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Last year I joined Patrick Kennelly as the co-Editor of Cartographic Perspectives to “learn 
the ropes,” as one might say. I have had the pleasure of watching and learning from Pat as 
he shepherded articles through the peer-review process, and coordinated the work of the 
Section Editors who source and edit content for the other sections of the journal. I’d like to 
thank him for breaking me in gently, and being available as a colleague with whom I could 
confer when trying to make decisions and communicate them to authors. I now feel ready to 
take the training wheels off and move the journal down the road.

In so doing, I am fortunate to have the continued support of many individuals including:

• Assistant Editor Daniel Huffman, without whom the production of the journal would 
simply not happen;

• Practical Cartographer's Corner Section Editor Alex Tait, a long time NACIS member 
and former President, who is a practical cartographer himself;

• Terri Robar, who does an excellent job in sourcing pieces profiling Cartographic 
Collections all around the world, including in my little, far-away corner in Australia, 
where I recently found her messages circulating;

• Matt Dooley, our Visual Fields Section Editor, works assiduously to bring us beautiful 
maps and some accompanying explanatory text, a highlight of the journal and unique to 
Cartographic Perspectives;

• Angie Cope, who works with readers to provide Reviews of the latest map-related 
books; and

• Fritz Kessler, who is leading the journal’s newest section, Views on Cartographic 
Education, which communicates strategies that educators can use to improve the map-
making skills of students and others who want to learn more about cartography.

I would like to thank Andy Woodruff, who has served as the Section Editor for On the 
Horizon for several years and is stepping down from that role. When this section was estab-
lished, it was relatively rare for mapmakers to code, and a section that focused on that topic 
seemed both useful and novel. Now, if the NACIS Annual Meeting is any guide to what is 
happening in everyday mapmaking, most cartographers are coding in some way or another, 
whether they are automating steps in Photoshop through a macro, or scripting dynamic map 
behaviors for interactive maps using JavaScript. Thus, after some discussion and thought 
among members of the Editorial Team, we have decided to retire On the Horizon; the 

L E T T E R  F R O M  T H E  E D I T O R
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content we once published in this section now fits best in the Practical Cartographer's Corner, 
as it’s what practical cartographers are frequently doing.

In 2010, CP became cartography’s first (and still only!) fully open-access journal, and 
NACIS members no longer received a print edition of the journal by default. In 2011, CP 
moved to the Open Journal System platform, which has allowed us to distribute the journal 
digitally, and offer authors online publication of their work more quickly after acceptance. 
Since 2011, we have still had a number of print subscribers, mostly libraries, for whom we 
provided a printed volume at a higher cost than the normal NACIS dues. 

Some libraries have dropped their print subscriptions in favor of pointing their patrons to 
our digital edition. This was an expected outcome of the decision to take CP open-access.  It 
now no longer makes economic sense to print the journal for the small number of remaining 
print subscribers. Therefore, the NACIS Board recently decided to cease publication of the 
print edition beginning with CP 83 and offer the journal only in digital format. 

This decision allows the society to invest in innovative projects, such as recording and 
streaming presentations at the NACIS annual meeting, which we trialled in 2016. As a 
result, we are also able to innovate in CP. CP 84 will feature a contribution that builds on 
one of these recorded presentations to both bring that content to audiences who were not 
able to attend in person, and to expand upon the content presented in Colorado Springs. I 
hope you look forward to engaging with this new format. 

In CP 83, you will find a peer-reviewed article by Paolo Raposo, Cynthia Brewer, and Kevin 
Sparks, describing a method for designing impressionistic land cover base map layers in 
larger-scale topographic maps, providing a more legible base map than the orthoimages 
that are in common use at these scales. Their method can also be used in conjunction with 
orthoimages and terrain shading to draw upon the strengths of all three layers.

The Evans Map Room at Dartmouth College is the cartographic collection featured in CP 
83. Read about Lucinda Hall’s fantastic efforts to make the Map Room’s heavily used New 
Hampshire Sanborn maps accessible to the world by digitizing them and distributing them 
via the Internet: the starting point for the Map Room’s growing digital collection series, 
focused on maps of New Hampshire.

In Visual Fields, Matthew Picton presents a series of compelling, three-dimensional sculp-
tures of cities from around the world, capturing aspects of their history, culture, and sense of 
place, using maps and images to transport you to these locations.

Three book reviews complete CP 83. The first is Mark Denil’s review of Globes: 400 Years 
of Exploration, Navigation, and Power. The second is Lisa Sutton’s review of the Historical 
Atlas of Maine, which features the maps of NACIS member Mike Hermann, and which 
received the American Association of Geographers’ Globe Award for Public Understanding 
of Geography. Mark Denil is on double-duty in CP 83, also reviewing the Oxford Atlas of 
the World, Twenty-First Edition.

I hope that you will dive into the journal to get your cartographic fix of the day, and pass 
along what you learned to your carto-colleagues and friends.

Amy L. Griffin 
Editor, Cartographic Perspectives



© by the author(s). This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.
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An Impressionistic Cartographic Solution for Base Map Land 
Cover with Coarse Pixel Data

Several everyday cartography applications do not require sharply precise base maps, and in fact benefit from their gen-
eralization or deliberate obscuration, such as tourist or transit maps. Additionally, raster data fine enough for a given 
map scale are not always available. We present a method of creating an impressionistic land cover base map for topo-
graphic mapping in which the above two conditions are true, using the National Land Cover Database (NLCD) of the 
US Geological Survey (USGS). The method is based on reclassification, upsampling, constrained randomization at class 
boundary edges, and deliberate use of colors with very similar lightness values. The method spans both scientific geospatial 
data treatment and artistic cartographic design, and both generalizes and enhances the data. The processing, automated 
in ArcGIS™, is detailed, and examples of the product are provided.

K E Y W O R D S :  land cover; topographic mapping; upsampling; raster generalization; enhancement; uncertainty

I N T R O D U C T I O N
Cartographers often regard the data processing 
and synthesis at the earlier stages of mapmaking as the 
most time-consuming part of the task. Frequently, data 
layers compiled in a geographic information system (GIS) 
start out with different levels of spatial, temporal, and at-
tribute resolution, and resolving these differences involves 
careful analytical consideration. Simplification is typically 
the main approach to take at this point, bringing high-
er-resolution data down to appropriately comparable levels 
of detail as those in the coarser input data.

Occasionally data enhancement is appropriate, albeit 
challenging to achieve or justify in an analytical sense. 
Enhancement as an operation is usually considered to 
be among the set of all generalization operators, though 
it is not typically thought of as an increase in spatial de-
tail. Operations such as displacing buildings away from 
roadways to ensure a visible gap (Neun, Burghardt, & 
Weibel 2009), exaggerations of portions of route networks 
(Reimer 2010), or terrain shading generalizations that 
enhance ridges (Marston & Jenny 2015) each enhance. 
These treatments typically sacrifice achievable planimetric 
accuracy in a small portion of the map (e.g., displacing a 

building by 1 mm at 1:25,000 makes its placement 25 m 
off of its real position), but are regularly considered accept-
able in mapmaking. The readability (i.e., legibility, visual 
hierarchy, and symbol & shape resolution) and aesthet-
ic benefits of making these enhancements outweigh the 
small losses of spatial accuracy they introduce.

We present an automated suite of data processing and map 
design techniques for enhancing raster land cover data for 
cartographic depiction in cases where some boundary ac-
curacy can be sacrificed, such as in general-purpose topo-
graphic mapping. Our method is useful for treating data 
representing classed phenomena, but is particularly well 
suited to cartographic depictions of land cover, where the 
boundaries between classes are often naturally fuzzy (e.g., 
between a grassy field and a forested area). The product 
layer functions best as a translucent base map, and when 
combined with other topographic feature layers such as 
terrain shading and thematic vectors. Figure 1 illustrates 
the product land cover for the area around Hermitage, 
Missouri; the land cover is shown in combination with ter-
rain shading, vector symbols, and an orthoimagery base.

PEER - REVIEWED ART ICLE

http://creativecommons.org/licenses/by-nc-nd/4.0/


Cartographic Perspectives, Number 83, 20166 | An Impressionistic Cartographic Solution for Base Map Land Cover with Coarse Pixel Data – Raposo et al.

We developed our method in the context of a redesign of 
the United States Geological Survey (USGS) US Topo 
topographic mapping series. The US Topo 1:24,000 
topographic map series is now served freely online in 
the GeoPDF file format. Several new feature layers have 
been added to the updated map series to reflect user re-
quirements gathered by the USGS (Sugarbaker, Coray, & 
Poore 2009), with most of the new themes illustrated with 
existing federal geospatial datasets. This paper reports on 
our efforts to use National Land Cover Database (NLCD) 
2006 data in 1:24,000 US Topo map series, as well as in 
multi-scale USGS National Map Viewer map products.

Our method arose from the challenge inherent in using 
the 30 m NLCD data at 1:24,000, at which scale they 
appear heavily pixelated (Figure 2). Each pixel prints at a 
size of 1.25 mm, whereas they must be only 0.25 mm to 
ensure that they are barely discernible by the human eye 
at typical viewing distances. Aiming for this size suggests 
that NLCD data are only appropriate for use at 1:120,000 

and smaller cartographic scales. The method we developed 
here simultaneously upsamples classed data in a manner 
related to interpolation or super-resolution techniques 
(Atkinson 2005), as well as offers a set of graphic variable 
decisions for portraying the product raster that remains 
deliberately vague at class borders.

The treatments detailed here both cartographically gen-
eralize and enhance the input classed raster. The number 
of classes is reduced by means of simple reclassification, 
region shapes are simplified using constrained stochastic 
“airbrushing” (as explained below), colors are chosen to 
deliberately ambiguate region borders, and the product is 
at higher pixel resolution than the input. Our method is 
differentiated from other methods proposed for achiev-
ing higher-resolution raster land cover because it explic-
itly takes into account how the product will be depicted 
on a map. The processing is both science and art, in that 
achieving a higher resolution land cover base map is done 
with a stochastic process in precisely-constrained areas of 
the raster, and the symbolization is chosen to create an 
“impressionistic” visualization in the artistic sense.

T H E O R E T I C A L  CO N T E X T  A N D  R E L AT E D  WO R K
Cartographic generalization research has 
been considerably less common on raster than on vector 
datasets. Early work sought to establish frameworks and 
theory on the various kinds of raster generalization possi-
ble (McMaster & Monmonier 1989; Weibel 1992). Land 
cover and digital elevation models (DEMs) have been the 
focus of most cartographic work on raster generalization. 
Monmonier (1983) notes how land cover generalization 
is more naturally approached in the raster domain. He 

describes the process as involving several smoothing and 
aggregation-of-class-region operations, requiring a series 
of criteria choices for such things as region inclusion or 
exclusion, and hierarchical importances across aggregated 
classes, among others. He later (1987) details the need for 
areal displacement when generalizing class regions, com-
paring how continuity is more or less crucial to diverse 
land cover classes and region morphologies. Subsequent 
raster generalization work has focused on using combined 

Figure 1. Hermitage, Missouri.

Figure 2. Unchanged NLCD data shown with transparency over a 
USGS topographic map sheet at 1:24,000.
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vector and raster techniques in categorical generalization 
(Peter & Weibel 1999; Steiniger & Weibel 2005), often 
employing amalgamation techniques borrowed from vec-
tor polygon data treatments (Li & Su 1995; Regnauld 
& Revell 2007; Zhang et al. 2013). Such methods have 
typically been parameterized by cartographic constraints 
(Harrie & Weibel 2007). Researchers have often taken a 
morphological approach, selecting, aggregating, deform-
ing and displacing polygonal raster regions to acceptable 
degrees for generalization (Li 1994; Su & Li 1995; Su et 
al. 1997; Cámara & López 2000). Morphological analy-
sis of raster regions has been applied with direct reference 
to available thematic or geomorphological information 
about each region (Brassel & Weibel 1988; Mackaness & 
Edwards 2002; Gao, Gong, & Li 2004). Researchers have 
also explored the use of morphing techniques for static 
and animated products (Li & Wong 2008; Pantazis et al. 
2009).

A promising approach to land cover mapping is texture 
synthesis, developed in computer graphics, and gaining 
attention in cartographic and geographic information sci-
ence research (Mariethoz & Lefebvre 2014; Dumas et al. 
2015). Jenny, Jenny, and Cron (2012) present an applica-
tion of texture synthesis to cartography, seeking to create 
artistic, “pseudo-natural” maps of land cover by effecting 
gradual transitions between classes. They describe texture 
sythesis by example, a family of techniques in which pixel 
colors are chosen based on a comparison of other pixels 
in the scene in similar spatial arrangement to similar-
ly-colored neighboring pixels. This method is proposed for 
making “transition textures” between classes in land cover 
cartography. They describe map design parameters dictat-
ing where such textures could be used (224):

To avoid a technical look of the land cover cat-
egory boundary, the subtextures could dissolve 
into subtexture islands. The number and size of 
these subtexture islands within the neighbour-
ing subtexture should be arranged naturally; 
e.g., become smaller with increasing distance 
from the boundary. The width of this patchy 
transition zone should appear plausible. The 
boundary between the subtextures should vary 
naturally (e.g., undulate), but also must not di-
verge too much from the category boundary 
defined in the underlying land cover dataset.

Their experimental techniques have been applied to car-
tographic panorama views (Jenny & Jenny 2013). An ap-
proach with similar realism and creative license is taken 
by Patterson (2002), and applied to small-scale land cover 
in combination with terrain shading for the US National 
Atlas (2013). While these techniques are promising, they 
do not address increases in pixel resolution.

Overcoming the limitations of fixed numbers and sizes of 
pixels—that is, getting more pixels and therefore high-
er-fidelity samples—in remote sensing equipment and data 
has been a focus of much research for the past three-or-so 
decades (Cracknell 1998; Campbell and Wynne 2011). 
Hardware solutions include the creation of smaller sensor 
elements or larger sensor arrays (along with appropriate 
optical lenses), but these solutions are either impractical, 
prone to noise, or expensive, for technical reasons beyond 
the scope of this article. Software image-processing meth-
ods have been favored due to the difficulties of hardware 
solutions, with algorithms proposed from diverse imaging 
fields such as medical microscopy, computer vision, and 
geospatial remote sensing. Much of the research on im-
proving pixel-based land cover classification in recent de-
cades has focused on mixed pixels, which are those pixels 
whose spectral profiles are produced by an aggregation of 
multiple land cover types present in that pixel’s instanta-
neous field of view (IFOV). These are distinct from pure 
pixels, wherein the land cover types present in the IFOV 
are relatively uniform. Mixed pixels occur at any spatial 
resolution (i.e., pixel size), “often at the edges of large par-
cels or along long linear features, such as rivers or high-
ways, where contrasting brightnesses are immediately ad-
jacent to one another” (Campbell & Wynne 2011, 291). 
A greater proportion of mixed pixels in a scene leads to 
greater inaccuracies in classified products (Smith et al. 
2003; Latifovich & Olthof 2004) because there is more 
uncertainty in the image (Congalton et al. 2014). Efforts 
to determine the contents of mixed pixels have typically 
sought to establish probabilities for the presence of each 
of a set of land cover types in a given pixel, with relative 
probabilities calculated using linear and non-linear math-
ematical models (Marsh et al. 1980; Ichoku & Karnieli 
1996; Mather & Tso 2009; Roy et al. 2014; Chen et al. 
2015; Imbiriba et al. 2016). Recent research has focused on 
machine learning techniques (e.g., active learning, neural 
networks, support vector machines), where algorithms are 
trained on curated datasets before being used on pre-clas-
sified data (Foody & Mather 2004; Tuia et al. 2011; Samat 
et al. 2014; 2016). Foody (1999) states that training sets 
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emphasizing raster region border pixels (i.e., where mixed 
pixels typically occur) tend to give classification neural 
networks more generalizable knowledge.

In remote sensing and other imaging disciplines, meth-
ods that attempt to resolve variations smaller than the 
sensor pixel size are referred to as super-resolution. Super-
resolution methods generally take advantage of aliasing 
in the captured image (i.e., distortion and mis-identifi-
cation of signals in the image due to insufficient resolu-
tion), which is what causes mixed pixels. These are distinct 
from interpolation, which can increase resolution but does 
not recover fluctuations unresolved by the sensor. Super-
resolution algorithms employ a wide diversity of approach-
es (see Tian & Ma [2011] and Nasrollahi & Moeslund 
[2014] for comprehensive reviews), but can generally be di-
vided among those that function on single or multiple im-
ages, and then again on those that function in the spatial 
domain of the pixels (i.e., the pixel values in topological 
and metric relation to each other) and those that operate 
in the frequency domain (i.e., on the pixels after a suitable 
mathematical transform, such as the Fourier transform or 
wavelet analysis). Most algorithms in the literature and in 
imaging practice operate in the spatial domain (Nasrollahi 
& Moeslund 2014). The theoretical approach taken is gen-
erally to regard the given image(s) as a decimated prod-
uct of either the higher- or infinitely-detailed, hypothet-
ical original scene after some mathematical function, the 

function modeling the optical and/or sampling process 
that produced the existing, low-resolution image. Images 
at some higher target resolution are then derived by the-
oretical reconstruction of the original scene; much of the 
diversity of the methods developed over the years is in how 
reconstruction occurs.

One of the earliest super-resolution methods developed 
was applied to Landsat 4 data, which featured multiple 
translated views of the same areas of the Earth (Tsai & 
Huang 1984). Single-image methods typically take a more 
purely theoretical approach, often using machine-learning 
techniques applied to preprepared training data (Freeman 
et al. 2002; Yang et al. 2010; Kwon et al. 2015), using re-
petitive adjacency patterns within a single image (Glasner, 
Bagon, & Irani 2009), or taking advantage of repetitive 
texture elements in the image (Park et al. 2010). Such 
methods may also apply distortions and noise to the input 
image to generate hypothetical other images of the same 
scene (Nasrollahi & Moeslund 2014), in order to obtain 
a set from which to reconstruct a high-resolution scene. 
Reconstruction of the hypothetical high-resolution image, 
especially in the context of facial recognition applications, 
is sometimes termed “hallucination” (Baker & Kanade 
2002). Super-resolution methods work with the ratio lu-
minance pixel values, not nominal or ordinal data such as 
classed land cover images.

M E T H O D
We create a generalized land cover map layer, using 
constrained stochastic raster region edge enhancement 
and color symbolization to deliberately obfuscate and soft-
en land cover class boundaries. The resulting map layer is 
produced at a finer resolution, and yields an impression-
istic or painterly representation of generalized land cover. 
Since the resulting land cover layer is an image, it lends 
itself easily to standard image zooming and resampling 
as will happen in a multi-scale interactive mapping in-
terface (i.e., scale-space theory transformations apply: see 
Lindeberg [2008; 2014]). Zooming is a certain context in 
which the land cover layer is meant to be used, since it 
would be served digitally in zoomable PDF media.

Our method involves several raster data operations, each 
of which is either a generalization or an enhancement 

of the data. First, a suitable target resolution of the ras-
ter data for use in the map product is calculated using the 
output map scale and the graphic resolution of the map 
medium (Tobler 1987). For mapping at 1:24,000, we use 
a target resolution of 2 meters. Classed land cover as well 
as percent canopy and impervious surface data layers from 
the 2006 NLCD are used. Because the first data layer 
is nominal and the latter two are ratio, their processing 
progresses in independent threads until the final stages of 
land cover layer production.

All processes are automated using a single Python script 
within ArcGIS™, making the method amenable to large 
map series production. All of the processes described 
here use various tools available in ArcMap™ and the Esri 
Spatial Analyst™ extension package.
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NOMINAL DATA TREATMENT

The NLCD is maintained and made publicly available on-
line by the USGS. Derived from unsupervised classifica-
tion (Anderson et al. 1976) of Landsat Enhanced Thematic 
Mapper+ (ETM+) data, it provides nationally-consistent 
land cover for the entire conterminous United States at 
30 m pixel resolution (Homer et al. 2007). The NLCD 
contains several distinct datasets, including a categorical 
classed land cover layer, and percent-coverage layers for 
tree canopy and impervious surface. While there exist 
sporadic coverages of authoritative land cover data at high-
er spatial resolutions throughout the United States, their 
lack of ubiquity makes them a problematic source for na-
tionwide mapping.

Reclassification

One of the main generalization operations we undertake 
is simple reclassification, reducing the dozens of NLCD 
classes to four categorical classes and two magnitude class-
es. This is done to minimize thematic and visual complex-
ity of the land cover presented to the reader, such that the 
product land cover serves as a generalized overview, rather 
than a high-resolution analytical data layer. The process 
is opposite to the aim of super-resolution, where smaller 
pixel sizes are sought in order to determine sub-input-pixel 
thematic variation. The aim here is to produce a general 
impression of land cover rather than provide precision car-
tometric analysis data.

The classed layer of the 2006 NLCD uses a scheme equiv-
alent to the Anderson Land Cover Classification System 
(Anderson et al. 1976). We reclassify these to three class-
es, being agricultural, grassland, and barren land (Table 
1). Agricultural land includes all types of land used to 
grow food or animal feed (i.e., row crops, orchards, pas-
ture, etc.), and is aggregated to a single class to denote 
areas where topographic map users would presumably 
want to avoid trespassing. Our grasslands class includes 
all the classes from the “shrubland” and “herbaceous” su-
percategories of the NLCD, thereby denoting any lands 
principally bearing small shrubs, grasses, sedge and moss 
that hasn’t been classed as pasture (i.e., isn’t commercially 
used). The barren land class includes those areas classed 
in the NLCD as rocky, sandy, or made of clay, and gen-
erally devoid of vegetation (i.e., deserts, talus, bedrock, 
etc.). Grassland and barren land are given in our output 
base map as two general types of landscapes topographic 
map users may find passable. These three classes are given 

on the assumption they provide a general impression of 
land cover for macro-level navigation and natural resource 
management, rather than a detailed analysis supported by 
the original NLCD and other land cover data sources.

Our reduction of the many NLCD classes is a basic model 
generalization operation (Sester 2008), engineered to keep 
the land cover base map visually and thematically simple, 
rather than complex. Greater numbers of classes are obvi-
ously possible (e.g., sub-classes of the existing three), but 
having them would require a larger palette of graphic vari-
ables to symbolize them. Greater thematic granularity of-
fered by higher numbers of classes comes at the expense of 
greater graphic complexity, and, thereby, greater difficulty 
in map reading, and greater dependency on legends. In the 
context of a US Topo redesign, these three classes consti-
tute a significant increase over the previously non-existent 
land cover information, without introducing a great deal 
of visual complexity. We seek to keep the land cover the-
matically and visually simple on the rationale that other 
map layers overlaid should not have to overcome a complex 
land cover base map in the overall visual hierarchy.

Water bodies such as ocean, lakes, rivers, and reservoirs 
are the fourth categorical class in our land cover layer. This 
is produced using National Hydrography Dataset (NHD) 
High Resolution (Simley & Carswell Jr. 2009) polygons 
by simple rasterization at the output resolution, and in-
cluded to denote areal bodies of water. Other hydrograph-
ic features such as glaciers and marshes are excluded; the 
rationale for this is that polygonal NHD data overlaid on 
our land cover base map can be used to symbolize these 
features more accurately than they are represented in the 
NLCD.

Canopy cover and impervious surface (i.e., built-up) areas, 
while present in the classed NLCD data, are instead 

Table 1. The input NLCD classes aggregated by reclassification 
into each of the three product classes.

Generalized Land Cover Class Input NLCD 2006 Classes

Agricultural land 81,82

Grasslands 51, 52, 71, 72, 73, 74

Barren Land 31,32
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represented in our method by their respective dedicat-
ed NLCD data layers, representing their percent cover-
age values with color saturation gradients. These pixels 
are prepared using a simple upsampling and thresholding 
technique described later.

Boundary Uncertainty Rationale 
for Class Edge Change

The next step in processing classed pixels for land cover is 
to introduce softer (i.e., less pixelated) edges between re-
gions. We describe the technical rationale for our impres-
sionistic, “airbrush” solution in this section.

The raster data model is intuitive and simple, being a col-
lection of regularly-spaced samples or derived data points. 
The model is particularly useful and intuitive for con-
tinuous phenomena, since the topology of and distance 
between data points is implicit. Nonetheless, there exist 
certain conceptual ambiguities in the model, particularly 
with respect to pixel assignment and the fact that cell size 
is variable (Raposo & Samsonov 2014). Classed rasters 
contain cells whose category has to be defined by some sta-
tistical process, though the signal present in the cell area 
during data capture typically varies throughout, as is the 
case in mixed pixels. Also, the variable cell resolution in 
the model directly introduces the Modifiable Areal Unit 
Problem (Openshaw 1984).

The latter problem, arising from variable cell sizes, is par-
ticularly salient whenever raster resolution is changed, 
such as in resampling to a larger cell size for map general-
ization. Cell size is directly related to the spatial precision 
of the dataset, and changes to resolution drive error prop-
agation through scale. In spatial data such as geograph-
ic rasters, the measure of space over which one sample is 
collected, being the cell size, is the spatial frequency of the 
dataset. The Nyquist-Shannon sampling theorem (Nyquist 
1928; Shannon & Weaver 1949) describes the frequency 
range over which data of a given sampling frequency can 
be considered precise. In rasters, the cell size determines 
the distance over which the dataset is imprecise. According 
to the theorem, a dataset should have a frequency of one-
half or smaller than the highest frequency (i.e., smallest 
variation) of the phenomenon it seeks to reliably sample or 
represent. By corollary, a dataset is imprecise over distanc-
es smaller than twice the model frequency resolution. For 
geographic rasters, this translates to twice the pixel size 
(Tobler 1987). This means that single pixels, in terms of 

their ability to differentiate geographic variable fluctuation 
across their extents, should be regarded with considerable 
uncertainty. Of course, the foregoing has not considered 
classification accuracy; for the purposes of this work, we 
assume no classification uncertainty or error.

With geographic phenomena such as land cover, raster 
pixel uncertainty is compounded by the naturally impre-
cise boundaries frequently encountered in the physical 
world. Grasslands, for example, regularly grade into their 
neighboring areas, such as forests or deserts. Certain land 
cover regions have more sharply-defined borders than oth-
ers, such as roadways or mechanically-tended agricultural 
fields. In the case of fine-enough raster data, sharp bound-
aries are representable, but the location of these is not pre-
cisely represented if the data are coarse, and therefore the 
exact location of such boundaries must be regarded as un-
certain in the absence of other, more precise data.

The Uncertainty Corridor

The two interacting factors of natural edge ambiguity and 
cell imprecision lead us to consider boundaries between 
raster land cover classes as lying along an uncertainty cor-
ridor, constituted of mixed pixels. Figure 3 illustrates the 
uncertainty corridor between two distinct land cover re-
gions. According to the sampling theorem, we cannot be 
certain of precisely detecting or representing an object that 
is smaller than twice the pixel size. It follows that the pre-
cision of the location at which one land cover class ceases 
and another begins is no finer than the width of two cells 

Figure 3. The uncertainty corridor between two raster 
class regions.
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in our input data. We therefore 
regard the cell immediately on 
either side of a region border 
as inherently uncertain, and 
use the concept of a 2-cell un-
certainty corridor to describe 
all such uncertain areas in the 
input raster.

We do not attempt an inter-
polation or super-resolution 
in the uncertainty corridor for 
several reasons. First, since the 
data are nominal, interpola-
tion and super-resolution are 
not arithmetically possible. 
Interpolation lacks theoretical 
basis, since the operation does 
not recover thematic variation 
not captured in the input data; 
in the absence of this we can-
not be certain any interpolated 
pixel is accurate. Interpolation, 
super-resolution, or mixed-pix-
el analysis could be attempted 
on raw, multi-band sensor data 
and used to create a classed 
land cover raster at  an ap-
propriate resolution; such a 
process would involve compu-
tation costs that may make it impractical for map series 
production.

“AIRBRUSH” REGION EDGE TREATMENT

The process of categorical land cover class generalization 
is illustrated in Figures 4 and 5 over a small agricultur-
al region; the same processing is applied to grassland and 
barren land regions. The reclassification described earlier 
is illustrated across numbers 1 and 2 in Figure 4.

Following reclassification, the raster regions are shrunk 
by 2 cells and expanded back by 1. This process, common 
in morphological analysis, has several purposes. First, it 
eliminates single cells or areas where a class is only 1 or 2 
cells wide (i.e., below the width that can be safely regard-
ed as precise), thereby simplifying the shapes and spatial 
distribution of land cover patches, and removing impre-
cise, isolated cells. This leaves regions one cell thinner 

than they are in the input data (see Figure 4, number 3). 
Removing isolated or thin regions of cells in this manner 
reduces the analytical precision of the data, but this is by 
design, since the product being developed is a generalized 
land cover base map and not a precise analytical dataset.

The shrink-and-expand process creates the 2-cell, 60 m 
wide uncertainty corridor between any two adjacent re-
gions (see Figure 3). The shrunk regions are polygonized, 
and buffers are calculated around them (Figure 4, num-
ber 4). Buffer regions are 30 m wide, corresponding to the 
input cell size and one-half the width of the uncertainty 
corridor.

The shrunk class regions are now upsampled to 2 m res-
olution. A random-assignment raster is calculated in 
the buffered regions around these, also at 2 m resolution 
(Figure 4, number 5). This raster is generated such that 
one out of every five pixels contain a binary flag, with all 

Figure 4. The process of categorical land cover class generalization (part 1 of 2).
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other pixels being null. The ras-
ter containing the regions and 
that containing the random-
ly-placed pixels are mosaicked 
into one. Each of the isolated, 
randomly-placed pixels is used 
as a seed around which the edge 
of the raster class is expanded 
by seveb, 2 m cells (Figure 4, 
number 6). This process cre-
ates a meandering, ragged edge 
around each land cover raster 
region, with a dispersed appear-
ance similar to airbrush paint-
ing. We remove most small gaps 
remaining in the uncertainty 
corridor, as well as simplify the 
boundary edge, by expanding 
and shrinking the class pixel 
regions by 3 pixels (see Figure 
5 numbers 7 and 8). At this 
point, the final class boundary 
“airbrush” edges have been geo-
metrically defined.

The final product uses a color 
gradient effect at class edges to 
produce a feathered appearance. 
In order to provide for pixel 
values at the margins of class regions that will drive color 
gradients, two more transformations occur. First, the class 
regions are inverted such that their areas become null cells, 
while other areas contain a binary flag (Figure 5, number 
9). The Euclidean distance for each null-value cell to the 
closest data-containing cell is calculated, yielding a dis-
tance raster inside the land cover class regions (see Figure 
5, number 10). To isolate only those cells near the margins 
of these regions, we apply a threshold to the distance raster 
such that all pixels with values greater than 10 (i.e., all pix-
els further than 10 m from the margin) are given the value 
of 10; this produces “plateaus” in each land cover class re-
gion (Figure 5, number 11). Class regions now have cell 
values between 0 and 10, with values increasing inward in 
the area within 10 m of the region edge. These distance 
numbers are later used to drive color gradient application 
to create the feathered, “airbrushed” appearance desired; 
internal areas of regions take on a full classification color, 
while the edges feather to allow class colors to gradually 

modulate into each other. The culmination of this edge 
gradient with the meandering, randomized edges each 
class is given is the basis of the “airbrushing” name we give 
the process.

TREATMENT OF RATIO LAND COVER 
CLASSES

Interpolation and thresholding constitute the data pro-
cessing procedures for percent canopy and impervious sur-
face data. For each, the raster is upsampled using bilinear 
interpolation three times, from 30 m cells to 15 m, then 
to 5m, and finally to the target resolution of 2 m. The ob-
jective of this repeated resampling is to ensure a smooth 
interpolation. The interpolated raster is then thresholded 
at 20%, so that areas below 20% are removed. Figure 6 
illustrates the results of this procedure on percent imper-
vious surface and canopy rasters. The top row shows the 
original 30 m NLCD cells, while the bottom row shows 
our generalized, higher-resolution product. Impervious 

Figure 5. The process of 
categorical land cover class 
generalization (part 2 of 2).
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surface shows as increasingly white, while canopy shows as 
increasingly green.

CANVAS “PATCHING”

Once the categorical and ratio classes have been pro-
cessed, their spatial union is calculated. Any isolated areas 
of the map where no class is assigned are identified. This 
is necessary since the airbrushed classed regions have sto-
chastic edges and the thresholded regions have threshold-
ed ones, making it likely that small unclassed patches, a 
few pixels in width, occur between classed regions. Some 
of these areas will correspond to small classed areas in 
the classed NLCD input that were deliberately removed 
at the earlier shrink and expand operations. These regions 
occur within the uncertainty corridor and are by definition 
less than 2 input pixels (60 m) in width; they are typical-
ly much thinner still. At the margins of the impervious 
surface and canopy rasters, visual inspection over multiple 
examples determined that empty class areas created by the 
20% thresholding were virtually equivalent in size to those 
defined between classed regions. We term these areas 
“patches,” and resolve the issue of their presence in the de-
sign phase of our process by giving these pixels a neutral 
“canvas” color. The selection of this color reflects those we 
make for our classes so that all colors blend together, both 

in the design and perceptual senses; further discussion 
of the use of color in our solution is given below. Once 
colored appropriately, these areas serve as small, gradual 
transitions between classes in the manner described by 
Jenny, Jenny, and Cron (2012).

As mentioned before, areas containing certain hydro-
graphic features such as glaciers and marshes are not in-
cluded in our output land cover classification. As with 
“patches,” these areas are classed to also carry the neutral 
canvas color. This reflects our design decision to use vector 
NHD data to represent these features, above the general-
ized land cover base map (i.e., glaciers shown with poly-
gons, marshes shown with texture and pattern fills).

FINAL RASTER FLATTENING

The final spatial processing step in the method is to mosaic 
the nominal rasters, ratio rasters, and patches into a single, 
flattened raster layer. Since there will be small overlaps 
between classes for the same reasons there were patches 
between them, classes are mosaicked together using a hi-
erarchy of decreasing importance:

1. rasterized hydrography (the most precise layer)

2. percent impervious surface

3. percent tree canopy coverage

4. agricultural areas

5. grassland areas

6. barren areas

7. patches

The rationale behind this hierarchy is that the location 
of anthropogenic land cover class boundaries will be of 
greater importance to most US Topo users than will the 
boundaries of natural classes. This reflects findings from 
a USGS National Map User survey, where respondents 
indicated a desire to have access to data that would exhib-
it changes over time (Sugarbaker et al. 2009). Rasterized 
hydrographic features are given top priority because they 
are the most precise of all the datasets going into the land 
cover raster. Impervious surface, most frequently repre-
senting concrete, asphalt, and other human-created land 
cover, is then the next most prioritized land cover type. 
Tree canopy is next, since this is a long-standing feature 
type relevant to topographic maps, and present in some 
historical and recent versions of USGS topographic series. 

Figure 6. Percent impervious surface (left) and percent canopy 
coverage (right) rasters before (top, 30 m cells) and after (bottom, 
2 m cells) resampling and thresholding.
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Percent impervious and canopy coverage are also given 
greater priority over the three categorical land cover types 
since their upsampling represents a true spatial interpola-
tion (rather than a stochastic edge derivation), and because 
these layers are more informative in that they represent 
continuous magnitudes rather than nominal classes. The 
three remaining nominal classes follow, in order of pre-
sumed usefulness for navigation or natural resource man-
agement. Finally, canvas patches fill any space not claimed 
by at least one of the preceding classes, including areas 
more precisely mapped with NHD vector symbols such as 
glaciers or wetlands.

The output land cover base map is created as an 8-bit 
raster, to which a color map is applied. An 8-bit raster is 
chosen because it keeps file sizes small, relative to deep-
er bit depths. Before f lattening, pixel values among the 
nominal land cover classes are 0 through 10 m, and 20% 
through 100% for the ratio classes, after each class has 

been thresholded. Cell values are remapped for each class 
using simple offsets such that each populates a predefined 
integer range between 0 and 255 (Table 2).

COLORS

In addition to the airbrushed edge, the deliberately vague, 
“impressionistic” edges rely heavily on class colors whose 
lightness values are very similar. Color lightness, also 
called “value” or “luminosity,” is a parameter distinct from 
hue and saturation. When colors of similar lightness are 
presented in adjacent areas, the human eye has little abil-
ity to differentiate between them, even across different 
hues and saturation levels (Livingstone and Hubel 1988; 
Brewer 1994; 1996). We use this effect in our color selec-
tions to make the location of where one land cover class 
ends and another begins deliberately unclear. When the 
final land cover layer is translucent and used with an un-
derlying orthoimage, these locations are made somewhat 
sharper by lightness differences in the imagery.

Land Cover Class Original Value Range Remapped Range in 0–231

Water Bodies 1 0
Percent Impervious Surface 20–100 (percentages) 20–100

Percent Canopy Cover 20–100 (percentages) 120-200
Agricultural Lands 0–10 (airbrush edge distances) 201–210

Grasslands 0–10 (airbrush edge distances) 211–220
Barren Lands 0–10 (airbrush edge distances) 221–230

Patches 1 231

Table 2. The classes used in the land cover implementation, their input values at the end of geoprocessing, and their remapped cell values 
in a single 8-bit integer raster for symbolization using a color map.

Table 3. Color specifications.

Class Color RGB Lightness x/255 Notes

Agricultural (214, 209, 148) 170

Grassland (181, 196, 171) 173

Barren (227, 179, 148) 176

Canvas (212, 193, 174) 182 Constant

Water (179, 189, 196) 176 Constant

Forested (0, 112, 0) 53 Color at 100%

Built-Up (255, 255, 255) 255 Color at 100%
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The color palette used in our final land cover map layer is 
given in Table 3. Lightness values for agricultural areas, 
grasslands, barren areas, water bodies and canvas areas 
are kept similar at approximately 69% (using HSV in 
the RGB color model). Forested and built-up categories 
grade in lightness according to the percent coverage in the 
given pixel, and thereby do not maintain a similar light-
ness value. However, because these two classes naturally 
f luctuate from low to high lightness values throughout 
the mapped area, they too have an airbrush-like, painterly 
effect.

Linear color ramps are used for all nominal raster classes 
(Figure 7). A linear color ramp is defined for each class, 
starting at the common, neutral canvas color, and ramping 
up to the palette color for the class. In the case of agricul-
tural, grassland, and barren classes, canvas is used at the 
very outer class edge (i.e., at the center of the uncertainty 
corridor) and the class color is used at the inside end of the 
feathered-edge gradient (at 10 m into the region), as well 
as throughout the region’s inner area. In the case of percent 

canopy and impervious surface classes, canvas is used at 
the lowest value (20%), and the palette class color is used 
at full coverage (100%). These color choices allow adjacent, 
differently-colored regions to visually fade into each other; 
the sum effect of these color choices along with the ran-
domized edge generation described before constitute the 
“airbrushed” land cover base map effect (Figure 8).

To implement automatic color assignment, we created a 
color map file (i.e., an Esri .lyr file) containing our color 
ramps defined over the integer ranges to which we alge-
braically shifted our raster classes. An RGB value is spec-
ified for each integer value in the final, algebraically-shift-
ed raster (see Table 2). ArcMap™ uses this color map file 
to define the symbology for any land cover raster produced 
by our method, producing consistent symbology across 
any number of maps in series.

D E M O N S T R AT I O N:  L A N D  COV E R  AT  1:2 4 ,0 0 0
Figures 1, 9, 10, and 11 provide examples of our land 
cover map layer in conjunction with other typical map lay-
ers: road and hydrographic vectors, terrain shading, and 
orthoimagery. The land cover layer is particularly effective 
as a translucent overlay on orthoimagery because it recol-
ors the imagery, providing ancillary visual cues to suggest 
what is present at any location. This recoloring also applies 
some degree of standardization of color to the base map 

when an orthoimage is present, unifying the overall ap-
pearance. The use of white for built-up areas helps to ac-
centuate roadways in particular, especially when these are 
symbolized with white or pale vector lines. This “ghosting” 
or “glow” effect is particularly helpful where roads are ap-
parent in the orthoimagery but absent in the vector data, 
as is sometimes the case for The National Map.

Figure 7. The palette of color gradients used.

Figure 8. The “airbrush” edge effect for region border 
ambiguation, using stochastically-generated edges and colors of 
very similar lightness.
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T R E ATM E N T S  F O R  S M A L L E R  M A P 
S C A L ES
The same design concept is applied to small-scale 
land cover. Processing is similar but simpler, since only 
generalization and not edge enhancement is required at 
coarser map resolutions; i.e., there is no need to derive 
sub-pixel classes. The product land cover consists of the 
same five land cover classes, plus water bodies; “canvas” 
patches are unnecessary, because no stochastic airbrushing 
is used. The three input rasters are first reclassified, fol-
lowing exactly as in the large-scale land cover (see Table 
1). NLCD data are resampled to a resolution equal to 
0.00025 times the target scale, using nearest neighbor re-
sampling for the classed NLCD data, and cubic convolu-
tion for both the percent impervious and percent canopy 

rasters. The percent impervious surface and canopy ras-
ters are thresholded for values 20% and higher, as in the 
1:24,000 case. Water body polygons are rasterized at the 
calculated resolution. The land cover class rasters are mo-
saicked with the same priority order as used in the large-
scale processing (minus canvas patches). The same color 
specifications are used, with the exception that agricul-
tural lands, grasslands, and barren lands are represented 

Figure 9. St. Louis, Missouri. Figure 10. Memphis, Texas.

Figure 12. Multi-scale land cover products.

Figure 11. Atlanta, Georgia.
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without color ramps at their edges. The product land cover 
still exhibits a painterly quality, despite no longer using the 
“airbrush” effect at class edges, because the similar color 
lightness values continue to effectively blur edges.

Figure 12 illustrates the product of this processing at 
various scales in the area around Memphis, Texas. The 

original-resolution NLCD data are reclassified and col-
ored according to our specifications in A, the product of 
our large-scale processing is shown in B, and land cover 
for two sample smaller scales are shown in C and D, 
respectively.

CO N C L U S I O N S
Our cartographic solution achieves an infor-
mative land cover base map layer for use at 1:24,000 or 
similarly large topographic map scales from NLCD data 
which have been both generalized (i.e., reclassified into 
fewer classes and geometrically simplified) and enhanced 
(i.e., produced at higher resolution with randomized class 
edges). The goal of the resulting land cover base map is not 
to improve the analytical usefulness of NLCD data or to 
present a map layer for precise cartometric analysis; rather, 
it is a solution for making use of coarse land cover data at 
larger map scales when an imprecise general impression of 
land cover constitutes an acceptable base map.

Increasing the resolution of spatial data by interpolation 
is a dubious task when there is no further information 
by which to be certain about the interpolation accuracy. 
Usually, when two or more layers at different spatial res-
olutions need to be used together in cartographic repre-
sentation or analysis, the finer-resolved ones are coarsened 
to match the coarsest one. This paper has presented work 
that has attempted to do the opposite for the sake of solv-
ing a practical map design problem posed by the USGS. 
We have based our methods on scientific principles, but 
there is undoubtedly also a great deal of art and subjective 
creativity in our approach.

Our cartographic product successfully provides a gen-
eralized and painterly representation of land cover. The 
same methods might be useful for other kinds of classed 

phenomena, with the proviso that uncertain, ambiguous 
boundary edges are appropriate or acceptable. The repre-
sentation produced by this method is abstract, and does 
not achieve greater precision than the input pixels. Indeed, 
while the pixels in the output have been made finer, this 
has deliberately happened at the expense of precision. As 
discussed above, this loss of certainty remains constrained 
to boundary edges.

We believe this generalized representation is useful for 
several reasons, especially when applied to land cover. 
First, imprecise region borders often reflect reality, such as 
might be seen between forests and grasslands, where types 
of land cover grade into each other. Also, the product land 
cover layer is an image, much like a photograph, mean-
ing that it readily lends itself to scaling and zooming as 
a reader explores a topographic map in any “slippy” map 
digital context where pan and zoom functionality is avail-
able (e.g., a US Topo GeoPDF file). We hope our product 
land cover base map conveys our intention: that general 
impressions of the land cover can be identified for the sake 
of map viewing and visualization, but that borders, given 
the data at hand, need not be precisely delineated.

NOTE

Python source code for the scripts developed and used 
here is available by contacting the authors.

AC K N OW L E D G E M E N T
This research was financially supported by a USGS 
Center of Excellence for Geospatial Information Science 

(CEGIS) grant awarded by Dr. E. Lynn Usery through 
the Cooperative Ecosystem Studies Units (CESU).



Cartographic Perspectives, Number 83, 201618 | An Impressionistic Cartographic Solution for Base Map Land Cover with Coarse Pixel Data – Raposo et al.

R E FE R E N C ES
Anderson, J. R., E. E. Hardy, J. T. Roach, and R. E. 

Witmer. 1976. A Land Use and Land Cover Classification 
System for Use With Remote Sensor Data: U.S. Geological 
Survey Professional Paper 964. Washington, DC: US 
Government Printing Office.

Atkinson, P. M. 2005. “Sub-pixel Target Mapping 
from Soft-classified, Remotely Sensed Imagery.” 
Photogrammetric Engineering & Remote Sensing 71(7): 
839–846. doi: 10.14358/PERS.71.7.839.

Baker, S., and T. Kanade. 2002. “Limits on Super-
Resolution and How to Break Them.” IEEE 
Transactions on Pattern Analysis and Machine 
Intelligence 24(9): 1167–1183. doi: 10.1109/
TPAMI.2002.1033210.

Brassel, K. E., and R. Weibel. 1988. “A Review 
and Conceptual Framework of Automated 
Map Generalization.” International Journal of 
Geographical Information Science 2(3): 229–244. doi: 
10.1080/02693798808927898.

Brewer, C. A. 1994. “Color Use Guidelines for Mapping 
and Visualization.” In Visualization in Modern 
Cartography, Vol. 2, edited by A. M. MacEachren & 
D. R. F. Taylor, 123–147. Oxford: Pergamon.

———. 1996. “Prediction of Simultaneous Contrast 
between Map Colors with Hunt’s Model of 
Color Appearance.” Color Research and Application 
21(3): 221– 235. doi: 10.1002/(SICI)1520-
6378(199606)21:3<221::AID-COL4>3.0.CO;2-U.

Cámara, M., and F. López. 2000. “Mathematical 
Morphology Applied to Raster Generalization of 
Urban City Block Maps.” Cartographica 37(1): 33–48. 
doi: 10.3138/A428-760T-1647-84P2.

Campbell, J. B., and R. H. Wynne. 2011. Introduction to 
Remote Sensing, 5th edition. New York: Guilford Press.

Chen, Y., Y. Ge, G. B. M. Heuvelink, J. Hu, and 
Y. Jiang. 2015. “Hybrid Constraints of Pure and 
Mixed Pixels for Soft-Then-Hard Super-Resolution 
Mapping With Multiple Shifted Images.” IEEE 
Journal of Selected Topics in Applied Earth Observations 
and Remote Sensing 8(5): 2040–2052. doi: 10.1109/
JSTARS.2015.2417191.

Congalton, R. G., J. Gu, K. Yadav, P. Thenkabail, and 
M. Ozdogan. 2014. “Global Land Cover Mapping: 
A Review and Uncertainty Analysis.” Remote Sensing 
6(12): 12070–12093. doi: 10.3390/rs61212070.

Cracknell, A. P. 1998. “Synergy in Remote 
sensing—What’s in a Pixel?” International 
Journal of Remote Sensing 19(11): 2025–2047. doi: 
10.1080/014311698214848.

Dumas, J., A. Lu, S. Lefebvre, J. Wu, and C. Dick. 
2015. “By-example Synthesis of Structurally Sound 
Patterns.” ACM Transactions on Graphics 34(4): 1–12. 
doi: 10.1145/2766984.

Foody, G. M. 1999. “The Significance of Border 
Training Patterns in Classification by a Feedforward 
Neural Network Using Back Propagation Learning.” 
International Journal of Remote Sensing 20(18): 3549–
3562. doi: 10.1080/014311699211192.

Foody, G. M., and A. Mathur. 2004. “Toward Intelligent 
Training of Supervised Image Classifications: 
Directing Training Data Acquisition For SVM 
Classification.” Remote Sensing of Environment 93(1–2): 
107–117. doi: 10.1016/j.rse.2004.06.017.

Freeman, W. T., T. R. Jones, and E. C. Pasztor. 
2002. “Example-based Super-resolution.” IEEE 
Computer Graphics and Applications 22(2): 56–65. doi: 
10.1109/38.988747.

Gao, W., J. Gong, and Z. Li. 2004. “Thematic 
Knowledge for the Generalization of Land Use 
Data.” The Cartographic Journal 41(3): 245–252. doi: 
10.1179/00087040X13959.

Glasner, D., S. Bagon, and M. Irani. 2009. “Super-
Resolution from a Single Image.” Proceedings of the 
12th IEEE International Conference on Computer 
Vision (ICCV), 349–356. Kyoto: IEEE. doi: 10.1109/
ICCV.2009.5459271.

Harrie, L., and R. Weibel. 2007. “Modelling the 
Overall Process of Generalisation.” In Generalisation 
of Geographic Information: Cartographic Modelling and 
Applications, edited by W. A. Mackaness, A. Ruas, and 
L. T. Sarjakoski, 67–87. Oxford: Elsevier.

http://dx.doi.org/10.14358/PERS.71.7.839
http://dx.doi.org/10.1109/TPAMI.2002.1033210
http://dx.doi.org/10.1109/TPAMI.2002.1033210
http://doi.org/10.1080/02693798808927898
http://dx.doi.org/10.1002/(SICI)1520-6378(199606)21:3<221::AID-COL4>3.0.CO;2-U
http://dx.doi.org/10.1002/(SICI)1520-6378(199606)21:3<221::AID-COL4>3.0.CO;2-U
http://dx.doi.org/10.3138/A428-760T-1647-84P2
http://dx.doi.org/10.1109/JSTARS.2015.2417191
http://dx.doi.org/10.1109/JSTARS.2015.2417191
http://dx.doi.org/10.3390/rs61212070
http://1dx.doi.org/0.1080/014311698214848
http://dx.doi.org/10.1145/2766984
http://dx.doi.org/10.1080/014311699211192
http://dx.doi.org/10.1016/j.rse.2004.06.017
http://dx.doi.org/10.1109/38.988747
http://dx.doi.org/10.1179/00087040X13959
http://dx.doi.org/10.1109/ICCV.2009.5459271
http://dx.doi.org/10.1109/ICCV.2009.5459271


Cartographic Perspectives, Number 83, 2016 An Impressionistic Cartographic Solution for Base Map Land Cover with Coarse Pixel Data – Raposo et al. | 19 

Homer, C. G., J. Dewitz, J. Fry, M. Coan, N. Hossain, 
C. Larson, N. Herold, A. McKerrow, J. N. VanDriel, 
and J. Wickham. 2007. “Completion of the 2001 
National Land Cover Database for the Conterminous 
United States.” Photogrammetric Engineering and 
Remote Sensing 73(4): 337–341.

Ichoku, C., and A. Karnieli. 1996. “A Review of Mixture 
Modeling Techniques for Sub-pixel Land Cover 
Estimation.” Remote Sensing Reviews 13(3–4): 161–186. 
doi: 10.1080/02757259609532303.

Imbiriba, T., J. C. M. Bermudez, C. Richard, and J. 
Y. Tourneret. 2016. “Nonparametric Detection of 
Nonlinearly Mixed Pixels and Endmember Estimation 
in Hyperspectral Images.” IEEE Transactions on 
Image Processing 25(3): 1136–1151. doi: 10.1109/
TIP.2015.2509258.

Jenny, H., and B. Jenny. 2013. “Challenges in Adapting 
Example-Based Texture Synthesis for Panoramic 
Map Creation: a Case Study.” Cartography and 
Geographic Information Science 40(4): 297–304. doi: 
10.1080/15230406.2013.795001.

Jenny, H., B. Jenny, and J. Cron. 2012. “Exploring 
Transition Textures for Pseudo-Natural Maps.” In 
GI_Forum 2012: Geovisualization, Society and Learning, 
edited by T. Jekel, A. Car, J. Strobl, & G. Griesebner, 
130–139. Salzburg, Austria: Wichmann Herbert. 
https://researchbank.rmit.edu.au/view/rmit:35253.

Kwon, Y., K. I. Kim, J. Tompkin, J. H. Kim, and C. 
Theobalt. 2015. “Efficient Learning of Image Super-
Resolution and Compression Artifact Removal with 
Semi-Local Gaussian Processes.” IEEE Transactions on 
Pattern Analysis and Machine Intelligence 37(9): 1792–
1805. doi: 10.1109/TPAMI.2015.2389797.

Latifovic, R., and I. Olthof. 2004. “Accuracy Assessment 
Using Sub-Pixel Fractional Error Matrices of Global 
Land Cover Products Derived from Satellite Data.” 
Remote Sensing of Environment 90(2): 153–165. doi: 
10.1016/j.rse.2003.11.016.

Li, D. Z. 1994. “Mathematical Morphology in Digital 
Generalization of Raster Map Data.” Cartography 
23(1): 1–10. doi: 10.1080/00690805.1994.9713969.

Li, Z., and B. Su. 1995. “Algebraic Models for Feature 
Displacement in the Generalization of Digital Map 
Data Using Morphological Techniques.” Cartographica 
32(3): 39–56. doi: 10.3138/H7K9-2160-2765-8230.

Li, Z., and M. Wong. 2008. “Animating Basic 
Operations for Digital Map Generalization with 
Morphing Techniques.” The International Archives of the 
Photogrammetry, Remote Sensing and Spatial Information 
Sciences XXXVII(B2): 637–642.

Lindeberg, T. 2008. “Scale-space.” In Encyclopedia of 
Computer Science and Engineering Vol. IV, edited by B. 
Wah, 2495–2504. Hoboken, New Jersey: John Wiley 
and Sons.

———. 2014. “Scale Selection.” In Computer Vision: a 
Reference Guide, edited by K. Ikeuchi, 701–713. New 
York: Springer US.

Livingstone, M., and D. Hubel. 1988. “Segregation 
of Form, Color, Movement, and Depth: Anatomy, 
Physiology, and Perception.” Science 240: 740–749.

Mackaness, W., and G. Edwards. 2002. “The Importance 
of Modelling Pattern and Structure in Automated 
Map Generalisation.” Proceedings of the Joint Workshop 
on Multi-Scale Representations on Spatial Data. Ottawa: 
Canada Centre for Remote Sensing (CCRS). http://
generalisation.icaci.org/images/files/workshop/
workshop2002/macedwards.pdf.

Mariethoz, G., and S. Lefebvre. 2014. “Bridges Between 
Multiple-Point Geostatistics and Texture Synthesis: 
Review and Guidelines for Future Research.” 
Computers & Geosciences 66: 66–80. doi: 10.1016/j.
cageo.2014.01.001.

Marsh, S., P. Switzer, W. S. Kowalik, and R. J. P. Lyon. 
1980. “Resolving the Percentage of Component 
Terrains Within Single Resolution Elements.” 
Photogrammetric Engineering and Remote Sensing 46(8): 
1079–1086. doi: 10.1016/0034-4257(82)90006-2.

Marston, B. E., and B. Jenny. 2015. “Improving the 
Representation of Major Landforms in Analytical 
Relief Shading.” International Journal of Geographical 
Information Science 29(7): 1144–1165. doi: 
10.1080/13658816.2015.1009911.

http://dx.doi.org/10.1080/02757259609532303
http://dx.doi.org/10.1109/TIP.2015.2509258
http://dx.doi.org/10.1109/TIP.2015.2509258
http://dx.doi.org/10.1080/15230406.2013.795001
https://researchbank.rmit.edu.au/view/rmit:35253
http://doi.org/10.1109/TPAMI.2015.2389797
http://dx.doi.org/10.1016/j.rse.2003.11.016
http://dx.doi.org/10.1080/00690805.1994.9713969
http://dx.doi.org/10.3138/H7K9-2160-2765-8230
http://generalisation.icaci.org/images/files/workshop/workshop2002/macedwards.pdf
http://generalisation.icaci.org/images/files/workshop/workshop2002/macedwards.pdf
http://generalisation.icaci.org/images/files/workshop/workshop2002/macedwards.pdf
http://dx.doi.org/10.1016/j.cageo.2014.01.001
http://dx.doi.org/10.1016/j.cageo.2014.01.001
http://doi.org/10.1016/0034-4257(82)90006-2
http://dx.doi.org/10.1080/13658816.2015.1009911


Cartographic Perspectives, Number 83, 201620 | An Impressionistic Cartographic Solution for Base Map Land Cover with Coarse Pixel Data – Raposo et al.

Mather, P., and B. Tso. 2009. Classification Methods for 
Remotely Sensed Data, Second Edition. New York: CRC 
Press.

McMaster, R. B., and M. Monmonier. 1989. “A 
Conceptual Framework for Quantitative and 
Qualitative Raster-Mode Generalization.” Proceedings 
of the Annual GIS/LIS Conference, 390–403. Orlando, 
Florida.

Monmonier, M. S. 1983. “Raster-Mode Area 
Generalization for Land Use and Land Cover 
Maps.” Cartographica 20(4): 65–91. doi: 10.3138/
x572-0327-4670-1573.

———. 1987. “Displacement in Vector- And Raster-
Mode Graphics.” Cartographica 24(4): 25–36. doi: 
10.3138/FW8R-2122-PT42-53M2.

Nasrollahi, K., and T. B. Moeslund. 2014. “Super-
Resolution: A Comprehensive Survey.” Machine Vision 
and Applications 25(6): 1423–1468. doi: 10.1007/
s00138-014-0623-4.

Neun, M., D. Burghardt, and R. Weibel. 2009. 
“Automated Processing for Map Generalization Using 
Web Services.” GeoInformatica 13(4): 425–452. doi: 
10.1007/s10707-008-0054-3.

Nyquist, H. 1928. “Certain Topics in Telegraph 
Transmission Theory.” Transactions of the American 
Institute of Electrical Engineers 47(2): 617–644. doi: 
10.1109/T-AIEE.1928.5055024.

Openshaw, S. 1984. The Modifiable Areal Unit Problem. 
Norwich, UK: Geo Books, Regency House.

Pantazis, D., B. Karathanasis, M. Kassoli, A. Koukofikis, 
and P. Stratakis. 2009. “Morphing Techniques: 
Towards New Methods for Raster Based Cartographic 
Generalization.” Proceedings of the 24th International 
Cartographic Conference. Santiago: ICA.

Park, M., K. Brocklehurst, R. T. Collins, and Y. Liu. 
2010. “Translation-Symmetry-Based Perceptual 
Grouping with Applications to Urban Scenes.” In 
Computer Vision – ACCV 2010, edited by R. Kimmel, 
R. Klette, and A. Sugimoto, 329–342. Springer Berlin 
Heidelberg. doi: 10.1007/978-3-642-19318-7_26.

Patterson, T. 2002. “Getting Real: Reflecting on the 
New Look of National Park Service Maps.” Proceedings 
of the International Cartographic Association Mountain 
Cartography Workshop. Mt. Hood, Oregon. http://
www.shadedrelief.com/realism/index.html.

———. 2013. “Natural Earth for the National Atlas.” 
shadedrelief.com. http://www.shadedrelief.com/
USGS_NE.

Peter, B., and R. Weibel. 1999. “Using Vector and Raster-
Based Techniques in Categorical Map Generalization.” 
Proceedings of the ICA Workshop on Generalisation and 
Multiple Representation.

Raposo, P., and T. Samsonov. 2014. “Towards General 
Theory of Raster Data Generalization.” 17th ICA 
Workshop on Generalisation and Multiple Representation, 
Vienna, Austria.

Regnauld, N., and P. Revell. 2007. “Automatic 
Amalgamation of Buildings for Producing 
Ordnance Survey® 1:50 000 Scale Maps.” 
The Cartographic Journal 44(3): 239–250. doi: 
10.1179/000870407X241782.

Reimer, A. W. 2010. “Understanding Chorematic 
Diagrams: Towards a Taxonomy.” The Cartographic 
Journal 47(4): 330–350. doi: 10.1179/000870410X1282
5500202896.

Roy, P., S. Goswami, S. Chakraborty, A. T. Azar, and 
N. Dey. 2014. “Image Segmentation Using Rough Set 
Theory: A Review.” International Journal of Rough Sets 
and Data Analysis (IJRSDA) 1(2): 62–74. doi: 10.4018/
ijrsda.2014070105.

Samat, A., P. Du, S. Liu, J. Li, and L. Cheng. 2014. 
“Ensemble Extreme Learning Machines for 
Hyperspectral Image Classification.” IEEE Journal 
of Selected Topics in Applied Earth Observations and 
Remote Sensing 7(4): 1060–1069. doi: 10.1109/
JSTARS.2014.2301775.

Samat, A., J. Li, S. Liu, P. Du, Z. Miao, and J. Luo. 
2016. “Improved Hyperspectral Image Classification 
by Active Learning Using Pre-Designed Mixed 
Pixels.” Pattern Recognition 51: 43–58. doi: 10.1016/j.
patcog.2015.08.019.

http://doi.org/10.3138/x572-0327-4670-1573
http://doi.org/10.3138/x572-0327-4670-1573
http://dx.doi.org/10.3138/FW8R-2122-PT42-53M2
http://dx.doi.org/10.1007/s00138-014-0623-4
http://dx.doi.org/10.1007/s00138-014-0623-4
http://dx.doi.org/10.1007/s10707-008-0054-3
http://dx.doi.org/10.1109/T-AIEE.1928.5055024
http://dx.doi.org/10.1007/978-3-642-19318-7_26
http://www.shadedrelief.com/realism/index.html
http://www.shadedrelief.com/realism/index.html
http://www.shadedrelief.com/USGS_NE
http://www.shadedrelief.com/USGS_NE
http://dx.doi.org/10.1179/000870407X241782
http://dx.doi.org/10.1179/000870410X12825500202896
http://dx.doi.org/10.1179/000870410X12825500202896
http://dx.doi.org/10.4018/ijrsda.2014070105
http://dx.doi.org/10.4018/ijrsda.2014070105
http://dx.doi.org/10.1109/JSTARS.2014.2301775
http://dx.doi.org/10.1109/JSTARS.2014.2301775
http://dx.doi.org/10.1016/j.patcog.2015.08.019
http://dx.doi.org/10.1016/j.patcog.2015.08.019


Cartographic Perspectives, Number 83, 2016 An Impressionistic Cartographic Solution for Base Map Land Cover with Coarse Pixel Data – Raposo et al. | 21 

Sester, M. 2008. “Abstraction of GeoDatabases.” In 
Encyclopedia of GIS, edited by S. Shekhar & H. Xiong, 
7–10. New York: Springer, US.

Shannon, C. E., and W. Weaver. 1949. The Mathematical 
Theory of Communication. Urbana and Chicago: 
University of Illinois Press.

Simley, J., and W. Carswell Jr. 2009. The National Map—
Hydrography. U.S. Geological Survey Fact Sheet 
2009-3054.

Smith, J. H., S. V. Stehman, J. D. Wickham, and L. 
Yang. 2003. “Effects of Landscape Characteristics 
on Land-Cover Class Accuracy.” Remote Sensing 
of Environment 84(3): 342–349. doi: 10.1016/
S0034-4257(02)00126-8.

Steiniger, S., and R. Weibel. 2005. “A Conceptual 
Framework for Automated Generalization and its 
Application to Geologic and Soil Maps.” Proceedings of 
the XXII International Cartographic Conference.

Su, B., and Z. Li. 1995. “An Algebraic Basis for 
Digital Generalization of Area-Patches Based on 
Morphological Techniques.” The Cartographic Journal 
32(2): 148–153. doi: 10.1179/caj.1995.32.2.148.

Su, B., Z. Li, G. Lodwick, and J.-C. Muller. 1997. 
“Algebraic Models for the Aggregation of Area 
Features Based Upon Morphological Operators.” 
International Journal of Geographical Information Science 
11(3): 233–246. doi: 10.1080/136588197242374.

Sugarbaker, L., Coray, K. E., & Poore, B. (2009. 
The National Map Customer Requirements: Findings 
from Interviews and Surveys (Tech. Rep. No. U.S. 
Geological Survey Open-File Report 2009–1222). 
Reston, Virgina: U.S. Department of the Interior, U. S. 
Geological Survey.

Tian, J., and K.–K. Ma. 2011. “A Survey on Super-
Resolution Imaging.” Signal, Image and Video Processing 
5(3): 329–342. doi: 10.1007/s11760-010-0204-6.

Tobler, W. R. 1987. “Measuring Spatial Resolution.” 
Proceedings of the International Workshop on Geographic 
Information Systems, Vol. 48. Beijing, China.

Tsai, R., and T. Huang. 1984. “Multiframe Image 
Restoration and Registration.” In Advances in Computer 
Vision and Image Processing, Vol. 1, edited by R. Tsai 
and T. Huang, 317–339. Stamford: JAI Press Inc.

Tuia, D., E. Pasolli, and W. J. Emery. 2011. “Using 
Active Learning to Adapt Remote Sensing Image 
Classifiers.” Remote Sensing of Environment 115(9): 
2232–2242. doi: 10.1016/j.rse.2011.04.022.

Weibel, R. 1992. “Models and Experiments for 
Adaptive Computer-Assisted Terrain Generalization.” 
Cartography and Geographic Information Systems 19(3): 
133–153. doi: 10.1559/152304092783762317.

Yang, J., J. Wright, T. S. Huang, and Y. Ma. 2010. 
“Image Super-Resolution Via Sparse Representation.” 
IEEE Transactions on Image Processing 19(11): 2861–
2873. doi: 10.1109/TIP.2010.2050625.

Zhang, X., T. Ai, J. Stoter, M.-J. Kraak, and M. 
Molenaar. 2013. “Building Pattern Recognition 
in Topographic Data: Examples on Collinear and 
Curvilinear Alignments.” GeoInformatica, 17(1): 1–33. 
doi: 10.1007/s10707-011-0146-3.

http://dx.doi.org/10.1016/S0034-4257(02)00126-8
http://dx.doi.org/10.1016/S0034-4257(02)00126-8
http://dx.doi.org/10.1179/caj.1995.32.2.148
http://dx.doi.org/10.1080/136588197242374
http://dx.doi.org/10.1007/s11760-010-0204-6
http://dx.doi.org/10.1016/j.rse.2011.04.022
http://dx.doi.org/10.1559/152304092783762317
http://dx.doi.org/10.1109/TIP.2010.2050625
http://dx.doi.org/10.1007/s10707-011-0146-3


© by the author(s). This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Cartographic Perspectives, Number 83, 201622 | Digital Projects from the Evans Map Room at Dartmouth College – Hall

DOI: 10.14714/CP83.1379

Lucinda M. Hall
Dartmouth College

Lucinda.M.Hall@dartmouth.edu

Digital Projects from the Evans Map Room 
at Dartmouth College

Dartmouth College Library’s dedicated map 
collection originated during the tenure of Nathaniel L. 
Goodrich, who served as the Librarian of the College 
from 1912 to 1950. Housed in the bright and sunny Evans 
Map Room, it provides cartographic coverage for the 
entire world, and has grown over the years from 31,000 
items in 1946 to almost 200,000 by 2014. Additionally, 
atlases of all subjects and sizes are scattered throughout 
the Library’s other collections.

When I arrived at Dartmouth and began working with 
the map collection, I saw how many people used our col-
lection of New Hampshire Sanborn maps, which is unique 
to Dartmouth College within the state: the Library of 
Congress deposited a duplicate set here many years ago. 
When I previously worked at the John R. Borchert Map 
Library at the University of Minnesota, patrons weren’t 
allowed to touch the actual maps—they instead had to use 
microfilm versions.

Because the New Hampshire Sanborn collection was so 
heavily used, I wondered if there was a way to make the 
maps more available digitally, and decided that we should 
digitize them all. Scanning the maps was not a problem, 
as we have a large-format roll-type scanner. But the deci-
sion to digitize them left us with more decisions to make: 
what format or formats would we offer, at what resolution 
we would scan the maps, how would we store them, and 
how would we advertise the availability of these new dig-
ital files? This project happened before the Library had a 
digital collection infrastructure, and so we didn’t have any 
pre-existing guidelines to use.

We eventually decided to offer two different image for-
mats: JPEG and TIFF. We scanned the maps at 300 dpi 
for both formats, which we felt was a good resolution be-
cause it could provide lots of detail without creating files 

that would be too big to manipulate. We stored the files 
on compact discs, creating separate discs for each town’s 
maps; this gave us a portable format that also made it 
easier for us to copy and distribute maps based on geo-
graphic location. We didn’t have an organized method 
of advertising these new digital files outside of a Library 
News item. However, as we received new questions about 
the Sanborn collection, we told potential users about the 
scanned images.

It took several months of dedicated work from Peter 
Allen and several of our student workers to scan all of our 
Sanborn maps and write the files to multiple discs. These 
discs made it very easy for us to supply users with the new 
digital images of the maps, while also protecting the paper 
maps from the previously heavy use they had received.

Once our Library eventually created a more formal digi-
tal infrastructure, we used the scanned Sanborn maps as 
our first digital map collection. Because we had decided 
on certain criteria for originally scanning those maps, 
they helped define what was acceptable for use within the 

CARTOGRAPHIC COLLECT IONS

Figure 1. Entrance to the Evans Map Room in Baker/Berry Library.
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Figure 2. Sanborn sheet for Hanover, NH (1922).
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new infrastructure. All the digital projects team need-
ed to do was upload our scans into our new system, 
CONTENTdm. Once loaded and verified, I created an 
opening page to explain the collection and also provided 
examples of how researchers used Sanborn maps.

Once we finished the Sanborn collection, we looked at our 
other maps to find more unique, small collections we could 
digitize. Our set of maps of Dartmouth College itself and 
the Town of Hanover receive heavy use. As the College 
sits within the town boundaries, most maps of one contain 
the other—both are permanently linked.

Figure 3. The New Hampshire Sanborn Collection web page.

Figure 4. Early map of Hanover, New Hampshire (ca. 1700).
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This time, because we now had a digital infrastructure 
within which to work, we had a more formal set of proce-
dures for creating new collections. I created a proposal for 
the Dartmouth College/Hanover map collection. Once the 
digital projects group approved the proposal, we formed a 
group to oversee this new project, including members from 
the Evans Map Room, the Preservation Department, and 
the Cataloging & Metadata Department. The Cataloging 
& Metadata Department created a list of maps from both 
the online catalog and our card catalog. Using that list, I 
looked at each map to determine whether it should be in-
cluded in the digital collection. I also added missed maps 
to the list. Missed maps are those we found while physi-
cally handling each map.

Once a week, the Preservation Department picked up 15 
to 20 maps and looked them over to see if they needed 
preservation. While they were in Preservation, Cataloging 
& Metadata also looked over the maps to include missing 
information on the list, and also steadily worked on creat-
ing individual catalog records for each digital item, as well 
as a record for the entire set. Once those two departments 
finished, Preservation returned the maps to the map room 
for scanning. Once a month, the group convened to chart 
our progress and resolve any outstanding issues. In about 
one year, we examined over 200 maps, and eventually the 
digital Hanover/Dartmouth College collection contained 
178 of them.

Following this project, I next submitted a proposal to 
create a collection for the state of New Hampshire. This 
was a much larger collection, and eventually contained 
615 maps. One reason for the collection’s size is that it 
included several different maps sets, including a geologic 
set, flood plain and flood prone sets, and various USGS 
sets at different scales. We did not, however, include the 

Figure 5. Map of the Second College Grant (1880).

Figure 6. Map of New Hampshire (1770).
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individual cities and towns in the state; 
that is the latest digital map collection we 
are working on.

All of these new digital collections are 
unique to Dartmouth and to the state of 
New Hampshire. I felt these were im-
portant artifacts and that they needed to 
be made available digitally. Hanover and 
Dartmouth may be in the middle of the 
state, but we’re not exactly close to any-
thing, and it’s a trek for many people to 
get here. Making these collections digital 
opens them up to everyone, everywhere.

Many thanks to Peter Allen, Danada 
Dinsmore, William Ghezzi, Deborah 
Howe, Christina McCarthy, Barbara 
Sagraves, and Stephanie Wolff who helped 
make these collections digital.
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Figure 8. Map of the White Mountains, New Hampshire.
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Maps have almost always been a feature in my work; 
to me, they function in a transportive manner, allowing 
for the imagination of place, landscape, and history. Maps 
are often objects of great beauty, intricate diagrams of the 
forms and patterns of the organisms that constitute the 
city. My works map the physical terrain and the histori-
cal and cultural landscape that reflects each city’s evolving 
individuality and idiosyncrasy, interweaving the narratives 
of personal and public history.

I am less concerned with creating a factual and objective 
record than I am with presenting an emotional and cultur-
al history of the city, a non-objective mirror of that history 
seen through the lens of film, music, literature, and the 
visual art of a given period. I am particularly interested in 
the intersection between history and art, the blurred line 
between the myth, the narrative, and the historical truth. 
Some works view a city specifically through its literary 
heritage; others will have defined periods of cinematog-
raphy associated with them. Many cities will have under-
gone some cataclysmic change, through the effects of war 
or natural disaster, and some of the sculptures I have made 
have been specifically about this.

In my practice, a great deal of time is spent researching 
the city in question; I like to immerse myself in the his-
tory, reading the significant novels and films set in and 
about that particular city. I am slowly working toward a 
parallel history of all the major cities of the world, realized 
as sculptures.

I present four examples of my works here.

MEXICO CITY #2

To spend time exploring the Zocalo—the vast square in 
the heart of the oldest part of Mexico City—is to become 
aware of the layers of history in the city, the remnants of 
which are all visible here. High above the square is a huge 
Mexican f lag, in its center is the emblem depicting the 
myth of the founding of the city: the eagle devouring the 
snake upon the cactus. The original city of Tenochtitlan 
was built on an island in Lake Texaco, the drained lake 
upon which Mexico city currently sits. The surrounding 
Spanish palaces and the Catholic cathedrals were built 
on top of the leveled Aztec pyramids of Tenochtitlan, 
the bases of which can be seen partially unearthed be-
neath the great flagstones of the square. It was here during 

excavations that the great stone wheel of the Sun Stone, 
the Aztec calendar, was discovered. The form of this can 
be seen in the background of the sculpture. In the palaces 
surrounding the Zocalo are some of the famous murals by 
Diego Riviera and Siqueiros, most of which are a visual 
representation of the history of Mexico. Images from these 
murals are suspended beneath the main street network 
inside the sculpture. These murals have been cut through 
with text from Octavio Paz’s poem “La Piedra del Sol,” 
based upon the Aztec calendar and the Sun Stone.

"Mexico City #2."

"Mexico City #2," detail.
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BOSTON

The sculpture “Boston” in part documents the history of 
the landfill that became Boston. The darker raised forms of 
the sculpture show the small peninsula that was the orig-
inal scale of Boston in the 17th century. The Great Boston 
Fire of 1872 is depicted in the burnt and singed area in 
the sculpture. The sculpture also contains the words and 
thoughts of leading intellectual and cultural figures to 
have emerged from Boston. In many ways this sculpture 
illuminates the idealism in American culture, whether 
from the figures of the establishment or from those of the 
counter-culture.

ISTANBUL

Human societies are intrinsically dualistic by nature; few 
cities illustrate this more than Istanbul, which, particu-
larly throughout the 20th century, has often been caught 
between competing polarities. Its unique geographic posi-
tion, divided between the continents of Europe and Asia, 
mirrors the competing directions that its society and cul-
ture are pulled in. The sculpture incorporates texts from 
A Mind at Peace by Ahmet Tanpinar—this 1949 novel 

"Istanbul."

"Istanbul," detail.
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poetically depicts and expounds upon the difficult tran-
sitional years of the midcentury. The section across the 
Golden Horn is comprised of the poetry of Yahya Kemal 
(1884–1958), whose works ref lected and reworked the 
Ottoman poetic heritage into the period in which he lived. 
The language used is the modern Turkish that became 
the official language in 1928. Across the Bosphorus on 
the Asian side are poems in the original Ottoman Arabic 
texts, by Esrar Dede and Sheyh Galib. The space that is 
the Bosphorus in the sculpture is filled by a watercolor 
painting; this painting is taken from the tiles on the wall 
revetments in the Mosque of Rustem Pasha in Istanbul.

BERLIN 1928–1989

This sculpture is comprised of three layers. The sur-
face layer has a street form of West Berlin cut from the 
film poster of The Wings of Desire by Wim Wenders. 
The sunken portion of East Berlin is cut from the film 
poster of The Lives of Others by Florian Henckel von 
Donnersmarck. Underneath and visible in a fragmented 
form are images from the posters and covers of the film 
Berlin Alexanderplatz by Rainer Fassbinder. The three 
films address three very specific periods and localities: 
Berlin Alexanderplatz is set in the Berlin of 1928; The 
Lives of Others and The Wings of Desire take place in 
pre-1989 East and West Berlin, respectively.

The map used for the sculpture is from the pre-war era, 
1932. The images along the wall are of the murals and 
graffiti that covered the Berlin Wall before its demolition 
in 1989.

Matthew Picton creates fine art sculptures from a 
variety of media. He is based in Ashland, Oregon, 
and his work can be found in galleries and locations 
worldwide. For additional information, please see: 
matthewpicton.com

Visual Fields focuses on the appreciation of cartographic aesthetics and design, featuring examples of inspirational, beautiful, 
and intriguing work. Suggestions of works that will help enhance the appreciation and understanding of the cartographic arts are 

welcomed, and should be directed to the incoming section editor, Matt Dooley: mathew.dooley@uwrf.edu.

"Berlin 1928–1989," detail.

"Berlin 1928–1989."
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By Sylvia Sumira.

The University of Chicago Press, 2014.

224 pages, 120 color plates. $45.00, 
cloth.
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Review by: Mark Denil

Globes: 400 Years of Exploration, Navigation, and Power, 
by the respected professional globe-conservator Sylvia 
Sumira, is a fairly comprehensive and concise overview 
of globes and their makers from the late-15th through the 
late-19th centuries. It is touted as a brief history of globe 
making, and, within its declared limits, it delivers on 
that promise. Globes is built around a museum-quality 
photo parade of scarce, fragile, precious, delightful, and 
wondrous artifacts supported by succinct gallery-wall-
label-like texts, and it wraps that exhibition with equal-
ly succinct essays and glossaries to provide context and 
accessibility.

Globes are seductive objects: every one, from the newest 
and cheapest (say, an inflatable beach ball) to the rarest 
and most costly (many examples of which populate the 
pages of Globes), carries a special je ne sais quoi; rather like 
a cross between a map and a Ukrainian pysanka. Globes 
tend to be difficult to make, awkward to store, and a bit 
of a bother to use; they are usually too small to show the 
detail one wants or too large to handle conveniently. Most 
are absurdly delicate, and those that are not tend to an-
noyingly trade away precision for ruggedness. Still, their 
seductiveness is undeniable (at a quick count, I, myself, 
have at least twenty here in my apartment as I write), and 
the examples displayed in Globes attests to a long history of 
their siren-like appeal.

This University of Chicago Press book has a decent heft, 
with firm board covers in dark blue cloth, and reasonably 
opaque, Permanence of Paper standards mark pages of a 
good weight. A full bleed detail photo of a globe graces 
each dust jacket face: a celestial globe on the front and a 
terrestrial on the back.

The body of the book is divided into two main sections, 
plus a preface and four end-matter sections. The first main 
section is composed of three chapters: “The Parts of a 
Globe,” “A Brief History of Globes,” and “The Making of 
Globes.”

The two-page spread entitled “The Parts of a Globe” dis-
plays unattributed engravings of a celestial/terrestrial 
globe pair, with the major features labeled with call-outs. 
As it happens, the labeled parts of the two are identi-
cal, save that the celestial sports an Equinoctial Line in 
lieu of the terrestrial’s Equator, and a Colure, which the 
other lacks. It is not entirely clear why this chapter is so 
far separated from the useful two-page Glossary that is 
tucked away near the volume’s end, in a sort of betwixt 
and between place after the main body but before the 
Bibliography, Picture Credits, and Index.

“A Brief History of Globes” f ills eighteen pages with 
two-column text and twenty-two illustrations, six of 
which are full page. This chapter is the core historical nar-
rative; it is sprinkled with frequent references to individual 
globes that appear in the second main section of the book 
(“The Globes”). One is at first tempted to read the narra-
tive in parallel with reading the blurbs on the individual 
globes, but after a few pages of the narration the references 
start to bunch up and the connections become less specif-
ic, making that plan unworkable.

The eight pages of “The Making of Globes” are very in-
formative. This is a topic on which one would expect the 
author’s expertise to shine, and she does not disappoint. 
This is not a how-to manual on globe building, nor is it a 
treatise on globe restoration, but it is a general discussion 
of what is going on inside the ball by someone who has 
looked inside more than a few of them, and of the situa-
tion on the outside by someone who has often had to fix 
the ravages of more time than the maker probably ever ex-
pected the artifact to survive.

We now come to the main event: the section entitled sim-
ply, “The Globes.” The primary focus of the collection is 
on printed globes, but there is a smattering of manuscript 
and engraved-metal globes to round out the overview. 

Cartographic Perspectives, Number 83, 201632 | Reviews

http://creativecommons.org/licenses/by-nc-nd/4.0/


Cartographic Perspectives, Number 83, 2016 Reviews | 33 

The author enjoyed a long association with the British 
Museum, and the lion’s share (forty-one) of the globes 
on display resides in that institution. A further eleven are 
from other British collections, with seven more held by 
museums in other countries.

The photography is excellent. Each globe is displayed in a 
full-page, full-length portrait, including its stand (where 
one exists), and more than half of the globes also have at 
least one full-bleed, two-page-spread detail photo as well.

The page layout in this section is formal, and rather 
old-fashioned; quite in keeping with the dates of the arti-
facts. There are generous, symmetrical side margins, with 
a clear inch and three-quarters deep space across the top. 
The five-line exhibit identification heading is center jus-
tified, and below it is a five-inch wide, centered and fully 
justified text block that starts just an inch and a half above 
the page center. Each page in this section has this good, 
solid, formally balanced 18th century page architecture: el-
egant, refined, and self-assured.

Contrast this formality to the (very nice) two-column, 
f lush left/ragged right text in the f irst section, or the 
way the Preface has a justified text block similar to “The 
Globes” section, but with its heading and text placed flush, 
well over to the left. There is a clear sectional differentia-
tion and hierarchy expressed in the page layouts, and we 
are left in little confusion as to what the author expects us 
to see as the serious work. I think a tip of the hat to Maggi 
Smith, the designer, is in order—and while we are at it, to 
the photographer, Elizabeth Hunter, as well.

Globes: 400 Years of Exploration, Navigation, and Power, is a 
sumptuous work providing excellent views of a large num-
ber of exquisite artifacts, and secondarily offering a histor-
ical horizon into which each globe can be placed. If you 
want to have a good look at globes that you, in all prob-
ability, would never otherwise have ever seen, then this is 
the book for you. Unfortunately, Ms. Sumira’s writing on 
history does not do justice to the globes and their photo-
graphs (and, I assume, in many cases, her own restoration 
work). No editor is mentioned in the credits or preface, 
and she is sorely missed.

The problem lies, in part, with what one might call 
some rather peculiar grammatical constructs the author 

employs, constructs which make sorting out things like 
pronouns something of a puzzle and making for a some-
what staccato narrative flow. Most individual instances are 
just niggling, but far too often I found myself halting in 
mid-sentence to try to worry out just who “he” might be, 
or to find myself running full tilt into a new topic in the 
middle of a sentence.

The author especially seems to have a bit of a rocky time 
with interjected explanations: her discussion of rhumb 
lines on a Mercator globe is a case in point. First, she 
launches, without warning, into the topic of loxodromes in 
the second half of a mid-paragraph sentence that started 
off being about new discoveries in Asia. She then quick-
ly (and not too clearly) tells us what rhumb lines are, and 
mentions their use, before she then brings up portolan 
charts. After observing that portolans were not construct-
ed on a geometrical base, but that the rhumbs on them 
were shown as straight, she then says that they spiral to 
the poles on a globe. (Really? A rhumb on a Mercator pro-
jection does, but who knows where a straight line on a map 
with no geometric base actually goes? It could wander just 
about anywhere.) After this ten-line aside, the paragraph 
then abruptly drops the topic and closes with the line: “In 
1551 Mercator published a companion celestial globe.” 
What a wild ride through a cobbled-up paragraph!

The majority of this grammatical fluffiness is in “A Brief 
History of Globes,” although some examples creep into 
the text in “The Globes” as well. Clearly the author is 
on much firmer ground in the chapter “The Making of 
Globes,” which is, as already mentioned, well written.

All in all, Globes: 400 Years of Exploration, Navigation, and 
Power is an interesting and worthwhile book. Delectable 
photos of exquisite artifacts are its main strength, but the 
information contained (and especially the globe-making 
chapter) raises it out of the dread coffee table book league. 
The book is about globes: don’t expect much about explora-
tion, navigation, or power. One suspects that the subtitle 
was just tacked on by the publishers, because, hey, every-
thing has a subtitle these days. List price for the hard copy 
book is $45, but I have seen new hardcover copies online 
for as little as $24. Even at list, though, it seems a good 
value.
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color plates. $75.00, hardcover.
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Review by: Lisa Sutton

The Historical Atlas of Maine is a solid book, weighing in 
at over five pounds. It is handsome and well made, print-
ed on heavyweight paper that feels good in the hand. It 
would make a gorgeous coffee-table book, but it has much 
more to offer as well.

The Historical Atlas of Maine is divided into four parts: 
From Ice Age to Borderland, 13,000 BP–1790; Shaping 
Maine, 1790–1850; Industrial Maine, 1850–1910; and 
Maine in the Modern Era, 1910–2000. Each part begins 
with an essay summarizing the period, and continues with 
14–24 plates that illustrate specific slices of the history of 
each era. Each plate is a two-page spread offering infor-
mation in many forms: details of historical maps, photo-
graphs, charts, and multiple maps showing a variety of in-
formation, as well as a few paragraphs of text.

Part I (From Ice Age to Borderland, 13,000 BP–1790) be-
gins with several plates covering the glaciation and pre-
historic periods of Maine, including tools and archeolog-
ical sites from early human settlement. Early European 
exploration of Maine is next, as well as contact between 
Europeans and native groups, with maps and charts show-
ing the drastic changes in native populations. Early trad-
ing and European settlement, charting and interior ex-
ploration, and the Revolutionary period are all covered as 
well.

Part II (Shaping Maine, 1790–1850) examines the War 
of 1812, Maine’s new statehood, disputes over Maine’s 
international (northeast) border, and surveys of the inte-
rior. This section also takes a look at human migration, 
with plates covering native spaces and treaty areas, migra-
tion from within New England, Irish migration, Shaker 
communities, and the expansion of settled areas. Plates 
covering the economic development of the time period 
include the development of agriculture, farming the salt 

marsh, lumbering, wooden shipbuilding, deep-sea fisher-
ies, maritime trade, port towns, and the mercantile area of 
Portland. The final plate covers Maine in 1850.

Part III (Industrial Maine, 1850–1910) begins with plates 
on bird’s-eye view maps, county atlases, and maps created 
by the native Wabanaki people, and then moves on to sci-
entific surveys, population changes, and French-Canadian 
immigration. Most of the plates in this section deal with 
various forms of industrialization: railroads, electrifica-
tion, mills, textiles, leather goods, pulp and paper, granite 
and ice, and sardine canneries. Plates looking at agricul-
tural issues include agricultural specialization, potatoes, 
connected farm buildings, and rural decline. This sec-
tion winds down with plates on Maine’s natural areas: 
Thoreau’s travels in Maine, artists in the mountains and 
coasts, summer cottages, hunting and fishing, and chang-
ing native homelands. The section concludes with a plate 
on Maine in 1910.

Part IV (Maine in the Modern Era, 1910–2000) looks at 
changes in Maine over most of the last century. Beginning 
with a plate on the shift to a more urban population, it 
then moves on to state highways, metropolitan Portland, 
changes in manufacturing, specialization in agriculture, 
canning corn, the shift from moving logs on rivers to mov-
ing them on roads, and lobster fisheries. Plates on tourist 
maps, the promotion of Maine as a tourist destination, 
and public lands examine recreational activities in Maine. 
The section ends with plates on environmental problems, 
native land claims, and Maine in 2000.

This atlas does a fine job of exploring many details of 
Maine’s history. The essays which introduce each part are 
well written and concise, neatly summarizing the main 
events and changes taking place over the given time peri-
od. Within each essay are references to each plate in that 
section, so that while reading the essay, the reader can eas-
ily flip to a plate that explores a given topic in greater de-
tail. The inclusion in each part of a final plate showing the 
population and a map of the state at the end of that time 
period offers the reader a nice time-lapse view of Maine.

The data visualization is exquisite, with visually simple 
maps and graphics that convey the needed information 
gracefully. The color choices are excellent, with graphs 
and charts that use colors that coordinate beautifully with 
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other images on each plate. This kind of attention to de-
tail is a large part of the reason that this atlas is such a 
pleasure to read. Despite the abundance of information on 
each plate, the layout allows the eye to move easily across 
the page, and it never feels cluttered or busy.

The nature of the layout is such that some of the histor-
ic maps and photographs are reproduced at a rather small 
scale. One gets a good overview of the image, but can’t al-
ways look closely at details. Though the reader might like 
to look more closely at some of these images, that is not 
really the purpose of this book, and the images are used 
appropriately to illustrate the points being made. Besides, 
the atlas includes an extensive list of sources at the end, so 

that if one really wanted to track down a particular map or 
image, one could do so.

Overall, the Historical Atlas of Maine is an excellent work, 
providing a graceful historic tour of Maine. The liberal 
use of historical maps gives the book an authentic his-
toric f lavor, which enhances the reader’s experience of 
this trip into Maine history. The atlas’s format of plates 
on various topics makes it easy to flip through and find 
topics of interest, and the combination of historical maps 
and documents with modern mapping to illustrate some 
of the points being made is quite masterful. This book is 
well constructed and well conceived, both informative and 
engaging. It would be a fine addition to the collection of 
anyone who has an interest in Maine history.

OX F O R D  AT L A S  O F  T H E  WO R L D,  T W E N T Y- F I R S T  E D I T I O N
Oxford University Press USA, 2014.

448 pages. $89.95, hardcover.

ISBN 978-0-19-939472-2

Review by: Mark Denil

How does one review a general reference tome like the 
Oxford Atlas of the World? A thematic atlas has a declared 
focus addressing an identified need, and one can evaluate 
its successes and failures in serving that need. A gener-
al reference atlas, by contrast, must support a wide range 
of ad-hoc consultations, so there is no sharply defined 
need against which one can measure it. One might com-
pare statistics with other atlases (reporting map counts in 
much the same way dictionaries tout word counts); one 
could comment on map clarity (a highly subjective mea-
sure at the best of times, and one really only definable in 
the light of a defined map need; something that in this 
case we know we don’t have defined); or one might exam-
ine the explicit and implicit assumptions and arguments 
framing the presentation (why are some opinions given 
as fact and other facts ignored as opinion?). This review 
will attempt to touch on all these approaches, and if it oc-
casionally seems that the reviewer gags on a gnat while 
swallowing a camel and ignoring an elephant, just remem-
ber that, above all, a general reference atlas is supposed to 
be accommodating.

Promotional material for the Oxford Atlas of the World 
might strike the reader as a tad bombastic. Take a state-
ment like: “Providing the finest global coverage available, 
the Atlas of the World is not only the best-selling volume 
of its size and price, but also the benchmark by which all 
other atlases are measured.” Whether true or not, this 
leaves unexamined what is meant by “available,” how 
strictly one is defining the limits of “size and price,” and 
what value an “Oxford Atlas” unit of measure might have. 
Being “the only atlas to be updated annually” is easier to 
see as a strength in these days of potentially constantly 
updated online map resources, but how does the update 
schedule help purchasers of this Twenty-First edition 
after October 2015, when the Twenty-Second is due to be 
released?

Publisher’s blurbs and inevitable outdated-ness aside, 
we have before us the current (at writing) Oxford Atlas 
of the World. It is a solid volume of respectable size and 
weight, 14¾ by 11¼ inches and 7½ pounds (by my bath-
room scale). It is not the largest atlas available, by either 
page size or count, but it both pulls its weight and fits on 
a bookshelf. Nicely bound in heavy, smooth, semi-gloss 
boards, it sports a DigitalGlobe image of the new island 
that recently appeared and joined itself to Nishinoshima in 
the Volcano Island group. The general presentation exudes 
gravitas, and the photo boasts currency: the two touch-
stones of the ethos of an atlas.
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Inside, the atlas is divided into several sections:

Table of Contents

Foreword

User Guide

World Statistics

The Future of the 
Oceans and Seas

Images of Earth

Gazetteer of Nations

World Geography

World Cities

World Maps

Geographical Glossary

Index to World Maps

In addition, symbol keys and map extent indices can be 
found on the endpapers: information pertaining to World 
maps in the front and to European maps in the back.

The “Foreword” lays out some basic conventions followed 
throughout the atlas. For example, we learn that the names 
used are “in conventional English form and are those that 
are in common usage. They are the forms used by publi-
cations such as Newsweek, and the Washington Post, and 
by the BBC and the Foreign Office.” Now, I’ve not done 
more than glance at Newsweek or the Post since sometime 
in the Ford administration, but keyword searches of their 
respective websites do not show “Hawai’i” being the stan-
dard spelling in either of these publications. Still, this tells 
us we needn’t expect names like Peiping or Zaïre.

Among the “User Guide” material is a map sequence key: 
a small world map with a sinuous red arrow showing the 
order in which the maps appear. This is a very handy af-
fordance that makes explicit what in most atlases must be 
tediously pieced together mentally.

The “Table of Contents” is a two-page spread of all the 
contents, including all the maps and all the insets, with 
mention of each map’s representative fraction. The listing 
of insets is especially nice to see. In both this section and 
the next, the headings (section names and continents in 
the “Table of Contents;” country/city names and column 
heads in “World Statistics”) are set off from the list bybe-
ing not only boldface and larger type, but also in a dark 
blue lettering that makes the headings stand out clearly 
but quite subtly from the list.

“World Statistics” has one page each for lists of countries 
(alphabetically) and cities (alphabetically by country). The 
country list details area (in square kilometers & miles), 
population, capitol cities, and income, while the city list 
gives populations.

The section titled “The Future of the Oceans and Seas” is a 
bit of a grab bag of short descriptions of various marine is-
sues supported by maps and photos. This four-page section 
is divided in half into “Overview” and “Issues” subsections, 
and each has a short list of page references to the “World 
Geography” section. The pages are made up as tessellat-
ed mosaics of small blocks of text addressing each theme, 
but it is not clear why some blocks sit on colored boxes 
and some do not. There are colored heading bars backing 
the title for each theme with the color fading left to right: 
some bars are orange and some are blue. The blue-head-
ed themes have light blue boxes behind their text blocks, 
and some of the themes headed with orange have orange 
boxes, but other orange-headed themes have no color be-
hind the body text. It is very busy looking, and seems to 
have been done for no other reason than decoration. The 
same sort of layout graces the “World Geography” sec-
tion, but the subtle titling in the “Table of Contents” and 
“World Statistics” sections would have worked better and 
been less garish.

It is almost obligatory these days for an atlas to include 
a selection of satellite images. In the Oxford Atlas of the 
World, these are of cities. For the most part the images are 
well chosen; they serve to convey the geographic charac-
ter of the city layout, situation, and environs. Of the sev-
enteen images, ten are Landsat, six are RapidEye, and 
one is GeoEye. All were sourced through NPA Satellite 
Mapping, who also provided the composite “cloud-free” 
image views used for the section title page spreads.

The “Gazetteer of Nations,” filling 31 three-column pages, 
displays f lags, a thumbnail location map, a selection of 
hard and statistical facts, and a short blurb about each 
country. The blurbs usually include a geographic/climat-
ic description and a short, potted history, although some 
countries (particularly the smaller Caribbean islands) have 
very abbreviated write-ups.

The 40 pages of the “World Geography” section provide 
short, two-page introductions to some salient issues in 
physical, social, economic, and biodiversity geography. 
Supported with charts, maps, photos, and texts, the dis-
cussions are necessarily brief, but seem reasonably suc-
cinct. Each spread has a general discussion, set in a clear, 
serifed face with reasonable stroke contrasts, while other 
texts are in either a smaller-sized sans-serif or an even yet 
smaller condensed sans-serif. One gets the impression 
the type size and style (normal or condensed) was chosen 
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more for copy-fitting than for purposes of a coherent tex-
tural hierarchy.

The graphs seem mostly well designed, but there is an in-
consistent use of unnecessary drop shadows on the graph 
bars: some have shadows and some don’t. A very few, like 
the Gender Parity Index graph on page 109, have things 
that look like shadows, but upon close examination we 
see that what looked like shadows are actually bars for the 
same data categories for a different year!

This section is the atlas’s main collection of thematic map-
ping. Matters of Cosmological, Physical, Meteorological, 
Floral, Faunal, Human, and Economic Geography are 
touched upon, brief ly, but for the most part clearly and 
usefully. However, the two six-inch diameter hemispheri-
cal star charts, authored by Wil Tirion, are disappointing-
ly small.

This section also contains, as would be expected, a large 
number of small-scale rectangular world maps. At least, 
the graphic boxes around the maps are rectangular, but 
one notices that most of the maps themselves are not. They 
are, in fact, on some pseudo-cylindrical projection (that 
looks like Eckert IV), but the maps have no line indicating 
the limb: there is just plain white or blue space that fills in 
the whole rectangle. The weird illusion is compounded by 
the absence of most graticule lines: there is only the Prime 
Meridian and the Equator. These two straight lines inter-
sect (of course) orthogonally, slightly off center to the west, 
and do very little except reinforce the mistaken impression 
that the projection itself is rectangular (which it quite ob-
viously is not). When I say obviously, I mean of course to 
you or me: to a general reader it will just be misleading. 
The inclusion of these maps is indicative of a rather shock-
ing and cavalier disregard by the atlas’s publishers for both 
their users’ interpretation and for their own reputation.

The next section is that of “World Cities.” Seventy cities 
are covered in thirty-one pages, some with both region-
al and city center maps. There are generally four maps to 
a page, with an occasional double-wide or -tall map. The 
maps are identified on a header bar; blue for most maps 
and yellow for city details. The land colors of light brown 
for built-up areas, light yellow for less dense areas, and 
green for vegetated lands works well, as do the red-cased 
dropout main roads and the double line blue highways 
with blue outlined interchanges. Less consistently happy 
is the way that city detail map extents are shown on city 

regional maps by means of a white (drop out) background; 
the detail extents can be hard to pick out on some of the 
smaller-scale maps.

“World Cities” is followed by “World Maps,” which con-
stitutes the great bulk of the atlas and is divided into seven 
sub-sections: The World, Europe, Asia, Africa, Australia 
and Oceania, North America, and South America. These 
190 pages of maps (including the seven sub-section double 
page title images), are arguably the main reason the atlas 
exists, and it is on these maps that the atlas will stand or 
fall. The extents of the individual maps seem reasonably 
well chosen, with many maps enjoying strategic excursions 
beyond strictly rectangular neatlines to supply important 
context. The selection of included insets is soundly logical 
as well.

The “World Maps / The World” sub-section opens with 
a pair of two-page world maps (physical and political) on 
a Winkel III projection. Across the spread underneath 
the physical map is a 40° north latitude around-the-world 
transect prof ile, with additional mountain peaks not 
on the line itself shadowed in; a very nice feature. That 
page space beneath the political map is filled with eight 
Azimuthal Equidistant maps centered on various cities 
with distance circles at 5,000-kilometer intervals. This is 
also quite interesting and engaging. One notes that this 
projection is called Azimuthal on this page, but is referred 
to as Zenithial where it appears elsewhere in the atlas.

The polar maps, each a single page, are disappointing-
ly small. In the south, the many ice shelves are well la-
beled, as are the Antarctic stations, which are picked out 
with red points. The shallowest level of the bathymetry 
in the Arctic Ocean is a bit hard to distinguish from the 
Greenland ice cap and Ellesmere glaciers, due mostly to 
the blue form-shading on the ice caps.

The sub-section wraps up with a one-page map of the 
Atlantic, and a page of major Atlantic islands, plus one 
page for Greenland (with Iceland and Svalbard) and a page 
for Iceland by itself. This is good coverage for Iceland; in 
most atlases since Ortelius, it has had to make do with an 
inset at best.

Islands, on the whole, do pretty well in the Oxford Atlas 
of the World. The two pages of Mediterranean islands, for 
example, show most of the major islands at 1:800,000, 
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excepting Crete and Cyprus at 1:1 million and Malta/
Gozo at 1:400,000.

A “Geographical Glossary” fol lows the last map. 
Geographical terms and abbreviations in thirteen lan-
guages found on the maps are identified and defined in 
English. The glossary is followed by a 109-page “Index 
to World Maps,” listing “the names of all principal places 
and features shown on the World and City Maps.” Each 
entry lists the name, country or region, geographical co-
ordinates, atlas page, and Cartesian map location coordi-
nates for that feature, plus symbols indicating confluences 
(for rivers), administrative rank, and legal status where ap-
propriate. This is a most useful resource sorely lacking in 
too many atlases.

It would be a formidable task to comprehensively compare 
the 21st edition of the Oxford Atlas of the World to atlas-
es from other publishers and/or mapping houses. Atlases 
appropriate for one audience may be less useful or usable 
by another, so even identifying appropriate pairings would 
require analysis beyond the scope of this review. The atlas 
business has always been one with fierce competition and 
thin financial margins, leading publishers to establish and 
stick with house practices and to find innovative ways to 
assemble and reassemble the same basic components into 
a range of atlases targeted at niche audiences. For exam-
ple, Octopus Publishing Company, which owns Philip’s, 
the mapping house responsible for the maps in this atlas, 
themselves publish a range of atlases under the Philip’s 
name. These include: Philip’s World Atlas (£15; 96 world 
map pages, “recommended for students [and] general 
home reference”), Philip’s Atlas of the World (£75; 193 world 
map pages, which sounds a lot like the Oxford Atlas of the 
World), Philip’s The Royal Geographical Society Atlas of the 
World (£100; 277 world map pages, “Positioned at the top 
of the Philip’s world atlas range”), and the lavish Philip’s 
Universal Atlas of the World (£150; 290 world map pages, 
“Positioned at the very top of the Philip’s world atlas 
range”). One wonders what gem would be positioned, after 
the top and very top, at the very tippy-top of the range.

I would have liked to compare the cartography in a 
Philip’s-branded atlas with the maps in this Oxford prod-
uct, but was unable to locate one for perusal. I do, however, 
happen to own eight other Oxford atlases of various sorts, 
ranging in vintage from 1951 to 1973, so we can compare 
this new edition to some of its older siblings.

Over the time period of the samples, the Oxford University 
Press atlases used maps “Prepared by the Cartographic 
Division of the Clarendon Press” (Clarendon being the 
name used for academic publications of the Press), and the 
strong family resemblance amongst these maps is echoed 
in the maps from Philip’s. Taking the two-page map of 
Southern Europe from the Twenty-first edition of the 
Oxford Atlas as an example, and the similar Mediterranean 
map from both the 1951 Oxford Atlas and the 1951 (1958 
reprint) American Oxford Atlas for comparison, we can 
observe both broad similarities and minor but significant 
differences.

The maps in the two older atlases are substantially iden-
tical, save that the hypsometric colors in the American 
Oxford Atlas are noticeably more saturated, and, by com-
parison, more garish than its sister aimed at a British au-
dience. In the newer atlas, the colors are also quite satu-
rated, but are supplemented by a black overprint hill shade 
that varies the color value. As well, the hypsometric class 
breaks are shifted upwards on the new map, with addi-
tional high elevation classes, giving better definition to the 
high ground. The bathymetric classes are also multiplied; 
from two to nine, which seems rather a lot. It is unclear 
just why so much detail of the depths is wanted, and, with 
the hues running very quickly to dark and purplish blues, 
there seems to be an awful lot of ink on the page.

The projection note on the new map is ridiculously brief: 
simply “Conical with two standard parallels.” The notes 
on the older maps manage to tell us we are looking at 
a “Conical Orthomorphic Projection, Origin 42° N., 
Standard parallels 35° and 49°, Scale reduction 0.7%” be-
fore directing us to a scale errors note on page 7. Someone 
seems to have a low opinion of our ability to understand 
such matters, which is somewhat annoying.

The annotation text on the new map is considerably larger 
than had been used in the 1950s, as is obvious when com-
paring some labels appearing on both maps. The charac-
ters in the country name TURKEY, for example, are 4mm 
tall on this new map and only 3mm on the old. Other cap-
ital letter comparisons (new/old) are the city Bucharest 
(3mm/2mm), the region Cyrenaica (2.5mm/1.5), and the 
city Tubruq (Tobruk) (2mm/1mm). The old maps, in fact, 
abound with very clear annotations with characters 1mm 
tall; the new map has only a very few minor names in 
crowded places as small as 1.35mm, and as a result has lost 
a very large number of place and feature names. The new 



Cartographic Perspectives, Number 83, 2016 Reviews | 39 

map is, in fact, quite crowded with type: it forms a heavy 
overprint of black ink that is only partially relieved by 
the liberal use of a serifed typeface with dramatic stroke 
variation. The older maps are subsequently much more 
open and clear than the new version, but the heavy text 
on the new map is likely in part dictated by the heavy ink 
of the saturated bathymetry/hypsometry and the black hill 
shading overprint on land. The annotation on new map, 
however, seems much in line with current contemporary 
commercial cartographic practice. Clearly, as with all map 
making, one is always trading off on something; choosing 
an atlas is largely recognizing and judging the trade-offs.

In a final comparison, we should look at the way national 
borders are depicted in the 1950s editions and in 2015. In 
both the line is a combination of a less-than 1mm wide 
red line with a black dot-dash overprint. In the 1950s 
the black line was about 0.25mm, and in 2015 it is about 
0.5mm wide. In the 1950s, the two components were not 
particularly well registered, and the alignment of the red 
with border rivers was similarly casual. In 2015 the line 
component registration was much better (except where 
the red part runs over red roads of exactly the same color, 
which causes an appearance of a problem), but the much 
higher saturation on the red line makes it hard to differen-
tiate the line components. I needed a magnifying glass to 
confirm that there are two components in that line, and a 
linen tester to see the parts clearly. The new map also uses 
the same symbol for boundaries on land and at sea, where 
the old map used a much finer (half-width) dashed red line 
with no overprint to divide, say, the Greek Dodecanese 
from the Turkish mainland. The heavy 2015 border sym-
bolization, though, is in line with the overall heavy-hand-
ed symbolization the newer map employs everywhere.

One of most annoying aspects of this atlas lies in the 
endpaper map keys. Both the key base maps (the World 
in the front and Europe in the back) are on rectangular, 

cylindrical projections, and the map extent rectangles (for 
maps in the atlas) are all orthogonal rectangles. It just 
so happens, however, that there are no cylindrical maps 
amongst the maps listed on the keys: the extents shown on 
the key simply do not match the extents of the maps in the 
atlas! Did the publishers think no one would notice? Do 
the publishers care if anyone notices?

As mentioned earlier, selecting an atlas is largely a choice 
amongst trade-offs. This Oxford Atlas of the World offers a 
selection of maps with useful and coherent extents, with 
reasonably good (if somewhat exuberant) hill-shaded 
hypsometry and large annotation with an easily under-
stood multi-dimensional hierarchy. Other atlases dif-
fer in details, the significance of which is up to the pur-
chaser to decide. Both the Times Atlas of the World, and 
the National Geographic Atlas of the World have maps with 
roughly the same extents and scales (albeit for more money 
and on pages considerably larger than the Oxford Atlas of 
the World), but the Times uses a subtle, but often difficult 
to visualize, hypsometry with no hill shading, while the 
National Geographic uses hill shading alone, with no eleva-
tion color (but it does have honking dark and wide nation-
al boundary vignettes). The Gazetteer in the Times atlas, 
like the Oxford, lists geographic coordinates for each entry, 
but the National Geographic makes do with alphanumeric 
page coordinates.

No one should pick an atlas based on a review (or on any 
number of reviews); there are just too many factors to 
consider and the factors are too individually specific. The 
Twenty-First edition of the Oxford Atlas of the World is a 
reasonably good, reasonably sized atlas that has a reason-
ably good chance of fulfilling the reasonable needs of most 
users. It is not without shortcomings, some of which are 
discussed here, but how seriously these shortcomings af-
fect its usability is for you to decide. 
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