of local mean 

ÅSeveral alternative methods
ÅUniversal Kriging best when local trends are well defined 
ÅKriging produces best estimate and estimate of variance 

at all places on map 



Variogram



Algorithm matters: IDW
(5) vs. Splines (12, 0.1)


