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ABSTRACT
This paper describes and discusses the creation of visual patterns and
depictions of rivers in the form of strip maps produced by simulated push
broom scanning over existing satellite images along the river’s track data.
http://www.riverstudies.org/aerial
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Introduction

”The idea appeals to me that the earth is governed by nature and is much
like the system of our own bodies in which there are both veins (vessels for
blood) and arteries (vessels for air). In the earth there are some routes though
which water runs, some through which air passes. And nature fashions these
routes so like the human body that our ancestors call them ’veins of water’.
(Leonardo Da Vinci)1
It has a long tradition to understand rivers as veins and lifelines of the
’system’ Earth and as a consequence: humanity. It might have an even
longer history to understand rivers as a timeless metaphor for life or the
flow of history. That is one thing that makes rivers outstanding and quite
fascinating. My other primary interest however is to understand rivers as
intersection and connection lines through continents, peoples and cultures cross lines that form a landscape of natural features and accumulated history,
a landscape that is as much a cultural as a geographic landscape.
What I introduce and briefly discuss here, is an approach to depict river
landscapes (and possibly other curved geographical features) as ’diagrammatic’ strip maps rendered out of existing aerial images. This is a process,
that also reassembles one of the methods traditionally deployed in remote
sensing’s digital image acquisition: push broom (also: along-the-track) scanning, with a critical difference: it does not happen on a satellite over earth,
but reiterates over (in a way: remixes) existing satellite image footage by
software.
If maps are compensation for flying, and the riskless reality of Ikarus’
phantasma2 . This is a simulation of Ikarus flying along rivers, and a brief
adventure into experimental map-making.

1

Universal Leonardo, Rivers and the circulatory system, http://universalleonardo.
org/trail.php?trail=346
2
Buci-Gluchksmann, Christine, Der kartografische Blick in der Kunst, Berlin 1997
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Idea and conceptional history

Since the questions of ’how did you get that idea?’ is one, that I frequently
get, I try to trace this process briefly:
Pragmatically it took three main important ingredients to stimulate the
idea and initial realization of this approach to straighten out rivers: 1) a
single comparative river chart of the 19th century, 2) OpenStreeMap, and 3)
a bit of prehistory.
I was already involved in creating very long, panoramic riverside images by a digital slit-scan method with projects such as ”Danube Panorama
Project”3 and ’Nile Studies”4 , including simple mapping methods and the
retrieval of GPS data, when one day browsing a book by Edward Tufte, I
stumbled upon an example of an early comparison river chart. Tufte was referring to this work by Jean Buchon when he writes: Instead of conventional
bars, the wiggly lines attempt to depict the shape each river would have if
replaced by a ribbon of rubber which was then straightenend out. 5

Figure 1: From: Jean Buchon, Atlas Geographice, Statistique, Historique, et
Chronologie des Deux Ameriques, Paris 1825, no. LXIII
After a bit more research, I found out there are many of these comparison
maps. Comparative river and mountain charts were quite popular during the
early and mid 19th century - I come back to them later.
Altough in another section of the same book, Tufte was referring to them
as merely more than illustrated bar charts, I found the idea of straightening
out rivers like rubber bands immediately intriguing. And as I had GPS data
3

http://www.danubepanorama.net (2005/06)
http://www.nilestudies.net (2006)
5
Tufte, Edward: Envisioning Information, Cheshire: Graphic Press 1991
4
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from a river cruise at hand, I gave it first try.6 . The problem, at this time,
was the track data I had, was partly faulty, partly missing and incomplete,
and I was unable to find sources of river data that was both free and accurate
enough.
The idea reappeared exactly four years later again, when I got interested
in OpenStreetMap 7 . I was playing around with how it worked, potential use
cases and ideas when I noticed that I have a nearly complete track of the
Danube River at hand with minor work involved in cleanup and additions. I
started with the Danube, rewrote my old scripts completely, found the first
results visually fascinating and added more rivers quickly.
Straightening out a rivers in reality can seriously harm your ecosystem
(nevertheless it happens), doing it virtually or digitally is harmless, relatively
easy to do, and - in best case - might open up new viewpoints.

Figure 2: a strip or rippon map of Mississippi river, Coloney, Fairchild & Co.:
Ribbon Map Of The Father Of Waters. Geographical and Scenic Maps upon this
plan of all the rivers, rail road routes, stage and coast lines in the country are in
preparation, 1866 (courtesy: David Rumsey Historical Map Collection)

6

The early experiment is still on-line at: http://www.danubepanoroma.net/
straight/
7
OpenStreetMap (OSM) is a collaborative project to create a free editable map of the
world, http://www.openstreetmap.org
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Method

For the purpose of the project, a simple ”aerial scanner” software ”satlisca”
was developed in late 2010. Basically it simulates a helicopter, satellite or
drone following the course of the river with an attached line-scan8 camera
facing the ground - a simple ’along-the track’ scanner.
At first, the raw track data (provided as GPX-file) is spline-interpolated
to a set of points within a fixed distance (20 meters in that case). For each
of these points an aerial image is constructed from locally cached tiles of a
Web Map Service9 with the point at its center. The image is then rotated
according to the heading (bearing) of the course. Finally one-pixel columns
at the center of these images are extracted and concatenated into a new
image.

Figure 3: Screenshots of the running software ,,satlisca”
8

Line-scan is an image acquisition method that continuously samples (sensor) lines into
a composite image. A flatbed or hand held scanner is essentially a kind of a line-scanner.
For some historic reasons (I guess due to the various application and realms they derived
from) there a many terms: push broom scan, line scan, slit scan, strip photography,
streak photography, scanography, photo-finish, etc. Basically they all describe the same
principle, a principle that was already used in analogue photography in the 19th century
(for instance rotating panorama cameras). In analogue photography you have a slit as an
aperture, exposing the film as it moves by. In the digital realm one would cut out slices of
existing image footage. In case of dedicated line-scan cameras it is really just a one line
sensor (to be correct: that is true for monochrome cameras only. Color line-scan cameras
normally have either 3 lines, one for each color if they use a CCD sensor, or two if the
sensor is CMOS using Bayer pattern)
9
WMS/Web Map Service - an open standard for requesting geo-referenced map images
from one or more distributed geo-spatial databases via Internet/HTTP
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4.1

Source Data
Satellite Image Data

The satellite footage is derived from the global mosaic layer of NASA’s
LANDSAT 7 program (recorded between 1999 and 2003) as provided via it’s
online WMS-Server10 . No further modifications are added to these images
at the current stage, except for caching and storing them locally. Optionally
it would also be possible to use other web map services as primary sources
such as Google Maps, Yahoo or Bing or others. With a highest ground relative resolution of 15 meters NASA’s material is comparable low resolution.
But due to certain US Government regulation this, as tax payed material, is
in the public domain, whereas the licenses of commercial satellite providers
restrict or prohibit redistribution.

4.2

River Line Data

The course data of the rivers comes from the geo data of the free worldmap
OpenStreetMap, as far as it already exists there. Wherever necessary I clean
and correct the data, add missing sections and organize it into relations for
easier later-on retrieval. Wherever river data is missing at all or in part,
I draw it myself tracing satellite imagery from NASA’s global mosaic with
OpenStreetmap’s editors, eventually cross-checking it with other online map
services, as far as licenses allowed. The data manually traced is contributed
back to the OpenStreetMap database. Further public domain data sources
used to follow and cross-check the course of the river are the 1:10.000.000
Rivers + lake centerlines geo data set of Natural Earth11 and multiple language information from Wikipedia. A dataset not yet used but I might
consider as a possible source in the future is HydroSHEDS 12
For local processing I export and store the course data as GPX-file13 .
10

http://onearth.jpl.nasa.gov/
A collaboration involving many volunteer NACIS (North American Cartographic Information Society) members and cartographers around the globe
http://www.naturalearthdata.com/
12
Hydrological data and maps based on SHuttle Elevation Derivatives at multiple Scales.
HydroSHEDS is a mapping product that provides hydrographic information for regional
and global-scale applications in a consistent format, http://hydrosheds.cr.usgs.gov/
13
GPX, or GPS eXchange Format is a device-independent common and open XMLbased data format designed for the interchange of GPS data between devices, software
applications and web services
11
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Additional Reflections

5.1

On Accuracy

I am neither a trained cartographer or geographer nor mathematician, therefor I do not claim nor guarantee any accuracy of the resulting image material.
As an artist my main challenge is into the creation of not-yet existing depictions and visual representations of what we might think of as reality, and I
am aware that these are merely constructions.
There are plenty of sources for possible inaccuracies and distortions in
the process of creating this imagery (each of which addresses potential enhancements if targeted for a valid map or comparison14 ):
• The course data might not be accurate. It is mainly derived from an
amateur effort of OpenStreetMap volunteers including myself tracing
the rivers on satellite images. Whereas this approach seems to work
generally quite well, there could be misalignments or wrong projections
involved in that process. Certainly I was unable to examine all of the
used data points. Though I cross-checked other (free or open) data and
information sources, I might have missed small tributaries or misread
what is commonly regarded as a the source or mouth of the river - be
it on purpose or by mistake (see below).
• The length calculation of the course data: It is the length of track used
and the resulting image as calculated using a Clarke ellipsoid. It should
not be seen as the real length of the river.
• The interpolation algorithm used for calculating the points along the
course uses the distance measurements and its inaccuracies from above
and is not exact in itself, so it introduces a few new inaccuracies.
• The map projection used is inadequate for precise comparison. The
distance represented by 1 pixel in the image may vary significantly
depending on its original position on the globe. To my understanding
it would require a reprojection of each image constructed for each point,
which is a computationally intensive and time consuming task (and it
already takes up to 24 hours for a long river to render on a recent
machine as is)
14

though I leave the question open for now, whether it is a feasible and desirable undertaking or not
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• The inherit distortion of the line-scan method over- or under-sample the
river’s surrounding regions, depending on distance and course’ trajectory. It might even happen that the river and/or its surrounding repeat
themselves and reappear several times in the final picture (u-turns)
• The original satellite image data is a composite mosaic of more than
8200 individual LANDSAT7 scenes collected during a period of 4 years
between 1999 and 2003. It does not reflect the current state of the river.
As it is a composition of several year’s sources it might not event depict
the river at a specific given time.

5.2

River Courses and Length Measurements

People love rankings, charts and superlatives. But it is an ongoing and
interesting debate on what is the longest river in the world. There is a
centuries-old rivalry over that title between the Nile and the Amazon, and it
reveals some interesting issues.
As of the 21st century, still expeditions and explorers are sent out to
locate and track sources with up to date GPS equipment15 . New technology
adds new possibilities on pinpointing sources and length measurements based
on satellite data and remote sensing tools. New studies certainly challenge
existing measurements.16 . As one of the technological challengers, a science
group around Shaochung Liu from the Chinese Academy of Sciences, puts it:
”Since the last century, the lengths of the Nile and Amazon have
been contesting for the title of the worlds longest river. From the
lengths recorded in encyclopedias, textbooks, magazines and atlases with various languages, one could not recognize the longest
river in the world. The Nile in Africa is reported to be anywhere
from 5499 km to 6695 km with a maximum difference of 1196
km. And the Amazon in South America from 6275 km to 7025
km with a maximum difference of 750 km. These significant inconsistencies could be found in other great rivers, e.g. the Yangtze
from 5550 km to 6397 km, the Mississippi from 5970 km to 6415
km, etc. [..] It is impossible to distinguish which is correct (or
15

National Geographic News: Explorers Pinpoint Source of the Amazon (Dec 21, 2000),
http://news.nationalgeographic.com/news/2000/12/1221amazon.html
16
For example, Brazilian National Institute for Space Research: Studies from INPE
indicate that the Amazon River is 140 km longer than the Nile (Jul 01, 2008), http:
//www.inpe.br/ingles/news/news_dest29.php
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more accurate) in a series of controversial lengths for each river.
Therefore, recalculation of the lengths with high accuracy using
modern technologies is highly desirable.” 17
Nevertheless, determining the length of a river is tricky also with modern
technology. It needs answers to questions such as: What is the source of the
river? Who determines what’s the true source of the river? How far does
its mouth extend? Tracing the river through lakes, wetlands and clouds can
be difficult and arbitrary. And the river’s tributaries, canals, streams and
course may vary from season to season (and so does its length).
As I pull out the river data of OpenStreeMap or draw them myself, all
of which is retrieved by tracing the river on satellite images, I tackle these
questions and problems myself and I am making my own, possibly arbitrary,
choices here, not necessarily reflecting the current scientific status quo.
But, according to a National Geographic Magazin Blog entry, Bernhard
Lehner, a German hydrographer at McGill University and creator of the
HydroSHEDS, says: ”scientists are rarely concerned with the overall length
of a river from source to delta. Rather their interest lies in finding points
of change along a river, like where tributaries join the main channel and
alter water quantities and qualities. The nature of a river, managing human
water use, pinpointing species habitats, and protecting ecosystems are other
important chapters in a river’s story.” 18
I could not agree more.

5.3

Comparative River Maps

As I already mentioned I drew important inspiration of Jean Buchon’s river
comparison map from 1825. Comparative charts, maps and profiles of mountain heights and river lengths were popular depictions in the early and mid
19th century. As it seems, little has been written about these approaches
showing relative heights of mountains, lengths of rivers, eventually also incorporating comparative charts of lakes, waterfalls, sea depths and volcano
activity, nearly everything into a single picture. Next to a view interesting
17

Liu, S., Lu, P., Liu, D., Jin, P. and Wang, W.: Pinpointing source and measuring the lengths of the principal rivers of the world. In: International Journal of Digital Earth 2, Volume 1, Issue 1, March 2009 (online at: http://dx.doi.org/10.1080/
17538940902746082)
18
National Geographic Magazine Blog: Measuring the World’s Rivers (Mar 25, 2010),
http://blogs.ngm.com/blog_central/2010/03/measuring-the-worlds-rivers.html
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blog post featuring lots of illustrations19 20 21 22 , it is mainly John A. Wolter
who traces a bit of the roots and history in his article for The Quarterly
Journal of the Library of Congress in 1972. Starting from predessors such
as Alexander von Humbold and Carl Ritter, highly sophisticated colorful engraved plates and illustrations were developed and formed into a kind of new
’cartographic convention’:
”The comparative plates depicting mountain heights and river
lengths, from the 19th-century ”heyday” of the technique, could be
considered the visual expression of a methodological era in the development of geographical thought. [..] and it is from this period
that we date modern scientific geography” 23
The comparative maps and charts were used as scientic reference tools
and were a relevant parts in atlases around the western hemisphere. At the
end of the century this type of depictions disappeared. According to Wolter
”The decline of its use is directly due to the increase in large-scale topographic
mapping for most areas of the world” 24
So many things, ideas and inventions such as industrialization, the telephone, electricity, photography, films, guns, trains, planes, punch cards and
other early mechanical computing machines, etc. that should develop into
dominant factors shaping our temporary society, emerged out of the reality of the 19th century - a reality that ”was given special force by the great
invention of the nineteenth century: the invention of invention” 25 . Many
inventions and ideas, on the other hand, did not survive at all, but were
overrun by progress, probably in the lack of their practical relevance.
Following Tufte, these depictions might just be illustrated bar charts - in
addition: bar charts that support and build on people’s obsession to chart,
19

Graphicus Antique Map Blog: The Evolution of the Comparative Mountains and
Rivers Chart in the 19th Century (Mai 12, 2010), http://www.geographicus.com/blog/rare-and-antique-maps/
the-evolution-of-the-comparative-mountains-and-rivers-chart-in-the-19th-century/

20

David Rumsey Map Collection: Heights of Mountains, Lengths of Rivers (Sep 9, 2009),

http://www.davidrumsey.com/blog/2009/9/5/heights-of-mountains-lengths-of-rivers

21

BibliOdyssey: Comparative Perspectives - Heights of Mountains, Lengths of Rivers
(Oct 12, 2008), http://bibliodyssey.blogspot.com/2008/10/river-deep-mountain-high.html
22
Ptak Science Books: Comparative Displays: Mountains, Rivers, Lakes, Islands, 1856
(Jul 20, 2008), http://longstreet.typepad.com/thesciencebookstore/2008/07/comparative-dis.html
23
Wolter, John A.: The Heights of Mountains and the Length of Rivers, in: The
Quarterly Journal of the Library of Congress, July 1972, p197-198 (online at: http:
//www.davidrumsey.com/pubs/Wolter_Mountains_Rivers_1972.pdf)
24
Wolter, John A., p198
25
Postman, Neil: Building a Bridge to the 18th Century: How the Past Can Improve
Our Future. Vintage Books 2000
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compare and find superlatives. As a tool of scientific methodology and measurements they certainly fail also, though they do it aesthetically pleasing
and visually stunning. It nearly seems a bit sad, when Wolter finally concludes:”We will, however, probably never see again the elaborate, exuberant
and colorful illustrative plates that were so popular a hundred or more years
ago. We can lament their passing, for they are certainly fascinating to persue
and a pleasure to view - perhaps the next best thing to viewing the mountains
or rivers themselves.” 26

Figure 4: Black, Adam & Charle: Physical Geography, in: General Atlas
Of The World, Edinburgh 1854, Courtesy: David Rumsey Historical Map
Collection

5.4

Cartography and map-making

The term cartography itself roots back to the 19th century. I was coined in
1839 and it was not before 1859 that it found it’s way into the Oxford English
Dictionary27 . This also - as many other specialization at that time - marks
26
27

Wolter, John A., p200
Wood, Denis: Cartography is Dead, In: Cartographic perspectives, No. 15, 2003
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the begin of turning the handcraft of map-making into a professionalized field
and the establishment as an academic discipline (which itself is a phenomenon
largely of the 20th century fed by world wars’ machineries and requests for
precise maps).
The history of map-making is certainly much, much longer, as is its relationship with power interests, the critique of map-making and the history of
”cartographic” inventions from outside the field of professional cartography.
The science of cartography (that is inherently also overlapping and conflicting
with fields in geography and geodesy), it’s obsession with accuracy, precision
and readability and it’s normative and authoritarian nature serving state
and power interests, and the dominant political economy, certainly was not
left unchallenged. Guy Debord called for a ”renovated cartography” in the
sixties, and there is a history of alternative map-makings whether they are
labeled as map art28 , critical cartography29 , or counter-cartography. This is
a development that accelerated recently with digitalization and its ”democratization” of tools, data and new possibilities, leading to an exploding (at
least in terms of quantity) number of maps and mapping projects, especially
from non-cartographers and diverse communities that nevertheless want to
participate in the production of space created by maps.
In this discourse, the map is no longer seen as a scientific document exactly representing earth (which is technically tricky and especially absurd if
it comes to thematic mappings), but more and more as description of territory and spatial relationships, as practice30 or process31 , or simply as another
necessary communication skill, that of course draws out of experience, conventions and interpretations.
That is put very blunt and briefly here, but I pointed out a few shortcomings in accuracy before and certainly the quest for accuracy and precision is
not within my main interests. I see this approach of map-making as experimental and critical cartography. Experimental in the sense, that there is
no guarantee for a (useful) result, critical in the sense that the process of
creation establishes a self-referential (and self-reflexive?) loop.
28

Wood, Denis: Map Art, In: Cartographic Perspectives, No. 53, 2006
Crampton, Jeremy W.: An Introduction to Critical Cartography. In: ACME, An
International E-Journal for Critical Geographies, 4(1), 2006, p11-33
30
Crampton, Jeremy W.: Cartography: performative, participatory, political. In:
Progress in Human Geography, 2009
31
Kitchin, Rob / Dodge, Martin: Rethinking maps, in: Progress on Human Geography
31, 2007
29
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Summary

So far I have created rough renderings of rivers as straight lines based on
satellite imagery footage of more than ten rivers. By no means this a complete
coverage of principle rivers of the world. It is a highly arbitrary and personal
selection that includes (at the time of this writing): Nile, Amazon, Yangtze,
Ob, Huang He (Yellow River), Mekong, Ganga, Brahmaputra, Euphrates,
Rhine and Danube. More are likely to join.
As I already pointed out the idea does not come out of the blue. In a
way, I remix 19th century ideas with current technology and place them into
new contemporary contexts.
The results are visually intriguing and fascinating. But are they useful?
A few possible - maybe trivial - readings come to my mind. In a common
understanding rivers grow larger until they empty their mouth into some
seaside area. That is not necessarily the case. The Nile, for instance, carries
down water over more than thousand kilometers without any more tributaries
and shrinks due to evaporation and intense use for irrigation. That is clearly
illustrated here. The Nile with its ongoing struggle around water rights
around outdated colonial water treaties32 , is also a good example, where these
kind of depictions could potentially be useful in pointing out or illustrating
water conflicts and water usage scenarios. Looking at the resulting scans
seems to make it pretty obvious, where water is collected, and where it is
used.
It certainly is a bit more complex though, as I tried to outline before.
And, it’s not soley on me and my art as fundamental, undisciplined research
to judge its usefulness. My main interest and ambition is into questioning
existing conventions of perceptions, challenge new ways of seeing and open
up spaces for interpretation (and possibly debate). I am more likely to follow
Trevor Paglen in his definition of ’Experimental geography’, wich (also) says:
”The task of experimental geography, [..], is to seize the opportunities that
present themselves in the spatial practice of culture. To move beyond critical
reflections, critique alone, and political ’attitudes’, into the realm of practice.
To experiment with creating spaces, new ways of being.” 33

32

Guardian: Battle for the Nile as rivals lay claim to Africa’s great river
(Jun
25,
2010),
http://www.guardian.co.uk/environment/2010/jun/25/
battle-nile-africa-river-resources
33
Paglen, Trevor: Experimental Geography: From Cultural Production to the Production
of Space. In: Experimental Geography: Radical Approaches to Landscape, Cartography,
and Urbanism. Melville House 2009
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