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ABSTRACT

The paper discusses a conceptual tool for recordisgjay and geometry changes for mapping across a
range of scales, called ScaleMaster. Examples sifjdeoutcomes from a continuing project with data
from The National Map by USGS show how ScaleMaster support decisions about which type of
design choice to make. Sequences of display anthefep changes are applied to hydrography, terrain,
transportation, settlement, and administrative blamy data to differentiate choices for each dagemin

The importance of decisions about elimination (idahg select, remove, filter, prune, refine, ttomit) to
design for scale change are emphasized.

INTRODUCTION

Multiscale mapping requires decisions on how toucedthe detail of a map but still provide useful
landscape information to the map user, whether thagt a general reference map or a basemap to
underpin their operational data. The ScaleMasigept is an ongoing effort, which began seven yagos

to explore the feasibility of annotating systematianges of symbol design across changes in mapping
scale (Brewer and Buttenfield 2007). As it devethpScaleMaster roles have expanded to include not
only changes to a map display, but changes to rbatel geometry through various generalization and
geoprocessing operations. Our work with ScaleMatitgrams (e.g., Brewer et al. 2010) has requiged u
to be explicit about map design changes that pmdeadable topographic maps through a wide range in
scales [1:20,000 (20K) to 1:1,000,000 (1M)] by meliog those changes in sequence and by theme along
continuum of target scales. A particular ScaleMadiagram is one of a variety of possible solutitms
this many-variable problem, and the basic categooie design change we record at present include
geometry, content, symbols, and labels.

At target scales where the appearance of a mapibapgy begins to falter, diverse options are amd

to improve it. For example, when terrain form beegrhard to read at smaller scales, the mapmakét mig
create generalized contours by smoothing the DEM wegenerating the lines (change geometry).
Alternatively, the mapmaker might replace contowith hillshading (content), make the contour synsbol
lighter or thinner (symbols), and/or change thetaonlabel rules (labels). Varied combinations ldge
types of choices provide a variety of solutiongi® map design problem for the target smaller scale

A group of the design decisions remove featuresmfeomap as scales get smaller. These are variously
called select, eliminate, omit, filter, prune, refj and thin. These operations are the least ¢entis
treated approaches in the generalization literatyperhaps because they ambiguously involve
geoprocessing and/or display change aspects afrgaespending on how the geospatial data are mibdele
The mapmaker does not need to alter feature geprimegliminate a class of features from a map or to
exclude features below a set threshold (for exaniigkow a size threshold). For example, eliminaton
pruning decisions may remove minor road classesarsis with low drainage volumes, small waterbodies,
regional airports of lesser importance, or uninoogfed towns. Some of these choices often require
suitable database enrichment and the requisitergeegsing to implement. Taking the example of the
regional airports, if the runways are stored as tin polygon features, enrichment might involve ogimg
regional airports containing only one runway. Likesy data on numbers of landings at each airpont fr
the FAA might be used to filter out airports witiwl traffic volumes or assign them smaller labety. the
streams example, enrichment has involved estimatiatgthment size or upstream drainage area
(Stanislawski et al. 2007, Stanislawski 2009). Aeottype of enrichment for stream channels delesat
centerline or primary stream channel (Tarver e2@1.1).

OVERVIEW OF CHANGES

The design workload differs for display change gadmetry change. In many (but not all) cases, ayspl
change requires less work and less specialized watign than does geometry change. Display change
mandates creation of new data files less often th@es geometry change, except for creating label
annotations or latent polygons for labeling feaguwdth indeterminate boundaries. To explore thé ful



range of possibilities for working with symbol clygnin multiscale map design, we have been devejopin
strategies to prepare multiscale topographic magds with minimal geometric change, following éarl
work (Brewer and Buttenfield 2010). We do a lotcafeful elimination, using size and other threstold
We also render features with thinner lines, smableints, and in lighter colors, often without cased
outlines, as scale decreases.

An intermediate ScaleMaster (Figure 1) preparetlly, 2010, for on-screen topographic maps, usatg d
from The National Map for the United States, denraes that design decisions range fairly evenly
among the categories. Out of a total of 73 desigmges, 25 were label changes, 20 were symbol eBang
and 22 were content changes (plus four contentggsato Level of Detail databases produced in suppor
of computationally intensive processing steps). t€uinremoval accounts for more than 30 percenhef t
design decisions made for this multiscale mappiogept. The predominance of content removal islyart
due to focused attention on hydrography; as a cuesee few geometry changes have been applied to
other themes for the topographic mapping projeair ®eavy reliance on removal of features does
however produce reasonably acceptable mappingghrawide range in scales (for example, Figure 7,
9).
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Figure 1. ScaleMaster diagram (original file is ped as item 19 at ScaleMaster.org).

The two lists below summarize the changes in gegnaid design that accumulate to create maps at
1:100,000 (100K) and 1:500,000 (500K) from data pitenl for mapping at 1:24,000 (24K). Changes that
involve removal of features are bold and markea$tgrisks. In designing for scale change from 2gK u
to 100K, five of 24 changes (21 percent) eliminfgatures or layers (items 2, 7, 11, 13, 18). Eight
additional elimination changes accumulate withribgt jump, up to 500K (33 percent of the 24 addaio
changes listed; items 26, 29, 33, 35, 36, 37, 8h, 4
Changes that accumulate from 24K up to 100K (compégure 2 to 6):
Hydrography

1. reduce label font sizes for waterbodiesfaowlines

2 *filter small waterbodies

3. aggregate waterbodies

4. simplify waterbody outlines

5. collapse area rivers to centerlines

6. simplify flowlines



7.*prune flowline segments with smallest upstream drainagas
Terrain/Physical
8. simplify hillshade using smoothed DEM
9. simplify contour lines using smoothed DEM
10. increase contour interval
11.*remove point symbol for summits
12. change label position to center on poinsfanmits
Transportation
13.*eliminate highway ramps, service roads and 4WD roads
14. reduce airport label font size
15. change airport symbol to smaller pictogram
Cultural/Populated Places
16. reduce label font size for emergency sesviocations
17. reduce symbol size for emergency servioestions
18.*eliminate locale points (in urban areas), churches, and $€hoo
19. reduce label font size for locales retaiimediral areas and populated place points.
20. reduce point symbol size for locales regdim rural areas and populated place points.
21. change label position rule for populateatplpoints
Administrative Boundaries
22. reduce line weight for county and minoilaiwision boundaries
23. change symbol style for incorporated places
24. reduce label font size for minor civil dian and incorporated place

Additional changes that accumulate from 100K tokoQfompare Figure 6 to 8):
Hydrography
25. reduce label font sizes for waterbodiesfavdines
26.*filter small waterbodies.
27. lighten flowline color
28. reduce line weight
29.*prune flowlines and centerlines with small and mediumtrgeam drainage areas
Terrain/Physical
30. simplify hillshade using further smoothioxg DEM
31. simplify contour lines using further smaothon DEM
32. increase contour interval
33.*removesummits layer
Transportation
34. reduce line weight for freeways and highsvay
35.*eliminate collector and local road categories
36.*removerailroads layer
Cultural/Populated Places
37. *removeemergency service, locale, church, and school peyers
38. reduce label font size for populated plamiats.
39. reduce point symbol size for populated @lagints.
Administrative Boundaries
40. reduce line weight for state and countryriztaries
41. change label placement rules for countiekimcorporated places
42. reduce label font size for federal lands imcorporated places
43. use dictionary-based abbreviate for fedarals
44. change polygon outline pattern for fedeantls and incorporated places
45.*removeminor civil division layer
46.*filter small incorporated places



47. reduce transparency of incorporated plabggpns

48. change label style for incorporated places
We summarize some of the particular strategies seeini development of electronic topographic maps
using The National Map data from the United Statesl@jical Survey (USGS) for the scale range of 20K
to 1M. Figures 2 to 9 show example maps for sulbba®as at 24K, 50K, 100K, 250K, 500K, and 1M.
Figure 2 also shows an example of the ArcGIS Talbl€ontents with visibility ranges set to swap in
appropriate symbols and labels dynamically as scate requested. An multi-representation database
(MRDB) would seem a less laborious way to structhig project, but we report on what we can do now
with COTS tools. The sections that follow summa@gpproaches to multiscale design we have taken by
theme.
TRANSPORTATION THROUGH SCALE
Road symbols include six line styles at large scaléne least important roads (service, 4WD, raraps)
removed first (at 100K), then local roads are reaabat 150K, and major road lines are made thinndr a
simpler in style at the smallest scales. Roadsiarsimplified or otherwise generalized in geonoefoirm
at this stage of design development, but we seeed for additional levels of collector roads taneta
network that is refined from the local roads butnigre dense than the current collector/highwayWese
set. Railway lines remain the same for a wide sabdge until they are omitted at small scales. @iip
shift from a circle symbol covering a large area tmall airplane icon as scale is reduced.
CULTURAL FEATURES AND ADMINISTRATIVE AREAS THROUGH SCALE
We use the obvious strategy of having small paogaitifre symbols, such as schools and hospitals, get
smaller as scale decreases. Incorporated placgsastareas at large scales and then are shownawith
point symbol that also controls label placemenstéad of labeling the areas) at smaller scaleserOth
small point locations and labels (such as park®iits) are omitted with scale reduction.
Administrative features are split into lines plaedmbve hydrography and areas placed below hydrbgrap
This interleaving ensures that water areas areoloted by administrative fills (such as the traarspt
green for national forest areas) but administrabi@endary lines are visible within water areasmtap of
water lines at larger scales. Lines are reducguadminence at smaller scales and shift to placeimeloiv
hydrography. Administrative areas such as incotedralaces and reserves (such as national fostats,
parks, BLM lands, and reservations) are transpdiitthat overlay terrain shading and wooded land
cover areas. The reddish incorporated areas amgvessare light (70% transparent) and distinguished
from each other with a dotted line to mitigate peofis with distinguishing the pale red and green
intermingled with the yellow and brown of the témrahading (an impossible color set for some cditodb
map readers). Lines and labels redundantly diftexenthe categories.
Light green for wooded areas is at the bottom @ $kack (not transparent), while swamp/marsh filea
in the hydro group layer is transparent (50%) anthe first of a series of transparent or rasteeria
positioned at the bottom of the Table of Contefitss lower portion of the layer stack (swamp to ded)
converts to raster in a desirable way, creatingaaageable PDF with vector lines and labels aboige th
rasterized group. Contour lines are sandwiched tinito stack below the terrain shading to be visuall
integrated into the map and to convert the mosirlabs drawing task to a raster image as well.
At this stage in design development, the polygamsafiministrative areas are not generalized bberat
represented without outlines, or with very lighttlimes, at smaller scales so that excessive ditail
removed with a visual merge.
HYDROGRAPHY AND TERRAIN THROUGH SCALE
Hydrography is perhaps the most sensitive to tlesl rier generalization through scale. Currently, esid
amounts of simplification are applied to flowlinesd waterbodies, and the resulting deterioration in
vertical integration with terrain form (shading acdntours) is not particularly troublesome (imprayi
consistency and completeness of hydrography datansjor challenge, so this is a relatively minor
problem in the wider context). The very light chaea of the terrain shading is one aspect thatshefse
integration as flowlines become simpler. In addifizve smoothed the DEM in three stages to produce a
set of progressively smoother contours and correfipg terrain shading, so the landform becomes
simpler to suit the smaller scales in three walyspker contour lines, simpler terrain shading, aidpler
flowlines and water areas. Vertical integratiopp@r in some locations, but these features becoore m
and more background elements as roads and plaggsnbemore prominent with smaller scales.
Hydrography is tapered using upstream drainage (&/B&), so small headwater streams are thinner and
lighter than reaches that serve larger areas. Smatlhhes may be more prone to vertical integration
problems because they run through narrower charamdsthus their small and light representationesak



these sorts of problems less distracting withindhsign. Likewise, displacement would be desirasle
roads overlay rivers at smaller scales, but theeotilack of this sort of tool means that hydrogmaps
pushed more to a background feature and just sitti&iwhere roads visually dominate many valleys.
Eliminating area features using size thresholdsise a common strategy for these maps, so smatispon
and lakes are removed as scale is reduced. Straamasnare removed for small UDA flowlines to get
labels on more significant streams. After nameslgw, UDA flowlines are systematically removed in a
topologically consistent manner using pruning tatdseloped by Larry Stanislawski at USGS. Replacing
wide river areas with centerlines as scale is redugorks well (giving the appearance of a collapse
operation), though handling braided or multichanmatrs remains an unsolved problem for us. These
generalization solutions are implemented by credtievel of Detail (LoD) databases designed to caver
range of scales. To date, Dr. Barabara Buttenfiefshrallel CEGIS research project is preparing a
complete set of LoDs, and we currently have neadipzen hydrographic LoDs drafted to cover theescal
range of 1:50,000 to approximately 1:200,000 farsample areas.

LABELS THROUGH SCALE

Labels become smaller as map scale is reducedhisutioesn’t provide much flexibility because we ar
designing for on-screen viewing and the coarseluden of even high-resolution laptop screens i<mu
coarser than the printed page (for example, 13@msius 600ppi). So we do much label eliminatiomais
Maplex at Best settings to place as many labels vaasonable positioning as possible while retginin
dynamic label placement functionality. To genemliabels, we use a dictionary function to replace
frequently used and somewhat lengthy words withr@bations, such as “County Road” with “CR”,
“River” with “R”, “Mountain” with “Mt". This strategy frees map area for additional labels at smaller
scales. Road shields function similarly, so “Intates Highway 99” is replaced by just “99” withirsenall
shape. Though this is an obvious option, it's nagyeto do because The National Map data does not
contain a number-only column separate from a rgpd-tolumn that would set the shield type, so these
attribute fields need to be constructed througha dabcessing and used in concert. Labels are often
removed from the map before a symbol for a feairemoved. For example, local roads are not labele
at the smallest scales they appear. This is nohyalvhe case, though: summit names are retained at
smaller scales, after their symbol is removed. Byedding the symbol for the smallest point features
such as churches, into the leader line functiothérathan symbolizing a point layer), we are alde t
remove points that are not labeled and reduceecl(itihe St. Louis city data has a church at almusty
block while they are infrequent but important laradtks in rural areas, so this can become an importan
strategy).

Hierarchies of importance for all sorts of featunesuld improve the mapping and labeling, but thease
not available in a consistent form for the wholemoy for many features. We are working on deveigpi
hierarchies for the more obvious feature typeswibich data are available, such as a populated place
hierarchy using population data and airports basedir traffic volumes. We also weed some point @am
by not labeling or symbolizing all features listpdrenthetically as “historical” in GNIS name (thbdug
these historical features remain in the databasgldla user want to see them).

CLOSING THOUGHTS

These topographic maps look acceptable but additimork can refine these design solutions or extend
the range of usable mapping scales. The maps argnee using GIS data, which are largely compiled
from 24K mapping and require enrichment and addticstructure for efficient mapping at the broad
range of proposed scales. The database informeaioies different content than did the paper topphic
maps that served the U.S. for over 100 years, @gnonuch of the U.S. data were derived from theth an
further updated. Because design decisions wiledifor different datasets compiled by differentioréal
mapping agencies for various generalized or speedhlapplications, a unique ScaleMaster must be
created for each instance. Creation will howevghlight many stylistic choices which are the hallknaf

any map design or mapping organization.

Many challenges lie ahead, such as extending diyreiored point labels to associated physicaluies,
and designing feature densities and typificatitwas properly accentuate natural terrain conditibngugh
scale changes, along with the design enhancemesdsiloed above. But with good minds on the problems
of display change and geometry change, we are ighitnabout continued improvement and production of
successful multiscale topographic maps dissemirtatdte U.S. public.
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Figure 2. West Virginia subbasin (02070001) at 10®0 on screen (reduced size in figure) with AInf
Table of Contents at left showing visibility rangelck checks mark layers set to visible at 1:2@)0
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Figure 4. Texas subbasin (11120105) at 1:24,008aveen (reduced size in figure)
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Fiure 5. West Virgiﬁia subbasin at 1:50,000 oreser (reduced sizé in fiQure).



Flgure 6. West Vlrglnla subbasm at 1 100 000 oresa (reduced 5|ze in flgure)
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Figure 7. West Vlrglnla subbasm at 1 250 000 oreen (reduced 5|ze in figure).



Figure 8. West Virginia subbasin at 1:500,000 oreea (reduced size in figure).

Figure 9. West Virginia subbasin at 1:1,000,000 cresn (reduced size in figure).



