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Our cover this month shows part of a map of Oklahoma 
City, by Kate Leroux. Styled as a circuit board, it was part 
of the NACIS 2021 Map Quilt and pays homage to the 
city's role in the growing Silicon Prairie. You can find more 
of Kate's work at mynameiskate.com.
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It is, once more, my great honor and privilege to write the editorial introduction for this 
103rd issue of Cartographic Perspectives. An increase in the number of articles submitted to 
the journal has yielded a particularly long issue at 114 pages, one that features three research 
articles, entries in the Practical Cartographer’s Corner and Visual Fields sections, and an 
assortment of book reviews from across the spectrum of cartography. It is my hope that any 
reader can find one (or hopefully several) topics of interest in this issue.

Before introducing the specific entries, I’d like to take a moment to mention a few changes 
coming to Cartographic Perspectives in the near future. First, we have developed and are 
currently finalizing a policy on the use of generative artificial intelligence tools when writing, 
reviewing, and editing for our journal. Second, in light of the tragic and much too soon 
passing of NACIS board member and regular CP contributor, Carl Sack, we are in the 
process of developing a policy for how memorial pieces for members of our community can 
be published. Finally, a formal policy on retractions and corrigenda is in the works. Assistant 
Editor Daniel Huffman and I have been working on these policies with the input and 
approval of the Editorial Board and they are intended to bring Cartographic Perspectives in 
line with other journals which have formal policies on these matters; these policies will help 
ensure that CP continues to serve the entire NACIS community moving forward. If you 
have any questions, concerns, or contributions related to the above, please do reach out to me 
directly. As soon as each policy is finalized, it will be added to our website. 

In this issue, the first of our research articles, by Krisztián Kerkovits, is a wonderfully 
technical exploration of minimizing distortion for oblique map projections. Building on 
the work of Frank Canters (2002), Kerkovits walks readers through both the underlying 
math and the design choices that went into the production of a new map projection. In the 
issue’s second article, A. Terry Bahill works to date a series of maps depicting the route Sir 
Francis Drake took when circumnavigating the globe in the sixteenth century. In addition 
to a fascinating, exhaustive exercise in deductive reasoning and historical map analysis, what 
Bahill has written is also “an experiment” in which he details how papers like his “could 
be written based solely on information shown on charts and maps that are freely available 
on the Internet” (18). The implications of this moving forward are fascinating and worth 
considering as we increasingly access archives digitally in a post-pandemic era. Finally, our 
third research article, by Chrisopher H. Roosevelt, is another historical examination of maps, 
this time of the US Navy’s aerial photography in Türkiye during the Cold War. Roosevelt 
blends historical maps with flight logs and available technologies to recreate and examine a 

L E T T E R  FR O M  T H E  E D I TO R

https://cartographicperspectives.org/index.php/journal/search/index?authors=carl+sack
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set of recently discovered aerial photographs, tying them to the interests and intents of the 
US and Türkiye during that period. The differences in approaches taken between Roosevelt 
and Bahill speak to the breadth and value of CP as a journal. Whereas Bahill writes that he 
and his collaborators strictly avoided papers that “tried to interpret maps as vehicles for the 
exercise of power” like “the plague” (46), Roosevelt, drawing on Harley (2001), begins from 
the perspective that “cartography and its products have always been potent discursive tools 
in politics and power” (53). While I think any reader with a passive familiarity with my own 
work will know that my personal views lie with the latter, I call attention to this difference 
because—to me—it speaks to the vibrancy and importance of CP as the journal of NACIS. 
Cartographic Perspectives represents the full spectrum of cartography and cartographic 
interest and, within that, there will be disagreement, different focuses, and debates. These 
make our journal, our community, and our field stronger.

In the Practical Cartographer’s Corner, Bernhard Jenny offers a guide to using Eduard for 
ambient occlusion, along with some general tips for when, and how, to use the technique. 
The appendix to this entry may be of particular interest to some readers as it walks through 
the algorithm used to prevent “valley bottoms from becoming excessively dark” in flat areas 
(81). Meanwhile, our Visual Fields entry this issue is a reflection upon and recounting of the 
development of Eric Theise’s A Synesthete’s Atlas. While the technical side and developments 
behind Theise’s performance are fascinating, I was personally struck by the influence of ex-
perimental film on the project; a connection I had previously not made, perhaps to my own 
detriment. Book reviews this issue include volumes 2 and 3 of Women and GIS, Airline Maps: 
A Century of Art and Design, The Lost Subways of North America: A Cartographic Guide to the 
Past, Present, and What Might Have Been, and the fourth edition of Thematic Cartography and 
Geovisualization. Rebecca Ramsay finds the Women in GIS collections engaging and insight-
ful, helping to highlight not only that GIS is hardly a field set in stone, but that the many 
trailblazers that have come before us have built a “welcoming and supportive professional 
community” for women (98). Lily Houtman is more torn on Airline Maps, on the one hand 
finding it a potentially a source of “unique cartographic inspiration” (102); but, on the other, 
wishing for a more in depth engagement with the topic. Reviewing The Lost Subways of 
North America, Matthew Buchanan calls attention to the “compelling and interesting” (103) 
color maps of subways—built and imagined—that support each chapter of the work; while 
noting that the book lacks coverage of all of North America, instead focusing only on the 
United States and Canada. The last entry of this issue finds Daniel. G. Cole recommending 
Slocum et al.’s new edition of Thematic Cartography and Geovisualization as “required reading 
for every GIS/cartographic program across academia” (111). I’m not sure I’ve seen such a 
ringing endorsement in a book review previously.

As I conclude this introductory letter, I want to once more thank everyone who has 
contributed to this issue—the authors, the reviewers, the editorial team, and the NACIS 
community for its continued support. Cartographic Perspectives, a truly open-access journal 
covering the breadth of cartography, remains a gem. I am thankful to have been entrusted 
with its care.

Best, 
Jim Thatcher 
Oregon State University
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This study presents the development of a world map projection intended to minimize distortion of all continents. I begin 
by reviewing a very similar map projection developed by Canters (2002), and address its shortcomings by carefully 
fine-tuning the initial constraints and the method of optimization, while retaining the most useful ideas of this earlier 
map. Most notably, the method described in this paper puts a great emphasis on the outline of the map, so that its aes-
thetics make it more suitable for atlases; the method also exclusively uses reproducible, deterministic methods. Finally, I 
compare the resulting world map to the original one of Canters in terms of map distortions and practical usefulness. The 
method presented here should work without changes if a low-distortion map of any other global-scale area is needed.

K E Y W O R D S :  world map; map projections; numerical optimization; polynomial approximation; Airy–Kavrayskiy criterion

B AC KG R O U N D
“A map projection is the mapping of a curved 
surface, especially a sphere or ellipsoid, into a plane” 
(Lapaine 2017). It is evident that map projections distort 
our view of the Earth, but their application is inevitable. 
On one hand, when compared to a physical or virtual 
globe, flat maps are easier to store (or are easier displayed 
on a flat screen) and provide an easier overview of relations 
covering more than a hemisphere. On the other hand, the 
distortions of map projections are generally a disadvantage 
that we need to eliminate as much as possible.

We should note that although the reduction of map dis-
tortion is a traditional approach in cartography, it is not 
the only meaningful workf low. Some maps are inten-
tionally distorted to visualize a particular dataset, such as 
showing the areas of political units in proportion to their 
populations, or by spacing locations not by their physical 
distance, but based on the travel time between points. 
The reader may find further information on the theory 
and mathematics behind such intentionally distorted map 
projections (known as cartograms) in Gastner, Seguy, and 
More (2018). In this paper, however, the aim will be to 
minimize distortion with respect to the geographic reality.

The theory of Meshcheryakov (1968) states that for each 
area there exists an “ideal projection” that has the lowest 
amount of distortion possible for that area. The exact solu-
tion is still an open problem for general areas, but there 
are plenty of methods to approximate this map projection 
by polynomials or similar series. The ideal projection is 
strongly coupled to the region it was optimized for: each 
subset of the sphere will have a different ideal projection.

Although this paper deals with world maps, I will not 
minimize distortion for the full globe; apart from a few 
exceptions, a map’s primary theme is usually confined to 
either the continents or the world ocean. As I have already 
previously investigated a low-distortion map of the world 
ocean (Kerkovits 2022), the domain of the optimization in 
this paper will instead be the landmasses of the earth. As 
the result will be a world map, the ~20 km difference be-
tween a sphere and the actual shape of the earth will not 
be considered; this difference diminishes to insignificance 
at the smaller map scales usually used for world maps.

Most world maps are plotted in a normal aspect. However, 
the distribution of the continents is highly asymmetrical 

A Low-Distortion Oblique Map Projection 
of the World’s Landmasses
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about the equator, leading to an imbalance of distortion. 
Landmasses near the poles, such as Antarctica, are often 
distorted into unrecognizable shapes. This means that in 
the optimal map, the aspect of the projection (Lapaine 
and Frančula 2016) should be rotated, so that continents 
are far from the new “poles,” which are called metapoles 
or pseudopoles. This is just a spatial rotation of the sphere, 
and it allows us to move our area of interest into the most 

advantageous parts of the projection. The most general as-
pect of a map projection (i.e., neither angle of rotation is 
a multiple of 90°) is called a plagal aspect by Wray (1974). 
Applying of plagal aspect mappings makes the most sense 
if Antarctica is important in our map (this is the weak 
point of most normal aspect world maps), and the optimi-
zation in this study will consider Antarctica as important 
as any other continent.

A N  E A R L I E R ,  S I M I L A R  WO R K
Canters (2002, 209–212) has already proposed a 
world map in plagal aspect with similar design principles 
to the one I will present here. Canters used random pairs 
of points and compared their mapped distances to their 
original ones. He adjusted the parameters of the map pro-
jection using the downhill simplex method until the av-
erage difference in distance could not be reduced further. 
However, his resulting map has several shortcomings:

•	 The methodology of Canters is reproducible only in 
a statistical sense. Furthermore, the consideration of 
such finite elements inevitably suffers from the “edge 
effect” (Albinus 1981; Laskowski 1997; Kerkovits 
2019), so the peripheral parts of continents (i.e., areas 
near the coasts) have less weight during the optimi-
zation. The method I will present uses a deterministic 
method to determine the best fitting parameters, 
which also resolves the edge effect.

•	 Canters did not find the optimal aspect parameters 
for his oblique maps. I experimented with the down-
hill simplex method using different initial values and 
found that the arrangement of Canters is only a local 

minimum with respect to the distortion. In most 
cases, the downhill simplex method converged to a 
neighborhood of another minimum described later 
in this paper. That one has a lower distortion value, 
and so it is a more likely candidate to be the global 
minimum.

•	 The outline of a map projection is irrelevant for 
regional maps, where the cartographer may crop the 
map by a frame of arbitrary shape. However, it is a 
crucial aesthetic point for world maps, where the map 
frame is exactly the border of the map projection. 
Apparently, Canters did not consider this; therefore, 
his map has a very unusual shape (Figure 1). It bends 
concave near the metaequator (pseudoequator) and 
has sharp concave corners at the metapoles. My pro-
posed projection puts a great emphasis on the outline 
of the final map.

Thus, one may consider this paper as an attempt to im-
prove the methods and the map of Canters, while trying 
to keep the advantages of the original design.

D ES I G N  CO N S I D E R AT I O N S
The map presented in this paper has been de-
signed to show continents with low distortions. However, 
these distortions must be measured on an infinitesimal 
scale: distortion measurements of f inite shapes are all 
based on random samples, and thus are not reproducible 
in a strict sense. Deterministic methods are preferred. 
Furthermore, random samples are not distributed uni-
formly; due to the edge effect they are a bit sparser near 
the boundaries of the area. In this study, coastal regions 
are regarded as equally important compared to inland 

parts. Therefore, the Airy–Kavrayskiy criterion described 
later in Equation 14 was chosen to be the distortion value 
of the optimization.

Ideal map projections, despite their name, are not neces-
sarily the “best” mappings. They have unusual properties 
that can hinder their aesthetic value. Most prominently, 
as the distribution of continents is asymmetrical on the 
earth, it is obvious that their ideal map is also asymmet-
rical. However, the map frame should be symmetrical 
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to resemble the symmetries of the underlying sphere. 
Therefore, the map projection developed here will be sym-
metrical about both the metaequator and the prime meta-
meridian. This ensures the symmetry of the map frame 
and the distortion distribution. Nevertheless, the map 
graticule will be asymmetrical due to the plagal aspect.

It is well known that flat-polar maps can have, in general, 
lower distortions than pointed-polar ones (Snyder 1985, 
124). However, flat-polar oblique world maps are not en-
countered in serious publications, and oblique world maps 
of established authors (e.g., Bartholomew, Briesemeister) 
are all pointed-polar. A possible reason is that while map 
readers are accustomed to seeing the true pole represented 
by a pole line, the same is not accepted in the case of an 
arbitrary metapole. It’s worth noting that there are some 

oblique flat-polar maps, by authors such as Winkel and 
Wagner, but these have their metapoles placed outside the 
map frame. Consequently, the map projection developed 
here will be pointed-polar.

We must also observe that in oblique world maps, such 
as previous examples like the Atlantis or the Bertin pro-
jections, the metapole is never cusped (like in the sinusoi-
dal projection), but the map frame is smooth. Assuming 
that this decision comes from aesthetic consideration, this 
study will prescribe that the map frame must be smooth 
at the metapoles. Furthermore, metameridians (except 
the prime metameridian) will also pass through the meta-
pole without a cusp, so that graticule lines will continue 
smoothly (an example of such a map is that of Mollweide).

F O R M U L A E  O F  T H E  M A P  P R OJ E C T I O N
In the mathematical development of the new 
map, we will assume that the earth is a sphere of unit 
radius. Following the usual convention, φ will stand for 

latitude and longitude will be denoted as λ. Unless ex-
plicitly marked by a degree symbol, all angles are in ra-
dians. The image of the map projection is on the plane 

Figure 1. The plagal map projection of Canters (2002, 213) Purple lines: areal scale, green lines: maximal angular deviation.



Cartographic Perspectives, Number 103 A Low-Distortion Oblique Map Projection of the World’s Landmasses  –  Kerkovits | 9 

parametrized by a usual Cartesian coordinate system. 
Planar coordinates are denoted by x and y.

The formulae of the map projection must be developed with 
due care. The exact formulation influences the result of the 
optimization significantly (Canters 2002). We must allow 
the map projection to take any possible shape permitted by 
the prior constraints. Assuming that the optimal projec-
tion is smooth (analytical), a polynomial can approximate 
it to arbitrary precision. On the other hand, simple poly-
nomials permit flat-polar projections. A map projection 
symmetrical about its mid-meridian is pointed-polar if 

	 	 (1)

Bimeridians will cross the pole without a cusp if they are 
perpendicular to the vertical axis:

	 	 (2)

The simplest function that satisfies the constraints of x is 
achieved by transforming the equation of a circle:

	 	 (3)

where Px(φ, λ) can be any polynomial of φ and λ.

The constraint on y is less specific, as it only requests that 
its derivative must be zero at two points. It may either 
be achieved by a quadratic function or a cosine function. 
Testing both ideas, it turned out that the latter one be-
haved better (allowed for more flexibility during optimi-
zation) when being multiplied by the polynomial, so ∂y/∂λ 
was chosen to be P'y (φ, λ)cosφ. Integrating it with respect 
to λ yields

	 	 (4)

where Pc(φ) is a constant of integration, which is a polyno-
mial of φ, and Py(φ, λ) is the antiderivative of polynomial 
P'y (φ, λ). Namely, Py(φ, λ) can be almost any polynomial, 
but it must not contain terms constant in λ.

Symmetry about the mid-meridian and the equator can 
be achieved by constraining the parity of functions x and 
y. In our case, Px must be an even function of φ and an 
odd function of λ, Py must be an odd function φ of and an 

even function of λ, and Pc must be an odd function of φ. 
Putting this together:

	 	 (5)

	 	 (6)

The polynomials were truncated at the fifth degree. A 
major problem was that even with fifth-degree polynomi-
als, I found seemingly completely different sets of coeffi-
cients as local minima with different starting values, but 
there was absolutely no visual difference in the resulting 
maps, and their estimated distortion value was different by 
less than 0.0001%. This experience suggests that a better 
approximation might be meaningless.

Additionally, I examined seventh-degree polynomi-
als. However, the computation time was more than 10 
hours on a modern desktop computer, compared to the 
more reasonable 20–30 minutes needed for optimizing 
the fifth-degree polynomial. This made it cumbersome 
to check different starting values, although the downhill 
simplex method seemed to be very sensitive to them: it 
reported local minima very far from each other, none of 
which could be responsibly reported as a global minimum. 
Nevertheless, the resulting maps were close in appearance 
to the result of the fifth-degree polynomial, so that there 
appeared to be no practical benefit from using higher-de-
gree polynomials.

This resulting map projection can then be applied in the 
plagal aspect to further minimize distortion. Namely, 
the metapole is rotated to a point at φ0, λ0, and the prime 
metameridian has azimuth λ'p. In this case, the metalati-
tude φ' and metalongitude λ' becomes (Snyder 1987):

	 	 (7)

	 	 (8)

but it should be noted that the arctan function should ac-
tually be implemented as atan2 in many conventional pro-
gramming languages.

When applying Equations 5 and 6, the metacoordinates 
obtained in Equations 7 and 8 should be substituted for φ 
and λ.
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O P T I M I Z AT I O N  O F  CO E FF I C I E N T S
Coefficients Aij, Bij and parameters φ0, λ0, λ'p of 
the aspect were optimized against the Airy–Kavrayskiy 
criterion (denoted as E) calculated as (Györffy 2018):

	 	 (9)

	 	 (10)

	 	 (11)

	 	 (12)

	 	 (13)

	 	 (14)

where S is the surface of continents.

The surface integral in Equation 14 should be calculated 
over irregular spherical polygons. It was, in fact, evaluated 
numerically using the two-point Gaussian quadrature gen-
eralized for spherical polygons (Kerkovits 2020). Optimal 
parameters were found by a more robust variant of the 
downhill simplex method as designed by Kaczmarczyk 
(1999).

Simultaneous optimization of the aspect parameters and 
coefficients made the method unstable, converging into 
various local minima. Therefore, in the first step, only the 
aspect parameters were optimized, trying a few starting 
values. Most runs resulted in φ0 ≈ 37.8711°, λ0 ≈ 168.0160°, 
λ'p ≈ -140.8168°, which is quite far from what Canters 
(2002) reported: φ0 ≈ 30°, λ0 ≈ -140°, λ'p ≈ 150° using the 
notation conventions of this study. Furthermore, a few 
starting values led the downhill simplex to other local 
minima: notably, one of the local minima was pretty close 
to the values Canters reported and showed only slightly 
bigger distortion values (see exact values in the next sec-
tion) after optimizing the coefficients: φ0 ≈ 19.1366°, λ0 ≈ 
-118.2273°, λ'p ≈ 140.1385°. Some selected starting values 
that I tried can be checked in Table 1. Minima were con-
sidered identical if they resulted in the same map upside 
down.

It seems that Canters only found a local minimum for the 
aspect parameters. Although Canters excluded Antarctica 
from the optimization, the optimal map projection has 
circa 3.27% less distortion if we use the aspect parameters 
developed here instead of Canters’s one, even if Antarctica 
is excluded from the calculation. The result of this cor-
rection is that Antarctica will be moved from the bottom 
right corner to the bottom left one, and the antimeridian 
cut will go through the Drake Passage instead of pass-
ing by the Kerguelen Islands. Cartographic effects of this 
change are discussed at the end of the paper.

In the second step, the aspect parameters were fixed and 
only coefficients were optimized. Allowing the aspect pa-
rameters to change, distortions would have been decreased 

Table 1. Influence of starting values on the result of aspect 
parameter optimization.

Starting value
Terminated at

φ0 λ0 λ'p

90° 0° 0° Global minimum

90° 0° 90° Other local minimum

90° 0° 180° Canters’s minimum

90° 0° -90° Canters’s minimum

45° 0° 0° Global minimum

45° 90° -90° Global minimum

45° -90° 90° Global minimum

-45° 0° 0° Other local minimum

0° 0° 0° Global minimum

0° 90° 0° Global minimum

0° 180° 0° Canters’s minimum

0° -90° 0° Other local minimum

0° 0° 90° Canters’s minimum

0° 0° 180° Global minimum
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further, but the map frame would have cut into the middle 
of South America, which is clearly unacceptable for a map 
projection that is themed around continents. As an aes-
thetic consideration, angles of the aspect parameters were 
rounded to the nearest 5° so that the graticule lines of the 
map would symmetrically “snap” to the map frame. The 

starting projection was the Apian II (Aij = Bij = 0 but A₀₁ 
= B₁₀ = 1), but in order to avoid reporting local minima, 
the downhill simplex method was restarted near the result 
of the last run and the result was accepted only if two suc-
cessive runs reported the same minimum.

T H E  R ES U LT I N G  M A P  P R OJ E C T I O N
As mentioned previously, two sets of aspect 
parameters were tried. The first, φ0 = 20°, λ0 = -120°, λ'p 
= 140° (close to Canters’s original suggestion) resulted in 
E ≈ 0.186371, while the new parameters of φ0 = 40°, λ0 
= 170°, λ'p = -140° lead the optimization to E ≈ 0.178772. 
Therefore, the previous set of parameters were discarded. 
Finally, the calculated coefficients are: A₀₁ ≈ 0.843705, 
A₀₃ ≈ 0.009100, A₂₁ ≈ 0.028176, A₀₅ ≈ -0.001242, 
A₂₃ ≈ -0.001448, A₄₁ ≈ 0.063196, B₁₀ ≈ 0.953366, B₃₀ 
≈ 0.033826, B₁₂ ≈ 0.015131, B₅₀ ≈ -0.006287, B₃₂ ≈ 
-0.025215, B₁₄ ≈ 0.008227.

Substituting this into Equations 5–8, one gets the map 
displayed in Figures 2–4. The reader is advised to compare 

the distortion isolines to that of Canters’s original map 
(Figure 1). It can be observed that both angular and areal 
distortions decreased significantly at most places. The big-
gest winner is, of course, Antarctica, where areal inflation 
decreased from 150% to only 10%, and the angular de-
viation was changed from 20° to 7°. Other regions gain-
ing much better representation include South Africa (in-
flation: 100% → 50%; angular deviation: 40° → 25°) and 
Mexico (inflation: 50% → –2%; angular deviation: 25° → 
12°). Weak points of the new mapping are in Australia 
(inflation almost unchanged; angular deviation: 3° → 12°) 
and Chile (inflation: 0% → 12%; angular deviation effec-
tively the same). In general, the new projection surpasses 
Canters’s one.

Figure 2. The new map projection developed in this paper (isolines of areal scale).
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Figure 3. The new map projection developed in this paper (isolines of maximum angular deviation).

Figure 4. The new map projection developed in this paper (without isolines)
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CO N C L U S I O N S
Comparing the overall texture of the new 
map to that of Canters, the map presented here is sig-
nificantly more compact. Continents appear to be clos-
er to each other, emphasizing their global connections. 
However, the different placement of the discontinuity at 
the antimeridian has stretched the southern tip of Africa 
slightly away from South America, and the connection be-
tween Antarctica and South America is lost. These dis-
advantages are, however, not so large: South Africa and 
Argentina are quite far from each in reality, and one can 
hardly find a map theme in which global connections be-
tween South America and Antarctica would be crucial. 
However, for situations where such proximities do matter, 
the present map can show the proximity of New Zealand 
to Antarctica or even to its outlying islands, which is a fea-
ture absent from Canters’s map.

The amount of distortion was already quite low, but it 
could even be reduced further by trying to avoid local 
minima and carefully selecting the functions used in the 
development. This paper used fifth-degree polynomials 
for the approximation, as the computation technology has 

not advanced enough since Canters to allow for a better 
approximation.

The frame of the resulting map looks like a rounded rect-
angle. This might be considered as an advantage, as it 
fits well in a rectangular screen or a rectangular sheet of 
paper. However, this shape has very low resemblance to 
the near-spherical shape of the Earth. Nevertheless, it 
still fills a typical page better than Canters’s apple-shaped 
frame, and the lack of the concave bends make it a more 
reasonable solution for practical cartography. Although ac-
cording to my own aesthetic taste, further correction of 
the outline is unnecessary in this case; if one needs a more 
“elliptical” outline, it should be possible to combine the 
method presented in this paper with the outline reshaping 
method of Györffy (2018).

As a final thought, the present study shows that after a 
wise choice of design criteria, optimal map projections of 
the earth do not always look unnatural. The results of the 
optimization presented here may be used as-is in practical 
cartography.
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This paper describes the nine sixteenth-century maps, texts, and globes that showed Sir Francis Drake’s route of circum-
navigation of the world. It shows the relationships between these nine artifacts and suggests the year of disclosure for each. 
The oldest of these is the Whitehall map, which was the direct or indirect precursor of the Drake-Mellon map, the French-
Drake Van Sype map, the Dutch-Drake map, and the Hondius Broadside map. Most world maps published between 
1561 and 1588 have a huge bulge on the coast of Chile. However, eight of the maps discussed in this paper shrank the 
bulge and moved it to the southern tip of Chile, using updated information from Drake’s voyage.

K E Y W O R D S :  Whitehall map; Nicola van Sype; nautical charts; Sir Francis Drake; circumnavigation; bulge on the coast of 
Chile; Drake-Mellon map; Silver maps; Spanish Armada; sixteenth century

1.  Drake was born in the 1540s. The Library of Congress states 1543. Wagner (1926, 457) states between 1541 and 1545. Drake (1854, vi) states 1544. A quick 
survey of Internet sources with Drake’s birthdate yielded x̄ = 1540.9, σ = 1.4, n = 33, and range = 1540 to 1545. We will use 1541. The reader can ignore all footnotes 
in this paper without a lack of continuity.

I N T R O D U C T I O N
Sir Francis Drake (ca. 15411–1596) was an 
English admiral, ship captain, naval navigator, world ex-
plorer, war hero, and privateer. The Spanish, however, 
viewed him as a ruthless pirate and called him El Draque, 
The Dragon. Drake commanded the second ship to cir-
cumnavigate the earth. This paper is about the first de-
scriptions of Drake’s route of circumnavigation.

Drake sailed from England in December of 1577 with a 
fleet of five ships and headed southwest across the Atlantic 
through storms, starvation, and mutiny. His purpose may 
have been to recover his losses to King Phillip II of Spain, 
to avenge his grievances against this king, or maybe it was 
to seize Spanish treasures. He passed through the Strait 
of Magellan and reached the Pacific Ocean in September 
1578 with one remaining ship, the Golden Hind. Then, 
as he sailed north, he plundered Spanish ships and ports 
along the west coast of South America.

In June of 1579, he gave up pirating and searching for 
the Northwest Passage and spent five weeks onshore on 
the northwest coast of America repairing his ship and 

preparing for a long voyage west across the Pacific Ocean. 
Then he sailed perhaps 10,000 miles non-stop in 100 days, 
an unprecedented feat, and arrived at his intended desti-
nation without running out of food or water. This was an 
unparalleled feat of navigation.

Drake sailed through the Spice Islands (the Moluccas or 
Maluku Islands) in November 1579 and then around the 
Cape of Good Hope. On the unremarkable final leg of his 
journey northwards up through the Atlantic Ocean, he 
stayed far away from Spain. He returned to England in 
September of 1580. His ship was bulging with stolen gold 
and silver from Spanish ships and ports, rare porcelains 
and silks from China, and spices from islands of the East 
Indies.

When he met with Queen Elizabeth on his return to 
England, Drake presented to her a map of the world with 
his route of circumnavigation drawn on it. She hung this 
map on a wall of her private quarters in her Whitehall 
Palace, hence its name, the Whitehall map. In honor of his 
circumnavigation of the world, in 1581 she knighted him.
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About eight years later, world maps showing his route 
suddenly appeared. The purpose of these maps was pre-
sumably to honor Drake’s achievement and show his route 
of circumnavigation. The following contemporary maps, 
globe, and book describe Drake’s general route of circum-
navigation.2 No papers in the literature describe these nine 
artifacts as a group. In this list, we also give our final de-
termination of their years of disclosure.3

•	 T﻿he Whitehall map 1580, burned in the seventeenth 
century.

•	 Drake-Mellon map 1589, Vera descriptio expeditionis 
nauticae . . . . 

•	 Drake Silver maps 1589; see also hdl.loc.gov/loc.rbc/
rbdk.d058.

•	 Richard Hakluyt 1589, “The famous voyage of Sir 
Francis Drake . . .” in The Principall navigations . . . , 
text only, no map.

•	 French-Drake Van Sype map 1589, La Herdike 
Enterprinse . . . . 

•	 Dutch-Drake map 1594, La Heroike Interprinse . . . .

•	 Emery Molyneux 1592, Petworth House Globe.

•	 Jodocius Hondius 1595 map, Vera Totius Exbitionis 
Nautica, (Broadside map).

•	 T﻿heodor de Bry 1599 map, America Pars VIII, a copy 
of the Hondius Broadside.

2.  We have found no other sixteenth-century maps or texts that show or describe the route of Drake’s circumnavigation of the world, except possibly for the 
following four. The John Blagrave 1596 Nova Orbis Terrarum Descripto map has the routes of circumnavigation of Drake and Cavendish (Shirley 1983, entry 191; 
Wallis 1984, 155). However, it uses a unique projection, featuring a north polar stereographic for the northern hemisphere, with the southern hemisphere added in 
four corner pieces to extend the map into the shape of a square. It is mathematically elegant but practically useless for our purposes because Drake’s path cannot be 
readily followed into the corners. Gastaldi & De Jode’s 1600 Nova Totius Orbis Descriptio map also had Drake’s path but we did not include it in this paper because 
its origin is obscure and it was published too late to have affected the maps discussed in this paper (Shirley 1983, entry 174). It can be seen at https://objects.library.
uu.nl/reader/img.php?obj=1874-12850&img=/11/77/86/117786291475277382385409027987969932909.jpg.

Bawlf (2015, 33) and Wallis (1984, 132) each show a copy of Ortelius’s 1579 Typus Orbis Terrarum map from the British Museum that has Drake’s route drawn on it. 
However, because Drake did not return to England until 1580, this route must have been added by an unknown person at an unknown later date. Furthermore, no 
other copies of the Typus Orbis Terrarum have Drake’s route. Crispin de Passe in his 1598 Effigies Regum ac Principum has a portrait of Drake along with a simplified 
miniature of the Hondius 1595 Broadside map. However, it adds nothing new to our discussion. Of course, there may have been other maps with Drake’s route that 
have simply disappeared over the last five centuries.

3.  The years of disclosure mean when the creator first made the maps, etc. available for others to view. These dates are probably accurate to the year, not the month 
(Thrower 1984, 36). Our years of disclosure are usually the year after an enabling event. For example, Rumold Mercator first published his double-hemisphere 
equatorial stereographic map projection in 1587. We think that it would take a year to learn a new technique, make a new map or write a text, and then publish it. 
Therefore, the earliest year of disclosure we give for maps using that projection is 1588. In a similar way, the Spanish Armada was destroyed in August 1588. So, we 
state that maps and texts that depend on that event could have first been made public in 1589.

In this paper, these nine descriptions of Drake’s route of 
circumnavigation will collectively be called the C9. The 
C9 without the Whitehall map will be called the C8. We 
recommend that the readers look ahead in this paper and 
familiarize themselves with Figures 2–8, which show the 
C8. URLs for these and all other maps mentioned in this 
paper are given in our list/database located at sysengr.
engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx.

Why was there a gap of over eight years between the com-
pletion of Drake’s voyage and the first public descriptions 
of his route? Probably because Queen Elizabeth wanted 
to keep all of Drake’s discoveries secret from the despised 
and feared Spanish. This included where Drake had been, 
the fact that he had circumnavigated the world, how much 
gold and silver he had brought back, and most importantly 
his route of circumnavigation. The Queen forbade her sub-
jects to disclose these state secrets under pain of death (de 
Mendoza 1896; Colthorpe 2017, 29).

As will be shown below, four of the C9 (the Drake-Mellon, 
the French-Drake, the Dutch-Drake, and the Hondius 
Broadside maps) were certainly based on the Whitehall map, 
either directly or indirectly: it was their common precur-
sor. Figure 1 shows, with black arrows, information flows 
between the C9; grey arrows indicate uncertain informa-
tion f lows. This figure summarizes the literature about 
sixteenth-century maps that contain the route of Drake’s 
circumnavigation of the world. While our general princi-
ple in this paper it to use only information contained on 
the maps themselves, this figure is an exception. It instead 
uses information from historical texts, sixteenth-century 
family, friendship, and religious relationships, language, 
geographical location of the cartographers, and chronol-
ogy of the maps.

http://collections.britishart.yale.edu/catalog/orbis:9579023
http://collections.britishart.yale.edu/catalog/orbis:9579023
http://hdl.loc.gov/loc.rbc/rbdk.d058a
http://hdl.loc.gov/loc.rbc/rbdk.d058
http://hdl.loc.gov/loc.rbc/rbdk.d058
https://hdl.handle.net/2027/aeu.ark:/13960/t20c5qh1x?urlappend=%3Bseq=19
http://hdl.loc.gov/loc.gmd/g3201s.rb000011
http://hdl.loc.gov/loc.gmd/g3201s.rb000011
https://www.crouchrarebooks.com/maps/one-of-the-earliest-maps-to-depict-drakes-circumnavigation
https://www.crouchrarebooks.com/maps/one-of-the-earliest-maps-to-depict-drakes-circumnavigation
http://www.gutenberg.org/files/39866/39866-h/39866-h.htm#Page_190
http://lccn.loc.gov/92680608
http://lccn.loc.gov/92680608
http://library.princeton.edu/visual_materials/maps/websites/pacific/drake/map-world-drake-1599.jpg
https://objects.library.uu.nl/reader/img.php?obj=1874-12850&img=/11/77/86/117786291475277382385409027987969932909.jpg
https://objects.library.uu.nl/reader/img.php?obj=1874-12850&img=/11/77/86/117786291475277382385409027987969932909.jpg
http://sysengr.engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx
http://sysengr.engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx
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When we began this re-
search, the state of knowl-
edge about the information 
sharing between these sourc-
es was as shown in Figure 1. 
However, no previous papers 
have shown all of this in an 
integrated form. Although 
the Ortel ius Typus Orbis 
Terrarum does not contain 
Drake’s route of circum-
navigation, it is included in 
Figure 1 because it is central 
to late sixteenth-century nau-
tical world maps. Figure 1 
foreshadows the findings of 
this paper, suggesting the in-
cipient relationships between 
the C9 that will be revealed. 
Two purposes of the research 
presented in this paper are to 
find the relationships and the 
years of disclosure of these 
maps, globes, and books. We 
will start at the top of Figure 
1 with the Whitehall map.

4. What is the difference between a nautical chart and a map? In general, a nautical chart is designed for navigation on the water. They emphasize oceans, seas, 
bays, and rivers and islands and shoals within them. Depending on the scale, they might give water depth. They show features along the coasts, like lighthouses 
and harbors, but do not emphasize inland features, like roads. An example would be a chart of the Pacific Ocean. In contrast, several types of land maps show 
mountains and their elevations, cities, political boundaries, railroad tracks, and other inland features. A map of Portugal would not be a nautical chart (Gaspar and 
Leitão 2019).

M E T H O D S
This paper analyzes the relationships of the 
sixteenth-century C9 that show Drake’s route of circum-
navigation of the world, based only on information shown 
on the maps themselves. My colleagues and I inspected 
over 2,000 sixteenth-century nautical charts and maps4 
that were available on the Internet. We downloaded 500 
of these maps and examined them in detail. Of these, we 
recorded the 180 most relevant to Drake’s route in our 
database, which is located at sysengr.engr.arizona.edu/
URLsForSixteenthCenturyMaps.xlsx. Then the C9 were 
studied and dated in this paper.

This is not a traditional history paper as is commonly found 
in the fields of cartography. Instead, this paper introduces 

a new genre of research writing about sixteenth-centu-
ry nautical charts, by being based only on material con-
tained in those charts and not modern interpretations of 
them. We do not make a statement about a map and then 
reference an earlier paper that made a similar statement. 
Rather we make a statement and then point to a feature 
on a map that supports that statement. We do not arrange 
the maps in chronological order. This paper does not pres-
ent the religious, familial, or nationality relationships of 
the cartographers, or try to analyze their thinking or what 
their motives were. Nor does it present their ages, native 
languages, educations, or alma maters. In general, we do 
not use manuscript maps because the date can never be as-
certained with certainty. We do not interpret our maps as 

Figure 1. A flashforward suggesting the derivation and chronology of the first descriptions of 
Drake’s route of circumnavigation of the world shown in this paper. Time runs roughly from the 
top to the bottom.

http://sysengr.engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx
http://sysengr.engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx
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vehicles for the exercise of power to effect social-political 
ends as was done by Harley (1988 and 1989) and Edney 
(2019). This paper is an experiment. We wanted to show 
that research papers like this could be written based solely 
on information shown on charts and maps that are free-
ly available on the Internet. Long trips to libraries are no 
longer necessary.

After we wrote this paper and ushered it through four 
rounds of reviews, we discovered the David Rumsey Map 
Center at Stanford University (davidrumsey.com). It is the 
perfect solution for what we are trying to do. This online 
digital database contains over 125,000 maps and related 

5.  This map might have been put on public display in the Whitehall Palace after 1589 (MacGregor 2013).

images dating from the sixteenth to the twenty-first cen-
tury, and can be read by anyone, anywhere. Rumsey has 
said that he wanted to provide “open access to all art . . . 
freely available via the Internet” (Hessler 2023). The David 
Rumsey Map Collection’s capabilities exceeds our needs: 
“It allows searching maps by toponyms and text on the 
maps” (Hessler 2023). This database should further enable 
the new genre of map research we are suggesting here.

Of course, there are limitations to using only information 
on digitally published maps in research on nautical world 
maps. These are presented in the Limitations section of 
this paper.

P U R P O S ES  &  A S S U M P T I O N S
The purposes of this paper are to

•	 identify and describe all of the sixteenth-century 
maps, globes, and texts that describe Drake’s route of 
circumnavigation;

•	 use the information on these “maps” to adjust and 
justify the relationships and years of disclosure shown 
in Figure 1;

•	 describe the Whitehall map that Drake presented to 
Queen Elizabeth in 1580; and

•	 introduce a new genre of research papers about 
sixteenth-century nautical charts, ones based only on 
material contained on the maps themselves and not 
interpretations of them.

We made many assumptions while researching and writ-
ing this paper, and we continually checked their validity. 
These are some of the initial assumptions that were, in the 
end, deemed important and valid.

•	 The C9 were made in the last two decades of the 
sixteenth century.

•	 The C9 were made by different people.

•	 The Whitehall map was the first to shrink the large 
bulge on the west coast of Chile and move it to the 
southern tip of South America.

•	 Some of the C8 cartographers saw the actual 
Whitehall map and some did not.

•	 Queen Elizabeth’s ban on disclosing the details of 
Drake’s circumnavigation was effective for eight years, 
until the defeat of the Spanish Armada in 1588.

•	 We have found all of the sixteenth-century nautical 
maps that contain Drake’s route of circumnavigation.

One initial assumption that was discarded was that the 
Whitehall-derived maps were made in southern England.

SIXTEENTH-CENTURY MAPS WITH DRAKE’S ROUTE OF CIRCUMNAVIGATION
In this section, we give general descriptions of 
the C9. Details will be added in later sections.

WHITEHALL MAP

On his voyage of circumnavigation, Drake had with him 
maps and charts, along with paint brushes and pens for 
embellishing them. Furthermore, he took the maps from 

every Spanish ship he seized. We speculate that during the 
voyage, he and his cousin John drew his route of circum-
navigation on one of them. Then on his return to England 
in 1580, he presented it to Queen Elizabeth (Colthorpe 
2017, 27). This map then joined the royal map collection 
in her “Majesties Gallerie at Whitehall, neere the Privie 
Chamber” (Purchas 1625).5 No modern cartographer has 
seen the Whitehall map because everything in the royal 

https://www.davidrumsey.com/
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map collection at Whitehall was presumably destroyed 
in fires in the seventeenth century. The only known first-
hand visual description of this map was made by Samuel 
Purchas (1625).

DRAKE-MELLON MAP

The Drake-Mellon map (Figure 2) was made with pen, ink, 
and watercolors on vellum. This manuscript map is held in 
the Paul Mellon Collection, Yale Center for British Art 
at Yale University Library, collections.britishart.yale.edu/
catalog/orbis:9579023. It is not attributed to any particu-
lar cartographer or artist (Wallis 1984, 141–145). Its text 
is in Latin. Wallis (1984) dates it as “after 1586” (138) and 
“not later than 1590” (141). It includes Drake’s Caribbean 
voyage of 1585–86. Because it is a manuscript map, it is 
hard to be sure of its cartographer and date.

This map has flags with the cross of St. George planted 
four places in the Americas. This map also contains the 
names Virginea [sic] and California.

This map shows the general route that Drake took during 
his circumnavigation. However, the route is not detailed 
enough to be used for navigation. Presumably, the purpose 
of this map was to document Drake’s unique feat, not to 
give directions for replicating it. It might have never been 
put on public display.

DRAKE SI LVER MAPS

The Drake Silver maps are 68 mm (2.7 in) diameter ster-
ling silver disks with maps of the known world in the six-
teenth century, featuring Drake’s route of circumnaviga-
tion stamped on them (Christy 1900; Hague 1908; hdl.
loc.gov/loc.rbc/rbdk.d058). The nine existing medallions 
have weights from 260 to 424 grains (0.6 to 1 oz, 17 to 27 
g) (Kraus 2022a, item 58). Each of these medallions has a 
diameter that is about the same as that of a tennis ball. The 
variation in weight is due to differences in thickness: the 
lightest one is as thin as a thumbnail (0.46 mm) and the 
heaviest one is as thick as a credit card (0.76 mm) (Bahill 
2022b). Christy (1900) emphatically states that they were 
created in 1581. MacGregor (2013) states 1589.

Figure 2. The Drake-Mellon map (Vera descriptio expeditionis nauticae Francisci Draci Angli . . .) shows Drake’s approximate route of 
circumnavigation of the world in 1577–80 with black dots on brown lines and his Caribbean voyage of 1585–86 with black lines. This 
manuscript map uses an equirectangular map projection.

https://collections.britishart.yale.edu/catalog/orbis:9579023
https://collections.britishart.yale.edu/catalog/orbis:9579023
http://hdl.loc.gov/loc.rbc/rbdk.d058
http://hdl.loc.gov/loc.rbc/rbdk.d058
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RICHARD HAKLUYT’S BOOK

“The famous voyage of Sir Francis Drake into the South 
Sea, and there hence about the whole Globe of the Earth, 
begun in the yeere of our Lord, 1577,” is a section that 
comprises twelve unnumbered pages in Richard Hakluyt’s 

1589 volume The Principall navigations, voiages and dis-
coveries of the English nation, which he self-published.

The content of these pages is also given in The World 
Encompassed (Drake 1854, 
92–93),  The Anonymous 
Narrative (Wagner 1926, 
277–285), and The English 
Hero (R. B. 1695).

This summary of Drake’s 
voyage was cor roborat-
ed and elaborated by John 
Drake, Sir Francis Drake’s 
cousin (sometimes mistak-
enly cal led his nephew), 
who was on the voyage of 
circumnavigation, in his tes-
timony before the Spanish 
Inquisition in March 1584 
and January 1587 (Nuttall 
1914). However, these dec-
larations were presumably 
not seen by an Englishman 

Figure 3. Drake Silver maps. The medallion on the left, showing the western hemisphere is from 
the British Museum (2024). On the right, the eastern hemisphere is from the Library of Congress. 
These medallions are 68mm in diameter and are shown at their actual size. Each medallion uses 
a Mercator double-hemisphere equatorial stereographic map projection. The maps have parallels 
and meridians every ten degrees.

Figure 4. French-Drake Van Sype map, La herdike enterprinse faict par le Signeur Draeck D’Avoir cirquit toute la Terre. This is on an 
equirectangular map projection. Note the cartouches.

http://memory.loc.gov/cgi-bin/ampage?collId=rbdk&fileName=d027/rbdkd027.db&recNum=661
http://memory.loc.gov/cgi-bin/ampage?collId=rbdk&fileName=d027/rbdkd027.db&recNum=661
http://hdl.loc.gov/loc.rbc/rbdk.d058
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for a long time, because they were state secrets of the 
Spanish Inquisition.

FRENCH -DRAKE VAN SYPE MAP

The French-Drake Van Sype map, La herdike enterprinse faict 
par le Signeur Draeck D’Avoir cirquit toute la Terre, is seen in 
Figure 4 (Shirley 1983, entry 149). This map is attributed 
to Nicola van Sype (or van Sÿpe), whose name is engraved 
to the right of the distance scale in the lower right-center. 
Most assume that this was the name or pseudonym of the 
cartographer, the engraver, or a friend of theirs. However, 
nothing is known about Nicola van Sype (Wallis 1984). 
The La Herdike Enterprinse map, shown in Figure 4, was 
written in French, and is usually called the French-Drake 
map (Wagner 1926, 427–434). It was printed from an en-
graved copper plate. The Kraus Collection at the Library 

6.  Wagner (1926) has two mistakes. On page 424 the heading has the word Enterprinse whereas it should be Interprinse and on page 427 the heading has Interprinse 
which should be Enterprinse. Aker (1970, 68; 77) caught one of these mistakes but left the other. He called both the French-Drake and the Dutch-Drake maps La 
Heroike Enterprinse.

of Congress dates it to 1581. Wallis (1984) dates it as 
“1582–83 or later” (143) but “not later than 1590” (141). 
Aker (1970, 70) wrote a “date not later than c. 1585.”

DUTCH -DRAKE MAP

The Dutch-Drake map, La heroike interprinse faict par le 
Signeur Draeck D’Avoir cirquit toute la Terre, was a copy 
of the French-Drake Van Sype map. It uses French for the 
title, a mixture of Early Modern Dutch and French for the 
cartouches, and Latin and Spanish for the toponyms. See 
Figure 5 (Shirley 1983, entry 151). Wagner (1926, 424–
426) dates it as 1641.6 Aker (1970, 77) opines that the 
Dutch-Drake map was published after the French-Drake 
map, but he estimates the Dutch-Drake’s date of publica-
tion as 1581.

Figure 5. Dutch-Drake map La heroike interprinse faict par le Signeur Draeck D’Avoir cirquit toute la Terre. This map is on an 
equirectangular projection.

http://hdl.loc.gov/loc.gmd/g3201s.rb000011
https://www.crouchrarebooks.com/maps/one-of-the-earliest-maps-to-depict-drakes-circumnavigation
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MOLYNEUX PETWORTH HOUSE GLOBE

Emery Molyneux’s Petworth House Globe was made in 
1592 (Figure 6). It has the routes of circumnavigation of 
both Sir Francis Drake (1577–80) in red and Sir Thomas 
Cavendish (1586–88) in blue (Wallis 1951; Wallis 1984; 
Dekker 2007; Blundeville 1613). This may be the first 
public display of Cavendish’s route of circumnavigation.

JODOCIUS HONDIUS BROADSIDE MAP

The Jodocius Hondius 1590 and 1595 map Vera Totius 
Exbitionis Nautica (Figure 7) is commonly known as the 
Broadside map. Generally, a broadside was a large sheet of 
paper having words and graphics printed on one side only, 
such as a poster or handbill. This particular broadside has 

Figure 6, right. Molyneux’s 1592 Petworth House Globe. 
It is about two feet one inch (63.5 cm) in diameter.

Figure 7, below. Hondius 1595 Broadside map. This piece is on a 
Mercator double-hemisphere equatorial stereographic projection. 
For convenience, it uses a ten-degree graticule.

http://www.gutenberg.org/files/39866/39866-h/39866-h.htm#Page_190
http://www.gutenberg.org/files/39866/39866-h/39866-h.htm#Page_190
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the routes of circumnavigation of both Drake (1577–80) 
and Cavendish (1586–88). See Shirley (1983, entry 188) 
and lccn.loc.gov/92680608.

Hondius lived in London from 1584 to 1593. Wallis 
(1984, 145) states that of the six surviving copies of the 
Hondius Broadside map, three were issued in London 
in 1590 and the other three in the Netherlands in 1595. 
Wallis (1984, 145) and Aker (1970, 102) both mention 
the “Jodocus Hondius fecit Londini” written on the back 
of one of these maps. Wagner (1926 239) states that the 
Hondius Broadside map was engraved in 1595.

THEODOR DE BRY MAP

The De Bry map America Pars VIII (Figure 8) is near-
ly the same as the Hondius Broadside map (Shirley 1983, 
entry 219; van Groesen 2007), and is viewable at jcb.
lunaimaging.com/luna/servlet/s/j4s58c.

We have found no other sixteenth-century maps or texts 
that show or describe the route of Drake’s circumnaviga-
tion of the world; however, see footnote 2.

T E X T  I N  B OT TO M  C E N T E R  C A R TO U C H ES
The texts in the cartouches of the Dr ake-
Mellon, French-Drake, and Dutch-Drake maps (Figures 2, 
4, and 5) are surprisingly similar and are consistent with 
the description of the Whitehall map given by Purchas 

(1625, 461–462). We will now compare Purchas’s com-
ments about the Whitehall map to the texts in the bottom 
center cartouches of the other three maps.

Figure 8. The De Bry 1599, America Pars VIII map, like the Hondius Broadside map, is a Mercator double-hemisphere equatorial 
stereographic projection.

https://lccn.loc.gov/92680608
https://jcb.lunaimaging.com/luna/servlet/s/j4s58c
https://jcb.lunaimaging.com/luna/servlet/s/j4s58c
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PURCHAS’ COMMENT ABOUT THE 
WHITEHALL MAP

This is the complete comment by Purchas (1625, 461–462) 
about the Whitehall and Silver maps.

. . . I adde their New Straights Southwards from 
those of Magelane were discovered before by 
Drake, as in the Map of Sir Francis Drakes 
Voyage presented to Queene Elizabeth, still 
hanging in His Majesties Gallerie at White 
Hall, neere the Privie Chamber, and by that Map 
(wherein is Cabotas [Sebastian Cabot’s] Picture, 
the first and great Columbus for the Northerne 
World) may be seene. In which Map, the South 
of the Magelane Straits is not a Continent, but 
many Is[l]ands, and the very same which they 
have stiled in their Straits. Barneuels Is[l]ands 
had long before been named by the most auspi-
cate of Earthly Names (and let themselves be 
Judges, with which the other is as little worthie to 
be mentioned, as a kind Mother, and an unkind 
Traitor. The name Elizabethc is expressed in gold-
en Letters, with a golden Crowne, Garter, and 
Armes affixed: The words ascribed there unto are 
these, Cum omnes feré hanc partem Australem 
Continentem esse putent, pro certo sciant Insulas 
esse Navigantibus periuias, earumqum australis-
simam ELIZABETHAM à D. Francisco Draco 
Inventore dictam esse. The same height of 57. 
degrees, and South-easterly situation from the 
Magelan Westerne Mouth give further evidence. 
And my learned friend Master Brigges told me, 
that he hath seene this plot of Drakes Voyage 
cut in Silver by a Dutchman (Michael Mercator, 
Nephew to Gerardus) many years before Scouten 
or Maire [Williem Schouten and Jacques Le 
Maire] intended that Voyage. As for Nova Zemla 
by Stephen Burrough, and others, long before dis-
covered, they also have given new names, which, 
I envie not: only I feare a vae soli [being alone] 
and hate ingratitude both ours and theirs. But too 
much of this. Next to this more generall Discourse 
shall follow the Dutch Northerne Voyages, and 
the English North-easterne: after which wee 
will take a more complementall leave of that 
Continent, and from thence visite the Northerly 

7.  Please note that Purchas, his pilgrimage . . . 1613, Purchas, his Pilgrim . . . 1619, and Purchas his Pilgrimes . . . 1625 are three entirely different books written by 
Samuel Purchas (1577–1626).

and North-westerne Discoveries; at once hunting 
for a New World and a New passage to This

c [footnote in original] In the [s]aid Map is Queene 
Elizabeths Picture, with Neptune yielding his 
Trident, and Triton sounding her Fame, with 
these Verses, Te Deus aequoreus donat Regina 
Tridente, Et Triton laudes esslat ubique tuas.

The following is our summary of the comments by Purchas 
(1625) about the Whitehall map.7

•	 The Whitehall map was hung next to a map by 
Sebastian Cabot that had Cabot’s picture on it.

•	 It was hung in the Whitehall Palace near the Privy 
Chamber (the private apartment of the sovereign).

•	 It had the name Elizabeth in gold letters. It had 
Queen Elizabeth’s coat of arms encircled with a gar-
ter belt and topped with a crown.

•	 It had Queen Elizabeth’s picture with Neptune yield-
ing his trident.

•	 It shows or reports that Drake was at 57° S lati-
tude, southeast of the western mouth of the Strait of 
Magellan.

•	 There was not a continent south of the Magellan 
Straits, but, rather, there were many islands.

•	 Latin was used for all text.

•	 These words were inscribed on it (our translation): 
“Since almost all think that south of this part is a 
Continent, let them know for certain that the islands 
are passable by those sailing on it, and that the south-
ernmost part of them is named ELIZABETH by the 
discoverer Francis the Dragon.”

COMPARISON OF TEXT IN THE BOTTOM-
CENTER CARTOUCHES

We will now use this quotation to examine maps that were 
clearly copied from the Whitehall map, Table 1. Purchas 
did not specify where on the Whitehall map the Latin in-
scription appeared. But a similar sentence appears in the 
bottom center cartouche of the Drake-Mellon, the French-
Drake, and the Dutch-Drake maps shown in Figures 2, 4, 
and 5, respectively.

https://en.wikipedia.org/wiki/%C3%80
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These four descriptions of the southern tip of South 
America are remarkably similar. From these wordings, we 
should assume that the Drake-Mellon, French-Drake, and 
Dutch-Drake maps were derived from the Whitehall map. 

Earlier researchers, for example, Shirley (1993, entries 149 
and 151), have further concluded that the Dutch-Drake 
map is a copy of the French-Drake map. We agree with 
this conclusion.

T E X T  I N  T H E  U P P E R- L E F T  C A R TO U C H ES
The Drake-Mellon, French-Drake, and Dutch-
Drake maps also have cartouches in their upper left, and 
the texts in these are also similar to each other. And in 
this case, a fourth map, the Hondius Broadside, contains a 
title box with similar text, as shown in Table 2.

Using these translations for the text in the cartouches, we 
can easily infer the flow of information from the Whitehall 
map to the Hondius Broadside map indicated in Figure 1. 

Moreover, all four of these maps have cartouches in the 
bottom corners. Those in the bottom-right represent the 
Golden Hind being aground on a shoal off of Celebes is-
land in January of 1580. The cartouches in the bottom-left 
corners show the Golden Hind being triumphantly towed 
into Ternate, one of the Moluccas islands. We now wish 
to offer evidence for the information flow arrows from the 
Whitehall map to the Hakluyt text, to the Silver maps, and 
thence to the Hondius Broadside map.

Whitehall map, Purchas (1625, 461–462) Translation by the author

Latin
Cum omnes feré hanc partem Australem Continentem esse 
putent, pro certo sciant Insulas esse Navigantibus periuias, 
earumqum australissimam ELIZABETHAM à D. Francisco Draco 
Inventore dictam esse.

English translation
Since almost all think that south of this part is a Continent, let 
them know for certain that the islands are passable by those 
sailing on it, and that the southernmost part of them is named 
ELIZABETH by the discoverer Francis the Dragon.

Drake-Mellon map, Figure 2 Translation by the author

Latin
Cum omnes feré hanc partem australem continente esse 
putent, pro certo sriant insulas esse earugum australissimam 
ELIZABETHAM dictam esse, a Francisco Draco eiusde inventore

English translation
Since almost everyone thinks that this southern part is the 
continent, for certain they must be the southernmost of the 
islands, ELIZABETH, that it was said to have been discovered by 
Francis the Dragon.

French-Drake map, Figure 4 Translation by Mike Horner

French
Combien que l’on pense que la partie meridionale du destroit 
soit terre ferme chÿ et ce qu’elle est tres certain que ne sont 
gillas la prochain de midi à l’este nommé Elisabete par le dirt 
sig drack qui pmier la descouverte.

English translation
However much one may think, that south of the strait is terra 
firma it is very certain that [these are islands] of which the next 
from South to East named Elizabeth by the said Seigneur Drake 
who first discovered it.

Dutch-Drake map, Figure 5 Translation from Aker (1970, 80)

Dutch
Dat Suÿderste deel van Mageliano den. Draeck eerst Ontdaen 
en Sin niet dan Eÿlande. Waer af tsuÿderste bÿ hem gename 
.S. Elisabet. La Partie meridionalle Magellanes ne Sont qù isles. 
[This sentence is in French.]

English translation
The southern part of the Magellanes, which Drake first 
discovered, are not but isles of which the most southern was 
named by him S. Elizabeth. The southernmost part of the 
Magellanes are nothing but islands.

Table 1. Comparison of texts on the Whitehall, Drake-Mellon, French-Drake, and Dutch-Drake maps.

https://en.wikipedia.org/wiki/%C3%80
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FROM  WHITEHAL L  TO  HAKLUY T  TO  THE  S I LVER  M APS  TO  THE  H O N D IUS 
BROADS IDE
Isla Mocha, off the central Chilean coast 
(38° S, 74° W), was a significant stop for Drake and his 
men. Two of his crew were killed and Drake was shot 

with arrows. This island is shown as a stop and is labeled 
as Mucho on the Drake-Mellon map, the Silver maps, and 
the Hondius Broadside map and is described in detail in 

Table 2. Comparison of texts in the upper-left cartouches of the Drake-Mellon, French-Drake, and Dutch-Drake maps and the title box of 
the Broadside map.

Drake-Mellon map, Figure 2 Translation by the author

Latin
Vera descriptio expeditionis nauticae, Francisci Draci Angli, 
equitis aurati, qui quinq[ue] navibus probe instructis, ex 
occidentali Anglia parte anchoras soluens, tertio post decimo 
Decembris An[n]o MDLXXVII, terraru[m] orbis ambitum 
circumnavigans, unica tantu[m] navi reliqua (alijs fluctibus, alijs 
flamma correptis) redux factus, sexto supra vigesimo Sep. 1580.

English translation
A true description of the naval expedition of Francis Drake, 
Englishman and Knight, who with five ships departed 
from the western part of England on 13 December 1577, 
circumnavigated the globe, and returned on 26 September 
1580, with one ship remaining, the others having been 
destroyed by waves or fire.

French-Drake map, Figure 4 Translation by Mike Horner

French
La vraie description du vojage du sr fransoys draeck Chevalier 
lesquel estant acompaigne de cing navires deux desquel il 
brula ung aultre sen retourna et la quarter fuit peris il partit 
d’Angleterre le 13 desembre 1577 passa oultre et fit le sirquit 
de toute la terre et retourna audict royame le z6 Septembre 
1580

English translation
The true description of the journey of Seigneur Francis Drake 
Knight who is accompanied by five ships two of which he 
burned another returned and the fourth perished. He left from 
England on 13 December 1577, passed beyond and made 
the circuit of all the earth and returned to the said kingdom 26 
September 1580

Dutch-Drake map, Figure 5 Translation from Aker (1970, 79)

Dutch
Beschriuinge vãn Reÿse gadaen by Francoÿs Draek met 5 
schepen. Waer af .2. Verbrande eeniuce derke en een vergink 
if Seÿlende Vÿt Engelant den: 13 dissember .7.7. Naeden 
westen om die Ganse Cloot des Aertricx int Onsl wederom 
opcomende eade Alsoo In Engelant Den. 26. September 1580.
Comme Ie Cap. ne Draeck Singlant d’Angleterre a, cercui 
Entre’lan ′77. et 80 Toute la terre. [This sentence is probably in 
French.]

English translation
Description of the journey made by Francis Drake with 5 ships 
of which 2 burnt down, one returned and one was wrecked 
sailing off from England the 13th of December ‘77 in west 
direction around the whole Globe of the earth, in the east 
coming up again and on this way back in England the 26 
September 1580. Captain Drake sailing from England, has
circumscribed between the years ′77 and 80 all of the earth.

Hondius 1595 Broadside map, Figure 7. The contents of the title 
box are equivalent to the upper-left cartouches of Figures 2, 4, 
and 5.

Translation by the author

Latin
Descriptio D. Franc Draci qui 5, navibus probé instructis, 
ex Anglia solvens 13 Decembris anno 1577, terrarum orbis 
ambitum circumnavigans, unica tantum navi, ingenti cum gloria, 
ceteris partim flammis, partim fluctibus correptis, in Anglim 27 
Septembris 1580.

English translation
The description of D. Francis Drake who with 5 ships properly 
equipped, departing from England 13 December 1577, 
circumnavigating the compass of the world only one boat 
returned with great glory in England 27 September 1580, some 
of the others burned, some were caught by the waves.
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the text “The famous voyage of Sir Francis Drake . . .” 
(Hakluyt 1589; Drake 1628). Therefore, Isla Mocha is a 
link between these sources of information. The French-
Drake and Dutch-Drake maps did not label the island. 
Therefore, they are more distant from the Whitehall map.

The Silver maps and the Hondius Broadside map show a 
large inland lake, the precursor of the Salton Sea in south-
ern California. The Drake-Mellon, French-Drake, and 
Dutch-Drake maps do not show this lake. The Silver and 
Broadside maps also show and label the Pacific Ocean is-
lands named Rocca Partida, Cazones, I. de Pasiao, and 
Ambon. The Drake-Mellon, French-Drake, and Dutch-
Drake maps might show these islands but they do not label 

8.  Magellan sailed through this area. Albo’s log of Magellan’s route (Albo 1874) lists him as cruising northward along the Chilean coast from 48° S latitude up to 
36° S latitude where he headed west out into the Pacific Ocean. But Magellan left no maps. Ribero made an accurate map in 1529, but it only went up as far as 52° S.

them. Again, this shows the affinity of the Silver maps and 
the Hondius Broadside map and their detachment from 
the Drake-Mellon, French-Drake, and Dutch-Drake maps.

The Drake-Mellon, French-Drake, and Dutch-Drake maps 
draw Japan as a horizontal oval centered on 155° W lati-
tude. The Silver, Broadside, and de Bry maps orient it ver-
tically centered on 175° E.

These paragraphs suggest that there was an information 
flow from the Whitehall map to the Hakluyt text to the 
Silver Maps and finally to the Hondius Broadside map. 
The French-Drake and Dutch-Drake maps were not a part 
of this flow.

T H E  B U LG E  O N  T H E  COA S T  O F  C H I L E
Girolamo Ruscelli, in his Orbis Descriptio map 
in his 1561 at las  La Geograf ia di Claidio Tolomeo 
Alessandrino, put an enormous bulge on the coast of Chile. 
This bulge is more than four times the size of Spain. He 
was followed by Pablo Forlani in 1562, Giacomo Gastaldi 
circa 1561 and 1565, Diogo Homen in 1565, and many 
others. This bulge lies between the Tropic of Capricorn 
(23.4° S) and 45° S latitude as shown in the lefthand por-
tion of Figure 9 (Bahill 2022a).

Abraham Ortelius published his atlas Theatrum Orbis 
Terrarum in 1570. Then he updated and reissued it just 
about every year. The Typus Orbis Terrarum maps in his 
atlases from 1570 to 1587 had this enormous bulge on the 
coast of Chile, as he was (along with Mercator in 1569) 
an early adopter of this feature. Others followed Ortelius 
by adding bulges to their coasts of Chile, for example, 
André Thevet 1575, Francisco de Belleforest 1575, Gerald 
de Jode 1578, Joan Martines 1582 and 1587, Rumold 
Mercator 1587, Urbano Monte 1587, Sebastian Munster 
1580 and 1588, Cornelius De Jode 1589, Theodor de Bry 
1592, Michael Mercator 1595, and Arnoldo di Arnoldi, 
1600. Note that URLs for these maps (and others men-
tioned without a formal reference in this paper) are 
available in our database at sysengr.engr.arizona.edu/
URLsForSixteenthCenturyMaps.xlsx.

Drake was known to have taken maps with him on his trip 
of circumnavagation. Furthermore, whenever he seized a 

Spanish ship, he took their maps and navigation charts. 
He may have had some of the above-mentioned maps with 
him. However, no known European explorer or cartogra-
pher had been to this section of the coast of Chile before 
Drake in 1578.8 Therefore, when Drake followed existing, 
unfounded maps, he got lost.

Abraham Orteius 1587 (P2S2) Abraham Orteius 1588 (P2S3)

Figure 9. Parts of Typus Orbis Terrarum by Ortelius 1587 (P2S2) 
(left) and 1588 (P2S3) (right). Land to the west of the green line 
is the bulge (Bahill 2022a). The only differences between the two 
maps are to the left of the green line. To the right of the green 
line, land, rivers, mountains, and other toponyms on these maps 
can be superimposed. The abbreviations P2S2 and P2S3 stand 
for plate-2 state-2 and plate-2 state-3, respectively. It is shorthand 
to distinguish maps with small variations (Shirley 1983). These 
are in Ortelius oval map projections. Parallels of latitude and 
meridians of longitude are spaced ten degrees apart.

http://sysengr.engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx
http://sysengr.engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx
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Several textural descriptions of Drake’s voyage describe 
his sailing from the southern tip of South America. Nuño 
da Silva’s9 deposition to the Spanish Inquisition (Wagner 
1926, 342; Moreno Madrid 2022) stated that from 
November 1 to 5 they sailed northwest. This is four-plus 
days. Assume they sailed at a slow 50 miles (80 km) per 
day. This would give them over 200 miles (320 km). The 
protrusion on the Wright-Molyneux 1599 map (Gitzen, 
2014) of Figure 10 is about 220 miles (350 km) at 49° S 
latitude. Da Silva continued, then they changed direction 
to the northeast for a few days and then to the north for 20 
days: finally, they landed at Isla Mocha (Mucho Island). 
This meandering is described by the red track at the south-
ern end of South America in Figure 10. The above synop-
sis is from Nuño da Silva’s deposition. However, there are 
several similar descriptions.10

This Chile bulge mistake in the maps seems to have vexed 
Captian Drake, who wrote:

. . . we continued our course, November 1, [1578] 
still North-west, as wee had formerly done, but 
in going on we soone espied, that we might easily 
have beene deceived; and therefore casting about 
and steering upon another [compass] point, wee 
found, that the general mappes did erre from the 
truth in setting downe the coast of Peru,

Drake refers to the whole South American coast as Peru, 
not differentiating between Chile and Peru. After describ-
ing the section of the coast between 52° S and 40° S lati-
tude, he continues:

. . . perceiving hereby that no man had ever by 
travell discovered any part of these 12. deg., and 
therefore the setters forth of such descriptions are 
not to be trusted, much less honored, in their false 
and fraudulent coniectures which they use, not in 
this alone, but in divers other points of no small 
importance. (Drake 1854, 92–93)

At the end of his circumnavigation of the world, Drake 
returned to England in 1580. We conjecture that he 
expressed his displeasure to some cartographers and 

9.  Nuño da Silva was a Portuguese pilot. He was captured by Drake in the Cape Verdes in January of 1578 and was released in Mexico in May 1579. He served as 
Drake’s pilot along both sides of South America.

10.  This same description is given in The World Encompassed (Drake 1854, 92–93), “The famous voyage of Sir Francis Drake” (Hakluyt 1589), The Anonymous 
Narrative (Wagner 1926, 277–285), The English Hero (R. B. 1695), and John Drake’s testimony before the Spanish Inquisition (Nuttall 1914).

presumably he corrected the coast of Chile on his Whitehall 
map because afterwards, there was a proliferation of 
changes to this coastline. When the changes appeared, 
there were three distinct manifestations: one group of car-
tographers omitted the bulge entirely (Figure 9), a second 
group shrunk the bulge and made it a small protrusion 
between 52° S and 44° S latitude (Figures 2, 4, 5, 7, 8, 
and 10) and finally a third group fell behind the times and 
continued to publish maps with the big bulge on the coast 
of Chile.

Ortelius omitted the bulge on his Typus Orbis Terrarum 
map that was printed in 1588 (Figure 9, right). He did the 

Figure 10. A section of the Wright-Molyneux 1599 map showing 
South America with a part of Drake’s path shown in red. Other 
cartographers probably used this description (in red) to fill in 
the land behind it. This is a Mercator projection map. However, 
this does not preclude wind roses with correctly interconnected 
rhumb lines throughout the whole map. Parallels of latitude and 
meridians of longitude are spaced ten degrees apart.
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same on his Americae Sive 1587,11 and his Maris Pacifici 
1589. For the most part, these maps were all contained 
in his atlases: they were not published individually. This, 
therefore, makes their dating fairly certain. However, we 
do not know the month in 1588 when he published his 
map. So, we do not know if he had a head start on the 
other C8 cartographers.

Ortelius and his followers constituted the first group of 
cartographers who either removed the bulge on the south-
ern coast of Chile after 1588 or had never put it there in 
the first place. These cartographers included: the Silver 
maps 1589, Plancius 1590 and 1594, C. de Jode 1593 
(Brasilia et Peruvia), Vrients 1596, Lavanha & Teixeira 
1597, Hondius 1592 and 1597, and Ricci 1602 (Bahill 
2022a).

Our second and most important group of cartographers 
did not omit the bulge but instead shrunk it and made 
it a small, protrusion between 52° S and 44° S latitude 
with a peak at 49° S (see Figures 2, 4, 5, 7, 8, and 10). 
They moved it around a thousand miles (1600 km) down 
the coast. The average area of the bulge on these maps is 
10% of that of the large bulges on pre-1588 maps (Bahill 
2022a). Maps and other artifacts that have this small pro-
trusion at the very southern end of South America include 
the 1580 Whitehall map (probably), the 1589 Drake-Mellon 
map, the 1589 Hakluyt text, the 1589 French-Drake map, 
the 1594 Dutch-Drake map, the 1592 Molyneux globe, the 
1595 Hondius Broadside map, the 1599 Theodor de Bry 
map, and the 1599 Wright and Molyneaux map of Figure 
10; but not the 1589 Silver maps. This group is the C9 plus 
the Wright and Molyneaux map but without the Silver 
maps.

The red path shown in Figure 10 was constructed from 
descriptions given in “The famous voyage of Sir Francis 
Drake” (Wagner 1926, 277–285; 342; Moreno Madrid 
2022; Drake 1854, 92–93; Hakluyt 1589; R. B. 1695). It 
outlines the small protrusions that are seen on the maps of 
the second group of cartographers. These protrusions are 
almost the same among the C8-minus-Silver-maps and no 
other maps have this protrusion.12 This is strong evidence 
11.  This map is dated 1587. So, it seems to have an earlier date than the 1588 Ortelius Totius Orbis Terrarum. In addition, the Novus Orbis map that was published 
in Paris and is dated 1587 and was included in Hakluyt’s text of 1587 also seems to have a confusingly earlier date.

12.  The 1602 LeClerc and Hondius Orbis Terrae Novissima Descriptio also has this protrusion (Shirley 1983, entry 233) but it is not included in our C9 because it 
does not have Drake’s route of circumnavigation and it was published in the seventeenth century.

of a common ancestor for these maps, shown in Figure 
12—namely the Whitehall map or “The famous voyage of 
Sir Francis Drake” text.

We speculate that cartographers started with this descrip-
tion of Drake’s path (in red in figure 10) and filled in the 
land behind it. In Figure 10 and the C8, toponyms are 
dense along the whole coast of South America, except 
along this fictitious peninsula. Cartographers typically in-
vented toponyms to fill in empty space. But they did not 
do that here. This must mean that they had no informa-
tion and, in this case, they did not want to invent any.

This description of the Chilean coast of South America 
was probably one of the Queen’s most prized secrets be-
cause at the time there were no good maps of this region 
and the undocumented maps that Drake had on board got 
him lost.

The third, and least important, group of cartographers 
did not get the word and continued to publish maps with 
the bulge on the southern coast of Chile; for example, 
Munster 1588, C. De Jode 1589, Theodor de Bry 1592, 
M. Mercator 1595, and Ruscelli 1599.

Because this section is so important, it merits a summary. 
Starting in 1561 several cartographers drew their nauti-
cal world maps with a huge bulge on the coast of Chile. 
Within the next dozen years, many cartographers fol-
lowed suit. It is quite likely that the maps Drake had with 
him on his voyage of circumnavigation had this incorrect 
bulge, causing him difficulty navigating the southern coast 
of Chile. When Drake returned to England, we specu-
late that he had stern words with cartographers about their 
“false and fraudulent coniectures” (Drake 1854, 92–93). 
Speculating again, we suggest that this caused them to 
correct their mistakes in one of two ways. The maps show 
that one group of cartographers omitted the bulge com-
pletely and the second group shrunk the bulge and moved 
it to the southern tip of Chile. Most of our C9 were in the 
second group (all except for the Silver maps). This shows 
a previously unnoticed commonality of the C9 that is not 
described in the literature.
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S I M I L A R I T I ES  A N D  D I F FE R E N C ES  B E T W E E N  T H E  M A P S
The main purpose of this section is to show 
the relationships between the C9 as shown in Figure 1. 
We will start with the Drake-Mellon, French-Drake, and 
Dutch-Drake maps. These relationships, shown in Table 3, 
help derive the years of disclosure of these maps and they 
help show who copied from whom.

IMPORTANT SIMILARITIES OF THE 
WHITEHALL-DERIVED MAPS

The comparisons in Table 3 imply that, first, the Drake-
Mellon, the French-Drake, and the Dutch-Drake maps 

without a doubt drew information from the same com-
mon precursor, either directly (black arrows in Figure 1) 
or indirectly (grey arrows). Second, the Dutch-Drake map 
was derived from the French-Drake map (Shirley 1983). 
It probably did not draw information directly from the 
Whitehall map. It drew information from other contempo-
raneous maps. We can assume that the Drake-Mellon, the 
French-Drake, and indirectly the Dutch-Drake maps were 
derived from the same common precursor, the Whitehall 
map. Therefore, in this section, we will call these collec-
tively the Whitehall-derived (WHD) maps. These three 
WHD maps look generally alike.

Aspect Feature Drake-Mellon map French-Drake map Dutch-Drake map

Route Similarities
Drake’s route of 
circumnavigation is

almost the same on all three maps

Text Similarities

Words in the title none

La Herdike Enterprinse 
Faict Par Le Signeur 
Draeck D’Avoir Cirquit 
Toute La Terre

La Heroike Interprinse 
Faict Par Le Signeur 
Draeck D’Avoir Cirquit 
Toute La Terre

the difference is
Herdike Enter versus Heroike Inter

Language of the title none French

The contents of the five 
cartouches describe

the same events

Text Differences

The engraver’s or 
cartographer’s name

none Nicola van Sype? none

Note in the lower-right none
map seen and 
corrected by the said 
signeur Drack

none

The language used in 
cartouches is

Latin French Dutch and French

The number 2 is 
represented by

2’s and z’s the letter z the number 2

Text in cartouches have different handwriting

Compare the 
handwriting of

“Reditus” below the 
Cape of Good Hope

“Route De retour” 
below the Cape of 
Good Hope

“Route de retour,” 
Nicaragua, and 
Guatemala

Font labeling oceans simple simple fancy

Table 3. Similarities and differences between the Drake-Mellon map, the French-Drake map, and the Dutch-Drake map. Cells in a 
boldface font are especially important. Table continues on following pages.
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Table 3, continued.

Aspect Feature Drake-Mellon map French-Drake map Dutch-Drake map

Ornament Similarities

Galleon icons showing 
the number of major 
ships in Drake’s fleet at 
that location 

are the same

Shadows on cartouches are correct (Bahill 2021)

Ornament Differences

Portrait of Drake none

oval containing an 
engraving of Drake 
stating his age as forty-
two

circular ring with 
lettering and a different 
engraving of Drake

Coats of arms of 
Queen Elizabeth

instead, it has flags 
with the cross of St. 
George

one in Nova Albion 
and one below the 
Strait of Magellan

none

Has sea monsters no yes no

Land Similarities

Latitude of islands 
off the NW coast of 
America

39°, boldface indicates 
a landing site

38°, 40°, 41°, 43° 39°, 40°, 42°, 45°

Drake’s maximum north 
latitude

39° 45° 47°

North America, South 
America, Europe, and 
Asia

are similar

Bulges on the southern 
coast of Chile are

the same unusual size, shape, and southern position (49° S)

Shape and position of 
Japan

the same shape (horizontal oval) and position (155° W)

Land Differences

Isla Mocha is labeled 
(as Mucho)

yes no no

The land above Europe 
and the Arctic Circle

none is shown
Terra Forma, Nova 
Zembla

Newfoundland is a peninsula an island

The shape of the Black 
Sea is

good rudimentary basic

The shape of the 
Mediterranean Sea 
between Italy and 
Spain is

good grossly wrong good

The position of the 
Azores Islands is

west of the zero-longitude meridian
Incorrectly east of this 
meridian
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Table 3, continued.

Aspect Feature Drake-Mellon map French-Drake map Dutch-Drake map

Land Differences

The shape of 
Madagascar is

one large island
many islands near the 
coast

One large island

Unique mid-ocean 
islands

none
huge imaginary island 
between India and the 
Red Sea

Saint Helena in the 
South Atlantic

The Pacific coast of 
North America has 
labels for

California no toponyms
Quivira, California 
Nicaragua, and 
Guatemala

Florida is labeled yes no yes

Virginia is labeled yes no

Has Terra Australis no yes

The Amazon River is
shaped like a giant 
snake

Straight and wide

The Nile River
connects the Mediterranean Sea to the Atlantic or the Indian Ocean in South 
Africa

Cartographic 
Similarities

Mapping projection is equirectangular

The maps have a 
prominent equator 
and linearly gradated 
central meridian 

yes

The zero-longitude 
(central) meridian is

Cape Verde Islands, 
23° W

25° W 28° W

Cartographic 
Differences

Meridians of longitude 
are numbered 10, 20, 
30, etc. from the central 
meridian going

eastward westward!

Materials
drawn with pen and 
ink and watercolors on 
vellum

printed on paper from engraved copper plates

The Tropics of Cancer 
and Capricorn

are labeled
are shown but are not 
labeled

Other

Size (width by height) 
cm

43 by 22 44 by 24 44 by 24

Estimated year of 
disclosure

1589 1589 1594
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In addition, the following specific features from Table 3 
and earlier sections strongly suggest that these three maps 
had a common precursor.

•	 All three WHD maps have a cartouche in the bottom 
center-left with near-identical text, which is almost 
the same as that described by Purchas (1625) as being 
on the Whitehall map.

•	 The five cartouches on each of these three WHD 
maps describe the same items and events. The top-
left corner cartouches describe the overall voyage. 
The bottom-left corner cartouches show the Golden 
Hind being towed ceremoniously into Ternate in the 
Moluccas Islands. The bottom left-center cartouches 
describe land south of the Strait of Magellan. The 
bottom right-center cartouches contain the scale of 
distance. The cartouches in the bottom-right cor-
ner show the Golden Hind grounded on a reef near 
Celebes Island. (The Hondius 1595 Broadside map, 
has similar drawings in similar cartouches.)

•	 All of the WHD maps used the equirectangular pro-
jection, which was antiquated and uncommon in the 
late sixteenth century. For maps published in Shirley 
(1983) and dated between 1587 and 1607, 31% used 
the Ortelius oval projection, 26% used the Mercator 
double-hemisphere equatorial stereographic projec-
tion, only 8% used an equirectangular projection and 
the rest used one of a dozen other projections.

•	 All three of these maps have a prominent equator and 
central meridian. Their graticules are evenly spaced 
labeled in degrees. The spacing confirms that the 
maps use an equirectangular projection.

•	 They each feature the Arctic Circle, the Tropic of 
Cancer, the Equator, the Tropic of Capricorn, and the 
Antarctic Circle. Their spacings further confirm the 
equirectangular projection.

•	 These maps are in a landscape orientation and all have 
an approximate size of 44 cm width by 24 cm height 
(17.3 by 9.5 in).

13.  Wagner (1926, 91) quotes an account that states that Drake “going ashoare, carried a Compasse with him, and seeking out the Southermost part of the Iland, 
cast himselfe downe upon the uttermost point groveling, and so reached out his bodie over it. Presently he imbarked, and then recounted unto his people, that 
he had beene upon the Southermost knowne Land in the World, and more further to the Southwards upon it, then any of them, yea, or any man as yet knowne.” 
Francis Fletcher, however, wrote the same story but claimed that it was he (Fletcher) who performed this dramatic act (Drake 1854, 88).

•	 The Rio de la Plata is immense on all of these maps.

•	 They all have the Nile River with connections extend-
ing from the Mediterranean Sea to oceans near the 
Cape of Good Hope.

•	 The shadows on the cartouches (Bahill 2021) are 
consistent between all three WHD maps.

•	 They have the Pacific Coast of North America at least 
up to 50° N latitude.

•	 Zero-longitude meridians on the three are 23° W, 25° 
W, and 28° W of Greenwich.

•	 All three of these maps have Drake’s general route of 
circumnavigation with only minor differences. Most 
of these differences are ports and islands where he 
landed.

•	 Aside from landing point differences, these three 
routes are almost the same. There is one feature in 
particular that shows a good knowledge of Drake’s 
route. That is the place south of the Strait of Magellan 
where a huge storm blew his ship backward down to 
55°–57° S latitude. At this point, Drake named the 
southernmost island Elizabeth.13 Purchas (1625) re-
fers to Drake being at 57° S latitude, southeast of the 
western mouth of the Strait of Magellan. All three of 
our WHD maps have this detail the same.

•	 All three of the WHD maps have galleon icons 
showing the number of major ships in Drake’s fleet 
at various locations. However, from time to time, 
Drake captured and released Spanish ships, barks, 
and pinnaces.

•	 The three WHD maps have the same shape and 
position for Japan.

Besides the maps mentioned in this paper, no other maps 
have all of the above features. Most assuredly, the three 
WHD maps had a common precursor, and that precursor 
was the Whitehall map.
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THE NILE RIVER

The three WHD maps in Figures 2, 4, and 5 have the 
source of the Nile River in South Africa, as most other 
sixteenth-century nautical world maps. This model for the 
Nile River originated with Ptolemy in the Second Century 
AD.

The Drake-Mellon, French-Drake, and Dutch-Drake maps 
have simplistically drawn river systems. The French-Drake 
and Dutch-Drake maps, however, each have a river flow-
ing out of the more southern of the Nile River source 
lakes going to the Atlantic Ocean near the Cape of Good 
Hope. In a similar way, the Drake-Mellon map, and some 
other sixteenth-century maps have a river flowing from 
one of these lakes to the Indian Ocean. Thus, many maps 
have a continuous, but non-navigable, waterway from 
the Mediterranean Sea to the Atlantic and/or the Indian 
Ocean in Southern Africa.

IMPORTANT DIFFERENCES BETWEEN THE 
WHD MAPS

The handwriting in the cartouches is different in the three 
WHD maps. See in particular the handwriting in the 
upper-left cartouche. These differences suggest that these 
three maps had different illustrators/engravers.

Both the French-Drake and the Dutch-Drake maps mis-
takenly label the Moluccas Islands at 20° N latitude. 
However, these are the Mariana Islands. The Moluccas 
Islands are on the equator. The Drake-Mellon map correct-
ly labels these Mariana Islands as Ini Ladrones.

UNIQUE FEATURES ON THE DRAKE-MELLON 
MAP

Between 1545 and 1600, most maps that included South 
America represented the Amazon River shaped as a giant 
snake, as in Figures 2, 3, 9, and 10 (Bahill and Gitzen 
2021). Of our three WHD maps, only the Drake-Mellon 
map has this feature. We do not know about the Whitehall 
map but it might have been influenced by the Sebastian 
Cabot map of 1544 and that map does represent the 
Amazon River shaped as a giant snake.

The Drake-Mellon manuscript map was made with pen, 
ink, and watercolors on vellum. As a result, only one 
copy was probably made, unlike the French-Drake and 
Dutch-Drake maps, which were printed from engraved 

copper plates. That one copy is now in the Yale University 
Library. It is an undated manuscript map. Below the 
label for VIRGINEA is this text (originally in Latin): 
“VIRGINEA Colony was led into this part of the con-
tinent by Walter Raleigh knight in 1583.” Therefore, this 
map was surely finished after 1583. Raleigh was knight-
ed in 1585. If the labeling of Virginia and the route of 
Drake’s Caribbean voyage were added to this map at a 
later date (for example after 1586), then the Drake-Mellon 
map could be the original Whitehall map!

UNIQUE FEATURES OF THE FRENCH -DRAKE 
MAP

A grossly incorrect feature on the French-Drake map is a 
peninsula protruding from Marseille, France almost to 
Africa. The western Mediterranean Sea had been drawn 
accurately on many fourteenth- and fifteenth-century por-
tolan charts. Therefore, the introduction of such a careless 
error is surprising. Greg McIntosh (in a personal commu-
nication) wrote that this appears “to be an area of the plate 
that was left unengraved by mistake, then made into a 
coastline. Very strange. Most likely an error of the engrav-
er, not of the cartographer.”

Another mistake on this French-Drake map was drawing 
Madagascar as several small islands close to the coast of 
Africa. From Gemma Frisius’s 1544 Charta Cosmographica 
and afterward, almost everyone drew Madagascar as one 
large island quite detached from Africa. One final mistake 
is the huge island (the size of Great Britain) between India 
and the Horn of Africa. Wallis (1984) suggested that the 
cartographer of the Drake-Mellon map had more time 
to study the Whitehall map than the cartographer of the 
French-Drake map and therefore was more correct.

The following two items are unique to the French-Drake 
map, but they do not help us to differentiate or date the 
maps. In some Medieval and Renaissance styles of writing, 
the letter z stood for the number 2. This evaluation crite-
rion differentiates maps from the first and second halves 
of the sixteenth century, with earlier maps more likely to 
use z=2. In concurrence, the last map we have found with 
this is the D. Teixeira 1573 World map (Bahill 2021). The 
French-Drake map is anomalous in this respect because it 
consistently used z=2. This could hint at an earlier year for 
the French-Drake map. The French-Drake map had two 
icons of Queen Elizabeth’s coat of arms, one below Terra 
del Fuego and the other west of Nova Albion. This also 
did not help date this map.
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DRAKE PASSAGE

The bottom center cartouches on all three WHD maps 
state that below the Strait of Magellan, there are many is-
lands and not a large continent. Earlier maps, for example, 
by Mercator in 1569 and Ortelius in 1570, show a southern 
continent (Terra Australis) close to the South American 
mainland, so that the Strait of Magellan is the only route 
between the Atlantic and Pacific Oceans. However, the 
French-Drake, Dutch-Drake, Hondius Broadside, and Silver 
maps have their southern continent around 500 to 700 
miles away from the South American mainland. This is 
the Drake Passage.

The Drake-Mellon map, the J. S. G map in Hakluyt 
(1587) (sometimes called the Martyr-Hakluyt map), 
the Molyneux globe, the De Bry map, and the Wright-
Molyneux map do not have this southern continent at 
all. Therefore, they also have ample room for the Drake 
Passage below South America. Most other maps of this 
era have Terra Australis close to the South American 
mainland. This wide passage was touted by many as an 
important discovery by Drake. All of the C8 have this 
wide Drake Passage.

Drawing Terra Australis on a sixteenth-century map 
was certainly not new. The first such representation may 
have been on the Piri Reis 1513 map (McIntosh 2000). 
Later cartographers who did this included Cabot in 1544, 
Mercator in 1569, and Ortelius in 1570. What was unique 
about the French-Drake, Dutch-Drake, Hondius Broadside, 
and Silver maps was leaving a large expanse of open ocean 
south of mainland South America and north of Terra 
Australis.

The C8 correctly did not put toponyms on Terra Australis. 
Sixteenth-century maps with toponyms on the Terra 
Australis are pure fantasy. These can be found, for ex-
ample, in Gutiérrez & Cock 1562, G. Mercator 1569, 
Ortelius 1570 to 1587, Thevet 1575, R. Mercator 1587, 
Plancius 1590 and 1594, De Jode 1593, and Van Langren 
1596.

UNIQUE FEATURES OF THE DUTCH -DRAKE 
MAP

The Dutch-Drake map cleaned up some of the French-
Drake map’s mistakes by (1) removing the peninsula 
protruding from Marseille, France almost to Africa, (2) 

drawing Madagascar as one large island well separat-
ed from Africa, (3) removing the huge island between 
India and the Horn of Africa, and (4) adding land above 
Europe, north of the Arctic Circle. It left some mistakes, 
and it added some of its own, such as moving the Azores 
east of the zero-longitude meridian.

The Dutch-Drake map uses Dutch and French for the car-
touches, Latin and Spanish for toponyms, and French for 
the title. The Dutch-Drake map shows a wide Northwest 
passage. This passage looks similar to those of Gerald 
Mercator 1569, Ortelius 1570–1587, Belleforest 1575, 
Urbano Monte 1587, and Rumold Mercator 1587. It has 
also added the Northeast Passage and Florida.

There are two versions or states of the Dutch-Drake 
map. The one in the Huntington Library has the letters 
MA RE O C CE AN US spread out across the Atlantic 
and Indian Oceans. The copies at Christie’s (since sold, but 
an image can still be reviewed) and Daniel Crouch Rare 
Books (Figure 5) instead spell out MAR DEL NORTE, 
OCEANUS AETIODICUS, and MAR INDICUM 
(Aker 1970, 77).

A very strange feature of the Dutch-Drake map is that it 
labels the meridians of longitude starting with zero and 
increasing going westward to 360°. The only other car-
tographer that we know of who consistently followed this 
practice was Herman Moll, who published in the eigh-
teenth century. We have no conjecture about this very odd 
feature.

UNIQUE FEATURES ON THE SI LVER MAPS

The Silver maps were commissioned by Drake. We as-
sume that he gave the cartographer directions and maybe 
a map with his route of circumnavigation. Therefore, the 
cartographer would not have needed to see the Whitehall 
map. Thus, the arrow from the Whitehall map to the Silver 
maps has been diminished going from Figure 1 to Figure 
12. The cartographer of the Silver maps was not Michael 
Mercator. Born in 1567, he was probably too young. He 
was the engraver of only the cartouche and the maker of 
only one of the silver medallions. The handwriting in the 
cartouche is different than the handwriting on the rest of 
the medal (Bahill 2022b).

The Silver maps label the landing at Mucho island (the 
Drake-Mellon map, the Broadside map, and the Hakluyt 
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text also do) and do not have the landings at Río de la 
Plata, S. Julian, Pe lima, and Sierra Leone as the French-
Drake and Dutch-Drake maps do.

The Silver maps are the only constituents of the C8 that 
removed the bulge on the coast of Chile, like the Ortelius 
1588 Typus Orbis Terrarum (Figure 9), unlike the other C8 
that shrank it and moved it to the southern tip of Chile as 
shown in Figure 10. Hence the Silver maps have minimal 
relationships with the three WHD maps.

Another unique feature is that only the Silver maps, the 
Drake-Mellon map, and the Molyneux globe label Virginia. 
The Silver maps label Terra Australis and place it far away 
from South America, so that there is plenty of room for 
the Drake Passage. Only the French-Drake, Dutch-Drake, 
Hondius Broadside, and Silver maps have this feature.

The Silver maps do not have the cartouches that (1) 
state “Since almost all think that south of this part is a 
Continent . . . ,” (2) show the Golden Hind being towed 
ceremoniously into Ternate, or (3) show the Golden Hind 
grounded on a reef near Celebes island.

These features emphasize that the Silver maps are different 
from the WHD maps. The Silver maps have greater af-
finity with the Hakluyt text and the Ortelius Typus Orbis 
Terrarum map. We conclude that the cartographer of the 
Silver maps received his information from Drake himself, 
whereas the cartographers for the Whitehall-derived maps 
received their information from the Whitehall map.

14. This map has an additional inset in the upper-left corner labeled “Portus Novae Albionis” that describes the place where Drake spent five weeks in the summer 
of 1579. However, this is not useful for us, because in 1700 AD the magnitude 9 Cascadia Earthquake and its resulting 40 foot (12 m) tsunami wave resculpted 
the Pacific northwest coast (Schulz 2015; Williams, Marken, and Peterson 2017). Therefore, the bay shown in the inset in the upper-left corner of the map and the 
place where Drake spent those five weeks, if it still exists, would be completely unrecognizable today.

FEATURES OF THE MOLYNEUX GLOBE

The Molyneux Globe 1592 has the routes of circumnavi-
gation of both Sir Francis Drake 1577–80 and Sir Thomas 
Cavendish 1586–88. The Molyneux globe has the distinc-
tive bulge at the southern tip of Chile (Wallis 1984, 152).

UNIQUE FEATURES ON THE HONDIUS 
BROADSIDE MAP

The Jodocius Hondius 1595 map, Vera Totius Exbitionis 
Nautica, nicknamed Broadside, is similar to the Drake-
Mellon, French-Drake, and Dutch-Drake maps, with re-
spect to Drake’s route of circumnavigation and the car-
touches at the bottom of the maps.14 Its major difference 
is that it uses the Mercator double-hemisphere equatori-
al stereographic projection instead of an equirectangular. 
However, numbers along the equator indicating longitude 
in the western hemisphere are all ten degrees too large. 
This map is 56 cm wide and 41 cm high.

FEATURES ON THE DE BRY MAP

The 1599 De Bry map is a copy of the 1595 Hondius 
Broadside map, except that it has no cartouches or grati-
cule. The De Bry map has the distinctive small bulge on 
the southern coast of Chile. Although it is not as distinc-
tive as the other C9 maps, it does complete the collection 
of sixteenth-century maps with Drake’s route of circum-
navigation. There are many copies of this map in varied 
sizes. The map on the front cover of his book is about 23 
cm wide and 12 cm high.

W H O  CO P I E D  FR O M  W H O M?
One of our not-very-speculative conclusions is 
that the Dutch-Drake map was copied from the French-
Drake map. This is also the conclusion of Shirley (1983) 
and of many others. The Dutch-Drake map was made in a 
later year by a mapmaker different than the one that made 
the French-Drake map. The general route of Drake’s cir-
cumnavigation is the same on both maps. However, the 
Dutch-Drake map has many additional toponyms that 
are not on the French-Drake map, such as California, 
Guatemala, Nicaragua, and Saint Helena; no toponyms 

from the French-Drake map were removed. Secondly, 
the Dutch-Drake map more accurately depicts the shapes 
of the Black Sea, the Mediterranean Sea, Madagascar, 
Newfoundland, and all lands north of the Arctic Circle. 
As expected, new knowledge made the copy more correct 
than the original. Third, the handwriting in the cartouches 
is different between the two maps. The original and the 
copy were engraved by different hands. Figure 1 shows the 
Drake-Mellon and French-Drake maps being derived from 
the Whitehall map and the Dutch-Drake map being derived 
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from the French-Drake map. There is no evidence that the 
creator of the Dutch-Drake map used any information di-
rectly from the Drake-Mellon map or the Whitehall map.

Our second conclusion about copying is that the French-
Drake map was not copied from the Drake-Mellon map. 
One piece of evidence for this is the shapes of the Amazon 
River. Between 1545 and 1600, most maps that included 
South America represented the Amazon River as a giant 
snake, as in Figures 2, 3, 9, and 10 (Bahill and Gitzen 
2021). The Drake-Mellon map has this feature, but the 
French-Drake map does not. Drake’s maximum northern 
latitude is 39° on the Drake-Mellon map and 45° on the 
French-Drake map. This was a key point that was widely 
discussed, as it would help determine how much land the 
English could claim from the Spanish along the Pacific 
coast of North America. On the Drake-Mellon map, the 
shape of Madagascar is correctly shown as one large island, 

whereas the French-Drake map shows it as many small is-
lands near the coast of Africia. The Drake-Mellon map la-
beled three regions in North America, namely California, 
Florida and Virgina. If the cartographer of the French-
Drake map had seen this he surely could have remembered 
them and put them on his map. These two maps were both 
disclosed in 1589, so there was not enough time for either 
to copy from the other. Finally, the Drake-Mellon map is 
a manuscript map: we speculate that it was hidden in the 
privy chamber of the Queen’s palace to shield it from the 
prying eyes of the despicable Spanish.

The purpose of these last two sections has been to show 
the relationships between the C9. These relationships were 
applied to Figure 1 to produce Figure 12. No one fact is 
responsible for any one arrow, but taken together, all of 
these facts constitute evidence for the arrows. The next 
section will derive the dates shown in Figure 12.

DAT I N G  T H E  C 9  M A P S
Our earliest disclosure dates are usually a 
year after the event that precipitated them. For example, 
Queen Elizabeth’s ban on disclosing details of Drake’s 
circumnavigation ended in August of 1588. It is unlikely 
that some cartographer had a map all ready to go when the 
ban on disclosure evaporated, so that they could quickly 
release it in the last months of 1588. Therefore, our earliest 
dates of disclosure are 1589.

Furthermore, we think that it would take around a year to 
learn a new map projection, engrave a new map or set of 
dies, and then publish the map or stamp the medallions. 
For example, the Mercator double-hemisphere equatorial 
stereographic map projection was first published in 1587 
by Rumold Mercator. So, maps that used this projection 
were certainly made years after 1587. Indeed, the first maps 
adopting this map projection were the 1589 Silver maps 
and the Plancius 1590 map. Similarly, the name Virginia 
originated in 1584, but it did not appear on a known map 
until the 1587 Hakluyt-Martyr map (Hakluyt 1587, 19).

The purpose of this section is to present evidence for the 
years of disclosure given in Figure 12. For maps that were 
printed, this would be the year of publication, if this were 
known. For one-of-a-kind objects, like the Whitehall map, 
the Drake-Mellon map, or the Molyneux globe, this would 
be the year the creator gave the object to its recipient or 

made it open for public view. Thus, these would be the 
years that:

•	 The Whitehall manuscript map was presented to 
Queen Elizabeth.

•	 The Drake-Mellon manuscript map was drawn.

•	 The Silver maps were stamped into silver disks.

•	 The Richard Hakluyt text was published.

•	 The French-Drake maps were printed.

•	 The Dutch-Drake maps were printed.

•	 The Emery Molyneux Petworth House Globe was 
unveiled.

•	 The Jodocius Hondius Broadside map was published.

•	 The Theodor de Bry map was published.

This section breaches our general principle of using only 
information printed on maps.

GENERAL CONSIDERATIONS

Extinction of the Ban on Disclosure

Drake’s route of circumnavigation was kept secret for over 
eight years. Queen Elizabeth wanted to keep all of Drake’s 
discoveries secret from the Spanish, whom she loathed. 
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Therefore, in 1580, she forbade Drake’s crew from reveal-
ing any of these state secrets under pain of death.

Here is a review of the extinction of the Queen’s ban. 
“Drake had been given express orders that ‘none shall 
make any charts or descriptions of the said voyage,’ a pro-
hibition of publication that was to remain in force until 
1588” (Harley 1988, 61). “Secrecy about the Drake voyage 
was kept through the decade. When the new edition of 
Holinshed’s Chronicles was published in 1587, it was im-
mediately recalled and censored” (Kelsey 1990, 448). “A 
further prohibition of any publication giving details of 
the route and reports of the discoveries appears to have 
been in force until at least 1588” (Wallis 1984, 136). In 
1589 four important descriptions of Drake’s route of cir-
cumnavigation were published (Toppin 2013), namely: (1) 
Vera descriptio expeditionis nauticae Francisci Draci Angli, 
colloquially called the Drake-Mellon map; (2) Richard 
Hakluyt, “The famous voyage of Sir Francis Drake. . .” 
in The Principall navigations, voiages and discoveries of the 
English nation, (text only, no map); (3) the Silver maps; 
and (4) the French-Drake, La Herdike Enterprinse Faict Par 
Le Signeur Draeck D’Avoir Cirquit Toute La Terre. Because 
of Queen Elizabeth’s ban on disclosing information, we 
think that all of the Whitehall map derivatives were first 
disclosed in 1589.

In August of 1588, the English navy and a fierce storm in 
the North Sea destroyed almost all of the Spanish ships, 
sailors, and soldiers of the Armada. After this calamity 
for her enemies, the Queen no longer feared the Spanish, 
and thus her ban on disclosing details of Drake’s circum-
navigation faded away. Thomas Cavendish completed the 
third circumnavigation of the world just a month after the 
defeat of the Spanish Armada and his maps and journals 
were not subjected to the secrecy that Drake’s were.

If the French-Drake and the Dutch-Drake maps were 
printed on the European continent, then they may have 
escaped the Queen’s ban on divulging information. But 
then, how did the cartographers get their information? 
The Queen’s ban seems to have been highly effective for 
eight years: there were no documented leaks.

The prohibition of disclosing information about Drake’s 
circumnavigation is our strongest evidence for dating all of 
the C8 as after 1588. In the following paragraphs, we will 
abbreviate this as “QueensBanEnded1588.”

Bulge on the Coast of Chile

Our policy is that we try to only use information con-
tained in maps. We prefer not to rely on (1) historical 
texts, (2) family, friendship, and religious relationships, 
(3) geographical location of the cartographers, or (4) pres-
ent-day human biases, speculation, and mistranslations. In 
this subsection, we will break with this policy and offer 
speculation based on historical texts.

Maps of South America were becoming common in the 
first half of the sixteenth century. However, in the mid-
dle of the sixteenth century, on the west coast of Chile, 
cartographers introduced a large bulge, a bulge three 
times the size of Chile itself. These are probably the maps 
that Drake had with him when he rounded the bottom 
of South America. He started following these maps, but 
their inaccuracy, along with severe weather, left him wan-
dering the South Pacific. He was angry with the cartogra-
phers who provided such lousy maps. On his voyage home 
he and his cousin John made some good world maps that 
included the South and North American Pacific Ocean 
coasts. When he returned to England, he gave an ac-
curate world map to Queen Elizabeth. She loved it, but 
she did not want the dirty-rotten Spanish scoundrels to 
profit from knowledge about Drake’s voyage. So, she for-
bade Drake’s crew from disclosing any details. It worked. 
Everyone kept silent.

About eight years later, after the English navy and a 
horrendous storm demolished the Spanish Armada, the 
Queen stopped fearing the Spanish and her ban on dis-
closing details of Drake’s circumnavigation faded away. 
During those eight years, many cartographers evident-
ly began to doubt the existence of the great bulge on the 
coast of Chile.

Ortelius had been updating his Typus Orbis Terrarum map 
annually for twenty years. Suddenly, in 1588, he dramati-
cally removed the bulge on the coast of Chile on his Typus 
Orbis Terrarum and two other maps. What followed was a 
mad scramble by other cartographers to publish their maps 
without this bulge. A large group of cartographers simply 
chopped off the bulge, as shown in Figure 9. However, the 
C8 (without the Silver maps) shrank it and moved it down 
a thousand miles (sixteen hundred km) to the southern tip 
of Chile (see Figure 10).
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Cartographers who had seen the Whitehall map or had 
heard Drake’s complaints had a head start on fixing the 
bulge on their maps. This likely applies to Ortelius, Drake-
Mellon, French-Drake, the Silver maps, the Hakluyt text, 
and Hondius. They may have even secretly started revis-
ing their maps earlier. Thus, they were able to get their 
maps out in 1588–90. For those who did not see the 
Whitehall map, it took longer for them to get their maps 
published. However, we date all of the C8 as after 1588. 
In the following paragraphs, we will abbreviate this as 
“ChileBulgeRemoved1588.”

Equirectangular Map Projection

The equirectangular map projection was used almost ex-
clusively by European cartographers in the fourteenth and 
fifteenth centuries. All three of the Whitehall-derived 
maps (the Drake-Mellon, French-Drake, and Dutch-Drake) 
used this projection, which by the late sixteenth century 

had become antiquated and uncommon. For maps pub-
lished in Shirley (1983) between 1587 and 1607, less than 
ten percent used an equirectangular map projection; be-
tween 1620 and 1650, none did. These WHD maps were 
likely some of the last equirectangular maps made in the 
sixteenth century.

Mercator Double-hemisphere Equatorial 
Stereographic Map Projection

The 1589 Silver maps, the 1590 and 1595 Jodocius 
Hondius Broadside map, the Plancius 1590 map, and the 
1599 Theodor de Bry map used a Mercator double-hemi-
sphere equatorial stereographic projection. This map pro-
jection was developed by Rumold Mercator and was first 
published in 1587. This fixes the earliest creation year for 
these three maps as 1588. This is compelling evidence for 
dating these maps. In the following paragraphs, we will 
abbreviate this as “MapProjectionInvented1587.”

The Nile River

The three WHD maps in Figures 2, 4, and 5 use the 
Ptolemaic model for the Nile River system. This model 
originated with Ptolemy in the second century CE, and 
began to spread to European maps once his Geographica 
was translated into Latin in the late f ifteenth century. 
In the basic model there are four (or possibly two) lakes 
around 10° S latitude. Their inputs come from a range 
of mountains to the south known as the Montes Lunae 
or Mountains of the Moon. The outputs of these lakes 
feed the White Nile going north, which merges with the 
Blue Nile to form the Nile River that flows north to the 
Mediterranean Sea. From the late fifteenth century, this 
model remained the standard up through the mid nine-
teenth century.

The 1501–02 Kunstmann III map (Figure 11) was a wa-
tershed in African cartography (McIntosh and Gaspar 
2021). It was the first sixteenth-century map with this 
model of the Nile River, though not the first map to show 
the sources of the Nile in the Mountains of the Moon. 
The contemporary world maps of Cantino 1502 and Juan 
de la Cosa 1500 do not have use the Ptolemaic model 
for the Nile River, though Waldseemüller 1507 and 
later sixteenth-century maps do (Van Duzer 2020). The 
Kunstmann III is also the first of the portolan latitude 
maps. It has a scale of latitude and a rudimentary scale of 
longitude, as shown in Figure 11. The Kunstmann III map 
is the predecessor for sixteenth-century maps of Africa.

Figure 11. The Kunstmann III 1501–02 map. See also McIntosh and 
Gaspar (2021, 164). This is an equirectangular latitude chart. It 
has a latitude scale on the upper-left side. Numerous toponyms 
arranged perpendicular to the coasts, rhumb lines emanating 
from the compass/wind roses, and the red circle through them 
emphasize the map’s portolan chart roots. However, the large 
amount of inland detail and the latitude scale belie its portolan 
chart origins.

https://sanderusmaps.com/our-catalogue/antique-maps/world-and-polar-regions/antique-map-of-ptolemaic-world-by-ptolemy-20921
https://www.raremaps.com/gallery/detail/66577/early-photographic-facsimile-of-kunstmann-iii-anonymous
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The Amazon River

Between 1545 and 1600, most maps that included South 
America represented the Amazon River shaped as a giant 
snake, as in Figures 2, 3, 9, and 10 (Bahill and Gitzen, 
2021). The f irst exploration of the Amazon River by 
Europeans occurred in 1541–42. For the next 60 years, 
few Europeans explored the Amazon, so the informa-
tion about it remained static. Then around the turn of 
the seventeenth century, many explorers and proselytizers 
traversed South America. Knowledge about the shape of 
the Amazon River became better. This new knowledge in-
stigated the creation of better models with straight lines 
rather than snake-like undulations. Of our three WHD 
maps, only the Drake-Mellon map has this snake-like river 
model. The Broadside map does not have the Amazon 
River at all. Strangely, the French-Drake and Dutch-Drake 
maps represent the Amazon as a straight, wide river: this 
suggests that they were made later.

Virginia

In the sixteenth century, Virginia referred to the east 
coast region of North America not occupied by Spain or 
France, roughly present-day North Carolina. In 1584, 
Sir Walter Raleigh sycophantically suggested the name 
Virginia for this region in honor of Queen Elizabeth, 
who was known as the Virgin Queen. Later in that same 
year, Arthur Barlowe, in “The First Voyage to Roanoke” 
(Hakluyt 1589), lavishly described “the country now called 
Virginia.” The next year Raleigh established a colony on 
Roanoke Island in this region.

The earliest use of this name on a map was likely in 
Hakluyt’s publication of Peter Martyr’s De Novo Orbe on a 
map dated 1587 (Hakluyt 1587; Verner 1950).15 The Drake-
Mellon map, the Silver maps, and the Molyneux globe have 
the label “Virginia” (or “Virginea”). Therefore, they were 
probably made after 1587. In the following paragraphs, we 
will abbreviate this as “NameVirginaUsed1587.”

DATING THE WHITEHALL MAP

Drake returned to England in September 1580. In his first 
meeting with Queen Elizabeth, Drake presented her with 
a large map. There is no doubt about when Drake gave the 

15.  This map is titled Novis Orbis. It is signed F. G. S. and is dated 1587. It is contained in Hakluyt’s revised edition of Peter Martyr’s De Novo Orbe which was 
published in Latin in Paris in 1587. Two 1889 copies of the original 1587 map are available online, one in the David Rumsey Map Collection at (www.davidrum-
sey.com/luna/servlet/s/98740o) and one at the Art Institute of Chicago (www.artic.edu/artworks/152508/novus-orbis).

Whitehall map to Queen Elizabeth. Thus, we assign it a 
year of disclosure of 1580.

DATING THE DRAKE-MELLON MAP

The Drake-Mellon map has Drake’s route of circumnaviga-
tion and his Caribbean Sea voyage of 1585–86. Therefore, 
this map must have been made after the Caribbean trip 
ended in 1586, assuming that this route was not added 
later to the finished map. Therefore, this map was certainly 
created after 1586. This map represents the Amazon River 
shaped like a giant snake; therefore, it was surely made be-
fore 1600.

For the above reasons and because of the factors of the 
QueensBanEnded1588, the ChileBulgeRemoved1588, 
and the NameVirginaUsed1587, we date the Drake-Mellon 
map as 1589.

DATING THE DRAKE SI LVER MAPS

There are nine known existing medallions with the Drake 
Silver map. The Library of Congress has two of them 
and gives the location of the others (Kraus 2022b, item 
58). One of these has a cartouche on the old-world side 
that reads “Micha Merci: fiat extat Londi: prop tempt ũ 
Gallo: Ano 1589.” We translate this as “Made in London 
by Michael Mercator . . . 1589 CE.” Therefore, there is 
no controversy about when this particular medallion was 
made. Because this cartouche was engraved on the die, 
this has to be the last of the known medallions made with 
this die (Christy 1900). The others were made before it, as 
they feature no cartouche, which is the only known differ-
ence between the nine existing medallions. We date the 
Silver maps as 1589.

There are other points in favor of this year. These medal-
lions used the Mercator double-hemisphere equatorial ste-
reographic map projection that was first published in 1587 
by Rumold Mercator. So, they were certainly made after 
1587 (Bahill 2022b). This is our strongest point.

Probably sometime after the destruction of the Spanish 
Armada in 1588, Drake commissioned these remarkable 
silver medallions with his route of circumnavigation en-
graved upon it. We think that it would certainly take more 

https://www.davidrumsey.com/luna/servlet/s/98740o
https://www.davidrumsey.com/luna/servlet/s/98740o
https://www.artic.edu/artworks/152508/novus-orbis
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than a quarter of a year to engrave a set of dies and stamp 
medallions.16 Therefore, this further supports the notion 
that the earliest year of disclosure should be 1589.

For the above reasons but most ly  because the 
QueensBanEnded1588, the ChileBulgeRemoved1588, 
the MapProjectionInvented1587, and the NameVirgina
Used1587, we think that the Drake Silver map with 
Michael Mercator’s cartouche was made in 1589. The 
other Silver medallions were most likely made earlier in 
that same year.

DATING THE HAKLUYT TEXT

A thousand copies of Richard Hakluyt’s The Principall 
navigations, voiages and discoveries of the English nation, 
were printed in London in 1589. A hundred dated copies 
are still in existence. Therefore, there is little doubt about 
the year of publication. This assumes that the twelve-page 
unnumbered section entitled “The famous voyage of Sir 
Francis Drake into the South Sea, and there hence about 
the whole Globe of the Earth, begun in the year of our 
Lord, 1577” was inserted in the original printing of the 
book and not in a later printing that surreptitiously kept the 
original publication year.17 There is no reason to doubt that 
Hakluyt’s text was published in 1589 and that the insert 
was published with it (Hakluyt 1589, between 643–644). 
For these reasons and because the QueensBanEnded1588 
and the ChileBulgeRemoved1588, we date the Hakluyt 
text as 1589.

DATING THE FRENCH -DRAKE MAP

In the upper-left cartouche, this map calls Drake a Knight 
(Chevalier), so this map must have been printed after 
Queen Elizabeth knighted him in 1581.

Drake was born around 1541 (see footnote 1). The French-
Drake map has a portrait of Drake in an oval frame stating 
that he was 42 years old when the portrait was painted. 
The original portrait, from which the image on the map 

16.  Unless the cartographer was Rumold Mercator, who had already engraved the plates for his Orbis Terrae Compendiosa Descriptio map using his Mercator dou-
ble-hemisphere equatorial stereographic map projection.

17.  We assume that Hakluyt collected the 800-plus pages that he wanted in his book. He arranged them in sequence and numbered the pages. Then after the 
defeat of the Spanish Armada, he added the twelve unnumbered pages in between the pages numbered 643 and 644. These are images 661 and 674 in the Library 
of Congress copy, and images 684 and 697 in the Hathitrust copy.

18.  Translation usually refers to translations of the text of an atlas not of text on the maps. In an atlas a single map might have up to a dozen pages of text associated 
with it. The translation would be of the text pages and perhaps the text on the verso side of the maps. They probably did not change the maps or the words on them.

came, had to be painted before the map was printed. 
Therefore, this map must have been printed after 1583.

Wagner (1926, 427–434) dates this map as 1641 because 
five of the six French-Drake maps that he examined were 
bound in 1641 French translations18 of “The famous voy-
age of Sir Francis Drake. . ..” However, this does not pre-
clude the possibility of an earlier publication. The French-
Drake map treats California as a peninsula, not as an 
island. Sixty percent of the maps made between 1625 and 
1650 that are in Shirley (1983) treat California as an is-
land. None of those published before 1625 do. This is a 
weak suggestion that the French-Drake map was published 
before 1625.

The French-Drake map has the statement, “A map seen and 
corrected by the aforesaid Sir Drake.” It is highly doubtful 
that his portrait and this statement were on the Whitehall 
map: it just does not fit the character of Drake (Wallis 
1984, 143). Therefore, the French-Drake map might not 
have been copied from the Whitehall map, but rather from 
some apocryphal missing copy of it (Wallis 1984, 143): 
hence the grey dashed arrow in Figure 1. Because of the 
“A map seen and corrected by the aforesaid Sir Drake” and 
the fact that Drake died in 1596 means that the French-
Drake map must have been made in 1596 or before.

For the above reasons but mostly because the QueensBan
Ended1588 and the ChileBulgeRemoved1588, we date 
the French-Drake map as 1589.

DATING THE DUTCH -DRAKE MAP

The Dutch-Drake map is a copy of the French-Drake map. 
Therefore, it must have been made after the French-
Drake map. The version in the Huntington Library is 
bound in with Bigges (1586) but Stephen Tabor, Curator 
of Rare Books, has suggested that this is a mis-binding. 
Furthermore, the Library of Congress’s version of Bigges 
has no maps. Wagner (1926, 424–426) dates the Dutch-
Drake map as after 1587.

https://memory.loc.gov/cgi-bin/ampage?collId=rbdk&fileName=d027/rbdkd027.db&recNum=661
https://memory.loc.gov/cgi-bin/ampage?collId=rbdk&fileName=d027/rbdkd027.db&recNum=661
http://babel.hathitrust.org/cgi/pt?id=aeu.ark:/13960/t20c5qh1x&view=1up&seq=685
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The Dutch-Drake map has a peninsula coming down from 
the North Pole near Russia that is labeled Nova Zembla. 
The Ortelius Typus Orbis Terrarum 1570 to 1595, R. 
Mercator 1587, Plancius 1594 Orbis Terrarum Typus . . ., 
Hondius 1597, and Van Langren 1596 maps also label 
this area but they spell it Nova Zemla. The Dutch-Drake 
map spells it Nova Zembla. Plancius and Waghenaer first 
used the Zembla spelling on maps in 1592. Therefore, 
the Dutch-Drake map was surely made after 1592. Nova 
Zembla on the Dutch-Drake map is drawn as a peninsula 
of one of the giant circumpolar islands. But in 1594 car-
tographers started correctly showing it as a discrete island 
far away from the North Pole. After 1598 almost everyone 
drew it as a discrete island. After 1603 no one showed it as 
a peninsula.

Our strongest evidence for dating the Dutch-Drake map 
as 1594 is its labeling of Nova Zembla and drawing it as 
a peninsula. It had to be after Plancius and Waghenaer 
first used the spelling Zembla on a map in 1592 and be-
fore everyone started drawing it as an independent island 
in 1598.

For the above reasons and also because the QueensBan
Ended1588 and the ChileBulgeRemoved1588, we date 
the Dutch-Drake map as 1594.

DATING THE EMERY MOLYNEUX GLOBE

The Emery Molyneux Petworth House Globe, which was 
unveiled in 1592, is displayed in the Petworth House 
(Wallis 1951). An early draft of it was shown to Queen 
Elizabeth in 1591. A copy of it, the Molyneux Middle 
Temple Globe that is kept in the Middle Temple, was print-
ed from the same plates. This revision was made public in 
1603.

DATING THE HONDIUS BROADSIDE MAP

The Jodocius Hondius map, Vera Totius Exbitionis Nautica 
(colloquially called the Broadside map) shows the circum-
navigation routes of Sir Francis Drake 1577–80 and Sir 
Thomas Cavendish 1586–88. Therefore, it had to have been 
made after 1588. The the Library of Congress, dates its 
copy as around 1595 (lccn.loc.gov/92680608). However, 
some authors (e.g., Wallis 1984, 145; Toppin 2013, 4) 
speculate that Hondius might have published some of his 
Broadside maps while he was still in England around 1590. 

Daniel Crouch Rare Books dates it from 1589 to 1595 
(crouchrarebooks.com/maps/the-drake-map).

For the above reasons and also because of the QueensBan
Ended1588, the ChileBulgeRemoved1588, and the Map
ProjectionInvented1587, we date the Hondius Broadside 
map as after 1588, with 1590 likely and 1595 a sure thing.

DATING THE DE BRY MAP

The Theodor de Bry map was on the cover of his book 
America Pars VIII, which was published in 1599: library.
princeton.edu/visual_materials/maps/websites/pacific/
drake/map-world-drake-1599.jpg.

YEAR OF DISCLOSURE

Table 4 lists the C9 along with their previously proposed 
publication years and our new years of disclosure. For 
maps that were printed, this would usually be the year of 
publication, if this were known. For one-of-a-kind ob-
jects, like the Whitehall map, Drake-Mellon map, or the 
Molyneux globe, this would be the year the creator gave 
the object to its recipient or made it open for public view.

The Whitehall map was not published. Only one copy 
of this map was made and it was presented to Queen 
Elizabeth by Francis Drake in 1580.

•	 The Drake-Mellon map was not published. It was a 
manuscript map and most likely no copies of it were 
made. It was created in 1589.

•	 The Silver maps were stamped into silver disks in 
1589.

•	 The Richard Hakluyt text was published in 1589.

•	 The French-Drake maps were first printed using 
engraved copper plates in 1589. Many copies were 
probably made.

•	 The Dutch-Drake maps were first printed using en-
graved copper plates in 1594. Many copies might have 
been made.

•	 The Emery Molyneux Petworth House Globe was un-
veiled in 1592.

•	 The Jodocius Hondius Broadside map was printed by 
1595 and probably in 1590. Many copies were proba-
bly made.

https://lccn.loc.gov/92680608
http://crouchrarebooks.com/maps/the-drake-map
https://library.princeton.edu/visual_materials/maps/websites/pacific/drake/map-world-drake-1599.jpg
https://library.princeton.edu/visual_materials/maps/websites/pacific/drake/map-world-drake-1599.jpg
https://library.princeton.edu/visual_materials/maps/websites/pacific/drake/map-world-drake-1599.jpg
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•	 The Theodor de Bry map was published in 1599.

While Table 4 lists the previous estimates of the year of 
publication of the C9, we are not in a position to specifi-
cally refute each of these. Many scholars did not give de-
tailed reasons for their speculation about creation dates. In 

any case, our fundamental guiding principle has been to 
use only the information on the maps themselves in mak-
ing our arguments. We wanted to show that research pa-
pers could be written relying only on information available 
on the Internet.

CO N T I N E N TA L  T H E O RY
So far in this paper, most statements have been 
based on the maps themselves. Now, however, in this sec-
tion we switch to speculating that the French-Drake and 
Dutch-Drake maps were made on the European conti-
nent (Wagner 1926). This would mean that they would 
not have been subjected to the Queen’s prohibition on 

revealing details of Drake’s voyage and they, therefore, 
might have been printed before her ban lapsed in 1588. 
But then, what would have been their source of informa-
tion? Such foreigners certainly would not have had access 
to the Whitehall map in the Queen’s privy chamber. Some 
authors speculate that Drake might have discussed his 

Name
Previously estimated years of 
publication

Year of disclosure determined 
in this paper

Approximate number of 
existing copies

Whitehall map 1580 Presented in 1580 0

Drake-Mellon map, Vera 
descriptio expeditionis 
nauticae . . .

1587, 1588 Drawn in 1589 1

Drake Silver maps 
1581, 1589, 1589, 1585–95, 
1580–86

Stamped in 1589 9

Richard Hakluyt, “The 
famous voyage of Sir Francis 
Drake . . .” in The Principall 
navigations . . .

1589 Published in 1589 100

French-Drake map, La 
Herdike Enterprinse . . .

1580–84,
1581, 1581, 1583, 1583, 
before 1585,
1627, 1641, 1641

Printed in 1589 7

Dutch-Drake map, La Heroike 
Interprinse . . .

1581, 1585, 1587,
after 1587,
1589,
1590

Printed in 1594 4

Emery Molyneux, Petworth 
House Globe

1592 Unveiled in 1592 2

Jodocius Hondius, Vera 
Totius Exbitionis Nautica, 
(Broadside)

1590, 1595 Printed in 1590 and 1595
2, Wallis (1984, 145) wrote 
six.

Theodor de Bry, America 
Pars VIII

1599 Published in 1599 Many

Table 4. Years of disclosure for the C9.
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findings with these foreigners, given them a text with his 
findings, or shown (or given) them a copy of the Whitehall 
map. King Philip II’s ambassador to London, Bernardino 
de Mendoza, wrote to his King on 20 April 1582 that 
Mendoza’s spy, Sir James Crofts, had seen Drake’s chart 
and discussed it with him (Wagner 1926, 89). These au-
thors offer, as supporting evidence for a leak, speculation 
that Drake gave a fancy copy of this map to his friend John 
Foxe, the Archbishop of Canterbury (Nuttall 1914, xxvii; 
357). However, John Foxe was never the Archbishop of 
Canterbury. Nuttall (1914, xlv) also cites a letter written in 
1585 by King Henry III of Navarre (soon to become King 
Henry IV of France) to Sir Francis Walsingham, where he 
“begs the Queen to command the ‘chevalier de Drac’ to 
send him the collection [of charts?] and the discourse of 

his great voyage” This means that as of 1585 King Henry 
still did not have a copy of the map. Therefore, it is not 
likely that there was a description of the Whitehall map 
that the makers of the French-Drake and Dutch-Drake 
maps used much before 1585.

Who made the information about Drake’s circumnaviga-
tion public? Drake himself was suspected of having leaked 
the information to someone. Could that someone have 
been Nicola van Sype, whoever he was? However, there 
is no evidence that the Queen was angry with Drake: he 
made her rich, she knighted him in 1581, gave him the 
commission to raid the Caribbean Sea in 1585–86, and 
made him Vice-Admiral of the f leet that destroyed the 
Spanish Armada in 1588. He was in her good graces 

Figure 12. The Continental Theory for the relationships of the sixteenth-century objects that show Drake’s route of circumnavigation. Time 
runs roughly from the top to the bottom. The red dashed line divides maps made in England from those made on the European continent. 
Black arrows show information flows. Gray arrows show suspected information flows. Dashed grey arrows show ghost connections, that 
is, connections that may or may not have existed.
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throughout the decade. Therefore, Drake was not likely to 
have leaked the information.

Putting together everything presented in this paper we 
formulate the Continental Theory shown in Figure 12.

T﻿he fact that Ortelius chopped off the Chile bulge instead 
of shrinking it and moving it down to the bottom of Chile 
suggests that he did not see the Whitehall map. Instead, 
we speculate that he heard a discussion of it. Rather than 
feed information to the C9 cartographers of Figure 12, 
he mostly got information from them. He did not have 
Drake’s route of circumnavigation on his maps. He is 
in the figure because he knew everybody and everybody 
knew his maps.

The theory that the French-Drake map was made on the 
continent, and out of the Queen’s control, creates a puz-
zle as to why it sycophantically has two icons of Queen 
Elizabeth’s coat of arms, one below South America and 
the other west of Nova Albion. These indicate the Queen’s 
right of domain or authority over these regions.

The Continental Theory also requires that the Hondius 
1590 and 1595 Broadside map be put on the dividing line 
between England and the Continent because much of its 
research and early development was done in England but 
it was finished and printed in Amsterdam.

L I M I TAT I O N S
There are limitations to using only informa-
tion on published maps in research on nautical world 
maps. In this paper, we necessarily supplemented the in-
formation found on maps with information from texts 
when the maps were insufficient. For example texts were 
used for the date and place of publication because these are 
seldom on the maps themselves. Of the C8, only the De 
Bry map is explicitly dated.

Likewise we used texts to understand Queen Elizabeth’s 
ban on disclosing details of Drake’s circumnavigation, the 
destruction of the Spanish Armada, and the Queen’s sub-
sequent ignoring of the ban; these facts were not on the 
maps.

The Whitehall Map has not been seen in five centuries. 
So, we used texts and maps to construct a textural and vi-
sual mental model of this map. We then compared this 
mental model to other maps. Secondly, some information 
was not put on maps, such as Drake’s meanderings south 
of the Strait of Magellan. To construct the route shown in 
Figure 10, we used written texts. For this reason, the route 
shown is questionable. Thirdly, the Continental Theory 
posits that the French-Drake and the Dutch-Drake maps 
were made on the continent, not in England. Such infor-
mation is not on the maps themselves.

Using only information on published maps limited our 
research to maps made by European cartographers in the 
fourteenth century and onward. In fact, the C9 were all 

made by sixteenth-century English and probably French 
and Dutch cartographers. We used no maps by Spanish, 
Portuguese, Italian, or Chinese cartographers.

We did not use manuscript maps because their dates can-
not be ascertained with certainty. A manuscript map is a 
one-of-a-kind, hand-drawn map that was not mass-pro-
duced or published. Material can be added to an unpub-
lished manuscript map at any later date. This is why our 
policy is to not use unpublished maps. Our only exception 
is the Drake-Mellon manuscript map.

We strove to have at least two sources for every fact that 
we presented. Often this meant using information from 
texts rather than from maps for our second source. The ex-
planation of the galleon icons along Drake’s route on the 
WHD maps fell into this category.

Finally, using only information on maps, we cannot get the 
opinions and feelings of people such as Queen Elizabeth. 
On the other hand, our database, at sysengr.engr.arizona.
edu/URLsForSixteenthCenturyMaps.xlsx, makes ex-
tensive use of historical texts. It has a different purpose 
and a different result.

LESSONS LEARNED

We found three things that were particularly hard to do 
when looking only at maps. First, unless the date was 
written on the map, it was difficult to determine the date 

http://sysengr.engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx.%20
http://sysengr.engr.arizona.edu/URLsForSixteenthCenturyMaps.xlsx.%20
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of disclosure. We think our dates, necessarily derived from 
information external to the map content, are correct to 
within plus or minus one year. Second, we found that it is 
difficult to translate from one language to another, espe-
cially for text that is five centuries old. Synonyms and ar-
chaic grammar can make each translation different. There 
is no one correct translation—a fact which is true even 
when converting between present day texts. Finally, it was 

hard to determine which map projection the cartographer 
used, unless he told us, which they never did.

One of the main purposes of this paper is to introduce a 
new genre of research papers about sixteenth-century nau-
tical charts. With the exceptions listed above, these papers 
are based only on material contained on sixteenth-century 
nautical maps and charts and not modern interpretations 
of them.

D I S C U S S I O N
We will now list milestones in the study of 
world maps. In the second century CE, Ptolemy wrote 
his books and created his world maps. A researcher could 
consult these on a quick trip to Alexandria. A millennium 
later, in the fourteenth century, the creation of portolan 
charts revolutionized the appearance and content of large-
scale maps. A century later, Ptolemy’s book Geographica 
was translated from Greek to Latin and then into other 
common languages. This revolutionized the world’s view 
of the world. Also, in the fifteenth century, Gutenberg’s 
invention of the moveable-type printing press greatly ac-
celerated the printing of books and maps. Although wood-
block printing had been used for a millennium in China it 
was first used in Europe for printing maps in the fifteenth 
century. Woodblock printing allowed multiple copies of 
maps to be made cheaply. The sixteenth-century invention 
of copperplate engraving allowed fine detail on multiple 
copies. This leads us up to the late sixteenth century and 
the events of this paper.

In 1570 Ortelius invented the atlas, which was a collection 
of maps with extensive text discussing those maps. The 
maps and text were arranged geographically, not chrono-
logically. Atlases allowed a researcher to study scores of 
maps in one setting.

In the sixteenth century, for expansion and political con-
trol, many countries closely guarded their maps. The 
Spanish kept them in the Padrón Real. The Portuguese 
kept them in the Padrão Real. And the English kept them 
in the privy chamber in the Queen’s palace. These were 
usually manuscript maps: meaning only one hand-made 
copy was produced. They contained the best geographi-
cal knowledge at the time. But only the crown and the 
trading companies could benefit from this valuable secret 
intelligence. Publicly accessible printed maps lacked detail 

and accuracy. Crown officials were the most common pa-
trons of cartographers. Therefore, these public maps were 
laden with political and ideological messages. To get cor-
rect geographic information, cartographers had to com-
pare several maps and filter out the propaganda.

From the seventeenth to the twentieth century research 
like that exhibited in this paper was done by researchers 
who visited libraries and other repositories of maps and 
charts. The researcher would spend days or weeks extract-
ing all the knowledge he could and then he moved on to 
another repository.

In the twentieth century books about nautical maps ap-
peared. They often gave great detail for one or a few maps. 
Atlases such as Shirley (1983) displayed hundreds of maps 
from a given period of time. And dozens of professional 
research journals published research papers about maps. 
In the last decades of the twentieth century the Internet 
evolved. Specific libraries opened their collections to on-
line browsers, these libraries included those at the British 
Museum, Bibliothèque nationale de France (BnF), the 
Library of Congress, Brown University, Yale University, 
and Stanford University. This is the era in which this paper 
was researched and written.

This is also the era where authors tried to interpret maps as 
vehicles for the exercise of power and to effect social-po-
litical ends. They tried to analyze what the cartographers 
were thinking or what their motives were. Such specula-
tion introduced intentional and unintentional human bi-
ases (Smith et al. 2007). We strictly avoided such papers. 
We shunned them like the plague.

T﻿his paper is an experiment. We wanted to show that re-
search papers like this could be written based solely on 
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information shown on charts and maps that are freely 
available via the Internet.

After we wrote this paper, we discovered the David 
Rumsey Map Center at Stanford University www.da-
vidrumsey.com/luna/servlet/s/3aq715. It is the perfect 
solution for our problem. It contains over 125,000 maps 
and related images dating from the sixteenth to the twen-
ty-first century. This online digital database was designed 
so that it could be read by anyone, anywhere. Rumsey said 
that he wanted to provide “open access to all art . . . free-
ly available via the Internet (Hessler 2023).” The David 
Rumsey Map Collection “. . . allows searching maps by 
toponyms and text on the maps (Hessler 2023).” This da-
tabase should offer a whole new genre for researching six-
teenth-century nautical maps.

Present artificial intelligence (AI) systems are built upon 
huge libraries of text and digital data. Soon they will store 
maps. Using AI systems may soon be the first step in a 
preliminary literature review for a new study. Is this then 
the future of cartographic research? No. Not yet. While 
AI is becoming useful, these systems are built not so much 
with a mind toward collecting quality literature as collect-
ing as vast a quantity of text as possible. These documents 
are not corrected for factual and grammatical errors. These 
systems lack validation. They are inherently racially biased 
because, for example, Black writers have historically not 
contributed the same quantity of classical English litera-
ture as white writers have.

At present you must already have maps to evaluate the 
opinions of an AI system. If you already know the an-
swer to a question, then it is acceptable to ask an AI sys-
tem the question. For then you will be able to tell when it 
has made a mistake. But, if you do not know the answer 
beforehand, then you had better not trust an AI system. 
They lack validation. An AI system does not know what it 
does not know.

Now, to conclude this section, was our novel experiment 
a success? We wanted to show that research papers like 
this could be written based solely on information shown 
on charts and maps that are currently available via the 
Internet. We think that we were successful, except that 
there were certain specific facts that we had to gather from 
texts.

We suggest that other authors adopt this unique approach. 
It eliminates intentional and unintentional human biases 
introduced by recent authors who tried to interpret maps 
as vehicles to exercise power and affect social-political 
ends, authors who tried to analyze what the cartographers 
were thinking or guess what their motives were.

Our approach was revolutionary for its time. However, 
it should become common now that the David Rumsey 
Map Center at Stanford University has greatly increased 
the power of using the internet. Furthermore, AI develop-
ers might invent methods for validating their systems and 
then they might contain the necessary power to further 
develop studies of sixteenth century nautical maps.

S U M M A RY
From 1577 to 1580, Captain Francis Drake and 
his men circumnavigated the world in the Golden Hind. 
When he returned to England, he presented Queen 
Elizabeth with a map containing the route of his journey. 
She hung it on a wall of her Whitehall palace. Thus, it 
is called the Whitehall map. But, because she feared and 
loathed the Spanish, she did not want them to learn any-
thing about Drake’s voyage. Therefore, she forbade her 
subjects from disclosing any details under pain of death. 
Finally, after about eight years, after the defeat of the 
Spanish Armada and thus the Spanish threat to England, 
the ban faded away. T﻿hen (i.e., from 1588) a series of maps, 
texts, and globes were made showing Drake’s route, which 
are described in this paper:

•	 Whitehall 1580 map,

•	 Drake-Mellon 1589 map, Vera descriptio expeditionis 
nauticae . . .,

•	 Silver 1589 maps, stamped into silver medallions,

•	 Richard Hakluyt 1589 text, “The famous voyage of 
Sir Francis Drake . . .”

•	 French-Drake 1589 map, La Herdike Enterprinse . . .,

•	 Dutch-Drake 1594 map, La Heroike Interprinse . . .,

•	 Emery Molyneux 1592 Petworth House Globe,

•	 Jodocius Hondius 1590 and 1595 map, Vera Totius 
Exbitionis Nautica, (Broadside), and

https://www.davidrumsey.com/luna/servlet/s/3aq715
https://www.davidrumsey.com/luna/servlet/s/3aq715
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•	 Theodor de Bry 1599 map, America Pars VIII.

These nine artifacts are called the C9. The C9 without the 
Whitehall map are called the C8.

Using the C8 and the Purchas first-hand textual descrip-
tion, we have surmised what the Whitehall map must have 
looked like. It would have

•	 shown Drake’s route of circumnavigation;

•	 contained several cartouches with text and drawings 
of the Golden Hind;

•	 displayed a statement in Latin relayed by Purchas, 
which translates as, “Since almost all think that south 
of this part is a continent . . .”;

•	 revealed that there was not a continent south of the 
Magellan Straits, but, rather, there were many islands;

•	 featured the name Elizabeth in gold letters, and con-
tained Queen Elizabeth’s coat of arms encircled with 
a garter belt and topped with a crown;

•	 included galleon icons showing the number of major 
ships in Drake’s fleet at that location;

•	 been rectangular with a landscape orientation;

•	 used an equirectangular map projection, centered on 
the equator;

•	 incorporated a prominent equator and a linearly num-
bered central meridian consistent with an equirectan-
gular map projection;

•	 displayed an immense Rio de la Plata;

•	 indicated that Drake had reached 55° to 57° S lati-
tude, southeast of the western mouth of the Strait of 
Magellan;

•	 had a small protrusion on the coast of Chile around 
49° S latitude and no large bulge north of it;

•	 allowed room for the Drake Passage below Terra del 
Fuego;

•	 showed the Pacific coast of North America; and

•	 been written entirely in Latin.

The Drake-Mellon, French-Drake, and Dutch-Drake maps 
also had all of these features, except for the language. The 
Whitehall map might have been hand-drawn or Drake’s 
route and important toponyms could have been drawn on 
a previously printed, copper plate engraved map.

The strongest evidence for concluding that the Drake-
Mellon map 1589, the French-Drake map 1589, the 
Dutch-Drake map 1594, and the Hondius 1590 and 1595 
Broadside maps were derived from the Whitehall map, is 
the similarity of the content of the cartouches. In particu-
lar, their bottom center cartouches that state:

Since almost everyone thinks that south of the 
strait [of Magellan] is a Continent, let them know 
for certain that these are islands that are passable 
by sailors, and that the southernmost of them is 
named ELIZABETH by its discoverer Francis 
the Dragon.

Drake’s navigation was a magnificent feat. But he could 
not brag about it because the Queen forbade Drake and 
his crew from disclosing any details, due to rivalry with 
the Spanish. Finally, eight years later, after the defeat of 
the Armada, she relented. In late 1588, we conjecture that 
Drake commissioned a fantastic silver medallion with his 
route of circumnavigation engraved upon it. The result 
was the nine extant Drake Silver medallions and probably 
many others. At about this same time the Drake-Mellon 
map, Hakluyt’s book, and the French-Drake map appeared 
showing Drake’s route of circumnavigation. The Queen’s 
secret was no secret anymore.

Most nautical world maps published between 1561 and 
1588 have an enormous bulge on the western coast of 
Chile as shown in Figure 9 (left) (Bahill 2022a). This mis-
take in the coastline of Chile seems to have caused Drake 
difficulty in navigating around Cape Horn. After he re-
turned to England cartographers were probably impatient 
to correct this error, but for eight years the Queen’s edict of 
secrecy prevented them from doing so. After the English 
defeated the Spanish Armada and her shroud of secrecy 
dissolved, there was a flurry of activity to change the coast 
of Chile on maps. One group led by Ortelius simply omit-
ted the bulge. A second group, including our C9 (except 
for the Silver maps), shrunk it and moved it down to the 
southern tip of Chile. As noted earlier, a third group, the 
outsiders who did not get the word, continued with the 
bulge all the way up to 1600.

The 1589 Silver maps, the 1590 and 1595 Jodocius 
Hondius Broadside map, and the 1599 Theodor de Bry 
map used a Mercator double-hemisphere equatorial ste-
reographic projection, developed by Rumold Mercator and 
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first published in 1587. This fixes the earliest reasonable 
year of disclosure for these three maps as 1589.

The strongest evidence for the years of disclosure of the 
C8 is the use of the Mercator double-hemisphere equato-
rial stereographic projection starting in 1589 and the de-
struction of the Spanish Armada in 1588 causing the de-
mise of Queen Elizabeth’s ban on disclosing Drake’s route 
of circumnavigation.

In the sixteenth century, Sir Francis Drake circumnavi-
gated the world. When he returned to England in 1580, 
he presented a map containing the route of his journey 

to Queen Elizabeth. The Queen forbade publication of 
details of his journey with an edict that lasted for eight 
years. Thereafter, the C8 were published in a narrow time 
window, in the last decade of the sixteenth century. They 
were, plus the Whitehall map, the only sixteenth-century 
maps (etc.) to show Drake’s route of circumnavigation of 
the world. They were also the only maps to reduce the size 
of the bulge on the coast of Chile and move it a thou-
sand miles down the coast. No other maps did this. In this 
paper we have revealed the intricate set of relationships 
between each of these artifacts. The C8 is a remarkable 
collection of maps, representing a remarkable journey.
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This article explores a little-known archive of historical aerial photographs curated by the General Directorate of Mapping 
of the Republic of Türkiye’s Ministry of Defense and discusses the historical context of their production by US Navy aerial 
photography squadrons in the 1950s. While the images themselves enable a technical analysis of the method of their collec-
tion, contemporary military manuals, domain-specific magazines and newsletters, and eyewitness accounts of how sim-
ilar photographs were captured fill out the contexts of their production for cartographic purposes, with information about 
the aircraft involved, their cameras and camera configurations, and mission characteristics. Continuing sections situate 
the aerial surveys within the framework of US-led initiatives in mapping NATO territories following World War II. As 
one example of what must have been many special mapping agreements made between NATO countries at this time, the 
US cartographic surveys over Türkiye discussed here are an expression of postwar realignments of global power, put to the 
purposes of containment-based security preparations and infrastructure development, and neatly intertwining American 
military and commercial interests early in the Cold War.

K E Y W O R D S :  historical aerial photographs; cartographic production; US Navy; Türkiye; NATO; Cold War

I N T R O D U C T I O N
When Koç University’s Research Center for 
Anatolian Civilizations (ANAMED) embarked on the 
development of a project aiming to provide a resource for 
the study of past Anatolian landscapes, it inadvertent-
ly came across a little-known archive of historical aerial 
photographs. Collected for cartographic purposes, these 
images engage with topics including United States–led 
NATO security concerns, the Cold War Americanization 
of global geography, and the convergence of cartograph-
ic and commercial imperialism within US-led exploration 
and infrastructure development in the light of post-World 
War II realignments of global power. These realizations 
were not clear at the time, of course, when ANAMED’s 
primary interests included exploring the analytical poten-
tial of sets of archival aerial images covering the entirety 
of Türkiye (Hong and Roosevelt 2023). A broad inquiry 
had been made to the General Directorate of Mapping, 
part of the Republic of Türkiye’s Ministry of National 
Defense, concerning the availability of stereoscopic sets of 
historical aerial photographs that had continuous coverage 

of the country. The earliest dataset that met these criteria 
was from the 1950s, and the first partial-coverage orders 
were placed. Delivery of scanned images was accompanied 
by minimal metadata, including—among other baseline 
information—reference to it as the “Amerikan” collection. 
As initial processing and study of the dataset progressed, 
it quickly became apparent that this American collection 
of aerial photographs derived from an otherwise secretive 
cooperation between Türkiye and the US throughout the 
mid-1950s that involved a little-celebrated yet incredibly 
productive cartographic squadron of the US Navy.

Similar collections of twentieth-century aerial images 
have been discussed with varying cartographic approaches 
in mind. Critical analyses have highlighted technical, ar-
tistic, and cognitive perspectives (e.g., Sekula 1984, 33–52; 
Sichel 2007; Cosgrove and Fox 2010), while consideration 
of the role of aerial images in the social production of space 
has explored their totalizing, contextualizing capacity in 
structuring understandings of built environments (e.g., 

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


Cartographic Perspectives, Number 103 US Navy Aerial Photography Squadrons in Türkiye  –  Roosevelt | 53 

Haffner 2013). The map-like images that resulted from 
the coalescence of aviation and photography, and eventu-
ally their transformations into photogrammetrically cor-
rected orthophoto mosaics (Cosgrove 2008; Dyce 2013), 
suggested a sense of depersonalized objectivity associat-
ed with an Apollonian or God’s eye view (Virilio 1989; 
De Landa 1991; Cosgrove 2001; Kaplan 2018), and gave 
new meaning to the idea of the “high ground” in military 
contexts (van Crevald 1991, 120–27; 2011; Brugioni 2010; 
Barney 2014). Produced by the US Navy, the military na-
ture of the current collection is implicit, even if similar 
collections were used for academic, civilian, and commer-
cial purposes (Saint-Amour 2011).

Like most Cold War geospatial information and technol-
ogies, as explored by John Cloud, John Clarke, and others, 
the aerial photographs in this collection and the US Navy 
squadrons that produced them remain obscured by a lin-
gering haze of secrecy (e.g., Cloud and Clarke 1999; Cloud 
2002; Truesdell 1953). Brian Harley (2001b) demonstrated 
how cartography and its products have always been potent 
discursive tools in politics and power, and the images in 
this collection are no different. Imprinted with “US Navy” 
and “Top Secret,” the photos signpost their significance 
early in the Cold War, at a time when concealing the tech-
nologies that underlaid geographic knowledge production 
was paramount.

Others have commented on the US military’s assembly-line 
methods of geographic knowledge production during and 
after World War II (e.g., Sekula 1984), encapsulated in the 
processing of hundreds of thousands of aerial photos into 
usable cartographic tools with “relentless graphic unifor-
mity” (Rankin 2016, 84). Rather than focus on their pro-
cessing, this article focuses on the initial capture of aerial 
images in aerial surveys and the historical contexts that led 
the US Navy to Türkiye for this purpose. As such, the ar-
ticle aligns most closely with traditions Matthew Edney 
(2014, 94) describes as “processual map history,” with cov-
erage of both the technical aspects of aerial photographic 
production and the historical contexts that enabled them. 

The article also follows Matt Dyce (2013), whose critical 
cartographic approach explored the representational, map-
like nature of vertical aerial photographs, and how pho-
togrammetric processing into depersonalized, technically 
objective images made them only more map-like (see also 
Cosgrove 2008; Daston and Galison 2007). Aerial images 
and maps are thus conflated in this article, and the term 
“cartographic” is used only in one of its traditional sens-
es, in relating to mapmaking. “Cartographic squadron,” 
“cartographic survey,” “aerial survey,” and “aerial imaging,” 
then, all refer to the same practice: systematic aerial pho-
tographic survey conducted by specifically trained units 
with the aim of collecting images for photogrammetric 
processing into standardized and accurate maps.

Just as “maps inevitably codify the interests and world-
views of their makers” (Rankin 2016, 13; see also Woods 
and Fels 1992; Harley 2001a), so too are mapmaking prac-
tices imprinted with the underlying tendencies of those 
who commission them. In this case, the specific practices 
of aerial photographic surveys in Türkiye reflect postwar 
realignments of global power and the technocratic and 
imperializing military and commercial incentives that 
supported them (see also Immerwahr 2019). To reach this 
conclusion, this article works backwards, beginning with 
a characterization of the images based on their imprinted 
information. A Geographic Information System (GIS)-
enabled analysis of survey missions over Türkiye is then 
complemented by embodied understandings deriving from 
archival research, US Navy aerial photography manuals, 
domain-specific magazines and newsletters, and eyewit-
ness accounts. Together, these sources fill out the contexts 
of image production by aerial mapping squadrons in the 
1950s, with information about the aircraft involved, their 
cameras and camera configurations, and mission charac-
teristics. This article goes on to discuss these aerial sur-
veys within the framework of US-led postwar initiatives 
in mapping that were rallied to the dual causes of security 
preparations and infrastructure development that neatly 
intertwined American military and commercial interests 
along NATO’s Southern Flank early in the Cold War.

T E C H N I C A L  C H A R AC T E R I S T I C S  O F  T H E  P H OTO G R A P H S  A N D  T H E I R 
P R O D U C T I O N
The request for historical aerial photographs 
described above resulted in the delivery of scanned pan-
chromatic images by early 2021. Metadata delivered with 

the images themselves included spreadsheets and other 
files with filenames such as “Amerikan,” “Amerft,” or “fo-
toamerikan,” containing a selection of information for each 
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image including date, year, roll number, exposure number, 
latitude and longitude (in decimal degrees), focal length, 
and scale, the latter referring to photographic scale, or the 
ratio of camera focal length to elevation. Four additional 
data columns—type, size, direction, and purpose—were 
mostly empty, except for direction, which sometimes re-
corded cardinal directions, and purpose, which sometimes 

recorded “amerikan.” It quickly became apparent that the 
supplied metadata represented only a selected collation 
of the information available in the camera-printed labels. 
Also apparent was an explanation for references to the col-
lection as “American,” as each image was stamped with 
“USN” (for US Navy), along with squadron and detach-
ment identification, among other information (Figure 1).

Figure 1. Representative sample of the historical aerial photographs in the collection, this one captured in late June 1955 above the 
historical peninsula of Istanbul, and surroundings, with north near the top. Note the camera-printed label shown here along the left side 
of the frame.
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Review of the camera-printed labels of the collection 
demonstrated that the images were captured between 
July 1953 and May 1957 by detachments of the VJ-62 
and, later, VAP-62 squadrons of the US Navy, with each 
detachment identif ied by an alphabetic suffix adopted 
from the 1947 version of the International Civil Aviation 
Organization’s Radiotelephony Spelling Alphabet, begin-
ning with Able, Baker, Charlie, etc. (Ginter 1992, 70). 
Photographs from 1953 and 1954 share the same two-line 
labeling format, with the label located at the bottom of the 
frame with respect to the direction of flight (Figure 2). 
These labels usually include the following information: ex-
posure number; squadron-detachment identification; film 
roll and run (transect) number; date; focal length (in mm 
or inches); elevation (in feet); camera orientation (V for 
vertical, VL and VR for vertical left and right, respective-
ly); coordinates (in degrees and minutes); time of run start 
(with suffix Z); and varying additional text, usually in-
cluding at least “TKY” (for “Türkiye”) “TOP SECRET,” 
and “NO FORN,” for “No Foreign” access or distribution.

Similarly, photographs from 1955 and 1956 share a com-
mon single-line labeling format containing similar infor-
mation, now with the label located at the top of the frame 
with respect to the direction of flight. Exceptions in 1955 
and 1956 include coordinates that are handwritten, when 
included at all, and LO and RO camera orientations, for 
left and right oblique, respectively. Additionally, F21 and 
F22 sometimes replace the L- and R- camera orientations 
in images from 1956, respectively, “TOPS” is another ab-
breviation for “Top Secret,” and roll and run information 
appears after the additional text.

Camera-printed labels from 1957 again appear at the top 
of the frame with respect to the direction of f light and 
are even more abbreviated, with “SCRT” substituting for 
“Top Secret” and with handwritten coordinates, if includ-
ed at all.

With the additional exception of pre-printed labels 
on negatives that identify f ilm manufacturer and type 

Figure 2. Examples of camera-printed labels on historical aerial photographs in the collection. A: label format used in 1953–1954; B: 
label format used in 1955–1956; C: label format used in 1957, including hand-annotated coordinate data.
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(often “KODAK RECON SAFETY” or “KODAK 
AEROGRAPHIC SAFETY FILM 1A” (or “1B”)), 
this is the extent of the metadata available for the col-
lection. General Directorate of Mapping sources 

suggest the images were scanned in its Department of 
Photogrammetry at a resolution of 20-microns with a 
positional accuracy of ±2 microns (Erbaş 2013, 28–29; 
HGM Hava Fotoğrafı 2023), yet no other information 

Figure 3. Examples of collection images, exhibiting different photographic scales as well as the differing quality of the image exposures. 
Here the focus is on the Cumaovası airfield, what later became the Izmir Adnan Menderes Airport in Gaziemir, Izmir.

Year
Squadron & 
Detachment

Days
Total 
Distance

Avg. 
Distance/Day

Photographic 
Scale

Rolls
Avg. 
Rolls/
Day

Photos

1953 VJ-62-B (Baker)
22
(17 JUL–16 AUG)

33,196 km 1,581 km
1:60,000 29 1.38 4,203

1:30,000 56 2.55 15,226

1954 VJ-62-F (Fox)
58
(31 MAY–29 SEP)

37,855 km 773 km
1:60,000 61 1.25 3,786

1:30,000 85 1.93 9,016

1955 VJ-62-L (Love)
26
(9 JUN–28 SEP)

13,947 km 634 km
1:60,000 27 1.23 1,694

1:30,000 41 2.41 4,838

1956 VJ-62-C (Charlie)
11
(9 JUN–7 JUL)

11,450 km 1,041 km
1:60,000 19 1.73 1,187

1:30,000 33 3.00 3,974

1957 VAP-62-E (Easy)
30
(6 APR–31 MAY)

32,815 km 1,367 km 1:16,000 95 3.96 12,837

4,494 km 346 km 1:10,000 20 1.54 2,301

92 km 92 km 1:8,000 1 1.00 60

Totals

117 96,448 km 824 km
1:60,000 136 1.16 10,870

1:30,000 215 1.84 33,054

24 32,815 km 1,367 km 1:16,000 95 3.96 12,837

13 4,494 km 346 km 1:10,000 20 1.54 2,301

1 92 km 92 km 1:8,000 1 1.00 60

Table 1. Flight days, distances, and photographic production derived from nearly 60,000 images and their camera-printed labels.
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useful for precision photogrammetric processing is known 
(e.g., camera calibration, lens distortion, principal point, 
or fiducial mark information). Nonetheless, from this in-
formation alone, a general sense of the cartographic mis-
sions that produced the archive was produced by recon-
structing flight lines and overall coverage with the aid of 
GIS software.

Over the course of at least f ive years and involving at 
least VJ-62’s Baker (B), Fox (F), Love (L), and Charlie 
(C) Detachments in 1953, ’54, ’55, and ’56, respectively, 
and VAP-62’s Easy (E) Detachment in 1957, at least 147 
days of flying produced the nearly 60,000 images in the 
collection as of 2021 at a variety of photographic scales, 
apparently dependent on mission goals (Figure 3; Table 
1). At present, it seems that only one plane from each de-
tachment each year provided all the photographic output 

of the collection. Over 30 days in 1957, work focused on 
a large photographic-scale survey of Aegean coastal areas 
at 1:16,000 (12,837 images captured at 8,000 ft), with a 
small area covered by 1:8,000 (60 images captured at 
4,000 ft) and the coastline itself by 1:10,000 scale imag-
ery (2,301 images captured at 5,000 ft) (Figure 4). The 
larger body of work over 117 days between July 1953 and 
July 1956 was dedicated to broadscale mapping. Current 
holdings cover all parts of western Türkiye located west of 
a roughly north-south line running from near Karadeniz 
Ereğli, Zonguldak, to Manavgat, Antalya, represented by 
a total of 10,870 1:60,000 photographic-scale images and 
33,054 1:30,000 photographic-scale images, all collected 
from 30,000 ft.

In each of the 1953–1956 flights, a combination of camer-
as with lens cones of different focal lengths were used to 

Figure 4. Map showing the geographic coverage of cartographic survey represented by the selection of data currently being processed.
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Figure 5. Maps showing the daily flight lines for 1953–1956 surveys and capture of 1:60,000 and 1:30,000 photographic scale images. 
Alternating line colors indicate different days.
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capture overlapping sets of images for stereoscopic and pho-
togrammetric analysis (see below). A 6-inch focal-length 
prime vertical camera recorded a series of fore-lapping im-
ages at 1:60,000 photographic scale; these were likely used 
for f light-path monitoring, orientation, and subsequent 
larger-scale image localization. Simultaneously, a pair of 
12-inch focal-length split vertical or slightly oblique cam-
eras recorded sets of fore- and side-lapping exposures at a 
photographic scale of 1:30,000. Parallel runs or transects 
crisscrossed the landscape producing sets of contiguous 
images suitable for producing topographic maps at scales 
of around 1:25,000 (Figures 5–6).

As apparent in Table 1 and Figures 5–6, the intensity of 
work seems to have been highest in 1953 and 1954, judg-
ing by total distances covered and numbers of rolls and 
photos captured. The work of 1955 and 1956 appears to 
have aimed to fill gaps between the f light lines of pre-
vious years. Work in 1957 was intensive, also, as shown 
in the total distances covered, and the high numbers of 
rolls and photos derives from the lower altitude of the 
f lights, which produced more detailed images at larger 

photographic scales. Average distances and rolls per day 
appear to fall within the ranges of other cartographic sur-
veys of the time (see below), yet a few longer-distance out-
liers are evident. On 11 August 1953, for instance, Baker 
(B) Detachment of VJ-62 logged at least 3,267 km along 
survey runs alone—not including round-trip distances to 
landing strips, that is; the result was 3 rolls or 493 images 
at 1:60,000 photographic scale and 5 rolls or 1,672 photos 
at 1:30,000 scale. On 1 May 1957, Easy (E) Detachment 
of VAP-62 logged at least 4,205 km along survey runs and 
captured 9 rolls or 1,538 photos at 1:16,000 photographic 
scale.

Beyond this baseline-level of information reverse-engi-
neered from the camera-printed labels, little more can be 
reconstructed about the collection images and the squad-
ron that captured them. To learn more, one must zoom 
out and step slightly back in time to US Navy archives and 
aerial photography training manuals, as well as related 
magazines and newsletters, which illuminate the rich his-
tory of the US Navy’s involvement in aerial photographic 
reconnaissance and cartography.

Figure 6. Map showing the daily flight lines for 1957 survey and capture of 1:16,000 and 1:10,000 photographic scale images. 
Alternating line colors indicate different days.
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U S  N AV Y  A E R I A L  P H OTO G R A P H Y  S Q UA D R O N S  I N  T H E  195 0 s
The development of aerial photographic ca-
pacity in World War II (WWII) had significant impacts 
on the planning, implementation, and post facto assess-
ment of wartime maneuvers in reconnaissance, tactical 
intelligence, and mapping (see Babington-Smith 1957; 
Heiman 1972; Goddard 1969; Brookes 1975). Wartime 
aerial photography missions of the US Navy were under-
taken by mixed squadrons of fighter and bomber aircraft 
which were carrier- or land-based, designated Composite 
Squadron Sixty-One (VC-61) in the Pacific Fleet and 
Sixty-Two (VC-62) in the Atlantic Fleet (DeForge 1981, 
3-10). Soon after WWII, these squadrons were reassigned 
and redesignated to suit administrative changes and nar-
rowed functions. By 1951, it was decided that the fighter 

elements of VC-61 and VC-62 would focus on reconnais-
sance and tactical intelligence photography based primar-
ily from carriers, while the bomber elements would be 
broken off to form Photographic Squadrons Sixty-One 
and Sixty-Two (again with Pacific [VJ-61] and Atlantic 
[VJ-62] designations), dedicated to long-range reconnais-
sance and cartographic surveys based typically from land, 
but also from carriers (Naval Aviation News 1953c; 1956a; 
1958c, 8; DeForge 1981, 3-10; Campbell 2014, 361).

Accordingly, VJ-62 was commissioned in April 1952 
with a home port at the US Naval Air Station (NAS) in 
Jacksonville, FL (Jax Air News 1952; Grossnick 1995, 314). 
Over the next five years, the home port of the squadron 

Figure 7. A selection of the aircraft employed in VJ/VAP-62 squadrons in the 1950s, showing tail codes “TP” (before July 1, 1957) and 
“GB” (after). A: Consolidated Aircraft’s P4Y-1P “Liberators” from VJ-62. B: North American Aviation’s AJ “Savage” from VJ-62 (note the 
underside camera windows). C: Douglas Aircraft’s A3D-2P “Skywarrior” from VAP-62. D: North American Aviation’s AJ-2P “Savage” 
from VAP-62, behind camera equipment and crew. All images from the US Navy, obtained via Wikimedia Commons, uploaded by 
contributor Cobatfor (Grossman 1995, 315).
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changed several times—to Sanford, FL, Norfolk, VA, and 
back again to Jacksonville, FL (Grossnick 1995, 314)—
while its missions remained relatively constant in supply-
ing reconnaissance for the Atlantic Fleet and mapping 
and other photographic services for a variety of US and 
foreign entities, especially around the Mediterranean. In 
July 1956, the Navy’s photographic squadrons were again 
redesignated according to new organizational and nam-
ing logic: the fighter-based reconnaissance and tactical 
VC squadrons were redesignated as Light Photographic 
Squadrons (VFP), and the long-range, bomber-based 
VJ squadrons were redesignated as Heavy Photographic 
Squadrons (VAP), again with Pacific (61) and Atlantic 
(62) designations (Naval Aviation News 1956b; DeForge 
1981, 3-17; Grossnick 1995, 314). As is clear from the 
camera-printed labels in this collection, it was the bomb-
er-based VJ/VAP-62 photographic squadron that focused 
its long-range and cartographic capabilities on Türkiye, 
the Mediterranean, and further afield (see below).

AIRCRAFT AND CAMERAS

In the first year following their commission in 1952, the 
VJ squadrons still used Consolidated Aircraft’s WWII-
era four-prop PB4Y “Liberator” bombers, modified for 
photoreconnaissance and designated P4Y-1P (Figure 7A; 
DeForge 1981, 3-7; Grossnick 
1995, 315, 496). Already by the 
end of 1952, however, the squad-
rons began flying what would be-
come their workhorse aircraft for 
much of the rest of the decade: 
North American Aviation’s AJ 
“Savage” bomber, with turbojet 
and twin wing-mounted, recip-
rocating engines (Figures 7B and 
7D; Doeppers 1972, 185; DeForge 
1981, 3-10). Capable of both car-
rier and land deployment and 
modif ied as the AJ-2P for aerial 
photography, the Savage was more 
versatile than the Liberator and 
provided the best available long-
range aerial photography solu-
tion at the time (Grossnick 1995, 
315, 458). Owing to design and 
functional improvements, a ver-
sion of Douglas Aircraft’s A3D 
“Skywarrior” bomber, modified for 

photoreconnaissance and designated A3D-1P (and later 
A3D-2P), began to replace the Savage in VJ squadrons 
only five years later (Figure 7C), yet the Savage remained 
the aircraft of choice for most of the 1950s (Naval Aviation 
News 1958a; DeForge 1981, 325; Grossnick 1995, 315, 
444, 551; US Navy Patrol Squadrons 2024a).

In addition to its long range, the Savage allowed for a ver-
satility of carrier and land-based options, capacity for de-
ploying flares (or “flash bombs”) for night photography as 
well as in-flight changing of cameras and film magazines, 
and a spacious camera bay for accommodating diverse con-
figurations of fixed vertical and oblique cameras (Figure 
8; Doeppers 1972, 185; DeForge 1981, 3-7, 3-18). It is 
no wonder that the US Navy ordered 23 photoreconnais-
sance-readied AJ-2P Savages in 1950, even if VJ-62 oper-
ated only around 7–10 aircraft at any one time throughout 
the decade (Doeppers 1972, 185; Ginter 1992, 67).

The camera equipment typically used by these squadrons 
was similar to that used in WWII photoreconnaissance, 
yet with intermittent upgrades (DeForge 1981, 3-3). For 
fixed cartographic cameras, the US Navy used the WWII-
era Fairchild Camera and Instrument Corporation’s K-17 
(CA-3-2) and its derivatives, as well as the newer T-11 
(CA-14), specif ically built for mapping (NTPC 1962, 

Figure 8. Schematic diagram of North American Aviation’s’s AJ-2P “Savage,” refitted for 
cartographic photography, showing crew in orange and camera equipment in blue (after 
DeForge 1981, 3-25).
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198–199; El Hassan 1978, 19). These cameras’ large-for-
mat and adaptability to lens cones of varying focal lengths 
(6, 12, or 24 inches, most made by Bausch and Lomb) 
enabled large-area coverage while maintaining high-res-
olution at relatively high altitudes, making them some of 
the longest running and most versatile cameras long after 
WWII (Figure 9; NTPC 1962, 201–209; El Hassan 
1978, 16, Figure 10, 21; Thomas 1999, 249, Figure 323). 
The different camera-printed label formats on the images 
in the current collection may suggest the updating of cam-
era equipment over time.

The shutter mechanism of these cameras was triggered ei-
ther manually or electrically from a camera control panel 
near the cockpit; vacuum-sealed film magazines could 
hold enough 9½-inch film to capture around 225 or 465 9 
× 9-inch exposures, depending on magazine size (NTPC 
1962, 193; 194; 198). Kodak was the primary film supplier, 
with its reconnaissance or aerographic safety film the pri-
mary options (NTPC 1962, 211).

One common fixed-camera configuration for simulta-
neous cartographic image capture included what was 
referred to as a “trimetrogon fan,” including an array of 
oblique and/or vertical side cameras with 12-inch lens 

cones and centrally located vertical cameras with 6- or 
12-inch lens cones (Doeppers 1972, 185; DeForge 1981, 
3-7; 3-18; US Navy Patrol Squadrons, 2024a quoting 
Harold L. Murphy; Redweik et al. 2010, 1009). This set 
up was apparently common in the AJ-2P Savage as well as 
in other WWII and Korean War-era aerial photograph-
ic squadrons using different aircraft and cameras (e.g., 
Mahan 2003, 34–35; Cahill 2012, 14; Schuster 2016). 
Most photographs, including those covering Türkiye, ap-
pear to have been captured using a configuration involving 
a 6-inch prime vertical and a pair of 12-inch split vertical 
or oblique cameras.

CREWS AND DEPLOYMENTS

To operate both the aircraft and camera systems success-
fully, the AJ-2P Savage accommodated a crew of four: a 
photo technician, photo navigator, pilot, and plane captain 
(Naval Aviation News 1958c, 8). The photo technician (of-
ficially designated a “Photographer’s Mate”) was intensive-
ly trained on full-scale mockups in Pensacola, FL at the 
Naval Aviation Technical Training Unit (DeForge 1981, 
3-3; 3-18). In fact, all crew members had to be familiar 
with the operation of both aircraft and camera systems in 
order to work together seamlessly, as described in the Navy 

Figure 9. Schematic drawings of the Fairchild K-17 camera with 6, 12, and 24-inch lens cones, from left to right (after NTPC 1962, 188, 
Figure 11-1).
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Photographer’s Mate Training Series: Naval Photography 
(e.g., NTPC 1962; DeForge 1981). In order to capture 
high-quality imagery, care in piloting had to be matched 
by care in proper camera settings and operation.

As described in popular naval magazines and eyewitness 
accounts, pilots had to maintain steady headings for up to 
400 km, regardless of altitude, while ensuring minimum 
lateral drift; photo navigators served as co-pilots, directing 
pilots to position aircraft directly over targets while com-
puting ground speed, drift, and other flight data. Photo 
technicians translated f light data into camera settings, 
ensuring the capture of desired image parameters, while 
managing cameras and f ilm before, during, and after 
f lights (see Figure 8) (Naval Aviation News 1958c, 8). 
The skilled endurance of AJ-2P Savage crews and aircraft 
are shown in two flight-time records set in 1953 alone: 91 
hours in March and 117.7 hours in July (Naval Aviation 
News 1954). Other records suggest that daily missions 
were planned with round-trip distances of around 1,100 
km (ca. 600 nautical miles; Naval Aviation News 1953), 
even though at cruising speeds of around 370 kph (230 
mph), the AJ-2P had a range of more than 2,500 km (ca. 
1,600 miles) (Doeppers 1972, 185). As noted above, sev-
eral flight days over Türkiye logged far greater distances 
than these, suggesting mid-day refueling or the use of 
extra fuel tanks, as described below.

Eyewitness accounts help give a sense of what participat-
ing in a VJ/VAP-62 mission in an AJ-2P Savage would 
have entailed. DeForge (1981, 3-25–26) quotes former 
Photographer’s Mate J. D. Smyth directly:

. . . In flight, the photographer would be found ei-
ther at his seat at the camera control panel, on the 
flight deck behind the pilot, or in the camera bay.

To get to the camera bay, you went down a lad-
der to the well deck, aft through a hatch, across 
the bomb bay, and through another hatch. There 
a photographer could change magazines in flight, 
change camera settings, even correct minor equip-
ment problems.

The photographer spent most of his time on 
the f light deck, monitoring the camera control 

indicators and the radar altimeter. He would only 
go down to the camera bay to change magazines 
or to check out a problem.

. . . Photographers f lying in the AJ often had to 
face difficulties their fellow crew mates weren’t ex-
posed to, like the bomb bay crawl. To make long 
distance flights, an extra fuel tank had to be hung 
in the bomb bay. This left only a narrow crawl 
space over the top of the tank for the photogra-
pher to reach the camera bay. It was too narrow to 
allow the photographer to wear a parachute or an 
oxygen bottle (needed on high altitude missions) 
when making the trip. So, when the tank was 
installed an extra chute and oxygen bottle were 
stored inside the camera bay.

When a photographer needed to go into the cam-
era bay, he would stow his chute outside the bomb 
bay hatch, check out with the pilot, take a few deep 
gulps of oxygen, and plunge through the hatch. 
Scrambling like mad, he would wriggle over to 
the camera bay hatch, hook up to the oxygen bot-
tle and report in. If the pilot hadn’t received a re-
port after a couple of minutes had passed, it meant 
the [photo technician] was hung up in the bomb 
bay, so the plane captain was sent down to haul 
him out and revive him with oxygen.

Smyth also described a typical day on assignment, includ-
ing a mission briefing as well as aircraft and equipment 
checks and maintenance (DeForge 1981, 3-25–26). Each 
squadron usually deployed in detachments of one to three 
aircraft to suit the assignment, yet detachments of many 
planes sometimes collaborated for faster survey of larger 
areas, at least within the US. The missions over Türkiye 
appear to have included detachments of only one aircraft. 
In the early 1950s, when the Pacific Fleet squadron was 
dedicated fully to Korean War reconnaissance (DeForge 
1981, 3-8–10; Grossnick 1995, 314; 458), the Atlantic 
Fleet squadron flew a variety of missions in the US and 
elsewhere around the Atlantic basin. In these, they not 
only f lew photographic missions for the Navy, but they 
also collaborated with many US and foreign entities with 
specific priorities developing out of US-led, postwar re-
alignments of global power.
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U S  N AV Y  A E R I A L  P H O T O G R A P H Y  I N  T H E  L I G H T  O F  P O S T WA R 
R E A L I G N M E N T S  O F  G LO B A L  P OW E R
The postwar activities of VC/VJ/VAP photo-
graphic squadrons were dictated by increasingly wide-
spread US and NATO interests in Cold War security, just 
as they furthered US resource exploration and infrastruc-
ture development, as well as academic research. The US 
Navy’s postwar photographic expertise in these areas grew 
not just from WWII activities, but from its interwar expe-
riences as well. Beginning in 1923, photographic activities 
close to home had been associated with energy exploration 
in Alaska, California, and Colorado; dam and irrigation 
infrastructure in Florida; and slightly later infrastructure 
projects associated with the Tennessee Valley Authority 
(Campbell 2014; Brugioni 2010). Further abroad, and 
between 1924 and WWII, resource exploration (espe-
cially for rubber) and imperializing interests led to work 
in Cuba, the Dominican Republic, Nicaragua, Puerto 
Rico, Panama, Colombia, and Venezuela, as well as the 
Manua Islands, Philippines, and China (Campbell 2014, 
71–121; Immerwahr 2019). State and federal cartographic 
data requesters and collaborators in this work included the 
Alaskan Coal Commission, the US Coast and Geodetic 
Survey, the Department of the Interior (Geological 
Survey), and, notably, the Department of Commerce 
(Campbell 2014). The US Navy’s aerial photographic sur-
veys, then, were part and parcel of American territorial-
izing tendencies in many of these areas, well before the 
outbreak of WWII (Immerwahr 2019).

After WWII, the US Navy’s photographic squadrons re-
turned to prior patterns of work, providing cartographic 
surveys for and associated with a variety of federal de-
partments and agencies (e.g., Geological Survey; Forest 
Service; Campbell 2014, 311), and these remained tied to 
resource exploration and infrastructural projects, as well as 
to research initiatives (Naval Aviation News 1958c; Ginter 
1992, 70). Between 1946–1948, for instance, the US 
Navy provided mapping services to the Ronne Antarctic 
Research Expedition (Brugioni 2010, 43). Research proj-
ects to which cartographic aid was given included stud-
ies of the directional spectra of ocean waves (Chase et al. 
1957) and the creation (and dissolution) of cloud forma-
tions (Naval Aviation News 1958b). Between April and 
November of 1953 and also in 1954, VJ-62’s How (H) 
Detachment mapped ice f lows in the Arctic Ocean be-
tween Alaska, Baffin Island, and Greenland over four sea-
sons, based out of Argentia, Newfoundland (with VJ-61 

doing the same from Fairbanks, Alaska), in aid to the 
US Hydrographic Office and Army Corps of Engineers 
(Naval Aviation News 1955; 1956c, 2; Weidick 1958). For 
the US Department of the Interior’s Fish and Wildlife 
Commission, the Army Map Service, and the Coast and 
Geodetic Survey, VJ-62 imaged Florida’s Okefenokee 
Swamp and both North and South Carolina (Naval 
Aviation News 1958c, 8–9; Ginter 1992, 70).

In addition to domestic research and development, US 
Navy aerial photography also continued to support the 
advancement of American interests abroad in collabo-
ration with a broad set of US military, commercial, and 
scientific institutions. In assisting the planning of major 
construction jobs abroad, VJ-62 often aided the US Army 
Corps of Engineers and similar institutions, increas-
ingly towards the eastern range of the Atlantic Fleet in 
the Mediterranean (Naval Aviation News 1958c, 8–9; 
DeForge 1981, 3-1–3; Grossnick 1995, 314). The intensity 
of US Navy aerial mapping activities in this area, in fact, 
resulted not just from such needs, but from a constellation 
of seemingly complementary interests that first came to-
gether in the early 1950s. These included robust NATO 
security planning and US military and construction busi-
ness interests, all of which were dependent on up-to-date, 
large-scale, and regional knowledge of situations on the 
ground, situations that required the production of stan-
dardized, accurate, and appropriately scaled maps.

US - LED NATO SECURITY CONCERNS AND 
THE COLD WAR AMERICANIZATION OF 
GLOBAL GEOGRAPHY

A flurry of conceptual and technological changes related 
to mapmaking in the late 1940s and 1950s reflected a new 
globalizing turn and had significant impacts on aerial pho-
tography, photogrammetry, and their combination in map-
making (Brugioni 2010, 34; Rankin 2016). As Cloud and 
Clarke (Cloud and Clarke 1999; Cloud 2001), Timothy 
Barney (2014), and William Rankin (2016) have explored 
in detail, needs for accurate and precise coordinates and 
map representations arose from WWII and postwar 
power realignments and the development of weapons with 
increasingly global ranges. While the eventually aborted 
International Map of the World initiative and contempo-
rary World Aeronautical Chart sheets served navigational 
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and other purposes at smaller scales, US and NATO mil-
itary interests determined that larger-scale basemaps re-
quired standardization and improvement across NATO-
unified territories.

Already in the late 1940s, from his post in the Office 
of Geographer in the US Department of State, Samuel 
Whittemore Boggs had commissioned a secret evaluation 
of the national map holdings of Türkiye, Greece, and other 
European countries concerning their specifications and 
reliability (Barney 2014, 91–92; Rankin 2016, 86). To be 
of transnational use, such maps needed to share represen-
tational language and also—crucially—unified reference 
and coordinate systems (Lieber 1954). While the interna-
tional significance of the establishment of the ISO in the 
1940s has been recognized previously (e.g., Immerwahr 
2019), the relatively new Universal Transverse Mercator 
coordinate reference system—along with eventual shifts to 
the World Geodetic System reference frame and Global 
Positioning System navigation systems (both of which 
were soon to be primary developmental aims)—repre-
sented particularly American standards and solutions for 
transnational cartographic and tactical practices (Rankin 
2016). While Cloud and Clarke (Clarke and Cloud 2000; 
Cloud 2002) see such globalizing technologies as a result 
of a reconvergence (vis-à-vis Anne Godlewska’s [1989] di-
vergence) of the disciplines of geodesy, cartography, and 
geography in the context of WWII and Cold War mili-
tary-industrial-academic collaborations, Rankin (2016, 4) 
underlines the US military’s co-development, implemen-
tation, and infrastructural installation of the same tech-
nologies as representative of the “Americanization of ge-
ography,” with US power implicit in increasingly universal 
modes of cartographic knowledge production.

As part of this process of standardization, NATO adopted 
the Universal Transverse Mercator system in 1951, and ex-
isting western European maps began their transformation 
to this standard in March 1952 (Rankin 2016, 188). For 
most NATO countries, however, partial or complete re-
mapping was necessary. This was often carried out by the 
US based on individual “special arrangements” (Rankin 
2016, 189, n. 58), involving data, material, and operation-
al exchanges aiming “to weld into one coordinated effort 
the over-all mapping needs of . . . [NATO] member na-
tions” (Lieber 1954). So it was that the US’s best-equipped 
mapping teams—the Navy’s photographic squadrons—
undertook the task at hand: to conduct aerial surveys that 
would enable the production of standardized, updated, 

and accurate maps for NATO members. As Barney (2014, 
70) argues, “This impressive campaign to expand the map 
was part of an ideological impulse to advance a set of val-
ues that separated America from the Soviet Union and af-
firmed the nation’s need to bring such values to the rest of 
the world.”

It wasn’t until the late 1940s and increased anxieties over 
Soviet designs on both eastern Turkish provinces and the 
Turkish Straits that Türkiye openly sought US influxes in 
military expertise and equipment (Üstün 1997; Atmaca, 
2014; Adalet 2018), even if the US secretly provided these 
things already during WWII (Cossaboom and Leiser 
1998; Guvenc and Uyar 2022). In 1947 the US Air Force 
was contracted to help modernize the Turkish military 
(Livingston 1994; Guvenc and Uyar 2022), when all official 
cartographic work still fell under the Ministry of National 
Defense. Turkish terrestrial cartographic work had begun 
much earlier in Ottoman times, expanded to aerial pho-
tography during World War I, and accelerated with terres-
trial photogrammetric capabilities in the first decades of 
the Republic in the early twentieth century (Kanbay 1938; 
Evinay 1956; Ertung 1970; Önder 2002). In 1931, aerial 
stereophotographs were taken over Bursa and Istanbul for 
cartographic purposes using German equipment, and after 
1938, most if not all mapping was conducted via aerial 
photogrammetry (Önder 2002). Nonetheless, no system-
atic aerial survey had been conducted for full coverage of 
the country as of the early 1950s, according to correspon-
dence with the Turkish General Directorate of Mapping.

So it was that by the early 1950s the US’s globalizing car-
tographic aims converged with pro-Western sentiments in 
Türkiye, driven by economic and military modernizing 
needs—as well as a newly elected government’s desire for 
increased regional importance (Kumral 2020, 122)—to 
produce a symbiotic relationship with mutual benefits. 
After an initial rejection, and only following its contri-
butions to the Korean War (Atmaca 2014, 24), Türkiye 
joined NATO in February 1952, together with Greece, 
and the two countries formed NATO’s Southern Flank. 
The area fell under the control of the Commander in Chief 
Allied Forces Southern Europe, whose job included pre-
paring the Aegean and eastern Mediterranean, as well as 
the Black Sea and the Turkish Straits, in case of Soviet ad-
vances (NATO 1976, 22–23; Chourchoulis 2015, 14; 38). 
The primary naval force of this group in the early 1950s 
was the same US Sixth Fleet to which the VJ squad-
rons were tied, and at the time it consisted of at least two 
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aircraft carriers, which provided some of NATO’s only air 
defense capability (Sokolsky 1991, 25; Rose 2007, 64–66; 
Chourchoulis 2009, 436). By September 1952, NATO’s 
Headquarters Allied Land Forces Southeastern Europe 
was founded in Izmir, Türkiye, “with the mission of exer-
cising operational command of the field armies of Greece 
and Türkiye in the event of war” (Chourchoulis 2012, 639; 
see also NATO 1976, 289). From mid-1952 to early 1953, 
NATO powers were continuously engaged in determin-
ing the best defensive stances for protecting the Southern 
Flank from anticipated Soviet aggression and “the oc-
cupation of Greek and Turkish Thrace on the one hand, 
and Anatolia, Iraq and Iran on the other” (Chourchoulis 
2015, 133–140). Several planned phases of force retrench-
ment were developed in case of territorial loss, proceed-
ing southward from the Turkish 
Straits, for example, with the aim 
of holding northwestern Anatolia 
(NATO 1976, 146; Livingston 
1994, 780). Chourchoulis (2012, 
642), highlights how the Istanbul, 
Bursa, and Izmir provinces of 
western Türkiye were particularly 
important because of their mili-
tary facilities, ports, and airfields, 
and because they formed some of 
the most developed industrial and 
economic centers of the country at 
the time.

Elsewhere throughout the Medi
terranean and Middle East, the 
“special arrangements” with in-
div idual countries mentioned 
above are suggested by sparse re-
cords of US Navy squadron ac-
tivities and the film negatives of 
the US National Archives (Table 
2). VJ-62 squadron’s Easy (E) 
Detachment was stationed in Italy 
between October 1953 and April 
1954 (U.S. Navy Patrol Squadrons 
2004b), and VAP-62’s Baker (B) 
Detachment returned there in 
1956 (NAO 1956). Similarly, de-
tachments were stationed in Spain 
in 1955 and 1959, presumably con-
ducting special mapping projects 
(NAO 1958). Separately, these 

same squadrons were present to photograph such events as 
the 1956 Suez Crisis in Egypt and the landing of several 
thousand US Marines on the beaches of Beirut during the 
1958 crisis in Lebanon, marked by some as the first US 
military ground incursion in the Middle East (DeForge 
1981, 3-19; Brugioni 2010, 267–269; Campbell 2014, 412). 
Although not yet well documented publicly, the value of 
the photographic services of early VJ-62 detachments and 
the need for timely processing and study of their photo-
graphs may have contributed to the May 1953 establish-
ment of the Fleet Intelligence Center for film processing 
and image interpretation at the nearby Port Lyautey Naval 
Air Facility in Morocco (DeForge 1981, 3-12; Campbell 
2014, 379). VJ-62 aircraft were capable of longer than 
4,200 km one-way trips (see above), making this facility 

Year
Squadron 
Commander

Country Squadron Detachment

1952 J. Kennedy, Jr. Saudi Arabia

VJ-62

Able (A)

1953 H. S. Klenk
Italy Easy (E)

Türkiye Baker (B)

1954 J. A. Goodwin

Iran Jig (J)

Italy Easy (E)

Arabian 
Peninsula

Jig (J)

Türkiye Fox (F)

1955 J. A. Goodwin
Spain King (K)

Türkiye Love (L)

1956 E. B. Johnson, Jr.

Egypt

VAP-62

—

Italy Baker (B)

Türkiye Charlie (C)

1957 Henry W. Drum Türkiye Easy (E)

1958 Henry W. Drum Lebanon —

1959
Charles W. 
Hollinshead

Spain —

Table 2. A partial reconstruction of 1950s VJ/VAP-62 deployments and detachments 
(where available) in the Mediterranean, Middle East, and Türkiye. (Squadron Commander 
information after Grossnick 1995, 316; other information from US National Archives).
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reachable from anywhere in the Mediterranean with a 
single f light. The assembly-line processing capabilities 
(Sekula 1984) of such a facility would have been essential 
for the quick creation of metrically corrected photomosaics 
and for the provision of the same to both military plan-
ners and commercial groups engaged in infrastructural 
development.

THE CONVERGENCE OF CARTOGRAPHIC 
AND COMMERCIAL IMPERIALISM IN US -
LED EXPLORATION AND INFRASTRUCTURE 
DEVELOPMENT

The US Navy’s mapping missions abroad clearly supported 
regional objectives concerning NATO security commit-
ments, and in Türkiye and elsewhere they also introduced 
US commercial interests (Kuniholm 2001, 346; Grathwol 
and Moorhus 2009, 27). Rankin (2016, 5) explored the 
general trends of the time and how “American programs 
of dollar diplomacy, cultural universalism, and Cold War 
containment . . . [shared] space with the ambitions of mul-
tinational oil companies, collaborations among European 
scientists, and regional surveying projects.” While Daniel 
Immerwahr (2019) saw similar phenomena as leading 
to the establishment of a “pointillist” American empire, 
evoking also ideas of commercial imperialism, Barney 
(2014, 158–159) more explicitly makes the connection to 
mapping, whereby “. . . cartography was posited as a facili-
tating force for global development that could aid security 
and economic ideologies.” Such linkages between security, 
resource exploration, infrastructure development, and US 
imperializing mapping initiatives are hardly surprising, 
as they date back to the US Navy’s earliest attainment of 
aerial photographic capabilities (Campbell 2014). In the 
context of postwar realignment, however, the intensity 
and widespread nature of these associations are notable.

The US Navy’s mapping projects and US commercial ben-
eficiaries in late 1940s and early 1950s Saudi Arabia are a 
good example. There, in connection to airfield construc-
tion by the US Army Corps of Engineers at and around 
what was then the US-built and leased Dhahran Air Field 
(present-day King Abdulaziz Air Base) (Grathwol and 
Moorhus 2009) and in connection to the nearby oil ex-
plorations of majority-US-owned Aramco (Immerwahr 
2019), VJ-62’s Able (A) Detachment of five officers, 24 
enlisted men, and one Liberator aircraft flew numerous 
cartographic missions in late 1952 (Grossnick 1995, 314). 
Between September and December of that year alone, the 

squadron logged 600 nautical-mile (1,111 km) round trips 
each day, totaling more than 16,000 km and 584 hours of 
flight (Naval Aviation News 1953). The oil-reserve poten-
tial of Dhahran, along with its strategic location for Soviet 
containment, was clearly worth this effort.

For Türkiye, the Truman Doctrine (1947), US Marshall 
Plan (1948), Point Four program (1949), and membership 
in NATO (1952), had already infused significant funds, in 
addition to the equipment and expertise described above; 
these policies of economic support extended to develop-
ment of agriculture, industry, and infrastructure based on 
Türkiye’s perceived “vitally strategic” nature in contain-
ing Soviet advances (U.S. Department of State 1949, 1; 
Hall 1999–2000, 67; Kuniholm 2001, 341–347; Atmaca 
2014; Adalet 2018, 5; Luke 2019, 82–99). Türkiye’s hope 
that its openness to reforms and contributions to defen-
sive alliances would be matched by increased international 
support bore fruit (Simpson 1965, 142; Guvenc and Uyar 
2022, 71). Significant US appropriations arrived through 
the Joint American Military Mission for Aid to Turkey 
(JAMMAT), and later the Joint US Military Mission for 
Aid to Turkey, and went directly to the Turkish Armed 
Forces; yet US companies increasingly won contracts to 
work on Turkish development projects. Contracts award-
ed by the US Department of State on generous terms and 
administered by the US Army Corps of Engineers fund-
ed, among other things, construction-equipment train-
ing for use in numerous projects (Grathwol and Moorhus 
2009, 10–17). The detrimental effect of poor communica-
tion networks on defense was eventually acknowledged in 
Türkiye (Guvenc and Uyar 2022, 67; 72), leading to a co-
operation between the Turkish Ministry of Public Works 
and the US Public Roads Administration (Kerwin 1950, 
196–198; Karpat 1972; Livingston 1994; Adalet 2018). 
Improved roads would serve not just military but agricul-
tural and industrial economic needs, too (Üstün 1997, 45).

Between 1950–1953 additional US support was allocated 
to the maintenance and construction of airfields, includ-
ing existing facilities—at Bandırma, Erzincan, Balıkesir, 
Afyon, Kayseri, and Merzifon—as well as new ones in 
Diyarbakır, Eskişehir, and most importantly at İncirlik, 
Adana, all undertaken by Metcalf-Hamilton-Grove (an 
American joint venture) under the supervision of The 
United States Engineer Group, then based in Ankara, and 
part of the JAMMAT structure (Livingston 1994, 805; 
Grathwol and Moorhus 2009, 19–24). All told, this work 
resulted in the construction of two new bases and the 
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rehabilitation of five existing ones, as well as work on fuel 
storage and distribution systems (Grathwol and Moorhus 
2009, 26, 86).

Eisenhower’s inauguration and Stalin’s death in early 
1953 brought new uncertainties for regional security, 
and a “New Approach” was developed for the Supreme 
Headquarters Allied Powers Europe (NATO 1976, vii–
viii). One major component of the new plans, circulated 
in November 1953 and eventually approved in December 
1954, concerned logistics and required the improvement or 
new development and safeguarding of lines of communi-
cation, port and storage facilities, and airfields that were 
deemed insufficient to the task of stopping a Soviet ad-
vance (NATO 1976, 23–24; 36–42; 69; 82). These projects 
included airfields in Bursa (Yenişehir), Adana, Manisa, 
and Erzurum; petrol, oil, and lubricant facilities to serve 
such airfields (e.g., storage and pipelines); VHF commu-
nication systems where topography allowed; and naval 
stations at Iskenderun in the northeastern Mediterranean, 

Marmaris and Izmir along the Aegean, and in the Black 
Sea (NATO 1953).

Development projects similar to these, as well as related 
cartographic missions of the US Navy, undoubtedly con-
tinued into the later 1950s, as suggested by VAP-62’s 
large-scale imaging objective of 1957, focusing on the 
Cumaovası airfield in Izmir (Figures 3–4). Eventually, 
the US gave more than $5 billion in loans and grants to 
Türkiye between 1947 and 1968 for projects relating to 
industry and infrastructure, especially water-related in-
frastructure for hydropower, domestic water supply, and 
agricultural irrigation (Taylor 1976, 99–100; Luke 2019, 
99–106). With Iran’s (short-lived) nationalization of 
Anglo-Iranian Oil Company oil refineries at Abadan in 
1953 and Egypt’s nationalization of the Suez Canal in 
1956 etched in recent memory (e.g., Luke and Leeson 
2022), Türkiye’s significance in preserving US military 
and commercial accesses to the Middle East and points 
further afield was likely never overlooked (Atmaca 2014, 
21–25).

CO N C L U S I O N S
The US Navy’s VAP-62 squadron continued 
working around the Atlantic for more than a decade fol-
lowing the last 1957 flights over Türkiye recorded in the 
current collection. By 1969, other priorities and squadron 
classifications had arisen, and VAP-62 was disestablished 
(Jax Air News 1969; Grossnick 1995, 314), its aircraft and 
crew reassigned or repurposed elsewhere. Already by the 
mid-1950s, US aerial photographic aims in and around 
Türkiye began to shift away from broad cartographic sur-
vey to tactical and intelligence-oriented imaging, a flex-
ibility enabled by the establishment of the Türkiye-US 
Military Facilities Agreement signed in 1954 (Atmaca 
2014, 27). As Dino Brugioni carefully outlines, it was 
from Türkiye, among other countries, that the US Central 
Intelligence Agency ordered the launch of Genetrix spy 
balloons in 1956, the same year it established the Incirlik 
Airfield in Adana as a base for U-2 operations, with its 
own Overseas Photo Interpretation Center (2010, 34–47; 
140–147; 176–178; 270). In 1959 it was decided to place 
Jupiter missiles at Incirlik; in 1960 Gary Powers’ made his 
ill-fated U-2 flight; and the ensuing history of events is 
well known by now.

Still comparatively poorly known are the US Navy’s aeri-
al surveys described above, and the imagery archive they 
left behind. The images in this archival collection, curated 

in the General Directorate of Mapping (and before that, 
the General Command of Mapping) of the Republic of 
Türkiye’s Ministry of National Defense, as well as at least 
partially in the US National Archives, demonstrate the 
mutual interests that were served by the “special agree-
ments” made between the US and peer NATO members. 
For Türkiye, “an agreement relating to mutual security” 
(UN 1954, 6 no. 2361) had already been established with 
the US on January 7, 1952, just before it joined NATO, 
tacitly paving the way for continuingly close collaborations 
(e.g., Budek 1956, 398–399; 440–441).

Following Türkiye’s accession to NATO on 18 February 
1952, it collaborated with the US Navy on this carto-
graphic project over at least five years, and perhaps longer. 
Improved maps meant improved security planning and 
related infrastructure development. US dollars supported 
US agencies and contractors which not only participated 
in the work but also trained Turkish personnel to do the 
same. The intertwined NATO security and development 
projects, thus, were convincingly promulgated, with both 
Turkish and American benefits. That new American stan-
dards of cartographic practice and the power relationships 
they underlay were accepted in Türkiye in return for se-
curity guarantees, accurate documentation of Anatolian 
topography, understandings of economic geography, 
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and improved regional communications is unsurprising. 
Similar symbiotic arrangements clearly pertained in other 
NATO-member circum-Mediterranean countries situated 
with strategic value for Soviet containment. What other 

seemingly mutual benefits may have been included in the 
arrangements that governed this work will have to await 
elucidation in future research.
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Ambient Occlusion for Terrain Shading

Ambient occlusion is widely used in computer graphics to accentuate areas in a three-dimensional scene that are hid-
den from bright lighting. On maps, ambient occlusion adds spatial depth and nuanced texture to shaded relief images. 
Ambient occlusion images for maps can be calculated from digital elevation models using the Eduard relief shading appli-
cation. This paper illustrates the use of ambient occlusion for cartographic terrain shading and introduces two extensions: 
(1) oriented ambient occlusion for modulation with a direction of illumination, and (2) reduced ambient occlusion for 
valley bottoms with consistent brightness.

I N T R O D U C T I O N
Ambient occlusion is widely used in video 
games and other graphics applications to add depth to 
computer-generated three-dimensional scenes. This article 
describes the application of ambient occlusion for terrain 
shading to enhance subtle details of a terrain surface. The 
best results are produced by combining ambient occlusion 
with traditional shaded relief images; the occlusion layer 
adds a nuanced texture that accentuates narrow drainages 
and other terrain features that are occluded from lighting 
(Figure 1). Ambient occlusion works best with detailed 
high-resolution elevation models for shaded relief at large 
and medium scales.

Ambient occlusion is added at the end of the rendering 
procedure. After a two-dimensional shaded image is com-
puted, ambient occlusion calculates an occlusion value for 
each pixel that locally darkens the image.

In the time since Bavoil, Sainz, and Dimitrov (2008) in-
troduced a computationally efficient method for ambient 
occlusion, many extensions to their algorithm have been 
proposed, but all extensions are variations of the following 
concept: for each pixel in an image, a search is conducted 
for occluding objects within a hemisphere centered on the 
corresponding location in the three-dimensional scene. 
If there are occluding objects around this location, the 
brightness of the pixel is reduced; if there are no occluding 
objects, the brightness of the pixel is unaltered.

Applying this concept to cartographic terrain shading, 
imagine a pixel in the bottom of a narrow valley. This pixel 
is surrounded by many occluding terrain elements like val-
ley slopes and mountain ridges, resulting in a high am-
bient occlusion value. In contrast, a pixel on an exposed 
mountain ridge has neighboring terrain elements that are 
either located at elevations lower than the pixel’s elevation 
or at distances exceeding the radius of the hemisphere. No 
other terrain elements occlude the pixel on the mountain 
ridge, so its brightness is not reduced.

All terrain visualizations in this article were created with 
Eduard (eduard.earth), a software application for produc-
ing shaded relief, ambient occlusion shading, and other 
types of cartographic terrain visualizations. Once these 
have been generated, Eduard can combine them with a 
variety of blending modes, masks, and adjustment curves. 
Eduard has a convenient, user-friendly interface for ad-
justing ambient occlusion parameters (Figure 2).

This article is structured as follows: The following section 
discusses the concept of ambient occlusion calculation. 
The article then introduces oriented ambient occlusion 
modulated with a direction of illumination and discuss-
es a method for reducing ambient occlusion in flat areas. 
Appendix A provides details about the algorithm of the 
latter method.

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://eduard.earth/
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Figure 1. Ambient occlusion combined with shaded relief images. From top to bottom: Gore Range, Colorado (1 meter resolution); 
Massanutten, Virginia (10 meter); and Crater Lake, Oregon (3.3 meter). Elevation models from Kennelly et al. (2021).

Ambient Occlusion + Shaded ReliefShaded ReliefAmbient Occlusion
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CO M P U T I N G  A M B I E N T  O CC L U S I O N
When rendering ambient occlusion for an or-
thographic shaded relief, the algorithm starts with a white 
image that is to receive ambient occlusion. The algorithm 
visits each pixel and repeatedly decreases the brightness 
of the pixel when an occluding object is found. To search 
for occluding objects, elevation values are sampled along 
radially arranged rays (Figure 3, left). Along each ray, el-
evation is extracted from the elevation model at a series 
of sampling points to determine whether that elevation is 
occluding the central pixel.

Various heuristics for choosing a sampling distance along 
the rays are possible. A constant sampling distance equal 
to the cell size of the elevation model results in visually 
pleasing images. Elevation values are sampled with bilin-
ear interpolation.

Experiments with various numbers of radial rays found 
that for terrain shading, 20 rays with an angular spacing 
of 360° ÷ 20 = 18° produce smooth visual results. Fewer 
sampling rays can result in visual noise.

Figure 2. Rendering and combining ambient occlusion and shaded relief layers with Eduard. Adjustable ambient occlusion parameters 
include (in the sidebar on the right side) scan radius, aperture angle and direction for oriented ambient occlusion, amount of terrain 
details, reduction of ambient occlusion in flat areas to prevent dark valley bottoms, and anti-aliasing. swissALTI3D elevation model of 
Glarus by swisstopo downsampled to 10-meter resolution.
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The scan radius r is the primary parameter when comput-
ing an ambient occlusion image. As illustrated in Figure 
4, a short scan radius accentuates narrow valleys and es-
carpments, whereas a long scan radius darkens the slopes 
of larger valleys and adds a grayscale gradient to valley 
bottoms.

To determine whether a sampled elevation is occluding the 
central pixel, the vertical gradient of the line connecting 
the elevation at the central pixel with the elevation of the 
sample point is compared to the vertical gradient of the 
line to the previously sampled position. If the new gradi-
ent is greater than the previous gradient, then the new po-
sition is occluding the central pixel and its brightness value 
is reduced. The amount of brightness reduction is propor-
tional to the vertical elevation distance between the new 
and previous elevation, multiplied by an attenuation fac-
tor that decreases the occlusion effect of distant elevations. 
Additional details about the algorithm can be found in the 
presentation and conference abstract by Bavoil, Sainz, and 
Dimitrov (2008).

O R I EN TED  A M B I EN T  O CCLUS I O N
Conventional ambient occlusion scans the 
area around each pixel in a circular pattern to detect oc-
cluding objects (Figure 3, left). This results in ambient oc-
clusion images that are invariant to the direction of illu-
mination (Figure 5, top left).

α
�

Circular Sampling Oriented Sampling

Figure 3. Orthographic top-down view of an elevation model. 
The small circles are the sampling points for computing ambient 
occlusion for the central pixel. This example has 20 sampling 
rays and a scan radius r equal to three grid cells. Left: circular 
sampling. Right: oriented sampling with an aperture angle a of 
135° oriented along a top-left illumination direction indicated by 
the dashed line.

Radius 25 px Radius 100 pxRadius 7 px

Figure 4. Ambient occlusion with a scan radius of 7 (left), 25 (middle), and 100 pixels (right). Great Sand Dunes, Colorado, 3.3-meter 
elevation model from Kennelly et al. (2021).



Cartographic Perspectives, Number 103 Ambient Occlusion for Terrain Shading  –  Jenny | 78 

Alternatively, ambient occlusion can be modulated with a 
direction of illumination, in which the sampling rays are 
laid out in a fan-like arrangement (Figure 3, right). The 
example in Figure 3 applies a standard illumination di-
rection for shaded relief from the top left, indicated by the 
dashed line. The rays radiate accordingly around the op-
posing direction towards the bottom right. The aperture 
angle a in this example is 135°. The aperture angle and 
the orientation of the radiating rays can be adjusted to any 
direction of illumination.

The resulting ambient occlusion image is shown in the 
bottom left of Figure 5. Compared to the ambient occlu-
sion image with a circular 360° arrangement (Figure 5, 
top left), the brightness contrast with oriented ambient oc-
clusion is stronger. Narrow valleys, gullies, and rock struc-
tures are more strongly accentuated. With oriented ambi-
ent occlusion, shades on valleys slopes are lopsided; slopes 

with a northwest exposure remain bright, whereas slopes 
with a southeast exposure are darkened.

In the right column of Figure 5, the two ambient occlusion 
images are combined with a shaded relief generated by a 
neural network imitating manual relief shading (Jenny et 
al., 2020). A moderate amount of aerial perspective is also 
applied (Jenny and Patterson, 2021). Both blended imag-
es contain informative texture details, but the image with 
the 360° arrangement lost some of the original shading’s 
clearly structured illuminated and shaded slopes because 
illuminated slopes of main landforms are darker (Figure 
5, top right). The combination of shaded relief with ori-
ented ambient occlusion (Figure 5, bottom right) shows a 
stronger contrast between illuminated and shaded slopes 
of large landforms and more clearly accentuates narrow 
drainages and other terrain details.

R E D U C E D  A M B I E N T  O CC L U S I O N  F O R  F L AT  A R E A S
Standard ambient occlusion can result in flat 
plains and lakes with varying brightness, which can be 
visually pleasing for waterbodies or wide valley bottoms. 
However, it can also be distracting when bright flat plains 
transition into narrow valleys, which are rendered consid-
erably darker. Additionally, dark valley bottoms are likely 
to reduce the visual contrast with overlaying map features 
and result in a map that is difficult to read. An example 
of a dark valley bottom can be seen in Figure 4 (right). 
Figure 6 (top) is an example of an alpine lake that is exces-
sively dark.

Dark valley bottoms can be brightened by applying an 
adjustment curve with a mask for flat areas, but reliably 

identifying coherent flat valley bottoms with an algorith-
mic method is surprisingly difficult. Adjusting the ambi-
ent occlusion algorithm can reduce the darkening of valley 
bottoms. The dark flat surfaces result from occluding sam-
pling points that are both high relative to the valley bot-
tom and close to the flat valley. Appendix A introduces a 
computational method that decreases the occluding effect 
of elevations that are (a) particularly high when compared 
to the elevation of a flat plain, and (b) particularly close to 
a flat plain. Figure 6 (bottom) illustrates the effect of this 
adjustment. Figure 2 shows a larger geographic extent of 
the same region at a slightly different scale rendered with 
a combination of shaded relief and an ambient occlusion 
image with reduced occlusion in flat areas.

CO N C L U S I O N
Computation time for calculating ambient 
occlusion is fast with a graphics card because it can be 
calculated simultaneously for multiple pixels. For exam-
ple, calculating ambient occlusion for an elevation model 
of 5,000 × 5,000 pixels with a radius of 30 cells and 20 
scanning rays takes less than one second on an Apple Mac 
computer with an M1 chip.

As illustrated by the figures in this article, combining 
ambient occlusion with shaded relief enhances subtle and 
nuanced terrain details, which is most effective at large 
and medium scales. A detailed high-resolution elevation 
model is required to accentuate small details, such as nar-
row drainages and rock escarpments, which especially 
benefit from ambient occlusion. Oriented ambient occlu-
sion is useful to preserve contrast between illuminated and 
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Ambient Occlusion Ambient Occlusion + Shaded Relief

Oriented Ambient Occlusion + Shaded ReliefOriented Ambient Occlusion

Figure 5. Ambient occlusion with a 360° scan angle (top row) and oriented ambient occlusion with a 135° scan angle with a northwest 
illumination orientation (bottom row). Ambient occlusion images are combined with a shaded relief (right column) with the multiply 
blending mode. A curves adjustment compensates for the darkening of the multiply blending mode. Churfirsten, Switzerland, 30-meter 
elevation model from Kennelly et al. (2021).
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shaded slopes of large landforms and accentuate valleys, 
while adjusting the ambient occlusion for flat areas avoids 
dark valley bottoms with irregular brightness. Eduard 
is a tool that can efficiently produce ambient occlusion 
and shaded relief images that are visually pleasing and 
effective.
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A P P E N D I X  A :  A LG O R I T H M  F O R  R E D U C E D  A M B I E N T  O CC L U S I O N 
I N  F L AT  A R E A S
This appendix provides details about the algo-
rithm for reducing ambient occlusion in flat areas to pre-
vent valley bottoms from becoming excessively dark. 
Ambient occlusion by Bavoil, Sainz, and Dimitrov (2008) 
is attenuated for pixels in flat areas and pixels occluded by 
close elevations.

The notation follows the presentation by Bavoil, Sainz, 
and Dimitrov (2008), slide 24, “Per-Sample Attenuation.” 
The recording of their SIGGRAPH 2008 presentation, 
available as supplementary material to their paper, is rec-
ommended for an introduction to the ambient occlusion 
algorithm. The presentation contains diagrams that il-
lustrate the various components of ambient occlusion 
computation.

The amount of per-pixel darkening for regular ambient 
occlusion WAO is initialized with WAO = 0, and WAO is 
increased each time an occluding surface point is found 
when stepping along a scan line (Equation 1).

	 WAO += W(S2) ∙ (AO(S2) - AO(S1))	 (1) 

Equation 1 was proposed by Bavoil, Sainz, and Dimitrov 
(2008). S1 is the last sample point that was found to oc-
clude the pixel, and S2 is the current sample point that is 
occluding the pixel. AO(S1) and AO(S2) are the ambient 
occlusions contributed by S1 and S2. W(S2) is the attenu-
ating weight applied to the difference between AO(S1) and 
AO(S2). Equations for AO(S1), AO(S2), and W(S2) can be 
found in the presentation by Bavoil, Sainz, and Dimitrov.

Equation 1 is extended with an additional dimensionless 
attenuation factor f, which incorporates a measure of flat-
ness nearby the pixel under consideration (Equation 2).

	 WAO += (W(S2) ∙ (AO(S2) - AO(S1))) ÷ f, and f ≥ 1	 (2) 

The attenuation factor f equals 1 when the slope at the cen-
tral pixel is steeper than a user-definable gradient thresh-
old Gmax, or when the occluding sample point S2 is farther 
away than a user-definable distance threshold Dmax.

What follows is a description of the calculation of the at-
tenuation factor f. One can first apply a Gaussian blur filter 
with s = 1 to the elevation model. The gradient G at the 

central pixel is then computed from the blurred elevation 
model (Shary, Sharaya, and Mitusov 2002) and normal-
ized with the gradient threshold parameter Gmax to obtain 
a normalized gradient g between 0 and 1 (Equation 3). 
Note that the normalized gradient g is computed for the 
central pixel and does not vary along the sampling ray.

	 g = G ÷ Gmax, and g ≤ 1	 (3) 

A normalized distance value d between 0 and 1 is comput-
ed from the distance D between the central pixel and the 
occluding sample point S2. Dmax is the threshold parameter 
for the distance (Equation 4).

	 d = D ÷ Dmax, and d ≤ 1	 (4) 

The normalized gradient and the normalized distance are 
combined (Equation 5).

	 w = √g 2 + d2, and w ≤ 1	 (5) 

In Equation 5, w is a dimensionless weight that is limited 
to a maximum value of 1. If w is close to 0, the occlud-
ing elevation is close to the central pixel and the central 
pixel is flat; if w is close to 1, the occluding elevation is far 
away and/or the slope at the central pixel is far from being 
flat. The attenuation factor f is finally computed with a lin-
ear mapping and a user-definable attenuation parameter a 
using Equation 6. The attenuation factor f reduces normal 
ambient occlusion if the pixel is in a flat area or if there are 
occluding elevations close to the pixel.

	 f = a - (a  - 1) ∙ w, and f ≥ 1	 (6) 

There are three user-definable parameters (Gmax, Dmax, a) 
for this calculation. Gmax is the gradient threshold; for pix-
els with a slope flatter than Gmax, the ambient occlusion 
is reduced. Dmax is the distance threshold; occluding ele-
vations closer than Dmax result in a reduced ambient oc-
clusion. The attenuation parameter a controls how much 
the brightness of f lat areas is adjusted. To simplify the 
graphical user interface for controlling the adjustment of 
flat areas, Gmax and Dmax can be derived from a with: Gmax 
= tan-1(2a) and Dmax = r/2, where is r the scan radius. These 
heuristics simplify the user interface to a single adjustable 
value and produce satisfactory results.
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It’s coming up on the one-year anniversary of 
the premiere performance of my A Synesthete’s Atlas proj-
ect, so Cartographic Perspectives’s invitation to reflect on 
how it came to be, and how it’s playing out, is timely, apt, 
and welcome. As I draft this article I’ve finished touring 
it up and down Colorado’s Front Range and am headed 
to the Midwest, where I’ll give my first museum perfor-
mance, among others.

1.  Res Artis provides a searchable database of member artist residency programs worldwide at resartis.org.

2.  Signal Culture has relocated to Loveland, CO, and is in the process of rebooting its studios and residency programs as I write this.

A Synesthete’s Atlas gestated through two artist residen-
cies:1 at Signal Culture, in the isolated, Rust Belt town of 
Owego, New York,2 and at Hangar, in the vibrant, mul-
ticultural Graça district of Lisbon, Portugal. Hangar, a 
“center for artistic investigation,” skews toward post-colo-
nial and Global South artists, hosting eight international 
artists at a time, offering modest live/work spaces, a paint-
ing and sound studio, a wet darkroom, and a general-pur-

pose performance space. 
Two top-f loor studios 
offer always-inspiring 
views.

I arr ived with three 
map-related projects 
I planned to work on. 
This article focuses on 
the one that evolved 
into A Synesthete’s Atlas, 
but touches on all three.

Eric Theise (he/him)
erictheise@gmail.com

A Synesthete's Atlas: 
Real Time Cartography in Performance

VISUAL  FIELDS

An unfiltered view from 
Hangar’s Studio 6. 
Sandstorms in Northern 
Africa caused the Lisbon 
sky to take on this color for 
a few days. Photograph by 
the author.

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.blockmuseum.northwestern.edu/cinema/2023/a-synesthetes-atlas-cartographic-improvisations-between-eric-theise-and-ben-zucker.html
https://www.blockmuseum.northwestern.edu/cinema/2023/a-synesthetes-atlas-cartographic-improvisations-between-eric-theise-and-ben-zucker.html
http://resartis.org
https://signalculture.org
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L E S S O N S  L E A R N E D  FR O M  E X P E R I M E N TA L  F I L M

3.  To shed light on my abilities to write software, work with probability distributions, and analyze data, I’ll note that I went on to get M.S. and Ph.D degrees in 
Operations Research from the Industrial Engineering and Management Sciences Department at Northwestern University.

4.  Copperplate photogravure is an intaglio printmaking method used to produce high quality, continuous-tone photographic editions; its heyday was the late nine-
teenth and early twentieth centuries, but it continues to be practiced by artisans: photogravure.com.

5.  My celebration of constraints derives from the Ouvroir de littérature potentielle (Oulipo); co-founder Raymond Queneau described Oulipians as “rats who 
construct the labyrinth from which they plan to escape.”

The art form I’ve most closely identified with 
over the decades is experimental film. I’d loved cartoons 
since childhood, had, as an undergraduate, stumbled into 
Trickfilm, a multi-week festival of sophisticated interna-
tional animation at the Art Institute of Chicago’s Film 
Center, and yearned to find a venue for seeing similar 
work going forward. Chicago Filmmakers answered that 
call, and in so doing provided me with an informal intro-
duction to contemporary and historical experimental film. 
My only formal education was taking a pair of animation 
courses at the School of the Art Institute as electives at 
the end of my undergraduate business school education at 
Loyola University Chicago.3 Over the years I’ve made a 
handful of 16mm films and curated cinema programs for 
a variety of institutions, while also serving on boards of 
directors, and on grant-giving juries.

16mm filmmaking is expensive and error-prone, as were 
the other antiquarian media I chose for my own artmak-
ing (copperplate photogravure anyone?4). Fast forward to 
the mid-2010s, by which time I’d taught multiple incarna-
tions of Mapping as a Creative Strategy at colleges and art 
centers, and had been doing freelance development using 
open geographic data and open source software: the real-
ization hit me that the tools I was using for web mapping 
were tools that could be used to create a peculiarly con-
strained form5 of experimental animation.

I gave a presentation in Washington, DC, at State 
of the Map-US 2014 called “Lessons Learned from 
Experimental Film.” After reviewing the notion of struc-
tural film (Sitney 1969), I talked about how one film (Serene 
Velocity, by Ernie Gehr) and three filmmakers’ strategies 
(Paul Sharits, Robert Breer, and Paul Glabicki) might be 
interpreted using digital cartography.

Ernie Gehr’s Serene Velocity (1970) is set in a long institu-
tional corridor having a green-gray tint. The camera al-
ternates between fixed zoom positions, four frames taken 
per position, gradually stepping from subtle differentials 
to what feels like being slammed from one end to the 

other of the long hallway. One of the interesting things 
about the film is that even with the strong depth cues the 
screen space can flatten completely as the objects along 
the hallway (illuminated hot spots and shadows, ash trays, 
doorways) realign and confuse the visual perception sys-
tem. For my presentation I used TileMill to create a tileset 
centered on Washington DC’s Scott Circle. The radiating 
avenues of L’Enfant’s city design produced similar illu-
sions to Serene Velocity’s when subjected to a progression of 
rapidly alternating zooms, increasing in range.

Frames from Serene Velocity (1970). © Ernie Gehr. Image 
courtesy the filmmaker.

http://photogravure.com
http://en.wikipedia.org/wiki/Oulipo
http://2014.stateofthemap.us/session/lessons-learned-from-experimental-film
http://2014.stateofthemap.us/session/lessons-learned-from-experimental-film
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Paul Sharits was a leader in the development of the color 
flicker film. Film frames of solid, saturated color might oc-
cupy the screen for 1/12th of a second before changing to 
a contrasting color. These optics, combined with repetitive 
soundtracks in many of Sharits’s films, conspire to fatigue 
the eyes and ears, producing illusory colors and syllables.

Robert Breer’s deceptively simple hand-drawn animations 
do many things well. One strategy used across his films 
was to create separate sequences of believable motions—a 

train conductor walking the aisle, validating tickets; a 
conical coffee cup rolling across a flat surface; hexagonal 
beams rotating on to and off of the screen—that carved 
out specific spatial expectations and behaviors. He then 
would interleave these sequences to create hybrid spaces 
with conflicting perspective cues.

Paul Glabicki, a generation younger than Breer, also creat-
ed hand-drawn animation, but his were composed of dense 
diagrams, done in a technical drafting style, sometimes 

Sequence from Fuji, 1974. 15 cartons de 10 × 15 cm. Crayons couleur, peinture à la bombe. 79 × 79 cm.
Courtesy: Kate Flax, gb agency, Paris
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incorporating templates and Letraset rub-on 
type into scenarios of his own creation. Works 
such as Film-Wipe-Film benefit from repeated, 
analytical viewings. One strategy I’ll highlight 
is his rendering of a recognizable object—the 
appearance of a simple chair, drawn in severe 
perspective—that then disintegrates into con-
stituent lines that explode or slide down the 
screen, diminishing into smaller segments and 
points, vanishing completely, before cyclically 
reconstituting itself.

Unlike the Serene Velocity touchstone, I had no 
implementation to show for Sharits, Breer, or 
Glabicki. I proposed that Sharits’ rapid color 
shifts could be applied to geographic layers, 

6.  MIDI Kinetics acquired Lemur in early 2023 and has plans to revive it.

that Breer’s interleaving could superimpose dif-
ferent locations/rotations, and that Glabicki’s 
polygonal deconstructions could dematerialize 
OSM’s relations and ways.

At the time of SotMUS 2014 I was weathering 
the fallout from being encouraged to “quit my 
job and come work for” a certain studio. I de-
livered on the former; the studio did not come 
through on the latter. I’d been given a tentative 
start date and signed an NDA, but foolishly re-
lied on a handshake agreement, not a contract. 
Devastating. I set aside my lessons learned 
from experimental f ilm and lost a few years 
picking apart the lessons of what can charitably 
be called “pranking.”

A  F I R S T  I M P L E M E N TAT I O N
I’d held a few artist residencies, and 
was familiar with researcher residencies, but it 
was a revelation to learn about the Toolmaker-
in-Residence (TiR) program at Signal Culture. 
A unique opportunity, it seemed a perfect fit 
when I was ready to return to this project. I was 
awarded this residency in 2018 and 2019, each 
a two week stint.

As I’ve never had an organizational affiliation 
that gave me access to Esri products, my dig-
ital mapmaking stack has always been built 
on open source tools. In the timeframe dis-
cussed here, my preference for Leaflet coupled 
with TileMill/Mapnik (raster tiles) yielded 
to Mapbox GL JS coupled with hand-cod-
ed stylesheets occasionally supplemented by 
sessions with Mapbox Studio and Maputnik 
(vector tiles). At present I use MapLibre, a 
fork of Mapbox GL JS from when its licensing 
was at its most permissive. These toolchains 
were satisfactory for my freelance work but for 
my personal work I began to crave new ways 
to manipulate map styles and parameters: to 
quickly shuffle and surprise myself with color, 
zoom, bearing, pitch, labels, and movement. I 

wanted rapid prototyping with options to give 
up control.

During my first Signal Culture TiR stint, I 
began working with Lemur. In the early 2000s, 
the Lemur was a high-end, multi-touch device 
for controlling musical instruments. The hard-
ware was discontinued in 2010 but the software 
evolved into iOS and macOS apps that could 
be used to construct touch interfaces running 
on tablets or phones. Although the software 
company Liine gladly accepted my money via 
the Apple Store, it soon became apparent that 
I’d purchased abandonware. For example, the 
built-in editor was rendered inoperable sim-
ply by connecting an external monitor to my 
laptop.6

Stil l, I was able to cobble together hard-
ware (iPad, MacBook Pro), software (Lemur, 
Mapbox GL JS, TinyColor, a few hundred 
lines of JavaScript), and data (metro extracts 
from OpenStreetMap converted to MBTiles 
format, ad hoc GeoJSON fragments) in order 
to develop proofs-of-concept for creating sin-
gle channel, map-based experimental videos 
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http://midikinetics.com


Cartographic Perspectives, Number 103 A Synesthete's Atlas  –  Theise | 86 

and the rapid prototyping tool outlined earlier. 
I presented these implementations at Cornell 
University’s Kroch Library7 shortly after my 
residency concluded. That audience—a mix 
of people coming from geospatial, f ilmmak-
ing, arts and architecture, data science, and 
web technology backgrounds was supportive, 

7.  Eternal gratitude to Keith Jenkins, Marsha Taichman, & Tre 
Berney for arranging my Cornell talk, which can be seen here: 
youtu.be/PXijK_q13do.

8.  Eternal gratitude to Heather Gring and Tullis Johnson for 
facilitating my visit to the Archives. burchfieldpenney.org/public/
documents/R2019.0806.001.pdf.

inquisitive, and enthusiastic, and asked ques-
tions that I still refer to today as a reality check. 
I believe that the Cornell talk was where I first 
publicly referred to my platform as Carto-OSC, 
and first proposed using it for “map jockeying.”

I had a handful of signif icant experimen-
tal f ilm experiences during my first sojourn 
in Owego. Prior to my TiR I visited the Paul 
Sharits Collection at the Burchfield Penney 
Art Center Archives8 in Buffalo. Videos I pre-
sented at Cornell were structured around maps 
whose rapidly changing layer colors were taken, 
via a Python script, from TIFF files of Sharits’s 
Frozen Film Frame Series provided by the 
Archives. I began my trip by flying into Boston 
in order to attend the opening of Introducing 
Tony Conrad: A Retrospective held at both 
MIT’s List Visual Arts Center and Harvard’s 
Carpenter Center for the Visual Arts; Conrad 
being another f licker film pioneer as well as 
a minimalist composer/performer. And like 
any good experimental f ilmmaker I made 
a pilgrimage to the hallway at Binghamton 
University where Serene Velocity was filmed.

O S C  T H R E E  WAYS:  S O U N D,  S TAG E,  A N D  C A R TO -

I’ve not yet talked about how param-
eters set on the iPad touch surface are translated 
into actions that affect the appearance and be-
havior of the maps. You may have heard of the 
MIDI (Musical Instrument Digital Interface) 
protocol. It dates from the early 1980s and is 
used to exchange parameters between instru-
ments, computers, and digital audio worksta-
tions. Your computer or mobile device likely 
“speaks” it natively, and if you own a digital 
keyboard instrument it almost certainly does. 
While Lemur could output MIDI, I found the 

protocol intimidating, and the note-focused 
(pitch, loudness, instrument, duration, modifi-
ers) messaging not suitable for my purposes.
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The author presenting the Lemur implementation of 
Carto-OSC at Cornell University’s Kroch Library.

The author reflected in Paul Sharits’s Frozen Film 
Frame Series, c. 1971–76, Burchfield Penney Art 
Center, Buffalo, New York, October 22, 2018.

http://youtu.be/PXijK_q13do
http://burchfieldpenney.org/public/documents/R2019.0806.001.pdf
http://burchfieldpenney.org/public/documents/R2019.0806.001.pdf


Cartographic Perspectives, Number 103 A Synesthete's Atlas  –  Theise | 87 

The OSC (Open Sound Control) protocol is of 
a more recent vintage and is more flexible in the 
types of messages it can send and receive, such 
that I could use it to send information that was 
not specifically musical. That it uses a URL-
like namespace for its addressing was especially 
appealing to me as a RESTful API developer. 
What I mean by this is that a message such as

{
 address: '/label/country',
 args: [
  {
   type: 's',
    value: '[ Stoke-Regular,108.37, 0 ]'
  },
  { type: 'f', value: 108.37 },
 ]
}

followed by

{
 address: '/label/country/color',
 args: [
  { type: 'f', value: 313.3916 },
  { type: 'f', value: 0 },
  { type: 'f', value: 50 },

  { type: ‘f’, value: 0.5 },
  { type: ‘f’, value: 313.3916 }
 ]
}

can be sent from virtual controls on a touch 
surface via OSC and interpreted by software 
running on my laptop as a set of parameters for 
setting the font and font-size (in pixels) used 
for labeling entities in a country layer, and then 
altering its color using a tuple for HSVα (hue, 
saturation, value, alpha channel). Observant 
readers may be curious about the redundancy 
in these messages. The final line of the args 
array is the value provided by the virtual con-
trol. Carto-OSC acts upon the previous lines, 
implemented more naturally as a preArg where 
multiple controls provide input for multiple 
parameters.

By the time of my 2019 TiR I’d become aware 
of a JavaScript-based, open source alternative to 
Lemur called Open Stage Control, and much 
of my residency was spent reimplementing my 
2018 work using that platform. Open Stage 
Control, developed by French percussionist 
Jean-Emmanuel Doucet, is remarkably capable, 
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The primary Carto-OSC panel with editor exposed. Screenshot by the author.

https://openstagecontrol.ammd.net/
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and is frequently updated in response to its ac-
tive user base via a Discord forum.

The glue that holds Carto-OSC together has 
grown to a few thousand lines of JavaScript 
running in the web browser on my laptop. 
Incoming OSC messages are routed by ad-
dress to individual modules that control the 
map style (e.g., setPaintProperty), the map 
movement (e.g., flyTo, setZoom), or the style 
of the HTML page into which the map is em-
bedded using CSS margins, backgrounds, gra-
dients, border-radiuses, et al. Some modules 
do very little and are only a few lines of code; 
others are rather complex and run to hundreds 

of lines. The router pattern makes it relatively 
straightforward to insert a new address and add 
complexity to the corresponding new behavior 
without adversely affecting existing, under-
stood behaviors.

Carto-OSC served its purpose as a rapid 
prototyping tool for two short videos I re-
leased during the COVID lockdown: If Map 
#7, a tribute to the late media scholar, Gene 
Youngblood, that screened in the Experiments 
in Cinema festival, and If Map #4, an animated 
“poster” promoting an episode of the Remains 
to be Streamed Instagram Live program on the 
subject of film preservation.

F I R S T  P E R F O R M A N C ES
I’d wanted to return to Lisbon ever 
since my first visit in 1997, so when I learned 
about Hangar’s International Residency pro-
gram, I prioritized applying. I went with three 
map-related projects in mind: a series of sixteen 
short monochrome animations based on place 
names found within anagrams of the phrase 
“nonfungible tokens” (If Map #9 and 9.1–9.16), 
an experimental film in which older and young-
er versions of myself converse using Morse 
Code (If Map #6), and bringing Carto-OSC to 
fruition by giving a public performance.

The premiere performance of A Synesthete’s 
Atlas was a collaboration with Helena Espvall, 
performing on cello and electronics, hosted in 
Hangar’s performance space on April 21, 2022. 
About thirty people were in attendance: my 
co-residents, other local artists and gallerists, 
curious people from the neighborhood, and a 
few intrepid travelers who’d read about it on so-
cial media.

Three takeaways from that performance:

1.	 I learned more about the interaction of 
color in that fifty minutes than—with 
all due respect—hours spent with the 
Bauhaus-derived color-theoretic exer-
cises of Josef Albers, Johannes Itten, 
Hans Hofmann, et al.

2.	 I was surprised by how my attention 
was allocated. I’d expected the majority 
of my energy would be spent manipu-
lating map controls but my subjective 
impression was that 70–80% of my 
energy was devoted to listening to 
Helena’s improvisations.

3.	 To my great satisfaction, the audience’s 
attention, questions, and applause 
convinced me that there was, indeed, 
a “there there,” that manipulating 
projected maps in dialogue with an 
improvising musician could produce a 
meaningful, non-narrative, pre-verbal 
experience for an audience.

Upon my return to the US at the end of June 
2022, I gave three performances along the East 
Coast (Cambridge, Brooklyn, and Washington, 
DC) and another handful in California and 
Minneapolis in the autumn. Now, a year later, 
I’m touring Colorado and the Midwest, and 
beginning to line up another East Coast tour 
for the autumn, closing out 2023 with over two 
dozen performances in total. In post-perfor-
mance Q & As, film curators have argued over 
whether my project is anti-cinema, post-cin-
ema, or pre-cinema, and one geospatial col-
league opined that “A Synesthete’s Atlas sets a 
new bar for the notion of radical cartography.”
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https://erictheise.com/films/if-map-7-gene-youngblood-tribute/
https://erictheise.com/films/if-map-7-gene-youngblood-tribute/
https://www.experimentsincinema.org/_files/ugd/82ab84_a860557aeb994bda9b16d53bb6b8b10e.pdf
https://www.experimentsincinema.org/_files/ugd/82ab84_a860557aeb994bda9b16d53bb6b8b10e.pdf
https://erictheise.com/films/if-map-4-remains-to-be-streamed-12/
https://www.sensesofcinema.com/2020/cinema-in-the-age-of-covid/remains-to-be-streamed/
https://www.sensesofcinema.com/2020/cinema-in-the-age-of-covid/remains-to-be-streamed/
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M O R E  O N  T H E  TH E R E  T H E R E

CONCERNS, INFLUENCES, AND THE FEEDBACK LOOP

My overriding concern in these performances 
is color, particularly the subtleties of color perception and 
the freedom to apply unconventional palettes to geograph-
ic representations. Over the course of a performance I’ll 
work with dramatic color differences—displaying saturat-
ed, “acid” colors in conflicting contrasts—and just-notice-
able differences, where what might normally be thought of 
as foreground and background become indistinguishable 
or switch places.

There’s a superficial similarity between the British painters 
Patrick Caulfield and Michael Craig-Martin. Both make 
use of constant-width black outlines and unmodulated ex-
panses of solid color, leading unkind critics to call it “col-
oring book art.” Caulfield’s palette departs from the natu-
ralistic in pursuit of atmospheric or emotional weight. In 
contrast, Craig-Martin’s appears stridently arbitrary, yet 
harmonious. He often works on an architectural scale, cre-
ating room-sized drawings of common objects using black 
tape and painted walls. I study and take inspiration from 
both of their approaches to color, and my floor-to-ceiling 

projections allow the same im-
pact as Craig-Martin’s wal l 
drawings.

But painters do not work in 
t ime-based media. The in-
f luence of Paul Sharits’s color 
f licker f ilms is especially vis-
ible when my projections are 
evolving quickly. I’ve come to 
see James Turrell’s Ganzfeld in-
stallations as a referent when 
the pace slows. Turrell’s instal-
lations, found at numerous mu-
seums worldwide, bathe view-
ers in slowly modulated colors 
and, due to their intensity and 
construction, the borders of the enclosing space—walls, 
floors, ceilings, even the portal for entry—vanish as the 
eyes try to make sense of the unfamiliar monochromatic, 
immersive, and unrelenting environment.

Sequences from
 Film

-W
ipe-Film

 (1983). ©
 Paul G

labicki. Im
ages 

courtesy iotaC
enter and the film

m
aker.

Full, 2000, Acrylic on canvas, 84 × 162 inches (213.4 × 411.5 cm). © Michael Craig-Martin. Courtesy the artist and Gagosian.
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Like many artists, I lift inspiration from wherever I find 
it. I learned of François Morellet’s grid paintings when 
one was installed several stories high on the wall of Dia 
Chelsea in 2017. Toying with this idea, I implemented 
simple, but effective controls that can alternate map rota-
tion by dialed-in degrees at a slider-set pace.

I was too young (and too square) to have witnessed light 
shows at the peak of their popularity, yet through popular 
culture (television, most likely) I was aware of them and 
was fascinated by the lively, abstract visuals. Eyedroppers 
squirting colored liquids into transparent, f luid-filled 
trays set atop overhead projectors while loud psychedelic 
rock music blared. Slide projectors, 16mm film projectors, 
shutter mechanisms, strobe lights. Visual music, a concept 
whose organizing principle is that fine art should attain 
the nonrepresentational aspects of music, has subsumed 
the light show (Brougher and Mattis 2005, 7 and 148–
178); also, media theorist Gene Youngblood considered 
the light show a form of expanded cinema (Youngblood 
1970, 387–398). I see my work as following in those tra-
ditions and am gratified whether someone calls a perfor-
mance “trippy,” or goes into great detail about the rela-
tionship between my colors and movement and their own 
psychedelic experiences.

“Trippy” may be a proxy for another of my chief concerns: 
dislocation. During a performance, north is only occasion-
ally at the top of my maps, water only occasionally blue. 
Through orientation and motion I strive to make the fa-
miliar less familiar. By muting layers and labels, and by 
working with data that's devoid of elevation, it's possible 
to let features from the natural or built environment ap-
pear as a child's scribble, a ganglion, a printed circuit or 
schematic, or an abstract painting come to life.

I worry that legible labels of well-known geographies will 
too strongly anchor a performance. The question of how to 
treat them was partially answered by my admiration for the 
letterform experimentation of concrete poetry, pioneered 
by the Dadaists, and visual poetry as practiced by contem-
porary poets such as Derek Beaulieu. As with painting, 
my inspiration comes from primarily static works, but 
my performances are deliciously complicated by the label 
placement algorithms built into any mapping library. Most 
Cartographic Perspectives readers will be familiar with the 
phenomenon of a label placement algorithm prioritizing a 
small town over a large city due to available space; this 
adds a good dollop of unpredictability and humor to the 
proceedings.

The author performing with Kevin Corcoran, textural percussion 
& manipulated field recordings, at Other Cinema, San Francisco, 
California, November 5, 2022. Photograph by Mai Adachi.

François Morellet, Trames 3°, 87°, 93°, 183° (Grids 3°, 87°, 93°, 
183°), 1971/2017, which appeared on the western facade of 
Dia Chelsea, New York City, from October 28, 2017 through 
October 31,2019. Photograph by the author.
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Carto-OSC has a tab where I can control fonts, sizes, col-
ors, halo characteristics, and whether to lock the label to 
the map or to the viewport during map rotation. A num-
ber of decidedly non-traditional fonts have been turned 
into glyphs using the build-glyphs script included with 
Mapbox’s node-fontnik package. These include redac-
tion and barcode fonts as well as fonts representative of 
various styles, e.g., Art Deco (PollerOne), the Arts and 
Crafts Movement (Strong Glasgow), script (Zapfino), etc. 
I'm simultaneously excited by dynamic font sets and sad-
dened that they're far from being drop-in replacements for 
web mapping glyphs.

FINDING VENUES & COLLABORATORS

There’s a kinship between experimental film and music, 
and I’ve been in the audience for what’s variously called 

new music, contemporary classical, free jazz, punk, and 
noise for decades. I’ve been fortunate to live in cities with 
thriving scenes and to have made friends with exception-
al musicians simply by being a member of their audience. 
Oakland is home to percussionist Jacob Felix Heule's 
long-running monthly workshop for improvisers, Doors 
That Only Open in Silence, and Carto-OSC's early devel-
opment was shaped by my sitting off to the side at ses-
sions, imagining what I'd like maps to do in response to 
these spontaneous exercises in sound.

Naturally, it’s different when traveling, especially with the 
gap in public performances caused by COVID-19. My 
typical approach, when faced with an unknown area, is 
to search the internet for venues that seem likely candi-
dates (microcinemas, alternative art galleries, and perfor-
mance spaces) for hosting a combination projection and 
sound collaboration, then begin making inquiries. I’m 

From 2 poems for Kristen, by Derek Beaulieu (2009). derekbeaulieu.files.wordpress.com/2017/01/beaulieu-2-poems.pdf.

https://youtube.com/playlist?list=PL_HPASqyjYfIjlxrLSSkeQ6VZHDZNx9DG&si=99pcYb_HFUZXNo3T
https://youtube.com/playlist?list=PL_HPASqyjYfIjlxrLSSkeQ6VZHDZNx9DG&si=99pcYb_HFUZXNo3T
https://derekbeaulieu.files.wordpress.com/2017/01/beaulieu-2-poems.pdf
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aided by a small number of experimental film databases 
(“Experimental Cinema: News and Resources,” “This 
week in avant garde cinema”) holding historical venue in-
formation. It’s rare that I don’t record my performances, 
and my Vimeo showcase and Instagram feed allow venues 
to understand what I’m proposing.

As a venue commitment begins to come into focus, my at-
tention turns to collaborators. I may know of someone by 
reputation or recommendation, but often the same search 
I use for venues will yield a list of potential collaborators. 
Ideally they’ll have a Bandcamp or Soundcloud presence, 
or a portfolio of YouTube or Vimeo performances, and I 
can ascertain whether there’s a potential match.

And then I send an email.

No one has yet said “not interested” to the idea; artists’ 
fees or prior commitments are the usual reasons a collabo-
ration doesn’t proceed.

The economics of experimental f ilm dictate a cycle of 
production cost, application cost, and then poor or even 
non-existent exhibition fees; it remains surprising to be 

paid for performing, whether on an institutional budget or 
for a share of what’s collected at the door.

Even with performances at home it's rare to have the op-
portunity to rehearse. My collaborators and I either meet 
over a beverage or via Zoom and go over the possibilities 
and desired ways of working together. The subtleties come 
across in the video/audio documentation but the coarse 
“contract” my collaborators and I arrive at are worth un-
raveling. Instrument builder Krys Bobrowski adopted 
the approach of composer John Cage and choreographer 
Merce Cunningham: music and dance being separately 
composed, simultaneously performed, and merged only 
through the audience’s perception. The duo of Jim Ryan 
(winds) and Darien Baiza (drums) chose to interpret my 
projections strictly as an unfolding score. In most perfor-
mances there’s a creative give-and-take between the visu-
als and sounds.

I do query my collaborators about what I’ve taken to call-
ing trigger geographies: either specific locations or types 
(rigid street grids, fractal river deltas, points of interest 
that memorialize a person or incident) that might some-
how impact or redirect their playing. Keyboardist Derek 
Gadalecia (a.k.a. Headboggle) ran the furthest with this 

The author performing with Kyle Bruckmann, oboe and electronics, at Shapeshifters Cinema, Oakland, California, September 25, 2022.

https://expcinema.org
http://hi-beam.net/whats.html
http://hi-beam.net/whats.html
http://vimeo.com/showcase/9472177
https://instagram.com/erictheise
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prompt; as he pre-records backing tracks in advance of a 
performance, he provided me with sixteen tracks, named 
after specific locations, a week ahead of ours. I investi-
gated the geographies of each, added the visually evoca-
tive ones directly into Carto-OSC’s Destinations tab, and 
used the others’ names as springboards to other locations. 

I ask similar questions of my collaborators regarding the 
impact of screen energy: how might changes in palette or 
contrast, aggressiveness of flickering, speed of rotation or 
oscillation, or changes in standard map parameters such as 
zoom level, pitch, or speed of interlocational "flight" affect 
their playing?

T H E  F U T U R E  T H E R E
Truman Capote famously said of Jack Kerouac’s 
On the Road, “That isn’t writing; it’s typing.” I imag-
ine there are people who feel the same about my perfor-
mance cartography, although, thus far, they've kept mum. 
Cartographers in attendance have told me that my perfor-
mances have made them excited to go back to work the 
next day.

After every performance, it's common to create a hand-
ful of self-assigned GitHub issues related to gestures I felt 
moved to make but had no interface with which to do so 
(I file bug reports, too). Small issues are addressed before 
the next show, medium ones might get a temporary hack 
with an eventual refactor. Epic issues—e.g., the ability to 
dematerialize polygons à la Glabicki—serve as fodder for 
future residency or grant proposals.

I love working with musicians who play acoustic instru-
ments but I understand that contemporary electronic 
gear—loopers and other effects processors—has become 
standard equipment, requisite for a solo artist to perform 
for 40–50 minutes. Thus far I’ve worked with three exclu-
sively electronic artists: sampling pioneer/laptopist Carl 
Stone, the aforementioned Headboggle, and modular syn-
thesist Brett Darling. My imagery is, frankly, well-suit-
ed to electronic and dance music and I anticipate the day 
will come when I’ll collaborate with a DJ over beat-driven 
music in a nightclub/rave setting. And while I presently 
use OSC only to exchange messages between my iPad and 

laptop, coding time is the only obstacle to extending this 
to a network of musicians and their instruments. The abil-
ity to simply sync tempo would have immediate advantag-
es but allowing notes/sounds to drive map parameters or 
map gestures to trigger musical events opens interesting 
new possibilities. I enjoy the actual playing too much to 
let Carto-OSC devolve into a plug-and-play visualizer/
screensaver and hope to one day have the luxury to write 
these extensions during a residency at an electronic music 
laboratory where the pool of talent and experience is deep.

While I'll always perform in scrappy, DIY, underground 
venues, booking more museum- and university-host-
ed performances will help keep this project sustainable 
through guaranteed honoraria instead of door splits and by 
committing experienced staff to publicity, outreach, and 
stage tech. With dozens of performances behind me I'm 
beginning to skim the cream of Carto-OSC improvisa-
tions to create animations to be displayed as public art at 
the scale of New York City's Times Square or London's 
W1 Curates, and to produce portfolios of works on paper. 
Other hopes for the future include working with spoken 
word artists—slam-style poets seem a natural match—
and choreographers. Finally, once Carto-OSC is a little 
less feral, it's possible I'll open source some or all of it so 
that designers having more traditional narrative and/or 
data visualization requirements will be able to make pro-
ductive use of it.

E P I LO G U E
Although this article is appearing in the sum-
mer of 2024, it maintains a spring 2023 perspective. I 
take sole responsibility for the many delays and commend 
Daniel Huffman, Nick Bauch, and Jim Thatcher for hav-
ing patience exceeding Job’s. The only significant change 
to my stack has been a switch to Brandon Liu's Protomaps 
(protomaps.com) for serving tiles; it's been liberating. 
Performances continue, with northern European dates 

coming together for July–October 2024. In the be-mind-
ful-what-you-wish-for department, I’ll be creating an atlas 
of screenprinted maps based on performance highlights 
during September and October at Amsterdam’s AGA Lab, 
and my 10 minute If Map #5 looped atop San Francisco's 
Salesforce Tower throughout February of this year as part 
of their Midnight Artist Series.

https://protomaps.com/
https://erictheise.com/films/if-map-5-salesforce-tower-top
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In addition to everyone already mentioned in 
this article I’d like to thank every collaborator, curator, 
and audience member, past and future, who’s taken a 
chance on this work; an up-to-date list of performances 
can always be found at erictheise.com/a-synesthete-s-
atlas. Special thanks to Kate MacKay, Kevin Koy, Janine 
Firpo, and Gary O. Larson for words and deeds that led to 
the artist residencies where this work initially took form; 
this project's unimaginable without their early and ongo-
ing support. Shout out to Emma Strebel as well for shep-
herding the Salesforce Tower Top project from inception 
to completion.

This article is dedicated to the late Jim Ryan, DC-based 
multi-instrumentalist, whose post-collaboration enthusi-
asm for my work is on the short list of memories I drum 
up when my confidence wavers.
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If, as it advanced, the countermap's counter twirled the map 
around and down, spiraling out from Salesforce Tower to Bolinas 
as unwaveringly as the boléro. (If Map #5) on the second 
tallest building west of the Mississippi River, San Francisco, 
California, February 2024. The Salesforce Tower Top art project 
is a partnership between Jim Campbell Studio and BXP/Boston 
Properties.

The author performing with The Asthmatic (Sigrid Harmon), voice and electronics, at Russell Hall Theatre, University of Southern Maine, 
Gorham, Maine, October 2, 2023. Performance sponsored by the Osher Map Library and Smith Center for Cartographic Education, and 
the Department of Theatre at USM. Many thanks to Libby Bischof, SeifAllah Salotto-Cristobal, and Matthew Edney.

https://erictheise.com/a-synesthete-s-atlas
https://erictheise.com/a-synesthete-s-atlas
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The unprecedented three volume series Women 
and GIS delves into the lives and journeys of women in the 
field of GIS. Volume 1: Mapping Their Stories, was pub-
lished in 2019 and reviewed in issue 100 of Cartographic 
Perspectives (2022), so this review will focus on Volume 
2: Stars of Spatial Science, and Volume 3: Champions of a 
Sustainable World.  Both of the newer volumes follow the 
lead of the first in celebrating the achievements and di-
verse experiences of women in GIS by introducing readers 
to a multitude of women from varying backgrounds, ages, 
and fields, at assorted moments in their careers.

The second and third books maintain the inaugural vol-
ume’s familiar format, with individual chapters of about 
eight pages, each dedicated to a different woman and 

recounting her personal journey from early childhood to 
her entry into, and experiences in, the professional world 
of GIS. Each navigated her own way through the tangles 
of educational programs, jobs, career paths, and projects 
to find success for herself in the GIS field, and readers 
are provided an opportunity to hear from each why she 
undertook the journey and how she found her way. The 
books provide engaging and detailed stories while main-
taining a concise format, making it ideal both for readers 
who prefer short reading sessions and for those who enjoy 
a long binge read. It’s a win either way.

Again, as in Volume 1, each woman profiled has provid-
ed several color photographs of her childhood, family, 
educational milestones, professional presentations, and 

WO M E N  A N D  G I S  VO L U M E  3 : 
C H A M P I O N S  O F  A  S U S TA I N A B L E  WO R L D
By Esri Press

Esri Press, 2021

320 pages

Paperback: $23.99, ISBN 978-1-58948-637-9

Review by: Rebecca Ramsey

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.14714/CP100.1785
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award ceremonies—making the narratives more person-
al, accessible, and effective. As the series has progressed, 
there has been an increasing number of photographs and 
a corresponding reduction in the number of maps: there 
are only about half as many maps in either Volumes 2 or 
3 than appeared in Volume 1. This re-balance has shifted 
the focus away from career oriented projects and towards 
the personal narratives—potentially allowing readers 
more opportunity to recognize likeness to themselves and 
their own situations and ambitions among so many diverse 
faces, cultures, interests, and geographic locations.

Both volumes open with the same “Foreword” by the re-
nowned Dr. Jane Goodall, Dame Commander of the 
Most Excellent Order of the British Empire (DBE). Jane 
mentions how often people have thanked her for “teaching 
them that because you did it, I realized that I could do it 
too” (xv). Her words bring home the fact that a major step 
towards gaining the confidence that one can achieve a goal 
in STEM is sometimes simply to see the face of someone 
else like oneself doing similar work. The importance of 
these stories, and of the photographs each woman thought 
it pertinent to share, cannot be stressed enough when it 
comes to inf luencing the next generation of women in 
GIS.

Among the volume-to-volume changes are the way pull 
quotes are presented. Volumes 1 and 2 employ a similar 
style, with quotations prominently positioned on the page 
fly and printed in large, bold text in eye-catching colors. 
In Volume 3, however, key passages are instead empha-
sized in place. This method draws the reader’s attention to 
significant remarks in the context of the narrative instead 
of pulling them out and repeating them in isolation. In a 
practical sense, it also means that without the displays in 
the margins, more page space is available for each woman’s 
story. To my thinking, Volume 3’s integration of narrative 
and highlighting seems to strike the right balance by indi-
cating powerful remarks without aggrandizing them.

The personality and experience of each woman profiled 
in Volume 3 is emphasized by the “Tips and Fun Facts” 
blocks placed throughout the book in the page margins. 
The “Tips” are words of wisdom from each woman re-
garding a career in GIS, such as recommendations on 
finding a community in the field or reminders to expand 
your horizons. The “Fun Facts” introduce us to the char-
acter of each woman, including their preferred hobbies 
such as athletic ventures like bike riding, yoga, tennis, 

and swimming, as well as other, creative arts hobbies like 
jewelry making, poetry, crocheting, and photography. 
Still other hobbies, such as traveling to distant countries, 
cooking new recipes, and even raising chickens, defy those 
two categories. Some “Fun Facts” detail items that occupy 
desk space—dinosaur figures, a copy of The Little Engine 
That Could for extra motivation on challenging projects, 
cat-chewed Post-It love notes from a spouse, copper wire 
to fidget with during virtual meetings, or pink pens with 
fluff on the end. These seemingly external-to-GIS topics 
are actually another brilliant opportunity for readers to see 
commonalities between these women’s lives and interests 
and their own, allowing each reader to see their own per-
sonality traits reflected back from the page.

As the number of women, and therefore chapters, in-
creased—the twenty-three in Volume 1 grew to thirty in 
Volume 2 and thirty-one in Volume 3—the publisher tried 
different ways of visually indicating similarities and com-
monalities between the various diverse paths trodden by 
these remarkable women. Volume 2 uses a complex and 
confusing multi-dimensional icon based on a four point-
ed star—in keeping with its “Stars of Spatial Science” 
theme, and harkening back to Volume 1’s compass rose 
motif (Figure 1). These stars are embellished with various 
decorations indicating the profiled woman’s career fields 
(Science & Research, Education, Government, Business, 
Humanitarianism, Environment & Conservation). This 
central element is printed in colors denoting the geo-
graphic regions (North America & the Caribbean; South 
America; Europe; Africa; Asia & the Middle East; 
Australia & Oceania) where they are active. More than 

Figure 1. Part of the table of contents for Volume 2, showing 
the multidimensional icons that symbolize each woman's career 
fields, region of activity, and roles.

https://en.wikipedia.org/wiki/The_Little_Engine_That_Could
https://en.wikipedia.org/wiki/The_Little_Engine_That_Could
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one career field symbol or geographic region color may be 
included. One or more smaller, yellow stars in the corners 
of the icon constellation identify the various roles (Leader, 
Pioneer, Entrepreneur, Fieldworker) each filled in their 
undertakings. Unfortunately, this whole scheme comes 
across as a bit too complicated. When I was in the thick 
of reading, I found myself frequently leaving one page to 
flip to the key and back to the chapter in an effort to deter-
mine what woman landed where.

Volume 3 improved upon this logic—dropping the “Role” 
and “Geographic” dimensions entirely—and instead pre-
senting a simple infographic illustrating each woman’s pri-
mary, secondary, and tertiary fields of focus by means of a 
colored, three element “sunburst icon” to the left of their 
name (Figure 2). The six field of focus options are simi-
lar to those in Volume 2, with some minor modifications. 
“Education” is combined with “the Arts,” “Business” is 
merged with “Entrepreneurship,” and the “Government” 
f ield is replaced outright by “Social Justice.” I, myself, 
found this simplified organization scheme to be a vast im-
provement. In particular, this focus on primary, secondary, 
tertiary fields allows the reader to better grasp each wom-
an’s multi-faceted interests and activities—something that 
is a common and often reiterated theme in the text of both 
Volumes 2 and 3 of Women and GIS.

Another Volume 3 innovation is the way each woman’s 
current job position and educational background is pre-
sented right up front in the margin text at the beginning 
of her chapter. Previously, it was buried in the body of text, 
and a reader learned about them gradually, as a part of fol-
lowing the narrative. Spoiler alert, no two current career 
positions or educational backgrounds were alike. Unlike 
Volume 1, Volumes 2 and 3 place significant emphasis on 
when each woman discovered GIS: showing that while 
some entered the field later in their careers, many others 

found their way there at a younger age. This possible trend 
may indicate a promising shift toward earlier exposure to 
GIS in education, or it may be due to more career fields 
leading more women to consider GIS sooner, or maybe 
both. And maybe, too, a series like Women and GIS is, or 
will be, doing its part, too.

The Women and GIS series goes beyond a corporate diver-
sity puff piece, or a careers pamphlet, and instead brings 
the lives of actual women doing important work in GIS 
into the foreground: showcasing their passion, their de-
termination, and the variety of steps that have led them, 
via various paths, to success. Soon after the publication of 
Volume 2, the series went one step further by leaping from 
the published page to a three part webinar series that can 
still be found on online. Each webinar, one in May, June, 
and the Fall of 2020, lasted around one and a half hours 
and was spent chatting with some of the women featured 
in the book. The webinar series was hosted in partner-
ship with WECAN, Esri’s Women Enablement and Career 
Advancement Network.

Volumes 2 and 3 stand as testament to the fact that there 
is no one-size-fits-all approach to entering the GIS field. 
Each woman profiled carved her own path, and this in-
dividuality is celebrated throughout the books. Volume 3, 
in particular, underscores the diverse educational back-
grounds found among the participants. It is a smorgasbord 
of degree programs including: Geospatial, Engineering, 
Architecture, Biology, Urban Planning, World Politics, 
Geology, Agronomy, Business, Ecology, Physics and 
Astronomy, Music therapy, American Studies, Policy 
Studies, Religious Studies, Public Affairs, and the list 
goes on. Some pursued undergraduate and graduate stud-
ies steeped in geography or GIS right from the start, while 
others followed more peripatetic paths through alterna-
tive programs and degrees, and eventually found on the 
job that GIS could be a useful and critical tool to support 
their work. There are numerous avenues to enter GIS, giv-
ing hope to professionals of any field that a shift to GIS 
is not impossible and if anything is common. One of the 
most important takeaways from this series is that there is 
no one school that you must attend; no single program you 
must seek out; and no particular certificate you must ob-
tain to be successful in this field. There is no such thing as 
starting too late or too early, and there are avenues open to 
neophytes, to established professionals, and to everyone in 
between. The possibility is in your own hands to find what 

Figure 2. "Sunburst icons" indicate the primary, secondary, and 
tertiary career fields of Volume 3's women.

https://mediaspace.esri.com/media/t/1_hqkb89pp
https://www.youtube.com/watch?v=88mN87cOtZg
https://www.youtube.com/watch?v=NIyHeNwli4A
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fits you, and what works for you, based on your own needs 
and lifestyle.

In conclusion, Volumes 2 and 3 of Women in GIS repre-
sent a meaningful continuation of the series, marking a 
consistent effort to highlight the invaluable contributions 
and experiences of women in the GIS field. These books 
are a celebration of careers of inspiring women, and of 
the welcoming and supportive professional community 
those women have built. All three volumes provide essen-
tial insight into the lives, struggles, and achievements of 

women in GIS, and are a powerful resource for aspiring 
professionals in the field. Each book is a testament to the 
fact that the path to GIS is not rigidly set in stone, and 
each makes clear that diversity and individuality not only 
exist within the field, but are among the well-springs of 
its strength. A continuation of this series would only be 
natural, and we can surely anticipate more deep dives into 
the world of women in GIS in the future. It could be said, 
based on the examples in this series, that there are many 
faces to GIS, and that your face could be one.
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Airline Maps: A Century of Art and Design by Mark 
Ovenden and Maxwell Roberts examines design trends of 
airline maps from 1919 to the present. The book is com-
posed mostly of maps, with short bits of contextual in-
formation, to allow readers to comprehend how the look 
of airline maps has changed over time. As a whole, the 
book is visually striking and will be of interest to many 
cartographers and graphic designers. However, it is disap-
pointing that the authors provide such a limited historical 
context to supplement the visuals, because art and design 
trends do not exist in isolation. The index and bibliogra-
phy are also both very limited, and a reading list pointing 
to further information about air travel and the maps as-
sociated with it would be a great opportunity for further 
learning.

The book is divided into seven chapters, each representing 
a ten to twenty year period in the history of airline maps. 
The text provides a brief description of air travel in each 
era, highlighting the improved flight range of airplanes, 
the growing affordability of f lights for average people, 
and the evolving interrelations between the airline indus-
try and other forms of travel like boats and trains. These 
changing conditions are reflected in the maps; for exam-
ple, the scale of early airline maps typically showed flights 
within a single country or region because flights could not 
yet travel worldwide distances.

Historically, airline maps have been meant not for nav-
igation, but instead to encourage the public to use air Figure 1. Qantas map from the 1940s (47).

http://creativecommons.org/licenses/by-nc-nd/4.0/
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travel by providing a sense of speed, security, and ease—
and sometimes of foreign exoticism. In the early days of 
air travel, mapmakers were given freedom to experiment, 
and thus, both between and within airlines, map designs 
show little consistency. The approaches that were adopted 
were based in both science and artistry, with many creators 
drawing on well-established cartographic practices—using 
real projections, for example. Some designers chose to use 
novel projections (Figure 1) or unique orientations (Figure 
2) that are rarer today, choices that might be confusing in 
other contexts, but are potentially enticing when the maps 
do not have to be practical navigation tools. Other creators 
adopted data visualizations, much like transit maps, prior-
itizing simplicity. For a few maps, especially some of the 
earliest ones, the maps are exercises in modernist graphic 
design, artistically highlighting a single destination. As a 
whole, visual appeal was prioritized over wayfinding.

The authors do not try to downplay the problematic histo-
ry of many airlines, noting the imperialist nature of many 
early flight routes, a fact hidden by neither the airlines nor 
the maps. Air France, for example, flew to Africa, but only 
its own colonies. The British-based Imperial Airways col-
ored Britain and its colonial possessions red, using another 
color for everywhere else (Figure 3). The earliest worldwide 
airline maps often included pictorial elements of foreign 
destinations, with figures engaged in activities or dressed 
in ways that promoted exoticizing, racist stereotypes. As 
the authors note, “By twenty-first-century standards, some 
[of these depictions] might 
be deemed inappropriate, 
but they are of their time and 
would not have been intended 
as offensive” (13). The major-
ity of airlines, especially early 
on, were Western based, and 
the collection in Airline Maps 
reflects this. Some maps from 
non-Western airlines are in-
cluded as well, though are not 
the focus of this book.

“Women . . . played a major 
part in early aviation,” (13) 
so it is unsurprising that they 
often featured in airline maps 
and other advertisements—
for example, one 1923 post-
card from the Belgian airline 

Figure 2. Western Air Express Map from 1929.

Figure 3. Imperial Airways map from 1935 (34).
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Sabena features “an entirely female crew and passengers” 
(13, illustration 12 top left). Women also, as the authors 
note, made at least some airline maps. Ruth T. White, for 
example, authored the three Western Air Express maps 
shown on page 13—from 1925, 1928, and 1929—although 
only the 1928 map is directly credited to her. The inclusion 
of women in airline maps was not always positive, though, 
and often women were used as seductive marketing fea-
tures, such as in Pan American maps from the 1930s. The 
Pan Am maps, targeted at a “rich vacation-minded clien-
tele” (30, illustration 30 top left and bottom middle), ex-
hibit similar problematic tropes to maps which exoticized 
non-Western individuals.

As the century progressed, airline maps began to have 
somewhat more consistent styles. World maps become 
much more common, many using curved lines to indicate 
flights between destination cities. However, many of these 
maps continued to employ both racist and sexist tropes. 
By the 1950s and 1960s, planes were faster and fares were 
cheaper, while middle class affluence was growing. With 
increased demand for flights, more airlines opened, result-
ing in greater competition. In response, airlines advertised 
to Western male consumers by highlighting both the “ex-
otic” destination cultures and the friendly, attractive, fe-
male flight attendants staffing the planes.

A shift in consumption led to a shift in maps, beginning 
around the 1970s. Chapter 5 begins with the comment: “as 
planes got bigger and faster, maps seemed to get less atten-
tion” (102). While some maps remained beautiful and ab-
stract, others became much more schematic and practical. 
This style change leads to a tone shift in the book: the au-
thors have a clear preference for the older maps in this col-
lection, and can be quite dismissive about ones for which 
they care less. They are especially snide about the 1968 
and 1971 BOAC (British Overseas Airways Corporation) 
maps on page 104, noting that “neither of [them] work es-
pecially well,” and that the earlier of the two “appears as if 
the designer may have swallowed some of the psychoac-
tive substances in circulation in the late 1960s” (105). In a 
book meant to assess the changing styles of airline maps, 
these comments feel inappropriate, especially since the au-
thors have sought to portray their book as a mostly visual 
product, with very little textual content. At the very least, 
the presence of opinions is inconsistent, since none of the 
previous chapters had such negative comments.

The authors’ opinions on more recent airline maps are re-
flected in the reduced space dedicated to the final three 

chapters. The first four chapters, spanning 48 years of early 
aviation, are given 95 pages, while the last three chapters, 
spanning the most recent 51 years of aviation, are given 
only 41 pages. In a book with the subtitle A Century of 
Art and Design, it is disappointing that half the century 
receives reduced attention. During this later period, more 
airlines opened, existing airlines were expanding, jet en-
gines made longer distance f lights possible, and more 
types of maps could be produced (such as digital ones)—
suggesting there are many interesting options to compile. 
One author opens the book by remarking, “there [was] no 
shortage of material to include” (5), so while it is possible 
that archives of earlier years were simply more complete, 
the authors do not provide an explanation for the differ-
ence in chapter sizes. The authors’ passion clearly lies in 
these early eras, and the remaining chapters are both more 
vague and more opinionated, and fall disappointingly flat.

Another shortcoming of the text is that there is no discus-
sion of, or even much indication of, the context in which 
each map originally appeared. They could have been for 
small or large audiences, printed at any size, or distributed 
at any number of locations. The extent to which the pub-
lic saw any of the maps included in any of the chapters 
is difficult to discern, and that makes the comment about 
maps getting less attention in the 1960s and 1970s diffi-
cult to verify. Additionally, the authors did not provide an 
index of individual maps—only photo credits—and even 
the table of contents seems to be missing a few entries. The 
citations that are included name only the collection that 
the map comes from, with no useful information about the 
map itself, such as its title in the collection. Thus, re-find-
ing any particular map one remembers seeing requires te-
dious page flipping.

Readers of Airline Maps: A Century of Art and Design 
must recall the title when picking up the book and un-
derstand that its contents are a venture into art and de-
sign, not history. The authors catalog a number of airline 
artifacts which may provide design inspiration, but offer 
limited historical context, which some readers might wish 
for to supplement and contextualize the maps. The review 
copy of this book was provided to me digitally (as a PDF), 
but, to my mind, a physical copy would have been pref-
erable, given the focus on design. Some of the maps ex-
tend across two pages, and these would likely look better 
in print. Additionally, because the book is dominated by 
maps, some of the text is cut off mid-sentence and is not 
continued for up to ten pages. For example, the text at the 
bottom of page 83 ends with: “. . . the French-designed 
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Sud-Est Aviation Caravelle, introduced in 1959, showed 
that,” and then picks up again on page 93 with, “ jets for 
short-haul flights could also be economic.” While a small 
silhouette of an airplane displays a number indicating 
which page the sentence continues on, navigating all over 
the book like this is much more difficult in a PDF than in 
a physical volume.

Overall, I am of two minds on recommending this book. 
Audiences broadly interested in the visual changes of 
airline maps over the past century or who are looking 
for unique cartographic inspiration may enjoy this book. 

However, for audiences who, like me, are deeply fasci-
nated by the subject of airline maps, this book may leave 
them wanting more, as it did for me. While such a brief 
book could never comprehensively cover this vast subject, 
I find myself frustrated by its modesty: I want to know 
more about who was making these maps, where they were 
displayed, who was seeing them, and where I can go to see 
some of them myself. This book will spark your curiosity, 
and while the short trip may be plentiful for many readers, 
I find myself wishing I could take a longer look out this 
window into the past.
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The Lost Subways of North America is a well researched 
exploration of subway, light rail, and elevated metro sys-
tems in selected cities in North America. Delving into the 
evolution of urban rail transit on this continent, it offers 
the reader an engaging and succinct narrative of the mass 
transit related aspirations, challenges, successes, and lost 
opportunities that shaped the history and the present real-
ities of the systems as we know them today.

The author showcases twenty cities in the United States, 
and three in Canada, to discuss some of the problems, 
and a few of the successes, of rail rapid transit. Each of 
the twenty-three chapters is devoted to a single city, and 
every chapter opens with a full-page index map showing 
the geographic extent of that city’s rail transit system at 
different periods in its history. These maps, though, sim-
ply set the stage for the story of the birth and evolution 
of each city’s transit system throughout the decades. Each 
chapter is supported by between one and six colour maps 
that chart the course of public transit in that place—from 
the earliest horse drawn tramways of the late 1800s to the 
present day, including various proposals that were never 
constructed, or were dramatically scaled back.

Without a doubt, it is these system maps that are the 
standout feature of this book. Composed by the author, 
Jake Berman, all are original and done in styles and co-
lour schemes inspired, where possible, by the off icial 
maps. This variation makes them even more compelling 
and interesting to study. Making legible transit maps is a 

balancing act between simplicity and complexity, as well 
as between the desire for a clean diagram and geographi-
cal accuracy. Berman has done an excellent job finding the 
right balance.

The maps are mostly drawn in the diagrammatic style we 
have come to expect of transit maps, though some are quite 
geographically accurate and even include scale bars. Some 
include proposed and “under construction” lines, and oth-
ers include the higher orders of bus lines like busways or 
bus rapid transit (BRT) when such modes are an integral 
part of the system.

Most of the profiled cities have faced some combination 
of challenges with their transit system, and each chap-
ter highlights a different problem. For example, the first 
chapter is about the city of Atlanta. From the late 1890s 
until about World War Two, Atlanta—in common with 
many North American cities—had an extensive streetcar 
network. Streetcars, however—again, like in most North 
American cities—fell out of fashion after the war due to 
rise of affordable automobiles and of generous government 
subsidies for highway construction. It wasn’t long, though, 
before those highways were clogged, and alternatives 
were needed. In the 1950s and 1960s Atlanta’s ambitions 
of growth led civic leaders to propose a comprehensive, 
rail-based, rapid transit system much like the contem-
porary systems planned for Washington, DC and the 
San Francisco Bay area. Unfortunately, issues of race and 
funding, along with bouts of urban-suburban squabbling, 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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meant that the system of today is not nearly as successful 
as it might have otherwise been.

Other chapters of the book highlight different issues 
that similarly led to less than optimal outcomes. The Lost 
Subways of North America meticulously outlines a series of 
critical missteps in the development of each urban transit 
system—missteps ranging from the shortsighted disman-
tling of thriving streetcar lines to enduring political stale-
mates hindering system expansions. The book scrutiniz-
es the consequences of building stations in inconvenient 
locations, failing to construct comprehensive networks, 
and neglecting fare adjustments to match inflation rates. 
Moreover, it delves into the adverse effects of prohibit-
ing urban density around transit hubs, and highlights 
the detrimental impact of prioritizing long suburban rail 
extensions over vital destination-dense corridors with-
in cities, exacerbated by legal impediments like zoning 
laws and parking restrictions that obstruct the construc-
tion of high-density buildings near transit infrastructure. 
Additionally, the book critiques the f lawed assumption 
that commuters will predominantly drive to stations, lead-
ing to the construction of sprawling parking lots or garag-
es rather than promotion of walkability and accessibility.

Various impractical f lash-in-the-pan transit trends are 
discussed, including monorail projects in Seattle, Los 
Angeles, Las Vegas, Montréal, and New Orleans. Berman 
also discusses the trend for automated “people movers,” 
with proposals ranging from Pittsburgh’s fully-automat-
ed, 19,800 passengers-per-hour Skybus to less-ambitious 
examples in Detroit and Jacksonville. Only Miami’s can 
be considered a success. The more recent trend of build-
ing downtown streetcars is also discussed in the chapters 
about Detroit and New Orleans.

Using, among others, Los Angeles and Minneapolis–St. 
Paul as examples, the author briefly addresses, and largely 
debunks, the many conspiracy theories involving automo-
bile manufacturers buying up streetcar lines just to shut 
them down and replace them with busses. The only in-
stance of this he can find is in Minneapolis–St. Paul, and 
even in that place there is no shortage of other villains.

Chapters are also devoted to the smaller cities of Rich
mond, Virginia; Rochester, New York; and Cincinnati, 
Ohio—none of which have a rail transit system today 
but all of which have had extensive streetcar systems in 

the past. Cincinnati started building a subway in the 
1920s but abandoned the construction due to high costs. 
Rochester has the distinction of being the only city in 
North America to first build a subway, and then to aban-
don it. Today, Richmond has only a busway.

Success stories are few and far between in this book, al-
though a few cities can be considered successful in some 
regards. The city of Houston, despite its car dependency 
and vast sprawl, built a well functioning light rail system 
that focuses on its inner-city areas. The Houston system 
carries twice as many riders per mile of track as does the 
one in Dallas, a city with a similar metro population. The 
Montréal Metro system is a notable success story, too, un-
like many other large municipal projects there. Pittsburgh’s 
decision to focus on a good bus system in conjunction with 
its few light rail lines is shown to be a success. In British 
Colombia, Vancouver built an automated, mostly elevat-
ed, rail transit system that is well liked and is well used. 
In this, Vancouver contrasts with other cities that rejected 
elevated tracks in favour of more expensive underground 
systems, such as Washington, DC, which built a good sys-
tem in its core city.

Despite the North America in the title, the book includes 
only United States and Canadian cities. The author ac-
knowledges the absence of chapters about Mexican urban 
rail systems, explaining that the history of urban transit in 
Mexico follows a different trajectory. While this limita-
tion may disappoint some readers expecting a continen-
tal scope, it allows for a more in-depth exploration of the 
unique challenges and successes experienced by American 
and Canadian cities in the realm of urban transportation.

While most of the maps that Berman created are excel-
lent, there are instances where certain maps suffer from 
very small font sizes, especially the maps of historic street-
car and elevated lines in New York, Philadelphia, Detroit, 
and Montréal. Many of these maps appear to have been 
originally designed for use at a larger size: for example, on 
his website Berman sells prints of the Montréal map at 
12×18 and 24×36 inches, but that map was reduced to ap-
proximately 9×11 in order to fit the page size constraints of 
the book, leading to cramped labeling and poor readabil-
ity. A larger book format would have been preferable to 
accommodate these maps more comfortably and enhance 
their legibility, ensuring that readers can fully appreciate 
the wealth of information they convey.

https://www.lostsubways.com/
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Additionally, maps that feature black backgrounds pose 
readability challenges due to the small font size used for 
labels. Fortunately, such maps are relatively few within the 
book, mitigating the impact of this issue.

While the maps serve as a defining feature of the book, 
their relationship with the accompanying text could be 
strengthened. A more cohesive link between textual de-
scriptions and visual representations would enrich the 
reader’s understanding, allowing for seamless navigation 
between narrative explanations and map illustrations. This 
integration would enhance the overall reading experience, 
facilitating a deeper engagement with the complex evolu-
tion of urban transit systems across different cities.

The historical map of Vancouver is missing some crucial 
details. The interurban line to Richmond and the lines in 
the eastern suburbs are not shown. These omissions detract 
from the map’s comprehensiveness and may leave read-
ers with incomplete insights into the city’s transit histo-
ry. There are other missing pieces, too. While some of the 
maps show the most recent situation of the city, including 
under-construction lines (Los Angeles, New York, Seattle 
and Toronto), others do not (Minneapolis, Vancouver, and 
San Francisco). It would have been good to include these 
in all cases.

The author explains why North American cit ies 
ended up with car dependency, sprawl, and bad tran-
sit. Dysfunctional politics, auto-oriented development 

patterns, racial tensions, and the law of unintended con-
sequences all contributed to the complex web of chal-
lenges faced by urban transit planners and policymakers. 
By elucidating these root causes, the reader is offered a 
deeper appreciation of the systemic issues underlying the 
development and management of urban transportation 
infrastructure.

The selection of cities featured in this book is purposeful, 
aiming to spotlight specific aspects—whether positive or 
negative—of their transit histories. While notable cities 
like Edmonton, Calgary, Denver, and others with mid-
sized light rail systems are not included, this deliberate 
omission doesn’t detract from the book’s focus. Rather, it 
allows for a more in-depth examination of a diverse array 
of urban transit experiences, balancing large metropolises 
like New York and Chicago with smaller cities that may 
lack transit systems altogether. Indeed, the book wasn’t in-
tended to serve as a comprehensive atlas of every city but 
rather as a nuanced exploration of select case studies.

The Lost Subways of North America is a compelling read for 
transportation enthusiasts, urban planners, and cartogra-
phers. By offering both a critical analysis of past mistakes, 
and a hopeful outlook for the future, this book serves as 
a valuable resource for envisioning more sustainable and 
efficient urban transportation solutions. The conclusion 
has a hopeful tone, but it acknowledges that it will also be 
long and difficult job to make transit better.
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While I have not read a cartography text-
book in several decades, I welcomed the chance to do so 
here, given the important advances that have taken place 
in cartography and geovisualization since the last edition 
of this textbook was published in 2008. The book is di-
vided into twenty-eight chapters, grouped in three parts 
after Chapter 1: “Principles of Cartography,” “Mapping 
Techniques,” and “Geovisualization.” It is somewhat 
grandly stated, right at the beginning of the “Preface,” that

This comprehensive and well-established cartog-
raphy textbook covers the theory and the practi-
cal applications of map design and the appropriate 
use of map elements. It explains the basic methods 
for visualizing and analyzing spatial data and in-
troduces the latest cutting-edge data visualization 
techniques. (i)

The authors then go on to provide justifications for this 
new edition, including the rise of volunteered geographic 
information, big data, cloud cartography, story maps, and 
a variety of new hardware types. The “Preface” also notes 
the availability of both an e-book and a companion web-
site, the latter with student and instructor resources, and 
answers to the chapters’ study questions (available to reg-
istered and verified course instructors on a password-pro-
tected Instructor Resources Download Hub). Lastly, the 
authors give suggestions on how the book can be used for 
either one- or two-semester classes.

Beginning with the f irst, “Introduction,” each chap-
ter opens with an overview or introductory section, fol-
lowed by a list of learning objectives, and then finishes 
with a summary section, study questions, and references. 
Unsurprisingly for a work entitled Thematic Cartography, 
thematic maps are addressed immediately in this f irst 
chapter, with a definition of what they are and how they 
are used. The authors illustrate their descriptions with 
both well and poorly designed examples of dot, propor-
tional circle, choropleth, animated, and physiographic 
maps, and explanations of why, for example, using a rain-
bow color scheme on a choropleth map is generally con-
sidered bad practice (3, Fig 1.1). Other discussions in this 
chapter cover map communication, the consequences of 
recent technological changes in cartography, a definition 
of geovisualization, and a rundown of geoscience tech-
niques, as well as an overview of some of the cognitive, 
social, and ethical issues in cartography.

Chapter 2, “A Historical Perspective on Thematic 
Cartography,” opens the “Principles of Cartography” part 
with a brief, illustrated history of cartography in general, 
followed by a history of thematic cartography that includes 
the rise of social cartography. The authors next take up ac-
ademic cartography, dividing their narrative of this post-
1900 phenomenon into four Periods. The history of Period 
1 focuses on four leading practitioners active in the map-
making field before World War II, and Period 2 focuses on 
three pioneering university programs that emerged after 
1945. The development of alternative training forums in 
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the 1970s and 80s is recounted in Period 3, “The Growth 
of Secondary Programs,” with specific mentions of ten 
such programs such as cartography at Syracuse University, 
to name just one. Finally, the integration of cartography 
with GIScience is identified as characterizing Period 4. 
The chapter finishes with discussions on European the-
matic cartography (specifically Swiss, British, and French), 
and what are termed the paradigms of American cartog-
raphy, discussed under the headings of analytical cartog-
raphy and of maps and society. The latter is broken down 
into the sub-paradigms of privacy, power and access, eth-
ics, and public participation GIS/mapping.

The third chapter, “Statistical and Graphical Foundation,” 
is the only one devoted to spatial statistics. It begins with 
an explanation of the importance of differentiating be-
tween populations and samples, and between descriptive 
and inferential statistics, before moving on to methods 
that can be used for analyzing the distribution of both in-
dividual and multiple attributes using tables, graphs, and 
numerical summaries. The chapter finishes with discus-
sions of exploratory data analysis and of numerical sum-
maries for geographic data.

Chapter 4, “Principles of Symbolization,” succinctly covers 
the nature of a variety of geographic phenomena, includ-
ing: spatial dimensions (points, lines, areas, and volumes); 
discrete and continuous models; levels of measurement 
(ordinal, interval, ratio, balanced, and unipolar); and vi-
sual variables for quantitative and qualitative phenomena. 
The authors continue with sections on comparing four 
common thematic mapping techniques (choropleth, pro-
portional symbol, isopleth, and dot maps), on selecting 
from a variety of visual variables for choropleth maps, and 
on ways of using other senses (sound, touch, and smell) to 
interpret spatial patterns.

Chapter 5, “Data Classif ication,” begins by discussing 
when and why one might employ classed versus unclassed 
data. It then dives into the many standard classification 
techniques available, such as equal intervals, quantiles, 
mean-standard deviation, natural breaks, optimal medi-
an (including the Jenks-Caspall and Fisher-Jenks algo-
rithms), and head/tail breaks classing methods. The dis-
cussion points out the advantages and disadvantages of 
each method, and ultimately outlines criteria for selecting 
a classification method and what to consider regarding 
data distribution.

Chapter 6, “Scale and Generalization,” lays out the dif-
ferences between geographic and cartographic scales, and 
addresses the advantages and concerns encountered when 
using multi-scale databases. Generalization is discussed 
in its manual and digital domains, with the models of 
Robinson, Sale, and Morrison (1978) and McMaster and 
Shea (1992) analyzed. The need for clarity, and for relief 
from the congestion, coalescence, and conflict of map fea-
tures, are why generalization is often required. Various 
operations of generalization are outlined with numerous 
examples and a few notes on relatively recent develop-
ments on how it might be approached.

The basic characteristics of the earth’s graticule—lati-
tude, longitude, distance, and directions—are covered in 
Chapter 7, “The Earth and Its Coordinate System,” along 
with details of the earth’s size and shape. It is here that 
oblate spheroids, reference ellipsoids, graticules, geoids, 
and geodetic datums, and their relationship to thematic 
cartography, are succinctly examined.

Chapter 8, “Elements of Map Projections,” starts with 
the concept of projection, and touches upon related mat-
ters such as reference globes, developable surfaces, and the 
mathematics of projecting a globe to a map. The possible 
geometric classes (cylindrical, conic, and planar), cases 
(tangent and secant), and aspects (equatorial, oblique, and 
polar) of projections are covered. The general patterns of 
map distortion are discussed next, through visual appear-
ance, scale factor, and Tissot’s indicatrix; the projection 
software Geocart is suggested for visualizing projection 
distortions. The final portion of the chapter concerns pro-
jection properties (area, angles, distances, and direction), 
how they are, strictly speaking, mutually exclusive, and 
how compromise projections can be a potential solution to 
balancing the strengths and weaknesses inherent in using 
purely equivalent or conformal coordinate systems.

Chapter 9 ’s advice for “Selecting an Appropriate 
Projection” is grounded in Snyder’s (1994) map projection 
guidelines for producing maps of the world, a hemisphere, 
a continent, or an ocean, and for preserving special prop-
erties, such as straight rhumb lines, straight line great cir-
cle routes, or (in specific instances) correct distances, and 
is illustrated with numerous examples. The authors finish 
by writing about using the Projection Wizard app to as-
sist in selecting projections for static and web-based inter-
active maps. I was pleased to see this chapter broken out 
as a distinct topic, rather than simply being tacked on to 

https://www.mapthematics.com/
https://projectionwizard.org/


Cartographic Perspectives, Number 103 Reviews | 108 

Chapter 8. Given the range of projection-related problems 
I see in many maps from non-cartographer GIS users, it is 
clearly critical that projection selection have its own chap-
ter in any “comprehensive and well-established cartogra-
phy textbook” (i).

Chapter 10, “Principles of Color,” begins with how color 
is processed by the human visual system, and proceeds to 
explain five commonly used color models (RGB, CMYK, 
HSV, Munsell, and CIE), the terminology associated with 
each, and their practical uses. Color wheels, tints, shades, 
and tones are also discussed, as are the cartographic con-
ventions for qualitative and quantitative color schemes, 
with the latter including sequential and divergent color 
ramps.

Chapter 11, “Map Elements,” is the first of three chapters 
concerned with the map as a composed graphic artifact. 
It starts with the graphic design principles of alignment, 
centering, balance, and the avoidance of visual noise; 
many of which are revisited in Chapter 13. Also covered 
are elements like the frame and neat lines, map area, inset, 
title and subtitle, legend, data citation, verbal and bar 
scales, map and page orientation, north arrow versus grat-
icule use, and relative type sizes for various map elements. 
This last-mentioned topic leads directly to Chapter 12, 
“Typography,” which deals with the characteristics of type 
(face, family, style, size, weight, case, spacing, and kern-
ing) and with line issues such as alignment and leading. 
Some of the standard North American map type usage 
conventions (for example, labeling natural features with 
serifed faces, and cultural features with sans-serif) are laid 
out, alongside specific guidelines for how labels should be 
placed in relation to point, line, and area features, as well 
as a discussion of aligning labels horizontally versus along 
with the graticule. The chapter closes with a discussion 
of the special concerns encountered with automated type 
placement.

Chapter 13, “Cartographic Design,” begins with discus-
sions of the five step “map communication model” based 
on Shannon’s (1948) mathematical theory of communica-
tion, the history of map design research, the eight Gestalt 
principles, the seven step engineering design process (de-
fine, ask, imagine, plan, prototype, test, and improve), 
and the graphic principles of visual hierarchy, contrast, 
figure-ground, and balance. The rest of the chapter deals 
with a case study of the steps and procedures involved in 
designing an attractive, readable, and understandable real 
estate suitability map.

Chapter 14, “Map Reproduction,” appropriately starts 
with the advice to plan ahead. Among the points to con-
sider are: your audience, budget, deadline, and printing 
material; if you will need to print in black & white or in 
color; the sheet size that will be required, if the final prod-
uct will be folded or flat, whether you will print on only 
one or on both sides, and what print quality is achievable; 
and last, but not least, copyright. This is followed by sec-
tions on map editing, raster image processing, screening 
for print reproduction, aspects of color printing, and spe-
cialized matters connected with high-volume print repro-
duction that may or may not apply when delivering a map 
for publication by a third party.

The second part of the text, “Principles of Cartography,” 
begins with Chapter 15, “Choropleth Mapping,” and 
opens with advice on the selection of appropriate data for 
enumeration districts, and a recommendation to standard-
ize raw data before use. There is also advice about selecting 
a color scheme, systems for specifying the colors in those 
schemes, and approaches appropriate for classed and un-
classed choropleths. Completing the chapter are sections 
on legend design and illuminated choropleth mapping.

Some basic approaches to use for dasymetric mapping are 
discussed in Chapter 16, “Dasymetric Mapping,” with 
particular attention on selecting appropriate data and 
ancillary information. The authors highlight the studies 
by Eicher and Brewer (2001) and Mennis and Hultgren 
(2006) on intelligent dasymetric mapping (IDM), plus de-
tails on two more possible approaches for producing dasy-
metric maps of population density: mapping landcover, 
and the use of zoning polygons, while limiting ancillary 
data sets for both. SocScape: mapping residential segre-
gation and racial diversity, a web based data and geo-app 
site created by Dmowska, Stepinski, and Netzel (2017) is 
summarized as well, although the URL given in the text 
is no longer working. The chapter is completed with dis-
cussions on mapping global population distribution via 
Gridded Population of the World (GPW), LandScan, 
and Global Human Settlement Layer projects.

Chapter 17, “Isarithmic Mapping,” deals with selecting 
appropriate data with the assumption that its output will 
be continuous and smooth. Further to that goal, there are 
sections on manual and automated interpolation, with the 
latter covering triangulation, inverse-distance weight-
ing, kriging, thin-plate splines, and advice on choosing 
amongst the interpolation methods. The authors single 
out Tobler’s (1979) pycnophylactic, or volume-preserving, 

https://socscape.edu.pl/
https://socscape.edu.pl/
https://sedac.ciesin.columbia.edu/data/collection/gpw-v4
https://landscan.ornl.gov/
https://ghsl.jrc.ec.europa.eu/
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interpolation as “a more sophisticated approach for han-
dling conceptual point data” (321). They finish the chapter 
with an analysis of isarithmic symbolization schemes: con-
tour lines, continuous-tone maps, fishnet maps, and the 
color-stereographic effect as discussed by Eyton (1990).

Chapter 18 on proportional symbols outlines how to 
match data with the appropriate type of proportional sym-
bols (pictographic or 2D and 3D geometric), noting the 
advantages and disadvantages inherent in each. The scal-
ing of proportional symbols (mathematical, perceptual, 
or range-graded scaling) is discussed, as is the question 
of whether proportional symbol legends should be nest-
ed or linearly orientated, and whether they should adhere 
to range-graded sizes as determined by Meihoefer’s (1969) 
perceptual study or by Dent’s (1999) practical experience. 
The handling of unclassed versus classed symbols and how 
to deal with overlapping symbols is addressed as well. The 
chapter finishes with an evaluation of the necklace maps 
developed by Speckmann and Verbeek (2010). These last 
are a type of proportional symbol map that displaces the 
symbols, sometimes called beads, along a curve surround-
ing the map’s geographic area of interest.

Chapter 19 investigates the key issues in creating dot 
maps: determining dot size, value, distribution (uniform, 
geographically weighted, or geographically based to reflect 
realism), and manual versus digital placement. Should the 
legend equate a single dot with a single value, or should it 
display samples of significant densities? The text discusses 
both possibilities. Graduated dot maps are also presented, 
with an example employing three sizes of dots. Interactive 
dot maps are addressed through an evaluation of Walker’s 
(2018) Educational Attainment in America online map. 
Readers should note that the URL in the book takes them 
to a map of Hawaii, while the example in the book is of 
San Francisco, and the urban examples given on the web-
site are of five other urban areas, none of which are San 
Francisco or in Hawaii.

Chapter 20 addresses the most common forms of carto-
grams (distance, value-by-area, univariate, and bivariate). 
The authors analyze attempts to preserve shapes with con-
tiguous, non-contiguous, gridded, and mosaic cartograms, 
as well as other methods that do not preserve shapes, such 
as rectangular, Dorling, and Demers cartograms. The 
accuracy of each of these disparate cartogram methods 
is discussed, supported by a user study of how accurately 
each type is read. The chapter ends with consideration of 

some alternatives to cartogram methods, including: com-
bined choropleth/proportional symbol maps, value-by-ar-
ea maps, and balanced cartograms. Arguably, this last al-
ternative, introduced by Harris et al. in 2017, may be the 
easiest to read and interpret.

Chapter 21, “Flow Mapping,” starts with the three main 
types of flow maps (origin-destination, trajectory-based, 
and continuous) and the six f low map design issues as 
identified by Dent, Torguson, and Hodler (2009):

Flow lines have the highest intellectual impor-
tance and thus should be placed at the top of the 
visual hierarchy on the map. Smaller f low lines 
should appear on top of larger flow lines. Arrows 
should be used if the direction of flow is critical 
to the map meaning. Care should be taken in se-
lecting a map projection appropriate for flow map-
ping. . . If data permits, flow lines should be placed 
such that the map appears balanced. . . Legends 
should be unambiguous and include units where 
necessary. (379)

 The evolution of flow mapping is illustrated with two ex-
amples of flow maps created before automation, three ex-
amples of early digital efforts by Tobler, and several recent 
examples of digital flow mapping by Stephen and Jenny 
(2017), Koylu and Guo (2017), Koylu, Tian, and Windsor 
(2021), and Yang et al. (2019). Finishing this chapter is an 
evaluation of the geovisual analytics of flow maps via an 
integration of 2D maps with 3D space-time cubes.

Chapter 22, “Multivariate Mapping,” begins with bivari-
ate mapping; comparing choropleth maps, miscellaneous 
thematic maps, and maps showing data for two points in 
time. This leads into an exploration of the combination of 
two variables on the same choropleth map, and then to 
additional bivariate mapping techniques. Multivariate 
techniques elucidated include multiple map compari-
sons, multiple colored dot maps, and other multivariate 
point symbol maps, including ray-glyphs or stars, polygon 
glyphs or snowflakes, 3D bars, data jacks, Chernoff faces, 
and ring maps. The chapter ends with several pages on the 
basic steps for making multivariate maps and for adding a 
contiguity constraint in hierarchical cluster analysis.

The third part, “Geovisualization,” begins with Chapter 
23, “Visualizing Terrain.” Here, the authors start off 
with techniques to represent data or elevation surfaces 

https://personal.tcu.edu/kylewalker/maps/dev/education/
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(hachures, contour-based methods, Raisz’s physiograph-
ic method, shaded relief, and morphometric techniques). 
They follow up with analyses of oblique views (block dia-
grams, panoramas, and plan-oblique relief), physical mod-
els, and details involved in creating shaded relief: gener-
alization, selecting azimuth and sun elevation, contrast, 
Swiss-style drawing, and colors for hypsometric tints.

Chapter 24, “Map Animation,” quickly covers the early 
developments in map animation tools, followed by defi-
nitions of the pertinent motion/visual variables (duration, 
rate of change, order, display date, frequency and synchro-
nization). Among the examples of temporal animation 
are: movement and flows, animated choropleth maps and 
the issues involved, proportional symbol maps, isarithmic 
maps, and bubble plots. Nontemporal animations are rep-
resented by some early works by Peterson (1993; 1999) and 
Gershon (1992), fly-overs, plus Viegas and Wattenberg’s 
Wind Map. These examples lead into a discussion of ways 
to enhance interactivity in animations, with reference to 
the work of researchers such as Harrower, MacEachren, 
and Griffin (2000), Harrower (2002), and CoronaViz by 
Samet et al. (2020). After rhetorically asking if animations 
really work, the authors conclude that more research is 
necessary to make them effective. They wrap up the chap-
ter by providing a set of eight guidelines for producing 
animations, and a closing section on using 3D space for 
displaying temporal data.

“Data Exploration” is the title of Chapter 25. It starts with 
a discussion of the goals and methods of data exploration, 
and proceeds to an analysis of how nine data exploration 
software applications (Moellering’s 3D mapping software, 
ExploreMap, Project Argus, MapTime, CommonGIS, 
GeoDa, Micromaps, ViewExposed, and Tableau) mea-
sure up in applying the methods to achieve those goals.

In Chapter 26, “Geovisual Analytics,” the authors take 
up the question on everyone’s lips: What is geovisual ana-
lytics? They answer by diving into the characteristics and 
limitations of big data; the concept of the Self-Organizing 
Map (SOM) as developed by Skupin and Agarwal (2008); 
and a description of five examples of geovisual analytics: 
TaxiVis, Mosaic Diagrams, CarSenToGram, Crowd 
Lens, and SOM.

Chapter 27, “Visualizing Uncertainty,” begins with the 
basic elements of uncertainty (MacEachren et al. 2005), 
and goes on to address the general methods and visual 

variables appropriate for the depiction of uncertainty, in-
cluding the use of Tissot’s indicatrix and MacEachren’s 
dimensions of clarity (crispness versus fuzziness), reso-
lution, and transparency. Appropriate situations for the 
employment of uncertainty visualization include: chorop-
leth class breaks, the use of SAAR (Spatial Analysis using 
ArcGIS Engine and R) software, climate change, deci-
sion making for water balance and hurricanes, along with 
some examples of interactivity and animation. Sound can 
also be used to depict data uncertainty, and the authors 
cite thirteen sound dimensions as identified by Ballatore, 
Gordon, and Boone (2019), but note that the cited article 
did not involve a spatial component, and is thus only a first 
step towards cartographic use.

Chapter 28, “Visual Environments and Augmented 
Reality,” completes the textbook, first by defining the terms 
visual environment (VE) and augmented reality (AR), de-
scribing the four “I” factors of VEs (immersion, interactiv-
ity, information intensity, and intelligence of objects), and 
surveying the many forms that hardware for such systems 
can currently take: personalized displays (head-mounted 
and desktop) and room-size, wall-size, and drafting table 
displays (GeoWall, CAVE, and ImmersaDesk). Having 
thus described the lay of the VE/AR land, the authors 
identify four key questions to be addressed: Are special-
ized symbols necessary for thematic maps created in VE? Are 
stereoscopic maps more effective than non-stereoscopic maps? 
What are some examples of VEs that make use of CAVES and 
wall-size displays? and What progress has been made toward 
developing a digital earth? They jump to some recent exam-
ples of AR use including: the AR Sandbox, using AR to 
enhance understanding of topographic maps, developing 
novel methods for interacting with AR environments, and 
holograms. A discussion of health, safety, and social issues 
(such as cybersickness) that can arise when using VEs and 
AR rounds out the chapter.

The tome is completed with a twenty-page glossary and a 
twelve-page index.

My quibbles with the fourth edition of Thematic 
Cartography and Geovisualization are few, and uniformly 
minor. An example of one, a typo that occurs in several 
other places as well, appears on page 26: a website URL 
with the “s” missing after “http.” Another complaint con-
cerns where the authors note, on page 30, that Goode’s 
World Atlas is now available in its twenty-first edition. 
A quick web search reveals that the twenty-third edition 

http://hint.fm/wind/
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had, in fact, appeared before this book was published. I 
also note the occasional dead or misdirected web link that 
crops up here and there throughout the text, but it could 
be argued that such issues are endemic when hardcopy 
books cite dynamic internet sources.

I recently heard from one of the authors (Kessler, in a per-
sonal communication, 2024) that Thematic Cartography 
and Geovisualization is more popular in Europe than it is 
in the United States; something I have a hard time un-
derstanding. Overall, to my mind, this impressive book 
stands far above any other cartographic textbook available. 

I recommend it as required reading for every GIS/carto-
graphic program across academia. At a list price of $180 
(though it can be found for less), this is not an inexpensive 
textbook; but considering that it can, or should, be used 
for two quarters or semesters of classwork and will remain 
a rich and relevant resource of cartographic and geovisu-
alization knowledge for some years to come, it is a worth-
while investment. While the cost may be prohibitive for 
some, it is available in eBook format for 10% less at times; 
and, in both electronic and paper format, it gives students 
and instructors access to valuable online resources.
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Italics. City of Publication: Publisher Name.

Robinson, Arthur H., Joel L. Morrison, Phillip C. 
Muehrcke, A. Jon Kimerling, and Stephen C. Guptill. 
1995. Elements of Cartography, 6th Edition. New York: 
John Wiley & Sons.

Articles in Periodicals: Author’s or authors’ names as in 
Books, above. Year. “Title of Article.” Title of Periodical, 
volume number, page numbers, DOI if available. Follow 
punctuation and spacing shown in the following example.

Peterson, Michael. 2008. “Choropleth Google Maps.” 
Cartographic Perspectives 60: 80–83. http://doi.
org/10.14714/CP60.237.

Articles in edited volumes: Name of author(s). Year. “Title 
of Article.” In Title of Edited Volume, edited by [Editor’s 
or Editors’ names, not inverted], page numbers. City of 
Publication: Publisher’s Name.

Danzer, Gerald. 1990. “Bird’s-Eye Views of Towns 
and Cities.” In From Sea Charts to Satellite Images: 
Interpreting North American History through Maps, 
edited by David Buisseret, 143–163. Chicago: 
University of Chicago Press.

Websites: Websites may be generally referenced in run-
ning text (“On its website, the Evanston Public Library 
Board of Trustees states. . .”) rather than with a URL 
listing. If a more formal citation is necessary, use: Name of 
author(s). Year. “Title of Document.” Title of Complete Work 
(if relevant). Access date. URL.

Cartography Associates. 2009. “David Rumsey Donates 
150,000 Maps to Stanford University.” David 
Rumsey Map Collection. Accessed January 3, 2011. 
http://www.davidrumsey.com/blog/2009/8/29/
david-rumsey-donates-150-000-maps-to-stanford.

Maps: Maps should be treated similarly to books, to the 
extent possible. Specific treatment may vary, however, and 
it is often preferable to list the map title first. Provide suffi-
cient information to clearly identify the document.

A Plan of the City of New York and its Environs. P. 
Andrews, sold by A. Dury in Dukes Court, St. 
Martins Lane, surveyed by John Montressor, 1775.

E-mail correspondence: E-mail messages may be cited 
in running text (“In an e-mail message to the author on 
October 31, 2005, John Doe revealed. . .”) instead of in a 
note or an in-text citation, and they are rarely listed in a 
bibliography or reference list.

Additional examples:  For addit ional  examples , 
please consult The Chicago Manual of Style, 17th ed. 
(chicagomanualofstyle.org).

DOI NUMBERS: DOI numbers for references must be in-
cluded whenever available. You can look up DOIs at www.
crossref.org/SimpleTextQuery.

REFERENCES LIST:  The list of references should begin in 
a separate section, immediately after the text. Entitle the 
section “References” and list all references alphabetically by 
the author’s last name, then chronologically. Provide full, 
unabbreviated titles of books and periodicals.

FOOTNOTES:  Footnotes should be used sparingly: i.e., 
only when substantive enough to amplify arguments in 
the text. They should be addressed to a single point in the 
manuscript.

UNITS OF MEASURE:  Cartographic Perspectives uses the 
International System of Units (metric). Other units should 
be noted in parentheses.

EQUATIONS: Equations should be numbered sequentially 
and parenthetically on the right-hand edge of the text. 
If special type styles are required, instructions should be 
provided in the margin adjoining the first case of usage. 
Authors should carefully distinguish between capital and 
lower-case letters, Latin and Greek characters, and letters 
and numerals.

TABLES: Tables should be discussed in the text and denot-
ed by call-outs therein, but the meaning of a table should 
be clear without reading the text.
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