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Introduction 
The spread of GIS over the last 30 years, especially since it became available on personal 
computers and was no longer restricted to scientific workstations, has made spatial 
analysis and mapping available to researchers in many disciplines, far beyond its origins in 
geography and planning. Researchers in fields as diverse as archeology, ecology, and public 
health now commonly use GIS in their work. Many of these researchers, however, may not 
study GIS formally and only know enough of the software to get done what they need to do. 
If they do take coursework or training in GIS, typically the coursework is in analysis -- 
what they need to learn to get their research done. Fewer take courses in cartography, and 
so they may not have the skills to present their research effectively. 

This is often seen in the maps presented in their publications and presentations. These 
maps are often lacking basic cartographic design elements. This may be demonstrated by 
the lack of such elements, such as neatlines or visual hierarchy, or by the inappropriate use 
of other elements, such as detailed scale bars or ornamental compass roses where a simple 
scale bar or north arrow is more appropriate. Worse, the map may misrepresent the data or 
be unreadable by its intended audience. A map that is projected incorrectly (or not projected 
at all) will distort measures that should be viewed using an equal-area presentation. Data 
may be symbolized by inappropriate visual variables, such as a color bar that varies by hue 
for quantitative data (Brewer 1997). 

While the use of GIS by these researchers to further their studies is almost always a good 
thing, the lack of cartographic communications skills hampers the full effectiveness of the 
presentation of their research, and this can indeed mislead map viewers as to the actual 
message (McKendry 2000). There is little that can be done about maps that appear in 
presentations and posters, on websites, and in popular media. However, there is one venue 
for these maps where some basic design principles can be, and sometimes is, enforced: peer-
reviewed journals.  
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The website of every academic journal includes a section called “Instructions to authors” or 
“Manuscript preparation” or something similar. These instructions address a wide variety 
of issues which a prospective author may need to deal with, from article length and 
bibliographic style to submission instructions and page charges. In most cases, these 
instructions have specific guidelines for figures, which can include such design issues as 
typography, line size, and use of color as well as technical issues such as page size and file 
formats. Often, specific items that should be included in maps are also covered by these 
author instructions. In some cases, the instructions are quite specific, in others, they are 
much more general. 

If publishers were to provide a detailed set of guidelines for map preparation, and if they 
trained their editors to judge maps against those guidelines (or employed cartographic 
editors), the overall quality of maps in journal articles could be increased. Further, as 
authors learned to prepare better maps for journals, the overall quality of their maps in 
non-peer-reviewed venues might increase.  

This paper will examine the extent to which journals instruct authors as to the content or 
format of their maps, and the extent to which the journals are successful providing 
directions for good cartographic design. This will lead to a discussion of cartographic design 
principles that journals should consider requiring. 

Cartographic design principles 
Continuing research, based in both geography and the psychology of the map reader, has 
yielded many principles of good cartographic design. These principles include map layout, 
design elements, and data symbolization. These principles guide such concepts as balance, 
typography, placement, color and pattern use, choice of symbol shape and size, scale, map 
projection, abstraction, and more.  

These design principles are described and taught in a variety of resources. There are the 
mainstay cartographic textbooks, such as Dent et al. (2008), Robinson et al. (1995), Slocum 
et al (2008), and Tyner (2010). There are also books designed for GIS users to quickly access 
what they need to produce good maps, such as Monmonier (1993), Brewer (2005), Krygier 
and Wood (2005), Brewer (2008), and Peterson (2009). Monmonier has published several 
books that tell a good story while helping the reader understand effective map design (2001, 
2008, 2010; with de Blij 1996). Some authors have reached out to specific disciplines to 
encourage better map design (Light and Bartlein 2004, Brewer 2006, McKendry and 
Machlis 2008). Harrower and Brewer (2003), Sheesley (2007), and Schnabel (2007) have 
developed easy to use online applications for choosing colors, typeface design, and 
symbolization. 
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Academic journals 
As of 2002, major commercial academic publishers, including Elsevier, Springer, and Wiley-
Brown, published about half of all journal articles (Gooden et al. 2002). The mechanics of 
figure reproduction are essentially the same regardless of academic discipline. So, while the 
instructions for authors is still individualized for each journal, these large publishers (as 
well as a number of smaller publishers) all have a common guide to figure preparation (e.g., 
Elsevier 2010, Wiley-Blackwell undated, Annual Reviews undated, Taylor and Francis 
undated, Sage Publications undated). Such guides are referenced by the instructions for 
authors for most or all of the individual journals by those publishers. These guides are 
primarily focused on making sure that the publisher can easily produce the graphics that 
the author supplies. There is less priority given to producing an effective graphic in the first 
place. The Elsevier (2010) instructions, for instance, discuss file formats, font choice, file 
naming, artwork size, text size, line weights, figure resolution, and copyrights – all with an 
eye towards making the figure easily reproducible. That the graphic should effectively 
portray the data is ignored. In no case did any of these publisher guides specify any specific 
requirements for maps. 

However, the instructions to authors that are specific to each journal do sometimes contain 
more specific advice, so this paper will focus on those instructions. 

Given that there are tens of thousands of academic journals, it would be impossible to 
examine the instructions for authors for every single one to determine which journals 
require any cartographic design principles. Generally speaking, however, one can assume 
that journals in many disciplines, such as engineering, literature, chemistry, and medicine, 
will rarely have maps. Other fields, such as history, sociology, and international relations, 
may regularly have maps. However, the richest vein of journals to investigate, where maps 
are perhaps most likely to occur, is in the earth sciences, including geography, geology, 
climatology, biogeography, oceanography, as well as ecology. This initial investigation will 
limit its scope to journals of geography. Certainly, it would be more difficult to fault 
journals in other disciplines for not requiring good cartographic design if journals and 
authors in geography do not make good use of their sibling discipline of cartography. 

The universe of geography journals that I will initially use are those listed on the 
Geography Journals page at the University of Washington Libraries 
(http://lib.washington.edu/subject/Geography/dr/eljnl.html). The University of Washington 
libraries, like many other libraries, have had to sharply pare back the number of journals 
that they subscribe to. The process heavily involved the rest of campus, and those journals 
that the library still subscribed to are a well-vetted list of major journals. On that webpage, 
I will restrict this study to journals that are still being published, that are peer-reviewed 
(there are many non-peer-reviewed publications listed), that are published in English, and 
that are restricted to the University of Washington community (non-restricted journals did 
not need to go through the vetting process and may be less significant). In addition, I 
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included a small number of cartography journals that were not listed. This provides a list of 
96 journals to examine, enumerated in Appendix 1. 

Survey of journal instructions 
In the instructions for authors in the journals surveyed, there are almost always at least 
some general instructions for figure preparation. Specific instructions are frequently given 
for charts, graphs, and photographs. Often this includes requirement for certain fonts, 
minimum text size, or minimum line width (bearing reduction in mind), which would also 
apply to maps. Some journals request that graphics be produced at the size at which they 
are to be printed, others ask for them to be twice that size. Most specify no size at all. 

More than half of the geography journals surveyed do not have any specific instructions for 
map preparation.  

Of those that do have instructions for maps, there are many different approaches. Taking a 
broad brush, Australian Geographer states that “High cartographic standards are 
expected,” and Eurasian Geography and Economics requires “professional quality,” both 
without elaborating. Professional Geographer (PG) and Annals of the American Association 
of Geographers (Annals AAG) ask for maps that “convey ideas efficiently,” and go on to 
refer to cartographic textbooks and also provide some specific requirements. Cartographic 
Perspectives recommends that “Sound principles of design should be employed in the 
construction of graphic materials, and the results should be visually interesting and 
attractive.” 

However, most journals that have any requirements for maps at all are much more 
narrowly focused. 28 journals have some explicit requirements about scale bars, north 
arrows, neatlines, gray scales, latitude/longitude ticks, projections, or some combination of 
these. For instance, eleven journals explicitly require a scale bar. Ten journals require a 
north arrow (regardless of map scale); one of these has the option of a grid instead. 
Surprisingly, two journals that require north arrows are Antarctic Science and Arctic, 
Antarctic, and Alpine Research, where a north arrow would not be appropriate in any 
circumpolar maps that might appear in the journals. Three journals (Landscape Ecology, 
Antarctic Science, and Arctic, Antarctic, and Alpine Research) require that latitude and 
longitude be specified. 

Five journals mention the use of neatlines. Examples are: “box surrounding a map (if 
needed)” (Antarctic Science); “A fine neatline defining the graphic field is recommended as 
a visual boundary separating text and graphic” (Cartographic Perspectives); “A thin, neat 
line may be used as a means of separating the graphic area from the text” (Journal of 
Cultural Geography); and “a fine neat line serving as a boundary” (The Geographical 
Bulletin). Landscape Ecology is of two minds on neatlines; their instructions say both “Do 
not place an outer box around the figures, as this only wastes space” and “Figures also look 
best if they have a moderate weight boundary line around map edges.” 
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The only instructions that mention map projections are from two journals of biogeography. 
Using the same text verbatim, Global Ecology and Biogeography and Journal of 
Biogeography both require an equal-area projection for “Maps that display area data and 
organism distribution at a continental, hemispheric, or world scale.” They also specifically 
say that “Mercator’s projection is not acceptable.” 

Several journals have recommendations for grayscale or halftones. Annals AAG, PG, Arctic, 
andGeographical Review list specific percentages or increments for tints for chloropleth 
maps. Regional Studies, however, says that “Where possible shading should be of the 
hatching and cross-hatching style (rather than differing grey tones).” 

While most journals do not specify any requirements for maps, or have only a few specific 
guidelines as described above, there are some that take a much more active role. In the 
Annual Reviews series, the graphics guide states that “we have a team of illustration 
editors who work with your figures to enhance them and ensure they are consistent with 
house style.” Similarly, Geography states that “Most maps and diagrams for inclusion in 
Geography will have to be redrawn. The GA employs a cartographer to do this so please do 
not spend lots of time and/or money having them drawn yourself.” Likewise, International 
Journal of Health Geographics states that they “will edit all figures supplied by the author. 
For this reason it is especially important that authors should supply figures in vector form, 
to facilitate such editing.” Other journals employ a Cartographic Editor or Cartographic 
Advisor who works interactively with the author on designing maps to the journal’s 
standards. These journals are Annals AAG, PG, Cartographic Perspectives, Cartography 
and Geographic Information Science, Journal of Cultural Geography, and South African 
Geographical Journal. While not mentioned in the instructions to authors, Journal of 
Geography, Southeastern Geographer and Urban Geography each employ a cartographic 
editor as well. Lastly, Focus on Geography takes a pro-active approach, stating that “Maps 
should be used to illustrate essays; the design and production of maps should be 
individually discussed with the editors. Authors without cartographic background or map 
production capability should consult with the editors early on.” 

There were some other odd requirements in some instructions. Journals published by 
Bellwether include the advice “On maps, figure-ground relationship can be enhanced by 
applying a dot screen or stipple to water areas. Use italicized letters for identifying water 
features.” There were no other specifications for maps, such as a scale bar; why would italic 
text for water features be worth mentioning specifically? For the Journal of Geographic 
Sciences, the only mention of maps was that “Color maps are acceptable.” Norsk Geografisk 
Tidsskrift requests “Use 'Key' rather than 'Legend'.” Polar Research asks that labels not be 
in all capital letters. Annals AAG and PG say that “Appropriate cartographic lettering 
placement should be observed.” The mysterious phase “cartographic lettering placement” 
does not appear anywhere on a Google search except in the instructions for those journals, 
plus the instructions for Southwestern Geographer, published by an AAG division. 
Additionally, Annals AAG, PG, and Cartographic Perspectives say that “Maps, graphs, and 
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photos should convey ideas efficiently and tastefully” (emphasis mine). One might wonder 
what risqué maps were submitted at some time in the past that this requirement was 
added. Mountain Research and Development specifies a minimum size of 7 points for text 
in figures, except that “(5 pt is allowed, but only for text that contains information which is 
not vital, e.g. latitudes and longitudes in maps.)” A better policy might be to exclude non-
vital information in the first place. 

The instructions for Landscape Ecology were the only ones that provided a reasonably 
comprehensive set of requirements for maps. The instructions refer to a maximum of four 
gray shades, a legend, north arrow, scale, latitude/longitude coordinates, a boundary line 
around the map, and one or two nested inset maps showing the continental and country 
location of the study area. 

Discussion 
With just a few exceptions (i.e., Landscape Ecology and those journals which either have a 
cartographic editor or actively redraw authors’ illustrations), the instructions provided to 
authors of these geography journals is inadequate for having authors produce maps which 
effectively communicate their research. 

Broad generalizations in the instructions (“professional quality”) are no better than such 
niggling details as using italics for water features or avoiding all capital letters. While a 
scale bar should certainly be included on almost every map, the requirement that many 
journals have for north arrows on every map is clearly inappropriate on polar or other small 
scale maps, on which meridians converge. 

The requirement for latitude and longitude is often not helpful. This requirement often 
leads amateur cartographers to add a graticule to small scale maps which can often 
overwhelm the map. On large scale maps, say of a small study area, the addition of latitude 
and longitude ticks is not useful for placing the area in a larger context, as most people, 
even geographers, do not have a good idea where on the globe some arbitrary latitude and 
longitude is. The requirement espoused by Landscape Ecology for nested inset maps 
showing the larger context is much more usable for placing a location on the globe for the 
map reader. 

Quite often, maps in journals are unprojected or projected incorrectly. The lack of any 
mention of projection in all but two journals’ instructions is most unfortunate, as the correct 
use of projections is often poorly understood by GIS users. 

Similarly, the almost complete lack of advice about symbolization is also unfortunate. GIS 
users untrained in cartography often choose symbolization inappropriate for their data, 
such as a multi-hued color scheme for quantitative data (rather than a scheme which varies 
by color value). 
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Recommendations for a set of cartographic principles for journals 
Clearly, a set of cartographic principles would be useful for authors in preparing maps that 
accompany their research articles. An explicit set of design principles directly in the 
publishers’ guides to artwork or instructions to authors would be very effective, as authors 
refer to those guides as they prepare their submissions, and editors can use them to judge 
submitted maps. This is certainly better than relying on authors searching out cartography 
textbooks and editors having no specific requirements in their instructions to which to point 
authors. 

The difficulty is in distilling down an entire cartography textbook to a few bullet points or 
paragraphs. McKendry and Machlis (2009) propose an excellent set of principles for 
cartographic design for designing maps of climate change. I have revised and extended 
these principles to be somewhat more practical and to address some other design issues 
that arise particularly in maps for journal articles (as well as similar venues such as 
procedings papers, reports, and book chapters) 

1. Size: The figure should be designed with an eye towards where it will appear.  
Journal articles, reports, proposals, etc. have different requirements and 
constraints than maps for websites or presentation. Figures reused from other 
formats will often need some elements redesigned.  

2. Generalization: Small-scale maps should show more area, less detail, and more 
generalization of features. Large-scale maps should show less area, more detail, 
and less generalization of features. A coastline on a large-scale map is 
symbolized by a line with more detailed curves than the same coastline on a 
small-scale map.  

3. Map projection: Maps should be projected. An equal-area projection is required 
for mapping data distributions and is a good choice for most other maps. The 
projection parameters (central meridian and standard parallels) should be 
appropriate for the area portrayed – e.g., don’t use a “lower 48” projection for a 
map of just Washington state. Mercator and “geographic” projections are never 
appropriate. 

4. Data classification 
a. Qualitative data show differences in kind (e.g., forest versus urban land 

cover). Qualitative data should be grouped so that features in the same group 
are more similar than dissimilar and features in different groups are more 
dissimilar than similar. 
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b. Quantitative data show differences in amount (e.g., population density). 
Quantitative data should be grouped by specific external criteria (e.g., equal 
interval) or by the characteristics of the data (e.g., natural breaks, quantiles). 

5. Data symbolization, using visual variables 
a. Size: Size should be used to represent quantitatively different data (either 

rank-ordered data or numerical amounts). A larger square signifies a greater 
quantity than a smaller square. 

b. Shape: Shape should be used to categorize features that are qualitatively 
different. A square is not more or less than a circle, but is different in kind. 

c.  Color hue: Color hue (such as red, green, blue) should be used to categorize 
features that are qualitatively different, such as a river and a road. 
“Rainbow” color schemes are not appropriate for numerical or ordered data as 
there is no natural ordering of colors in the human eye-brain system. 

d.  Color value: Color value (or lightness of hue) should be used to represent 
quantitatively different data (either rank-ordered data or numerical 
amounts), such as precipitation. Value is typically light for low numbers (e.g., 
light green) and dark for high numbers (e.g., dark green) in sequential 
datasets, such as a dataset of population change from 0% to 100%. For 
diverging data sets with an important midpoint (between negative and 
positive values), such as population change from −50% to +50%, hue and 
value can vary to show the two directions in the data set. The midpoint from 
0% to −50% can be symbolized using a light to dark color hue. The midpoint 
from 0% to +50% can be symbolized using a different, complementary light to 
dark color hue. Mnemonic colors should be used when possible, such as 
green/brown for wet/dry. ColorBrewer.org and Brewer (2005) is a good 
resource for choosing color schemes. 

e.  Color saturation: Color saturation (or intensity of hue, such as bright red 
compared with a dull, gray red) can be used for qualitative or quantitative 
data. Saturation is difficult to use on its own to symbolize data. Saturation is 
typically used to reinforce changes in value for quantitative data or to 
reinforce changes in hue for small areas on a map that are qualitatively 
different. 

6. Visual hierarchy: Visual hierarchy should emphasize the most important map 
elements. Less important elements should be less noticeable. Visual hierarchy 
should clearly communicate the intellectual hierarchy and purpose(s) of the map. 
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Since maps are intended to provide geographic context, study areas, countries, 
and political subdivisions should not appear as “islands”. Show the surrounding 
areas and use “figure-ground” symbolization techniques to de-emphasize them 
instead. 

7. Map elements 
a. Borders and neatlines:  A border should enclose each map to provide visual 

stability and closure. Other lines or boxes may be necessary in the figure to 
emphasize hierarchy and focus. 

b. Title: For journal articles and reports, no title should be included in the map; 
the title should be in the figure caption. Otherwise include a descriptive and 
succinct title. A subtitle and some explanatory text may also be useful, but 
should not be overwhelming. 

c. North arrow: A north arrow should be included on large scale maps (usually 
scales less than 1:200,000), where north is in the same direction across the 
entire map – i.e., meridians do not visually begin to converge. Complex 
compass roses are distracting and should be avoided in favor of a simple 
arrow.  

d. Graticule: On smaller scale maps without a north arrow, a graticule (i.e, a 
grid of parallels and meridians) helps the map reader place the study area on 
the globe. The graticule should be low in the visual hierarchy, and only a few 
graticule lines are necessary. On maps of the USA and Canada, a graticule is 
not necessary as state and provincial borders are a good substitute.  
Elsewhere, hiding the graticule behind land masses so that it only shows over 
the ocean helps keep the graticule low in the visual hierarchy. 

e. Scale bar: A scale bar should be included on most maps, except for projections 
where distance varies with latitude. Complex, multi-division scale bars are 
distracting and should be avoided in favor of a single division scale bar (no 
one will be using your map for navigation). The distance portrayed should be 
a round number. 

f. Location maps: One or two nested inset maps showing the continental and 
country location of the study area are often useful. Alternatively, the first 
map in the article or presentation may set the larger context and subsequent 
maps show just the study area. The size of the region shown is dictated by 
the venue; a local conference needs only a small region but an international 
journal might need a continental context. 
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g. Legend: A legend should be included that explains and interprets the 
symbolization of the main thematic content of your map. This is not required 
for reference maps. Use descriptive terms as well as (or instead of) numerical 
values to aid interpretation. Numbers should be in round numbers, and 
include units. If the symbolization can be explained with labels on the map 
itself, this is often preferred to a legend. The legend need not have a 
description for every item on the map: properly symbolized, many features 
such as boundaries and water bodies are self-evident. The title ‘Legend’ or 
‘Key’ is usually unnecessary. 

h. Labels: Labels for data that represent the theme of the map (when used) 
should be more prominent than labels used for reference (such as water 
bodies or political divisions). Care should be taken that lettering against 
background tints and lines is legible. Place labels judiciously to avoid 
overwhelming the map. 

i. Lettering: Use only one or at most two font “families” on the map. Similar 
features should be labeled with the same font characteristics; larger or more 
important features with larger type size.  

j. Use these elements to provide visual balance for your map.  Most of them 
(title and thematic labels being the main exceptions) should be low in the 
visual hierarchy of the map. 

Summary 
GIS practitioners who lack cartographic design training often design maps that do not 
effectively communicate their research. In most academic journals, this problem is 
compounded by either a complete lack of requirements for maps, or at best a sparse and 
often incoherent set of requirements. The review process used by journals can be used to 
recommend and enforce a set of cartographic design principles so that maps in journals 
better represent the author’s work. This paper presents a set of practical guidelines which 
could be adopted by journals in order to achieve this goal. 
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Remote Sensing Letters 
S.A.P.I.EN.S. 
Singapore Journal of Tropical Geography 
Social & Cultural Geography 
Social Geography 
South African Geographical Journal 
Southeastern Geographer 
Space and Polity 
The Geographical Bulletin 
The Geographical Journal 
The Geography Teacher 
The Journal of Environmental Education 
Tourism in Marine Environments 
Tourism Management 
Tourist Studies 
Transactions in GIS 
Transactions of the Institute of British 

Geographers 
Urban Affairs Review 
Urban Geography 
Urban History 
Zeitschrift fur Geomorphologie  
 


	Introduction
	Cartographic design principles
	Academic journals
	Survey of journal instructions
	Discussion
	Recommendations for a set of cartographic principles for journals
	Summary
	References
	Appendix: List of journals surveyed

