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ABSTRACT
In the 2007 State of the Soun&uget Sound Partnership report, the map graphics fail to

communicate their intended purpose for a numbereasons; namely, the lack of a ceive

look, cartographic misstepand often an uncleanessageln the Analysissection of this report,

we itemize critical map components, and draw on examples from owega&ining elements
consistent with best cartographic practicEeese maps are proposed indicator maps from the
University of Washingtondés GIS & Sustainabild:i
Ma p p i n gving on fbe fandings from the analysisection,the Recommendationsection

providesa recommended map approach, look, and method ®raluating iwlicator critical

points. By adoptinghese recommendationsybsequenversions of maps in th8tate of the

Soundreportcan avoid inaccuratepresentation and simple miscommunication.

Cartography, GISPuget Sound Partnershiftate of the Soundhap



Mapping Environmental Indicatons the Puget Sound Region -6-

INTRODUCTION

Landowners, biologists, and various elected officials gatheredaatapssy bluff on the west
side of San Juan Island’he stakeholders observed as the fleet of boats gathered below,
wondering aloud how their presence might affect the whales. Suddenly, the SowthelenR
killer whales surfacedand silence punctuated aonversation. It became apparent that while
each stakeholdepossessedlistinct knowledge and motivationghey agreed that thdacts

presented before theoould no longer be ignored.

Most of the Puget Sound's ecological problems are not as visibleaasncatic megdauna.

Home to 200 species of fish, twerdix marine mammals, and more than 625 variations of
seaweed, the Puget Sound watersheds are a valuable source of food, freshwater, and livelihood to
approximately 3.5 million paigpxpeeted toBgyow Be@r® 5 , t h
49 percento anestimated 5.2 million, all drawing from a limited water supply tha¢gak an

estimated onenillion pounds of chemicals per year released by permitted discharges. Of the
2,500 miles of shoreline, 800 milé32 percentpf manmade hard armorirdirectly impactsthe

natural shallow water habitat for marine wildlffen Puget Sound Factso) .

Puget Soundocsursdt tage andisanallisaales, with effects accumulating over time.

As the Puget Sound Partnership phrasefiigét Sound is ecologically ldmte; and while its

symptoms of trouble are not easily visible, theg andeniable and gettingworsé ( Puget Sol
Partnership, 2012)In an effort to bring attention to these issudw Rartnership publishes
biannualState of the Sounekports, tracikng environmental indicators that reflect the health of

the water quality, habitat, marine life, and climate, which are presented to the governor of
Washington State andre available through their website with the hope of educating

stakeholder¢Puget Sond Partnership, 20)2
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The use of enticingnapswithin the reportwill help stakeholders visualize the scope of the
situation, as they access alternate pathways irbthi@ (Mayer 2005. The 2007State of the
Soundreport contains 18 mag¥vashington Stat&ound Action Teanand Puget, 20@J, butin

our review of the cartographywe concludethat the mapsio not follow cartographic best
practicesand the cartography is not integrated with st of the reporfThe 2009State of the
Soundreport does not utilize maps as heayiyuget Sound Partnership, 201p¢rhaps because
the Puget Sound Partnershipaware ofthe cartographic issug¢§Vashington State and Puget

Sound Action Team, 200Yb

The upcoming publication of the 2011 repordahe possible publication of a Puget Sound
Encyclopedia are opportunities to improve the qualityhefcartographyof the mapsin this

report, we analyze a series of mock indicator maps created by University of Washington
graduate students to find thedb treatment oflata selection, data classification, scabetent,
labeling, text, legend, color, and the relationship between figure and ground. Our
recommendations requiexplicit organizational planning and consistency to present geographic
and temporal thematic data, with the desired result of attractive, readable maps used to

supplementhe persuasive messagfethewritten publication

Our primary motivation fortheerat i on of thi s report i s to sSupf¢
work by furthering the conversation about the health and outlook of the Puget Sound Region.

The conversation can only move forward when everyone, including the general public, is able to
visualize and understand the same accurate summarykayoundicators and their statu3olicy

decisions should be based on reality and undistorted by political biases, inaccurate
representation, or by simple miscommunicatidfe hope that the recommendeartographic

approach outlined in this report will aid the Puget Sound Partnership in future mapping projects.
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BACKGROUND
The mandate of thBPuget Sound Partnership isdoordinate and lead the effort to restarel

protectPuget Sound by bringintogether affected citizengovernmentsiribes, scientists and
businesse®gasing decisions on science, the Partnership will focus on initiativefbitiad forth
the greatest impact, and ensure that involved parties wodko p e r a(Puget Sdundo
Parnership, 201p The University of Washington works in cooperation witle tfuget Sound

Partnershipand hecreation of thigeport carries on that alliance

As part of a graduate course in theindamentals ofcarbgraphy (The Principles of GIS
Mappingd GEOGH0), taught by Dr. Robert Aguirrstudentddentified potential conflictawith
cartographic best practicésr each map in the 200State of the Soun@port. Later, groups of
three studentgproduced a map of different indicators that are trackedhlyPuget Sound
PartnershipThis process entailed designjnmplementing, and documenting the use of color,
symbology, text, andsarious other mapelements Students endeavored to communicate a
message about geographic relationships andpblemomena ofnterest with a finished map

layout suitable for publication on the Web as a full psiged graphic.

Prior to writing this reportwe analyzed thetrengths andveaknesses of the final maps produced
in the course, andelectedmapsthat emphasized or exaplified cetain characteristicsThis
report can be considered a survey of cartographic best practices, tailored to the needs of the

Puget Sound Partnership.
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ANALYSIST Indicator Map Review, Critique and Discussion

This analysis is based on the revi@e# nine indicator mapswith results compiled in a
spreadsheet listing the positives, problematic components, and suggdsti@each map. From

this table five major discussion pointemerged that were deemed critical n@pmponents.
Sample indicator m@s areselected that exenifyl the selected traitThe maps used are purely
samples that exhibit cartographic elements worthy of discussion, and should not be viewed as
final, factually accurate examples ready for publication.

CLARITY AND DATA SELECTION

Clarity is perhaps the most critical characteristic of a miapachieve it requires that appropriate

data is chosen, both in quality and quantity, and then displayed in a visually engaging manner
that allows the viewer to quickly derive the intended messdghe mapThe goal is to hold the

readero0s attention without overwhelming them

Limiting map data can be a successful way of improving the clarity of the kaye data

displayeddoes not necessarily equate to more knowledge gained. In fact, too much data might

detract from the maat}b\eﬁmapmzeaolzersagge> and |l eav
confused.Figure 1 displays a wealth of information: freshwater %?Gogs ®
Clallam &

guality, human population density, and salmon rurgtlenThe

Jefferson
combination is based on ecological relationships: dense human ",@J:/

population adversely affects water quality, which adversely affects drf,

salmon runs. Each is represented by a different geometric shagiédure 1: Snippet ofMap E
fFreshwater Qualityo

point, area and lines, respectively, which distisgas thenvisually. Yet, in spte of that, the

layersstill find a way to compete with each oth&he overload of visual data may leave the

viewer unsure of the intended message of the map.



Mapping Environmental Indicatoms the Puget Sound Region -10-

Map A AiLand De v B kurgessfaimdeliveing one clear rassagd that a changing
population density is occurring in the Puget Sound, increasing the amount of land development.
The mapsplits density up into two areas, inside and outside the urban growthraesaiewer

only need to focus on one phenomenon,cemprehending the densities of two distinct regions

is manageable.

This map mght benefitfrom using two distinct color ramps to distinguish between inside and
outside the urban growth area. This change would délpr e ct t h entionto area®fr 6 s a't
most concern, in this case, ar@ath a high percentageopulation increase outside of the urban

growth area, rather than those inside the urban growth area where population growth is seen as a
positive. Figire 2A shows Thurston County experiencind ¥ growth outside of the urban

growth area from 2002006, the highest of all Puget Sound counties (peach color). The second

map snippetproposes a color adjustment to assist in delivering a clear mdssaaeThurston

County is experienng a critical rate of growth (bright red). The area inside the urban growth
areashould be changegossiblyto a grayscale ramp, since growth here is seen as a positive, and
should not be viewed as alarminthe importance of color use and its role in delivering arclea

messge is discussed in depth latertims report.

FigurelA Figure 1B

Figure 2: SnippetfromMap A fALand Devel opment o
A) Color ramped used in original map. B) Suggested alteration to the colors.
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EXTENT & SCALE
The Puget Sound Partnershipcksindicators throughout thentirePuget Soundegion County

boundaries are sometimes used due to their relationship with population data, but using Water
Resource Inventory Areas (WRIA) as natural boundaries is the loghtace for mapping
ecological phenomena. The shapes of the WRIAs may not be familiar to many map \tiewgers,

they should be displayed within the outline of the Puget Sound or perhaps within a separate
locator map. Thre are certain phenomena that needde mapped illustrating a smaller extent at

a largermap scale, contrasting the smaller scale of regional indicator nragswtographer's

lingo, "small map scale"” means zoomed out to a large mapped earth area or large geographic
extent usually with lesinformation and more generalized features; whereas "large map scale”
means zoomed IN to a small mapped earth area or small geographic extent usually with more
information and less generalized featulesthe Shoreline Armoring Index Magigure 3) it is
necessary for map extent to focusdoseup, large map scalareas of coastline to accurately

show the current extent of armored shorelines

Tacoma,

Figure 3: Snippet from Map H
AiShoreline Armoringo
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LABELS & ANCILLARY TEXT
Appropriate text and labeling are critical to map legibility. Maps use text in a number of

locations, including the t&, legendJabels and ancillary textAlthough text can add important
details to the @p's message, excessive or poatgsigned text may detraatom the map's
clarity. Readability of the text arqgacemenshould be the paramount concern when adding text

of any kind.

Labeling a map is criticatio ensure the viewer understands the locatiomgiortantfeatures.
Labels should be as close as posdiblthe labeled featurendplaced within polygons or above
lines. Theyshould be legiblein a sans serif font, sized according to the visual hierarchy, and
colored or haloed according to their backgroubabels should be kept consistent whenever

possilte.

If "a picture is worth a thousand words", ancillary text shdddised minimally, and be lower

than themap graphics in the visual hierarchy. Placing a text box off to the(séddigure 4)

makes sense because it does not overlap where the dabavis $he content of the text is fairly

short and to the point, and directly relatesutmerstanding the map imageafpMA includes a

table as part of the text that addsrtap messagelheformat of the text boxreates a defined
foregroundbackground rationship with the outline and shadow, making for easy readability.
Figure4B uses a considerable amount of text, but the text layout is done in a successful way that

does not interfere or detract from the map graphics.
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If maps are representations of real world objects and phenomena, the key to these real world

representations lie within the map legend. The map legend shoulincgime most important

map elementsand shouldexplain these elementslLegend

with a sense of clarity. In other words, if there is Floodplains, 1996 -2006

Acres Developed in

O 1-15
confusion with the map, the legend shoulg O 16-45
succinctly explain anything that is unclear, andO 46 - 181
. ) ) N 182-298 |
essentiallyitcanf uncti on as a dld a di

The |l egend symbol ogy

QZQQ-SZQ
[ not

WRIA floodplain land area
converted from non-development
to high-, medium-, or low-intensity

component that must possess clarity. Complex™ ™"

maps sometimeseed a very organized and titled © 100-yr Floodplain

|:| Watershed

cti

t
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Impervious surfaces do not permit
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and storage capacity abilities.
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24%
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Percentage of floodplain area in
each WRIA classified as agricultural,
forest land, fishing activities, open

space, water areas, undeveloped land,

or timberland

legend so that the personewing the map can

quickly understand what ex#égis being represented. A wadlafted legend will aid a viewer in

their quick comprehensioof the mag@s content, as shown in Figuse Generally, using four or

Figure 5: Snippet from Map G

AFl oodpl ain

Functi

egend

onal i
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five data classes will simplify the map witltoovergeneralizing. Dividing the data into too
many classes creates problems with the symbology. The cartographer will likely have trouble

finding enough distinct options and the audience may be unable to ddugtlveerthem.

The legend is ammportant part of the map composition in that it needs to be thoughtfully
balanced within the map layout. It needs to strike a good visual balance, without being the focus

of attentonThe readerds eyes normally mofolewingaom t oy
diagonal through the visual center (Surd29. For this reason, the lower left hand corner is

routinely utilized as a space reserved for the map legend. In this location, the legend will be
visible, but wonot dolnanncaet eo ft hteh emalpa yooru tu.p sTehti s
or possible, but one should keep in mind hiav acant spaces on the map

equal.

Ideally, the legend will be labeled as such at the top of the legend box in larger font than any of
the text within the legend bojn Cartography Thematic Map Desigrthe authorsecommend

that "legend captions be set at 1 to 1.5 the sizéheflargest feature in the magDent
Torguson, and Hodler 20D9lt is appropriate to apply subtype labels ilkelgroups of data
representation within the legende(iboundaries, streets, data classifications).eAclditionally,

ancillary text can be placed withihe legend box if it contributde the overall story of the map.
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COLOR & THE FIGURE-GROUND RELATIONSHIP
A well-constructed figurground relationship assists tbhartographer in conveying thetended

messag®f the mapby communicating the most important information to the audience in a clear
fashion. The figure datais centralwithin the layout,emphasizingwhich data is meant for
consumption and which data doe3hedyoutoffigoressar i |
layers succeeds when the eye of the reader is immediately drawn to those layers upon first glance

at the mapThis can be more easily acoplished by using high values i@&d, blug and yellow.

The relationship between the figure data and the background can sometimes be a difficult

balanceto strikdcor i ndi cator maps, the f odudmdvd nigayhane:

U Digital ElevationModels
U Bathymetry MWaterbodies

U Administrative layers (counties, water resource inventory areas, state boundaries)

In Figure6, light color valuesare used to set the map foundation.

Background i nformation i S di s I n a wa

Central

i mmedi ately draw the reader 6s “Alternat.

attention is immediately drawn to the colored areas in the map. ) { NP0
mim}&m

. . Figure 6: Snippet from Map D
ground relationship. AMarine Sedi

The strategic use of color is oweay to establish the figure

Similarly, Map B (seen in Figur&@) uses color to establish a visual hierarchy which in turn
assists the audience in distinguishing between the figure and the ground. Critical map
information is centered dndisplayed in differing variations of hue, whereas -aegential
refererce data is shown in grayscalkhe use of color in mapmaking is a subjective process that

l ends itself greatly to the authordés se&ense o]
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about color, one can benefit greatly from the implementation of color contrast, and the use of

hue, value and saturation as it pertains to a visual hierarchy and thegiigurel relationship.

" snohomish

Figure 7: Snippet from HaptB DEoré D]



Mapping Environmental Indicatons the Puget Sound Region -17-

RECOMMENDATIONST A Comprehensive Mapping Approach
The task thus far has been to examine and evaluate indicator maps. The focus now is to provide

recommendations for an absolute approach that embodies forethouggujzation, and a
cohesive look for the creation of all indicator maps. The aim of the following recommended
approach is to provide guidelines that enable the successful return of majhe iRtgyet Sound

Par t n eS3taehof thed Souncepors, by clarly and accurately educating the stakeholder
public on the conditions of the problem, as well as any progress made. Based on observations
gathered from our analysis, the followiage guidelines that can be followed when creating an

extensive mapping pregt, such as the task at hand for the Puget Sound Partnership:

U The creation of a preliminagrganizatioral table
U The use of an initial project map that presents the scope and extenpuodjdat area
U Practicingconsistencys a guiding theme throughahe mapping project

U Successfully implementing the dimensiortiofeinto the project

Each of these points will be discussed length, with examples provided to assist with

implementinghe stated recommendation.

THE ORGANIZATIONAL TABLE
Prior to thecreation of the indicator map creating a focusedrganizationtable can greatly

assist the cartographer with formulating a clear objective and planefondp. In addition, such

a tablewill make it simple to compare map plass, that a similar lookan be kept consistent in
the design. The organizational tableill ensure that the end product displays the intended
message of the project. Some recommerm#dmns to include in the tabbre the following:

indicator name, the intended message the mgppois c o mmuni cat e, identi fyi.
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of the phenomena, and finally the desired look that will successfully display the critical points,

and therefore, the story of the map.

Thelntended Messageolumn should specifically answer the question of why you are including
the map in the first place. The statement should state what you want to share with viewers about
the selected phenomenon. For exampkshwater quality has dramatically decreasedhese

areas between the years of 268B11 orrestoration efforts have shown these positive effects on
shoreline habitats from 2082011 TheIntended Messagshould be simple, clear and direct,

almost like a thesis s&mnent forthe map.

If it is of interest to showcase two intended messages on a map, an additional column will need

to be added for each message, as well as an addi@atiahl Point column. Considerably more
attention will need to be given to tieesired Lookof the map. It is simple teee that while not
unrealistic, adding multiple messages to a single map adds considerable xagniplehe
organizational tablelt logically follows that multiple messages will therefore add to the
complexity of the final map product. This marks a gagubortunity for the cartographer to

decide whether it is importamo include multiple messages withime map, or decide to create
separate maps for each message. The answer, of course, depends heavily on what the separate
messages are. For example displi ng A heal thy areaso in additio
easily combined depending on color choice and the number of classes. If physical space in the
report is limited, separate maps might not be an option. As a result, each map might be required

to host more information, furthering the necessity of having a well thought out plan.

The Critical Point column should then specify what features on the map will be chosen to

symbolize the phenomenon. More specifically, what points, lines, or areas iateret, and
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what is happening at these locations that absolutely must be displayed on the map. For example,
dr awi ng freshovater quality ha8 dramatically decreased e x ampl e menti one
the critical ponts would then be something along thees offistreams with health quality scores

of | ess drWwhatever@hgnetfictused to assess quality. While the map will likely also

display streams with quality scores above this metric, a direct statement such as this will let the

cartographer kow precisely what needs to stand out on the map.

If these columns are done well, and have a clear focus, filling Mt Designshould not

require too much thought. Continuing from the example above, simply draw from the critical

point and decide onapan of attack. Siunnchee aw e heg thedapgr @ uns &
Designwi | | need a color to represent Aunhealthy
applied to a particular stream. Table 1.0 looks at a few of the Puget Sound indicators snd give

examples ohow the cells in this tablmight be filled in.

Table 17 Sample Organizational Table

Indicator Intended Message Critical Point Map Design

Land To make it visually apparent Areas outside afhe urban | Use bright red coloring to

Development where unintended growth is an | growth area experiencing { highlight the critical areas,
issue high percentage of growth| making them stand out at ag

the focus of the map

Shoreline To make it visually apparent At risk shorelines [Same]
Armoring where shoreline is at risk due to
armaing.
Estuary Health | To makeit visually apparent Area of eelgrass depletion| [Same]
where edrass and neahore and neasshore habitats

habitats are being destroyed

Land Use/Land | To make it visually apparent Areas with too high of a | [Same]
Change whereforest is being converted t| forestation to developed
developed surface surface conversion rate
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The benefit of creating a tablike Table lis thatmap creatorsiow have a better understanding

of the maps and what they sha illustrate and impart to the reader. In addition, common themes
will begin to emerge that can be kept consistent throughout the scope of the mappinglproject
this case, the desired look of the maps. When it comes time to design the maps, it becomes
important to ensure that all additional elements, such as color choice, text, extent, and legends

enhance, rather than distract from the intended messages conveyetlnethe

THE STUDY AREA MAP
One way to avoid cluttering up the indicator maps is to include an iSimly Area Magarly

on in the report, defining the extent of the project, the study area, and an index map that provides
outsiders with knowledge of the location. The purpose eftidy Area Majs twofold: first, it
provides an upfront picture die area of focus and what is being studest second, this map
alleviates the pressure on further maps of having to continually display repetitive map elements.
With the study area &sblished in the beginning, indicator maps can then focus on displaying

critical points clearly, without the distraction of unnecessary index maps and excessive labeling.

CONSISTENCY
Consistencys the most important trait that can exist in an extensiapping projectDesign

consistency gives the reportpmlished and professional look, and can result in quicker map
comprehensionViewers do not ave the time or patience tolearn color schemes and
classifications for each map. Keeping the look aredl & the report consistent will have untold
positive effects for conveying information, and more importantly, the intended message of the

report and its maps.
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The 2007State of the Souneéport did not feature a consistent mapping look and feel throughout
the document. We highly recommend choosing a consistent color scheme to be employed
throughout all indicator maps; one that draws attention to critical points, and is intaititresf
average viewer. Similarlythe number of classes for thetalameeds to be kept consistent

throughout the report.

The websiteColor Brewer 2.Gakes the guesswork out of chaggian appropriate color scheme,
by recommendingolor selection based on the numloé classes usedard the type of data
(sequential, divergingyr qualitative). Color Brewer will also recommend which colors are best

for printing and photo copyin@olorbrewer, 2012)

Certain hues need to be reserved for certain phenoreeda,as a sarated red for areas that

need to stand odtom therest of the map (i.e. areas in distreéspr Oheal t hyd ar ea
natural greens are appropriate. Using Color Brewsanaple color schenis displayed in Figure

8A that would successfully accoiigh the intended goals for a mapping project such as this,

with the intended message of highlighting the critical pdmt$?uget Soundndicators. We feel

the focus othis mapping project is to draattention to coastlines, water areas, and watersheds

in distress and in need of immediate attention and resources. For this reason, red is recommended

to draw attention to unhealthy areas due to its alarming intensity, wihhité reserved for

healthy areasThis color scheme is sequential, arsdviewed as appropriate to peesent

phenomena ranging frohealthy to unhealthy.
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254, 240, 217 .215. 25,28
253, 204, 138 253, 174,97
252, 141, 89 255, 255, 191
227, 74, 51 166, 217, 106
I 179, 0, 0 .26. 150, 65
Figure 8AT Sequential color scheme Figure8B 1 Diverging color scheme
(ColorBrewer 2012) (ColorBrewer 2012)

A diverging scheme might sd work, with white or yellow representing neutradnd green
representing healthgue its correlation with nature and contrast with red (Fig&)e For clarity
sake the sequential schemerscommendedver the diverging, because its single color scheme
coordinates withthe single focus oidentifying areas in distresé single color scheme makes
for more intuitive mapby alleviating the neetb constantly reference the map legéodierive

the meaning of the colo©On a more fundamental notihis keepsgreen availabldor use in the

ground layers of the maps.

Four different examples are pictured (Figue#s-9D) to simulate the experience of thumbing
through a report with one color scheme and five data classes. Although overly generalized and
lacking any real indicatadata, the examples give an idea of the effectiveness of sticking with a
consistent color scheme throughout the various map types. Despite the absence of title, legends,
and context, the eye quickly identifies what is critical in all four maps, in this taseed

Aprobl emd areas. Even though t he 9Dmthenfamilidras t

(0]

colors make the map message simple to grasp. Keeping the color scheme and number of classes

consistent throughout the iifent indicator maps gives tmeaps a similar languagbat, once
understood, can quickly be appligdoughout the report.céres and data will change from map

to map, but the overall messagesefecting critical areas to target visually apparent.
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Figure 9: Various map samplesllustrating a consistent color scheme

Figure 9B: SampleChoropleth Water Map

Figure 9C: Sample Choropleth LandMap

Figure 9D: Sample ChoroplethStreamsMap
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Complex combinations oflatasets might benefit from being combined into a single index
iscoreo, which can be r epr eThiemapmnd tadtihetinunatgsh a s
the challenge of displaying multiple contributing factors all in a single map. An example of this

is done in Map H AShoreline Armoringo. The t
qualities above and below the surface, such as drift, zones of divergence and steep slope. As a
visual, this maploes not transfer any takeawaformation for the vewer. However, when these
phenomena are combined into a single weighted scientific formula (U.S. Geological Survey), the

vi ewer can quickly see (in the bot tFgue lhap) s
gives a visual of the legend schemat@amnonstrating this changésing a similar index scoring

for other indicators might lead to maps that pack a strong, quick punch, rather than displaying

too much and leaving the viewer confused.

-
Shoreline and Drift

No Appreciable Net Shore
— Left to Right Shoreline Drift

< Zone of Divergence —

— Right to Left Shoreline Drift
Natural Shoreline

@mm=» Man-made Shoreline

St Sl
\. eep Slopes

Figure 10: Example of Index Scoring. Legend§ r om Map E fShor el

In addition tofigure color selection, the color of thgroundlayer is also importantight valued

colors, such as light gya(see Figure 1Q)white, and tan are recommended, with the selection

kept consistent throughout the report. Although important, the ground layers should not be
displayed in a way that distracts the reader from the intended message of the map. In the case of
the indicator maps, éhreader should easily be able to decipher between the important data

represented in the figure of the map, and the ground layer.



