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Mapping an Ancient Trade Route
with Balloon Photography
Mapping from balloon photography was more rapid than
from ground stadia survey and less costly than from
conventional aerial photography.

T HE PHOKIS-DoRIS EXPEDITION, centered
at Loyola University of Chicago and in

cooperation with faculty members from the
University of Minnesota and the State Uni
versity of New York, is currently investigat
ing an ancient trade and communication
route whose terminals are located near the
present Greek cities of Amfissa and Lamia

objective of the Phokis-Doris Expedition is
to investigate the use of this route in prehis
tory and to substantiate the hypothesis that
its use dates back to Mycenaean Times (c.
1600-1200 B.C.).

Most archaeological field work in Greece
is confined to relatively small and well
defined sites, usually no more than a few

ABSTRACT: The Phokis-Doris Expedition from Loyola University of
Chicago is in the process of investigating an ancient trade and com
munication route which extends 60 kilometers through the moun
tains of central Greece. With the exception of small-scale (1:50,000)
regional maps and a few intermediate-scale (1:5,000) maps, the ex
pedition has had to produce its own maps. After experiencing the
limitations of conventional methods of field mapping and being
forced by budget and logistics to forego the advantages of conven
tional aerial photography, the expedition in cooperation with the
Whittlesey Foundation decided to obtain non-metric aerial photog
raphy using an unmanned tethered hydrogen-filled balloon. This
procedure has been used by the Whittlesey Foundation for several
years with a variety ofarchaeological projects, but the Phokis-Doris
project presented unique problems in terms of total coverage re
quired and the mountainous terrain encountered. Flying heights
varied from 50 meters to 800 meters, and both black-and-white and
color coverage were obtained, much of it in stereo. The resulting
photographs are being used both as photo-maps for those areas
which ground investigations have shown to be archaeologically im
portant and also to continue these investigations back in the United
States.

(see Figure 1). The natural corridor contain
ing the route is approximately 60 kilometers
long and follows a series of valleys and pass
es through the mountains of central Greece.
A modern highway parallels much of the an
cient route, and recorded history indicates
that the corridor was used at least as far back
as Classical Times (c. 5th Century B.C.). One

thousand square meters in extent. A notable
aspect of the Phokis-Doris Expedition is the
large area that is under investigation. At the
present time, after two field seasons totaling
12 weeks, approximately two -thirds of the
60 kilometer corridor has been covered to
some degree by surface exploration, and a
total of 26 sites have been designated along

1489
PHOTOGRAMMETRIC ENGINEERING AND REMOTE SENSING,

Vol. 43, No. 12, December 1977, pp. 1489-1493.



1490 PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1977

the route. These sites range in size from a
few hundred square meters to several
thousand square meters.

MAP REQUIREMENTS

Based on anticipated archaeological re
quirements and on limited existing maps,
the expedition initially decided on three
map classifications: (1) Site maps at 1:500 or
1:1,000; (2) Area maps at 1:5,000 or 1:12,500;
and (3) A region map at 1:50,000. The opera
tional plan called for a site map for each des
ignated site, area maps which would in
clude all the sites, and a region map covering
the entire corridor.

The site maps were to be topographic
maps produced by stadia methods, but at the
end of the first field season it became appar
ent the plan would have to be modified.
There were several reasons for this: first, the
corridor was yielding more sites than orig
inally anticipated; second, the time re
quired to map the larger sites by stadia
methods took longer than estimated; third,
many of the sites presented logistic prob
lems (one site on a mountain top could only
be reached by packing in the equipment
with a mule); and fourth, the resources of the
expedition did not permit any increase in
survey personnel (normally two persons,
supplemented on occasion by a third per
son).

Problems were also encountered in ob
taining the area maps. Much of Greece is cov-

ered by a 1:5,000 topographic series, and
the expedition had planned to obtain these
from government or commercial sources. For
various reasons it was possible to obtain area
maps covering only a third of the sites.

When it became evident that it would be
impossible to map the sites with the availa
ble personnel and the time restraints of the
field season, alternative methods had to be
considered. The first possibility considered
was to use some form of photogrammetric
mapping. From a technical standpoint this
would have been an excellent solution. The
photography and ground control could have
been obtained in Greece during the sum
mer, and the plotting could have been done
back in the United States. This solution had
to be rejected for two reasons: first and
foremost, the cost of the mapping very likely
would have exceeded the entire budget for
the expedition, and second, the time re
quired to produce the maps back in the Un
ited States would have been too long. Project
reports are required during the early Fall,
and it is questionable if the photogrammetri
cally prepared maps would have been avail
able when needed. If done commercially
(which was never seriously considered) they
would have had to fit the contractor's
schedule, or if done by project personnel
they would have had to be completed as
time permitted, which could have taken sev
eral years. Also, it is questionable whether it
would have been possible to obtain aerial
photography in Greece because of flying re
strictions or aircraft availability.

The basic archaeological need for the
maps was then reexamined. It was agreed
that the fundamental requirement at this
time was to depict a site in relation to its
physical surroundings. It is evident that the
location of most human activity is the result
of a requisite to satisfy certain needs: food,
water, protection, etc. Therefore, in estab
lishing the archaeological significance of a

'site it is necessary to determine the probabil
ity that some of these needs were met by the
site's geographical location. One way, if not
the only way, of accomplishing this is
through some form of maps. As pointed out,
this was to be accomplished by the use of
three classifications of maps: site, area, and
region. The site map would depict the loca
tion in considerable detail, the area map
would show the site in relation to nearby
sites and in relation to the topographical fea
tures influencing its location, and the region
map would present all the sites with respect
to the archaeological hypothesis under in
vestigation.
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Project personnel then asked themselves
if topographic maps were a necessity, or if
some other map form might satisfy the needs
of the expedition. It was agreed that if gen
eral terrain elevations were available from
the region map, then topographic maps were
not a necessity at the current stage of the
project and some form of aerial photography
would satisfy the requirements. Topo
graphic maps would be required later when
the sites were excavated, but detailed topo
graphic information in the form of contours
was not a necessity for presenting the site
in its geographical context. In fact, the added
advantage of the detail contained in a photo
graph would more than offset the loss of top
ographic information.

The difficulties in obtaining aerial photog
raphy were still present, and it was appar
ent that some form of non-conventional
photography would have to be used.! It was
at this juncture that the Whittlesey Founda
tion was brought into the picture. Since 1964
this organization has been developing spe
cial techniques for archaeological photog
raphy2-" among which is the use of un
manned tethered hydrogen-filled balloons
with radio-controlled cameras for aerial
photography. Several archaeological projects
have benefited from photographic
techniques developed by the Foundation,
and it seemed likely they would be able to
help the Phokis-Doris Expedition. The proj
ect presented two challenges on the use of
balloon photography: the total area to be cov
ered, and the rugged topography of the cor
ridor. The balloon would have to be flown
close to its maximum altitude of 800 meters,
and whereas this had been done before, it
had not been done to the extent required by
Phokis-Doris in the mountainous terrain of
the corridor.

BALLOON PHOTOGRAPHY

The Whittlesey Foundation provided the
balloon and camera and all related equip
ment required for the photography plus a
team of two persons to work with expedition
personnel (see figure 2). The balloon was
approximately 21 cubic meters in volume
and developed a net lift of 9 kilograms after
a fresh inflation. The camera and radio as
sembly weighed about 5 kilograms, leav
ing 4 kilograms to accommodate the weight
of the tether line (which increased in direct
proportion to the flying height) and the ef
fect of drag produced by any wind. The cam
era was a Hasselblad 500 EL with a 50
mmf/4 Distagon lens. Wind was the critical

FIG. 2. Crew attaching camera to the inflated bal
loon prior to launch.

factor in the operation, and flights were lim
ited to wind velocities of 4 knots or less.
Winds can develop rather quickly in moun
tain valleys and passes, and on several occa
sions unexpected increases in wind velocity
dropped the balloon and caJ;l1.era out of sight
behind the surrounding hills. With 800 me
ters of tether line out, recovery of the balloon
required as long as 30 minutes, and the op
erational team was forced to respond with
emergency recovery procedures. Fortu
nately these were sufficient to alleviate the
situation, and neither balloon nor camera
was damaged during the flights. Winds were
most likely to be calm in the early morning,
and the operational procedure called for the
balloon to be ready for ascent shortly after
sunrise. Wind conditions were evaluated by
a wind gauge on the ground and by the flight
of a small trial balloon. Normally a decision
to fly or not to fly was made within two hours
of sunrise, and almost without exception the
flights were completed by noon.

Both color and black-and-white photog
raphy were desirable for the site areas, and
this required two flights over each area.
Normally, a roll of black-and-white film was
exposed, the balloon was recovered, and a
second flight was made with color film. It
was impossible to precisely position the



1492 PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1977

camera, particularly with the higher flights
and although the two flights covered the
same general area, they did not duplicate
one another exposure for exposure.

RESULTS

Photography covering sites in the northern
one third ofthe corridor was obtained during
the second field season (see Figures 3, 4, and
5). This was taken over a nine-day period
during which there were four days when it
was not practical to fly the balloon because
of wind conditions. During the other five
days a total of 16 separate flights (eight color
and eight black-and-white) were made, re
sulting in 180 photographs. Flying heights
ranged from 50 meters to 800 meters, and the
approximate coverage on the 180 photo
graphs was 46 square kilometers (11,360
acres). Because of duplication of color and
black-and-white and because of stereo over
lap, the actual ground coverage was about 20
to 30 percent of the total photographic
coverage.

UTILIZATION

.Initial use of the photography has been as
photo-maps for those sites which have been
shown by ground investigation to be ar
chaeologically significant. There have been
several advantages. The first has been the
short time required to prepare the photo
maps for publication after return of the ex
pedition to the United States. Preliminary
reports of expedition results were due in this
country and in Greece within two months,
and it would have been impossible to pro-

FIG. 3. Ancient site of Dhema photographed
from 800 meters. Approximate scale 1:8,000.

FIG. 4. Ancient site of Koukou photographed
from 750 meters. Approximate scale 1:7,500.

duce any other type of map given the finan
cial limitations of the project. Second, the
detail and greater coverage provided by the
photography have proved of more benefit to
the archaeologists at this state of the investi
gation than the conventional larger-scale top
ographic maps. These photographs in com
bination with the small-scale 1:50,000 region
map have allowed the investigators to pre
sent their findings in a way that permits
maximum comprehension by those who
must rely on the published reports for un
derstanding and evaluating the project
hypothesis.

Beyond the immediate requirements for

FIG. 5. Ancient site of Kouvela photographed
from 200 meters. Approximate scale 1:2,000.
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the published reports, there is a need con
tinually to examine and reassess the work of
the previous field season as plans are made
for the coming season. Several of the photo
graphs have revealed features and patterns
that were not readily apparent on the ground
and which have been marked for further in
vestigation. For those sites requiring more
investigation and possible excavation the
photographs will serve as working plans to
be taken into the field for orientation, anno
tation, and investigation.

CONCLUSIONS

Balloon photography has permitted the
Phokis-Doris Expedition to "map" all the
sites thus far identified. In addition it has
added the dimension of aerial photography
to the expedition's work without adding the
costs normally associated with such a
technology.

The balloon system is constantly being
analyzed and improved by the Whittlesey
Foundation. More efficient balloons are
being built, and a dual camera configuration
(permitting simultaneous color and black-

and-white photography) has been de
veloped. These technical improvements
along with the experience gained in photo
graphing relatively large areas of rugged ter
rain have improved overall capability ofbal
loon photography for archaelogical investi
gation.

ACKNOWLEDGMENT

This work was suppOlted in part by the
National Endowment for the Humanities.

REFERENCES

1. Manual ofRemote Sensing, American Society
of Photogrammetry, Falls Church, Va., 1975,
pp. 545-548, 1999-2029.

2. Whittlesey, Julian H., "Bipod Camera Sup
port", Photogrammetric Engineering, Vol. 32,
Nov. 1966, pp. 1005-1010.

3. Whittlesey, Julian H., "Tethered Balloon for
Archaeological Photos", Photogrammetric
Engineering, Vol. 36, February 1970, pp.
181-186.

4. Whittlesey, Julian H., "A Multi-Band Camera
for Archaeology", Photogrammetric En
gineering, Vol. 38, August 1972, pp. 817-819.

Call for Papers

Inter-Congress Symposium on
New Technology for Mapping

Ottawa, Ontario, Canada
October 2-6, 1978

The Symposium, sponsored by Commission IV of the International Society for Photogram-
metry, will feature a technical program on

• Digital Map Compilation and Cartographic Treatment of Digital Data
• Large Scale Integrated Mapping for Digital Data Bases and Systems for Geographic Information
• Mapping from Space-Borne Photographic and Non-Photographic Imagery Systems
• Orthophotography and Photomapping
• Littoral Mapping
• Integrated Resource Mapping
• Revision and Accuracy of Topographic Maps
• Technical Tours

Those wishing to present papers please submit the title ofthe proposed paper; the author's
name, address, and position; an abstract; and estimated time for presentation by January 1,
1978 to

J. H. O'Donnell
Secretary, Commission IV
Topographical Survey
615 Booth Street
Ottawa, Ontario KIA OE9
Canada


