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Editorial

Apology

In an attempt to make life easier for the
printers with AARGnews 17, | scanned in all
the photographs myself (where scanner =
new toy) rather than, as usual, handing in
prints to be scanned by the printers and
reduced to fit holes in the text. Unfortunately
this resulted in poor-quality pics in the last
issue. Despite his usual friendly whinges, our
printer assured me that he didn’t mind doing
things the manual way and so for future
issues | will use original prints where
possible. | was also told that the printers can
accept electronic pics, but only as Postscript
files — something I’ve not used. So if anyone
is brave enough to risk their reputation that
way, feel free to send a Postscript crop mark.

Towards easier mapping?

During the past six months I’ve spent a fair
amount of time getting used to Irwin
Scollar’s AirPhoto (see AARGnews 16, 37-
8). Part of this has been as a Windows95
guinea-pig for modifications Scollar has
made, part has been directed towards ways of
using the program to produce what | want —
maps rather than transformed photos. The
method that seems to be evolving is as
follows: first, transform a photo to ensure that
it fits without unacceptable mismatch of
control; second, transform a scanned version
of that photo’s interpretative overlay using
the same control; third is to convert that
transformed image from bitmap to vector so
that it can be manipulated and combined with
other map data. The first two are no problem,
being more-or-less what AirPhoto (and John
Haigh’s AERIAL 5) was designed to do.
Conversion to vector offers more problems
and I’ve been experimenting with Corel
OCR-Trace (which came in the CorelDraw
package) and with a trial download version of
Adobe Streamline which seems slightly more
sensitive. So that you can follow through the
three stages I’ve taken the editorial liberty to
use three otherwise empty half pages (6, 14,
17) to show you the air photo, the scanned
oblique overlay, and the bitmap output of that
transformed overlay. Fortunately AirPhoto
allows you to chose to overwrite the map
(originally 1:2500 digital data), so no

problems here with OS copyright (I hope).

Why do | think this is a way forward? Mainly
because it creates a map version directly from
the interpretation, thus avoiding any loss of
accuracy that may occur during digitising,
final drawing, or any of the other operations
that, currently, we move through to get from
air photo to map. There is also the time-
saving aspect of cutting out these interim
stages. I’m getting there slowly and see the
ability to work in this way as a tremendous
prospect for the future — hence this sort of
interim note. If anyone out there is interested,
or has played with similar bitmap-to-vector
programs, 1I’d be interested to hear from you
as, at present, that is the (small?) stumbling
block.

More on plough erosion

| am pleased that there seems to be some
activity being directed towards re-evaluating
agricultural erosion of sub-surface features.
There may be little we can do to stop plough
damage, and perhaps it is already too late in
many long-arable regions in temperate zones.
Recent conversation with someone who
works for a large environmental contractor
was enlivened by his comment that out of
twenty recent assessments of crop-marked
sites only one produced any field evidence.
Of course, this may be because APS didn’t do
the mapping, or perhaps the trenches were put
in with mathematical randomness and missed
everything, or maybe, just maybe, the
archaeological features had been ploughed
away.

Field walking levelled sites frequently proves
that there is erosion — otherwise we wouldn’t
find much — but such finds are seen more than
a source of dating than as evidence of
destruction. Developer-funded assessments
often show truncation or sometimes show
nothing (for which the AP, or the interpreter,
usually gets blamed!) but such details rarely
seem to get into the reports — but the concern
of the digging archaeologist may be directed
more to dating the old holes than evaluating
their survival.



I’ve thought, and said, for many years that
some sort of ‘quality control’ is an essential
part of adding AP sites to any monument
protection programme or it’s a total waste of
time, effort and money. We need to be brave
enough to go out and dig a small hole — a
metre square or less was adequate for
Fenland sites when we were compiling a list
of ‘the best 50" — to see what, and how much,
survives and then decide whether what’s left
is worth trying to preserve. An alternative
may be to eliminate from the list any sites
which have provided surface artefacts, or
maybe those which have been in arable land
but haven’t been photographed for x number
of years. But, things may change ....

I’m aware that one response to the MARS
report (reviewed by Kevin Jones in this issue)
is that MAFF (Ministry of Agriculture
Fisheries and Food) asked for tenders to
operate a three-year project to ‘assess the
current state of knowledge ... of techniques
for the conservation of archaeological sites
under arable cultivation’. They were then to
develop techniques for their protection, and
write guidance for farmers, etc about
management of such sites. | was asked what
input could be based on aerial photographs
and, after a fair bit of thought, failed to come
up with any useful answer. 1 haven’t heard
who has been given the project but, as a
friend of mine said (after deciding not to
apply), whoever gets it is likely to be blamed
for all future degradation of rural sites!

Or an end to plough erosion?

Early this year, UK television ran a short
series, Against the Grain, concerning
farming. [Initially 1 thought I might learn
something aerially relevant but it turned out
to be political rather than informative. The
gist of the programme was asking whether
farmers should continue to get paid huge
subsidies for growing food that nobody
wants. Alternatives seemed to be that we let
them fend for themselves, or pay them to be
‘countryside wardens’. Regardless of politics
or the outcome of the debate (or any
subsequent action), changes such as this is
likely to have quite a knock-on effect on
aerial reconnaissance.

AARGnhews 18 (March 1999)

We have seen this already in Britain with the
set-aside programme which has given us
weedy fields which previously had been
arable or, in many cases, pasture with
earthworks (which had then been destroyed
or damaged by ploughing so as to obtain the
set-aside subsidy).  Future changes in
agricultural policy may perhaps give our
levelled archaeology a bit of a respite from its
annual battering and may provide a new
baseline on which, after quality control, (see
above) management conditions can be
imposed.

Bloody Royal Mail

In an effort to ensure ‘we maintain the
existing levels of efficiency and quality of
service’ Royal Mail has seen fit to change my
Postcode. This small change for them has a
considerably greater effect on me and I’'m
sure you’ll all want to make a note of the
change (it’s in the usual place) so as to keep
your contributions pouring in. Those of you
sensible enough to use email can carry on as
previously unless ... oh no, they wouldn’t
change that would they...?

Included in this issue

Something on aerial photography at last!
Kevin Jones has been experimenting with
taking and using vertical photos as an aid to
mapping earthwork sites. The working title
of his paper was Trials and Tribs, which aptly
sums up some of what has gone on during the
past year.

What sometimes seems like our ‘move into
Europe’ is added to by Bill Hanson’s report
on his first season of flying in Romania. Any
new initiative of this kind is a good thing and
I was especially pleased to read Bill’s
comment (his second paragraph) that the
photos are one means towards the end.

Many of you may think that Irwin Scollar’s
paper on the variety of national grids is a bit
misplaced in AARGnews, but | hope that
some of you will enjoy it. As a map-maker-
of-sorts | found his descriptions fascinating,
and those of you in mainland Europe are
likely to have an active interest in using, or at
least knowing about, such things.
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Chairman’s piece
Cathy Stoertz

This Spring’s review of the past six months’ activity in aerial archaeology reminds me of one
of those “good news/bad news” jokes. A very mixed bag indeed ...

The first bit of good news was of course the success of AARG98, due entirely to the high
standard of contributions formal and informal, verbal and pictorial. Lectures, exhibitions,
demonstrations and discussions more than lived up to the level of excellence which we have
come to take for granted at our annual meetings. The Saturday open day was attended by thirty
members of the public in addition to the AARG conference crowd, and the Flying Backwards
Around the World slide show brought forth a serendipitous collection of stunning images which
flowed together beautifully - a very successful experiment.

Special mention must be made of the field trip to the Yorkshire Dales, which offered both a
superb location and an enjoyably different approach to the annual outing. It was fascinating to
be able to examine a piece of landscape in detail, and to think about how to teach the processes
of landscape analysis, supplementing field survey with on-the-spot examination of aerial
photographs. The “single site” approach provided more exercise than our usual gentle coach
tour, but the admirable base camp support and travelling canteen facilities amply rewarded the
extra exertions. Even the weather was shrewdly arranged: just enough authentic Yorkshire
atmosphere to justify the wet weather gear, but not enough to spoil the day. Congratulations
and thanks again to the organisers, Pete Horne and Dave MacLeod, and all the staff at RCHME
York who helped to make it such a memorable experience.

I was particularly pleased to be able to welcome so many overseas members to AARG98,
including an 8-strong delegation from Poland, and to hear about many developing programmes
of aerial archaeological survey. Beyond AARG 98, there has been news of continuing progress
in archiving and new survey in Hungary, and work in Romania by Bill Hanson in conjunction
with local archaeologists. Otto Braasch also continues his Europe-wide endeavours, of course.
Aerial archaeology sessions organised by Bob Bewley at both the European Association of
Archaeologists’ meeting in Sweden and the World Archaeology Congress in South Africa have
generated much interest, particularly with reference to cultural resource management and
heritage protection.

Would that all recent developments were so unambiguously positive. Received wisdom has it
that change is good for us, in which case many AARG members have been having a lot of good
done to them of late. Restructuring seems to be a universal activity at present (something to do
with the Millennium, perhaps?) and news from several quarters indicates that some AARG
members are feeling the effects very keenly.

In Britain, the changes in CUCAP’s sponsorship, funding and location recommended by the
recently concluded review will have potentially far-reaching consequences for all users of this
photographic resource. While the decision to retain the collection in some form within the
University is reassuring, continued easy access is essential and must be ensured.
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The imminent merger of RCHME and English Heritage (a subject of close personal interest,
obviously) will inevitably result in some change of emphasis or structure within British
state-funded archaeological survey. It should facilitate the closer integration of all forms of
survey, allowing aerial archaeology to assume greater relevance within the mainstream, but the
full ramifications of incorporation within such a large organisation will only become clear in
time.

Even more radical restructuring is afoot in Poland, where dramatic changes in regional
organisation and deployment of staff must have profound and immediate implications, not only
for individuals but for the entire approach to state-supported archaeology and conservation. |
am sure that all AARG members will share my sincere hope that the important developmental
work in aerial survey so recently begun will continue to be possible.

The effects of all of these changes, both on individual AARG members and on the heritage
climate in general, will take some time to become clear. In the words of the old Chinese curse,
we live in “interesting times”: it is all the more important that we continue to keep in touch
within the aerial archaeological community, and continue the outreach work in which so many
members are active. To return to a positive note, the latest release of funds under the Raphael
Project will allow another proposal for a European training project to go forward: details are
being finalised as | write.

Finally, the invitation to hold AARG99 in association with the European Association of
Archaeologists will provide an excellent opportunity to make contact and exchange ideas with
potentially interested colleagues from other parts of the archaeological world. AARG99 will
be, | hope, yet another chance to demonstrate what aerial archaeology can achieve in today’s
dynamic climate.

See editorial and pages 14, 17. TL475682: air photograph used for interpretation later scanned and
transformed to plan. Photo Rog Palmer: 95.113/27. 35mm Technical Pan, taken on a flight with
RCHME 7 July 1995.
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AARG99

This year’s annual meeting of the Aerial Archaeology Research Group is being held in
association with the European Association of Archaeologists.

The place: Bournemouth University  The date: 13-15 September 1999

In recognition of the ever increasing role of aerial archaeology as a tool for cultural resource
management and research throughout Europe and beyond, AARG has accepted the invitation
to hold our annual meeting immediately before this year’s meeting of EAA.

Our aim is to enable AARG members, particularly those from outside Britain, to attend both
meetings in succession if they wish. We have also extended a special invitation to our
colleagues in EAA to join in the events of AARG99, so that this year’s arrangement will
provide an opportunity to establish contact, exchange ideas and make friends across the whole
community of European archaeologists.

AARG99 will offer the usual diverse programme of discussions and more formal presentations
covering a wide range of archaeological topics with an “aerial”” bias. This year’s field trip will
have a Wessex theme.

The programme will include: Monday 13 Sept - AGM and lecture sessions; Tuesday 14 Sept -
Field trip; Wednesday 15 Sept - Lecture sessions, concluding in time for the official opening of
EAA99.

For further information contact: Fiona Small (Meetings Secretary) or Cathy Stoertz
(Chairman), Aerial Survey, NMRC, Great Western Village, Kemble Drive, Swindon SN2 2GZ,
UK.

Phone: 01793 414701.  Fax: 01793 414958.  E-mail: survserv@rchme.gov.uk

For further information about the EAA meeting see the leaflet included with this mailing of
AARGnews, or check out the EAA website: http://csweb.bournemouth.ac.uk/consci/eaa99/

Details of the programme and booking information will be circulated to AARG members in the
usual way, and will be posted on both AARG and EAA homepages as soon as possible.
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Small format vertical aerial photography
for mapping standing earthworks

Kevin L. Jones

INTRODUCTION

The increasing use of small format (6x6, 6x7
or 6x4.5 cm negatives) vertical aerial
photography is driven by the much greater
cost of conventional vertical aerial
photography (calibrated cameras, 23 cm
format), the wide angle lenses and hence
distortion of conventional vertical cameras,
the unsatisfactory small scales at which
conventional aerial photographs are currently

flown, and the ability to better tailor
photography in the small formats to
archaeological purposes. Other factors

favouring use of small formats are greater
flexibility of films and film processing and
wider maximum lens apertures (see Warner
et al 1996: xiii-xv).

Pukerangiora
Patea River site

4075

° 100 200km
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Fig 1. Locality map, Taranaki, New Zealand.

This paper reports on the mapping of three
Maori fortifications (pa) in Taranaki, New
Zealand (Fig. 1). A field visit to map the sites
was not deemed to be necessary since the
objective was to test a rapid aerial survey

method by pushing to the limits the utility of
purpose-flown overlapping stereo
photographs at large scale on the negative. In
addition, the cost of a field visit to remote
country in New Zealand to establish or
observe controls is such that one may as well
conduct the complete ground survey - were it
not for the added advantage that the aerial
photograph makes feature and pattern
recognition more easily achieved. The
mapping results sought were not expected to
be of  ‘survey’ or  professional
photogrammetric accuracy. | have accepted a
limit of 3% in accuracy of plan position for
individual features as compared with more
accurate and precise measures. This may
seem a large error but it is designed to cover
the situation of slight turbulence (or other
sources of the view being not quite vertical)
and changes in elevation over the relevant
features of the large sites which are most
suitably and efficiently mapped by the
methods proposed here.

Because this paper is essentially an argument
for the merits of small format large scale
aerial

photographs, I leave out reference to potential
difficulties common to all aerial photo
images such as shrub or tree vegetation cover
over archaeological features.

In New Zealand the published topographic
map (the NZMS 260 series) coverage is at a
scale of 1:50,000. This is in complete contrast
to the United Kingdom where published
maps of rural areas are available at scales as
large as 1:2,500. New Zealand has the further
disadvantage that it is generally a hilly
country. Although there is some move in
New Zealand to orthophoto publishing and
digital mapping at 1:25,000 (still too small a
scale), the only accurate sources of controls
are: 1) a field visit and identification of
instrument-surveyed points or GPS base



stations, 2) the intersection of major
fencelines (which are selectively depicted on
the NZMS 260), or 3) differential GPS
observation of control points. In many cases
all three sources of controls are not practical
or too costly. The mapping task is therefore
quickly confounded by a familiar paradox
outlined by David Strachan at the 1998 York
AARG conference. In small scale mapping
we cannot detect or depict detail of
archaeological interest, especially the
intricate detail of standing earthworks, but the
wide area covered allows the selection of
many control points. In large scale mapping
the reverse is true: a small area is covered
allowing depiction of detail but that area may
contain few or no readily observed controls.
For these reasons, | have attempted in this
trial to use a minimum of simply obtainable
relative controls or none at all.

In the case of one site (Pukerangiora) | had
available differential GPS ground controls
and a comparison between the aerial
photograph  based mapping and the
differential GPS mapping will be reported. In
a second case relative controls were observed
in a field visit to one of the other sites.

GENERAL METHODOLOGY

The camera was a Mamiya TLR with the
standard 80 mm f2.8 lens. Flights were
carried out using the aircraft aneroid altimeter
to an AGL (height above ground level) of
1600 feet (488 m). This gives a calculated
scale on the negative of 1:6,096. Mapping
was done on acetate sheets off enlarged
positive prints at approximately 1:1,700.
Even the latter scale is at the margin of being
able to depict ditch or bank widths (2-5 m
wide) in hand drawing since a 3 m wide ditch
has to be depicted as 1.7 mm wide. With
minor exaggeration in depicting width, it is
possible to do an adequate detailed
interpretation of defensive features (or
postholes as small as 60 cm across) at these
scales. In one case (Patea River) the initial
acetate plan only depicted the up-slope relief
break. An enlargement of the acetate, aided
by reference to the stereo photos, was used to
depict the base of trenches or other down-
slope relief breaks in the plan published here.
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The virtues of such a method (which could be
labelled “old O.S. style’) have to be weighed
against the arguably greater accuracy and
repeatability of photogrammetric contour-
based plans or other forms of image-
processing of geophysical data which rely on
a photogrammetric base map (e.g., see
Becker 1995). Generally, | favour the virtues
of hand-depiction of upstanding relief
features since it is flexible, nuanced and
revealing of interpreted archaeological detail.

The aeroplane was a Cessna 185 Skywagon
fitted with a 15-inch (38 cm) camera hatch
and conventional instrumentation including
aviation GPS. The sites were photographed
with stereo overlapping pairs, using hand
shutter-release at time intervals calculated to
give 60% overlap. Air speed was 80 knots.
Cameras were held in a jig-type frame fitted
over the hatch. The sites were flown in the
southern winter (5 June, 1996) to gain the
advantage of clear definition of site features
by shadow relief. The sites are large (upward
of 600 m in length) necessitating the use of a
series of overlapping images in two parallel
runs in two cases, and a single run in the third
case (Patea River).

Photos were aligned using principal point
(PP) to conjugate point (CP) alignment (see
Avery and Berlin 1992: 63). Parallel runs
were aligned to their neighbour (showing the
more important features) by a process of
adjusting the acetates to align the
archaeological features using earlier reserve
boundary surveys.

Calculated scale is derived from the standard
formula:

Scale = focal length/height of flying.

Controls

Controls were observed for Rewarewa and
Pukerangiora. At Rewarewa distances and
magnetic compass bearings were obtained for
a modern rifle range target complex and for
longer straight lengths of ditch and bank. At
Pukerangiora two other maps created by
plane table and alidade and by precise (+2 cm
stated accuracy in plan position) differential



GPS contour mapping were available. Both
should give scaled plan views projected on to
the horizontal plane, unlike the aerial
photograph-based plan which will contain
distortions due to the unknown lens design
and calibration, to doubtful scale caused by
the  approximate height at  which
conventionally instrumented aircraft are
flown, and to scale changes caused by
differences in relief. The differential GPS,
plane table and alidade, and aerial photo
plans were compared at a common 1:1000
scale with and without ground-based
calibration of the scale of the aerial photo-
based map.

RESULTS

Pukerangiora (Site no. Q19/69, 70 in the
New Zealand Archaeological Association
site recording scheme). A multi-period
fortification on the Waitara River with
features dating from the pre-European period,
inter-tribal warfare with muskets in the 1820s
and 1830s, the opening of the New Zealand
Wars in 1860 (when the British constructed a
sap on this site) and block houses and rifle
trenches of later phases of the same war
(Jones 1994: 174-179). The relief of the site
varies over its c¢. 1,100 m length by 43 m.
The site is not figured here but general figures
may be found in Walton and Jones (1996).

Orientation
Not at issue because of the availability of

large scale survey and GPS based
photogrammetry.
Scale

Over the whole site, the calculated scale is
15% larger than the actual scale. Contributing
to the scale variation will be a calculated 8%
change due to elevation change over the
length of the site (with most of the variation
occurring at the steep rise from the sap to the
redoubt). At the scale of mapping (c. 1:1,800)
this is not obvious.

10
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Distortions

When reduced to the same scale as measured
between known fence intersections over the
full length of the site (c.1,100 m), there was a
significant displacement of the cliff edge to
the north in the aerial photo image.

Rewarewa (NZAA site no. P19/165). A
complex pre-European and nineteenth-
century pa on river terraces adjacent to dune
at the mouth of the Waiwhakaiho River (see
Best, 1975: 183-188; note that Best’s plan
reverses the cardinal directions). The site
consists of a central platform defended by a
single massive (up to 8 m high) ditch and
bank enclosing a high (20 m) river-cut scarp
on the terrace with additional exterior
enclosures to the west also probably of pre-
European origin (Fig. 2 (a)). A large part of
the terrace, approximately 400x80-150 m,
was further enclosed by defensive ditches and
banks, probably in the nineteenth century.
The wider enclosure incorporates the pre-
European features on the terrace edge and
presents a number of puzzling features such
as the very long perimeter and the atypical
appearance of an apparently defended
enclosure at the north-eastern end. There is
negligible relief change over the area of the
site. The plan (Fig. 2 (b)) has the following
characteristics:

Orientation

When the compass bearing on the rifle range
butts is rejected, the other bearings (see plan)
have little variation and provide an adequate
base for determining true north.

Scale
Calculated scale was 8% over actual scale.

Distortion
Distortions between overlapping photographs
are estimated to be less than 3%.
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Fig 2. (a) Rewarewa (P19/165), detail of the prehistoric pa enclosure. (b) Plan of Rewarewa pa at actual

scale and orientation derived from relative control points
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Patea River (NZAA site no. Q21/115). A
pre-European site comprising a central
elevated platform defended by double ditches
with outlying defensive platforms on a
narrow ridge to the south (also double
ditched) and a low-lying enclosure to the
north-east (Fig. 3(a)). The three main
defended areas differ from each other in
elevation by an estimated 10-15 m. The plan
(Fig. 3(b)) has the following characteristics:

Orientation

The general setting and orientation of the
ridge crest line on the 1:50,000 map base
allows the depiction of true north to +/- 5
degrees on the plan which is unsatisfactory.

Scale
Actual scale not available. Calculated scale
only shown in figure.

Distortions

A set of rays drawn from different principal
points to an identifiable point common to two
photos produces a triangle formed by the rays
from three sources within which the target is
located. The size of the triangle indicates
likely error in placement of features for
points where there is no significant difference
in height of the order of 3-4%.

CONCLUSIONS

Ground controls are essential to establish true
scale and orientation of the aerial
photographs. The likely source of the gross
errors in scale is the ability to measure AGL
(height above ground level) accurately by
subtracting known ground elevations from
the camera altitude as measured by the
aeroplane aneroid altimeter. Focal length
calibration would probably only affect this
issue marginally. Within the sites, relative
variation in altitude may be producing some
errors in plan depiction.

Provided features are not obscured by
vegetation, easily interpreted plan
information is available in low-level, large-
scale vertical aerial photographs. The plan
detail must be depicted by scarp lines or other
line-drawing conventions (including
stippling). The depiction of the detail of

12
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images (outside shrub-vegetated areas) is
comparable between plane table methods and
the large scale aerial photographs and far
superior to conventional photogrammetric or
GPS based contour mapping. The resulting
accuracy of plan features once the orientation
and true scale is established from relative or
absolute (map-grid based) controls is to an
acceptable +/- 3% accuracy. For published
plans at typical page sizes, some exaggeration
of the size of plan details such as ditches is
necessary in many cases. Sketch profiles can
be taken off the photos and relative steepness
depicted but any absolute depiction of slope
(for example, in determining natural
defensive features, always relevant in hill fort
analysis) is not possible.

ACKNOWLEDGEMENTS

To Tony Walton and Bruce McFadgen for
comments and relevant survey data for
Pukerangiora and to Rog Palmer for
comments.

POSTSCRIPT

Since writing this paper | have undertaken a
survey of some 15 sites in the Hawke’s Bay
region photographing these from 2800 feet in
stereo pairs at a scale on the negative of
1:10,000. Controls were observed by
differential GPS after the photography and
annotated on to enlarged aerial photographs
at approximately 1:1,800 scale. Natural
controls appropriately positioned at more or
less the same level as the site were sometimes
difficult to find. When photos were shown on
screen in Aerial 5.05 | found that it was not
always possible to detect the natural control
points (e.g., tops of fence posts) for want of
resolution on the screen. Also mapping of the
sites, most of which were heavily eroded,
through the transparency has proved to be
difficult. For example, parch marks of storage
pits show but relief differences, to give
confidence that there is an actual depression
on the ground, could not always be discerned.
(Such pits are depicted with a dashed
outline.) Other points are that for fairly level
sites, relative controls measured on the field
visit (scale and orientation but not grid
position measured by tape and magnetic
compass), such as used at Rewarewa above,
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were less than 1% different from the GPS
measurements. On steep sites, there are gross
errors of 20% or more in the different scales
derived between 3 or more GPS points. The
cost of hire of GPS plus the surveyor for the
15 sites, which covered three days of
fieldwork plus post processing, will be about
£900.
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See editorial and page . TL475682: scanned copy of oblique interpretative overlay of air photograph
95.113/27 (see page 6) complete with numbered control points (being a mixture of 1:2500 and 1:10560
data). The original overlay was to be digitised — hence crudely shaded broad ditches and scrawled
notes. However, all can be edited out using a variety of available programs. Scanned at 300dpi.
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Go East Young Man: a new reconnaissance programme in Romania
W.S. Hanson

| visited Romania for the first time in September 1997 during the two weeks of the 17th
Congress of Roman Frontier Studies. The participants visited many Roman sites in the north-
west of the country and experienced the considerable friendliness and hospitality of the
Romanian people. The museum in Zalau, where the conference was based, had mounted a
special exhibition about sites in the area which included a series of specially commissioned
aerial photographs of extant Roman forts. On enquiring about aerial photographic
discoveries, | was informed that, other than those seen from an examination of vertical
photographs taken for other purposes, no such discoveries had been made. This planted the
idea for a research project.

Little or no archaeological aerial reconnaissance has ever been undertaken in Romania in the
past. The restrictions on civilian air traffic previously in force in the countries of the former
Warsaw Pact have been compounded in more recent years by an inability to fund such
programmes and a shortage of relevant equipment, experience and expertise. The potential of
aerial reconnaissance in these areas should be immediately apparent to all readers of
AARGnews and has been indicated recently by preliminary results from, for example,
Hungary and the Czech Republic where programmes of aerial reconnaissance have already
begun. The basic aim of my project is to increase our understanding of the history and
development of the landscape of part of western Romania from later prehistory to the
immediate post-Roman period. It will concentrate in the first instance on cropmark sites,
though not ignoring surviving upland remains, and emphasis will be placed on the
interpretation of the photography, the mapping of the information, the production of site
plans, the analysis of landscape patterns and the integration of the results into current
knowledge of the archaeology of the area.

The primary problem with all research projects is funding. At AARG 1997 in Edinburgh,
shortly after my return from Romania, Otto Braasch suggested that | should investigate
European Union funding and specifically the Raphael Programme which included a heading
which could apply to aerial archaeology. Unfortunately, the closing date was only 3 weeks
away and the requirements of the programme meant that at least three museum-based
participants (which I am not) had to be involved, at least two from the European Union. Otto
and | began to assemble information from interested parties, who were mainly not museum
based and from outside the European Union, including Poland, Hungary and Romania. But
the highly detailed requirement of the application form and the short time scale (not to
mention the onset of a new academic year) made it impossible for me to meet the deadline.
So in November 1997 | put together an application to the major research funding bodies in the
United Kingdom and, fortunately, the Leverhulme Trust saw merit in the proposals. They
have provided a grant sufficient to cover three summer seasons of reconnaissance which
began in the summer of 1998, though | am still seeking funding for the necessary computer
hardware and software to support the post-reconnaissance programme.

The research proposal was put together in conjunction with the National Museum of

Transylvania, through its General Director, Professor loan Piso, and subsequently with the
University of Alba lulia, through its Rector, Professor luliu Paul. The geographical focus is
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south-western Romania and particularly the middle and upper Mures valley, the major east-
west flowing river through the central Transylvanian plateau, and the area of Hateg to the
south. Included in the area are the important Roman centres at Sarmizegetusa Ulpia and Alba
lulia. Both were Roman colonies, the former being the capital of the province of Dacia
(where the National Museum of Transylvania and the Babes-Bolyai University, Cluj, have a
long-standing research excavation), while Alba lulia was also originally a legionary fortress
(as probably was Sarmizegetusa). The area also encapsulates the pre-Roman Dacian capital at
Sarmizegetusa Regia. That the area lies at the heart of both the kingdom of Dacia and the
subsequent Roman province of the same name provides an added dimension and particular
focus in terms of my own wider academic research interests which concern the relationship
between Rome and the indigenous peoples of her provinces. But while Roman sites are often
readily distinguished by their characteristic morphology, it is inevitable that the
reconnaissance will reveal a range of site types, most of which will not be susceptible to close
dating, so that the project will have to take a broad chronological overview of the
development of the landscape, and as a result it is hoped that it will serve also to stimulate
further local research on the data recorded. It is specifically in relation to the prehistory of the
area that a link has been forged with the University of Alba lulia whose Centre for Pre- and
Proto-historic Research is already undertaking a major survey of the prehistoric archaeology
of the middle Mures valley.

Setting up such a reconnaissance project is not without its problems, particularly when it is to
be undertaken in an Eastern European country with a different archaeological research
structure and no previous experience of aerial reconnaissance. My basic requirements were
three-fold: gaining access to a suitable aircraft, obtaining permission to fly and acquiring the
necessary maps. Surprisingly, the latter has proved the most difficult, since one cannot
simply buy 1:50,000, 1:10,000 or 1:2,500 maps, or their equivalent, over the counter. These
are still official documents and in Romania’s communist days were secret documents. So far
I have had to make do with Xerox copies and/or a GPS. Sensibly, in the funding application |
included monies for a research assistant and was fortunate to meet Mrs loana Oltean during
the Roman Frontier Studies Congress who expressed a strong interest in the proposal and has
since provided vital local liaison. She has identified a source of maps in Bucharest, though
these can only be acquired on behalf of the project though the National Museum of
Transylvania. Formal or informal agreements have finally been made between Glasgow
University, The University of Alba lulia and The National Museum of Transylvania after
lengthy negotiations, which were themselves an eye-opener and introduced me in greater
detail to the internal dynamics of Romanian archaeology.

Permission to fly was sought and eventually granted from the Ministry of Culture, from the
military, and, belatedly, from the Civil Aviation Authority. | knew from speaking to Otto
Braasch that finding a suitable high-wing aircraft might be a problem, for he had tried and
failed to get into Romania with his own Cessna through a combination of high charges and
the limited availability of suitable fuel. | was to be based at Deva, a small town towards the
north-west limit of my research area, because it had an airfield operated by a branch of the
Romanian flying club, who were extremely co-operative. Though mainly involved with
gliders, they had a Wilga 35 which would have provided an excellent, if slightly
uncomfortable aerial platform (see AARGnews 17, 3-4). They were even prepared to remove
the air vent cover in the middle of one of the large side windows to avoid my having to take
photographs through the perspex. But the plane was allowed to fly in only a very restricted
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area around Deva and could not be hired out commercially, for the flying club continues to be
State run. Eventually, though the good offices of the Civil Aviation Authority, a privately
owned aircraft, a Gemini, was made available. This modern, light-weight, high-wing, two-
seater provided a reasonably good platform for reconnaissance. It has an adequate range to
cover the area, a slow air speed and a side window which opens to facilitate photography.
That said, the Gemini is not without its disadvantages. There is not much room in the
cockpit, so it is less than comfortable for a longer flight, and there is little room to manoeuvre
maps and cameras and no room to carry any excess baggage. If anything it is slightly under-
powered, which becomes a problem if you need to gain height when flying in more
mountainous areas. Most fundamentally however, it suffers from the disadvantage of all two-
seaters that you cannot carry an extra pair of eyes.

Eventually, after a preliminary trip in mid-June which served mainly to finalise details and
demonstrate possibilities, | managed to fly for some 16 hours in the Gemini at the end of July.
This was rather late in the season for several areas and the appearance of crop marks was not
assisted by the very poor weather. There had been a good deal of rain throughout the
summer, which had caused flooding in parts of the Mures valley in late June and early July.
Nevertheless, photographs were taken of a number of both extant and crop mark sites. Most
of the latter fall into the category of possible rather than of certain archaeological significance,
but include possible field systems, enclosures and a building outside the Roman fort at Micia.
Though preliminary results were disappointing, this can be readily explained by a
combination of the wet season and the delay to the flying programme caused by logistical and
organisational problems. The latter are now all resolved, my familiarity with the terrain has
been greatly enhanced, and the potential of aerial reconnaissance fully demonstrated. 1 am
confident that, provided we get at least one dry summer over the next two years, the project
will produce some valuable results.

See editorial and pages 6, 14. TL475682: transformed interpretative overlay of air photograph 95.113/
27 (see page 6) overwritten on OS 1:2500 base map using AirPhoto. This has been converted to vector
using Corel OCR-Trace and can be imported into (eg) AutoCAD or a GIS, tidied up, and combined with
other mapped data.
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Honarary Secretary’s Photograph

Toby Driver sent the photograph below and between us we hatched up the idea of asking for
your “‘Millennium Monstrosities’ either for future editions of AARGnews of for display at
AARG99. The countryside must be littered with the things and maybe Kevin Jones will be up
and around soon after the event hunting for the first crop mark of the century. Yawn....

‘Millennium Dome’, Middleton Hall, Carmarthenshire, Wales

Work in progress on the new National Botanic Garden of Wales, a £43 million project set
within the Middleton Hall Estate, an important Georgian landscape designed by Sir William
Paxton after 1785. The concrete structure of ‘The Great Glasshouse’, designed by Sir Norman
Foster, is now completely earth-covered save for the glass dome.

Photograph: T Driver, RCAHMW. Contax 167 MT with Kodak TMax 100.
Neg: 983516-03, 18 May 1998. Crown Copyright © RCAHMW.
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HIGH RESOLUTION SATELLITE IMAGERY FROM THE INTERNET

Martin J. F. Fowler

INTRODUCTION

With a population currently in excess of 100
million, the phenomenal growth of the
Internet over the past 5 years has
revolutionised the way in which people
communicate and share information
(Kennedy, 1998). In addition to the use of
Email as a rapid means of communication
and the World Wide Web (WWW) as a
forum for digital publishing, electronic
commerce (E-commerce) is expected to
become a major growth industry over the
coming years. One existing E-commerce site
that is of potential interest to the aerial
archaeologist is the Microsoft® TerraServer
(http://terraserver.microsoft.com) from
which high resolution satellite imagery of
the Earth's surface can be purchased over the
Internet.

THE TERRASERVER

The TerraServer combines some 4 terabytes
of image data into the world's most
comprehensive atlas of the planet (Barclay et
al., 1998). The image data are served over
the WWW and comprise Im resolution
vertical aerial photographs supplied by the
United States Geological Survey (USGS)
and 1.56m resolution SPIN-2® KVR-1000
satellite  photographs supplied by the
Russian Space Agency (Sovinformsputnik)
through Aerial Images Inc.. Supplementing
the image data is a gazetteer giving the
geographical locations of 1.1 million places.

The TerraServer database can be accessed
from any web browser that supports HTML
tables, the display of JPEG image data and
the use of JAVA applets (e.g., Internet
Explorer 4.0 or Netscape Navigator 4.0).
Searching the database can be accomplished
by three means:

for

Searching the

gazetteer
placename.

a

Searching for a geographical location
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(latitude and longitude).

Zooming-in on a point-and-click
coverage map.

Having located an image covering the area
of interest, navigation buttons can be used to
pan across and zoom into the image. The
image can be viewed at a series of resolution
(16m, 8m and 1.56m for the SPIN-2
product) with the size of the area being
viewed being determined by the screen area
that is being displayed on the monitor.
Whilst the image quality that can be
displayed using the web browser is generally
sufficient to begin to identify relatively
small features, it is constrained to 64 shades
of grey and, at 1.56m resolution, the
geographical area that can be displayed is
relatively small (some 0.9 by 0.6km for a
800 by 600 pixel display using Internet
Explorer 4.0). However, higher quality 256
colour grey-scale image extracts from both
the USGS and SPIN-2 products can be
downloaded from the Terra-Server site.

JPEG image extracts of the USGS product
can be downloaded free of charge to the
user's hard disk. SPIN-2 KVVR-1000 images,
on the other hand, have to be purchased on
line from Aerial Images Inc.. These images,
supplied in either JPEG or TIF formats, are
available in three sizes:

Small (1.5 by 1.69km, $7.95).
Medium (3.0 by 3.37km, $13.95).
Large (4.25 by 4.78km, $24.95).

Ordering and payment, using either VISA or
MasterCard, is over a secure Internet link.
When the image is ready for collection,
usually a few hours after the order has been
placed, an email is sent with a link to the
WWW from which the image can be
downloaded using the "Save Picture As ... ™
function of the Web browser.



TERRASERVER COVERAGE

The combined USGS and SPIN-2 coverage
of the USA is quite extensive with over 30%
of the landmass being covered by the USGS
product alone (Barclay et al.,, 1998).
Although the coverage of the rest of the
world is somewhat limited, new material
appears to be being added to the database as
it becomes available. For example, the most
recent Russian satellite mission acquired
imagery from the South-eastern US, parts of
Central and South America, and portions of
Asia and Europe.

For the British Isles, less than 5% of the
landmass is covered by SPIN-2 imagery
(Figure 1) with the images having been
acquired during the months of May, June
and December between 1987 and 1992.
Other parts of Europe are better covered
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with, for example, block coverage being
available for parts of the Netherlands,
Germany, Spain, Italy and Scandinavia
(Figure 2).

ARCHAEOLOGICAL POTENTIAL

The potential for high resolution K\VR-1000
satellite imagery to detect both standing and
plough-levelled archaeological features on
the chalklands of Southern England has been
demonstrated from the interpretation of an
image covering the vicinity of Stonehenge
(Fowler, 1996). A second KVVR-1000 image,
purchased from the TerraServer and
covering the Iron Age enclosure and field
system on Mount Down, Hampshire, has
confirmed the ability of this product to
detect similar archaeological features
(Fowler, 1999).

i

TerraServer

| SPIN-2 KVR-1000
Coverage
January 1999

Figure 1 Extent of TerraServer SPIN-2 KVR-
1000 satellite image coverage of the
British Isles. The locations of target
areas 1 to 10 being studies by the AARG
Working Party on 'Oblique or Vertical' air
photographs are indicated.
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Figure 2 Extent of TerraServer SPIN-2 KVR-
1000 satellte image coverage of
Europe (January 1999).



A representative SPIN-2 image extract
purchased from the TerraServer, is shown in
Figure 3. Whilst the quality of this product is
inferior to conventional aerial photography,
the outline of an oval enclosure covering
some 1.2ha on Worthy Down is readily
apparent on the image. Located at the site of
the Iron Age village identified by Hooley
(1929) on the basis of an early form of remote
sensing that involved striking the ground with
an iron ram together with selective
excavation, the enclosure does not feature on
his plan of the site. Although this feature
could have originated from the subsequent
use of the area as an aerodrome, its form is
characteristic of many of the Iron Age
enclosures to be found on the Hampshire
chalklands (Perry, 1970).

Of the 10 target blocks chosen for the AARG
Working Party study on "Oblique or
Vertical™ air photography, only one - Number
5, Cuxwold (TA1700) - is covered by
TerraServer imagery (Figure 1). This
particular 5 x 5km target block is covered by
an image that was acquired on 22 May 1988.
Although this acquisition date may be a little
early for cropmark formation, interpretation
of this image will permit some comparison to
be made between the high resolution KVR-
1000 product and conventional oblique and
vertical aerial photography for this area of
Lincolnshire.

Although TerraServer coverage is somewhat
limited at present, the ability to purchase high
resolution satellite image extracts over the
Internet in affordable, bite-sized, pieces
makes this a useful resource. It is to be hoped
that the suppliers of forthcoming very high
resolution satellite imagery, including sub-
metre resolution panchromatic and 5m
resolution multispectral products, will adopt
a similar marketing strategy and thereby
make this promising new material readily
available to the archaeological community.

Dedicated to the memory of the late Ernest
Fowler, 1920-1998.
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Figure 3 SPIN-2 KVR-1000 satellite image of an

oval enclosure at Worthy Down,
Hampshire (SU 468353). The image was
acquired at 16:54Z on 08 Dec 87. Copy-
right © Aerial Images, Inc. and SOVIN-
FORMSPUTNIK 1987. Reproduced with
permission.
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Technical News

Flying GIS

Otto Braasch sent details of a product called Observer from Skyforce. This is cockpit-
mounted moving map system developed from their range of GPS-based products which can
hold data input by, and relevant to, the needs of each user. For archaeological use, the
background map with archaeological sites plus previous flight paths may be useful (as are the
battered paper versions most of us in the UK treasure). | imagine a mounted display is more
suited to the solo flier than the laptop system mentioned by Phil Markham (AARGnews 16,
19) although both raise the question of just how much detail is appropriate to cockpit use. As
an interpreter 1’d far rather they photographed anything they saw and let us on the ground sort

it out later. However... more on Observer may be found at http://www.skyforce.co.uk/
observer.htm

‘Digital data standards’: AARG working party

1 Phil Markham circulated his detailed guides covering the Northants practices for
interpreting APs for Northants NMP and adding the results to the county GIS;

2 Other members of the WP thought about the guides and made written responses. It was
agreed that Phil’s documents broadly covered the case for SMR-type digital data but there
remained the question of standards, where appropriate, for non-SMR (ie commercial) work.
3 Phil went to America to learn to fly airliners, and momentum was lost.

4 1If further thought on digital data and mapping from APs is reckoned to be an AARG
concern we need at least one other volunteer to join the WP and, perhaps, some ideas as to
what we are partying about. As technology is changing so rapidly, it may be more
appropriate for any such WP to address problems of what links should become standard
between data (such as relating the map to the photo numbers) than to fiddle about suggesting
line colours and the like.

Rog Palmer, Davy Strachan

‘Obliques or Vertical?” AARG working party: third note
It’s been winter so no action or chat.

Rog Palmer (based on information gleaned from Anthony Crawshaw and Pete Horne)
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Where on Earth is it?

Irwin Scollar

Millions of archaeological air photos have
been made in the past, and many more will be
made in the future. Each photo is a unique
record which contains spatial information of
historical value. Its worth as a record depends
on being able to find features on the ground
and to protect them from destruction or for
scientific study. Thus, the spatial data in the
photography needs to be related to its
position on a large scale map. The map in
turn, is an abstraction and generalisation of
the true appearance of the terrain, and it is
based on a transformation of that appearance
relative to the three dimensional shape of the
Earth. The techniques for making such
transformations, which are erroneously called
'projections’ for historical reasons, have long
been based on higher mathematics and
hundreds have been invented during the long
history of map making.

Positions on the Earth are described in terms
of a grid system appropriate to a sphere,
designated as latitude and longitude. For
reasons to be discussed below, large scale
maps use other grid systems which have
certain more desirable features and which
take into account the true shape of the Earth
to some extent. Usually, the positions of the
sites visible in aerial photographs are
recorded in one of these grid systems,
appropriate to the maps and measurement
techniques available.

Latitude and Longitude:

Latitude and longitude express the co-
ordinates of a point any place on the Earth.
Historically, since it was thought that the
Earth is a sphere, these quantities are
expressed as parts of a circle in degrees,
minutes and seconds or in decimal form. In a
few countries, like France, the circle is
divided into 400 parts so that a decimal
division of each quadrant is possible. In
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reality, the Earth's cross section is not a circle
but rather, to a first approximation, it is an
ellipse with the horizontal radius roughly
1/300th longer than the vertical radius. This
pole flattening is due to the Earth's rotation
and its consequent effect on its shape. In
reality, the shape of the Earth is extremely
complex, and for the most precise
measurements, this has to be taken into
account.

Fule

Semd-Minor Axis =
Folar Badius =h

CNGS-B4 value = 63567523142 meters)

Semi-Majox Axis =
Eyuatsrial Badins = 2
(WGS-04 value = 53701370 muetoss)

uator

Flattening = f=(a-hjia
(WGS-24 value = 1I2P2.257223563)

First Eccentricity Squared = ¢*2 =22
OGB4 value = 0.0066043T290017)

Ellipsoidal Parameters

Peter H. Dana 94954

Latitudes and longitudes have historically
been measured relative to an initial reference
point in each area to make a datum, the name
given in geodesy to define an ideal
mathematical surface equal to average sea
level in the area of interest. The initial point
of the datum was assigned a latitude and
longitude based on astronomical
measurements, as well as a height above an
ideal chosen ellipsoid. Hence, the datum
consists of both the parameters for the ellipse
and the chosen initial point. The real surface
of the earth is anything but smooth, and the
terrain, the ellipsoid and the ideal surface, the
geoid, depart considerably from each other.
Satellite position measurements which are
valid over the whole surface take this into
account and the ellipsoid used is usually
different from that used in a national map
system. Hence latitudes and longitudes
obtained from them are not the same as those



obtained from classical measurements as
recorded on large scale maps.

Topographic Surface

Ellipsoid Surface_

Earth Surfaces

Fotat H. Dana 27104

From this it can be seen that latitudes and
longitudes of the same point depend on the
choice of the initial point. Even with the same
ellipse, a different datum will shift a point's
position for the same latitude and longitude,
or put differently, the same point will have
slightly different latitudes and longitudes
when using the maps of adjacent countries.

Failure to take a change of datum into
account can result in very significant errors as
shown in this diagram for the position of a
single point using different datums (Dana:
on-line reference). Nearly every national
mapping system has its own datum, or one
limited to a small region. The only system
which is truly universal is that used in the
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Global  Positioning  System  (GPS).
Unhappily, the GPS positions themselves are
deliberately made less accurate for military
reasons, but simultaneous (differential) GPS
measurements made relative to a known point
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can remove this intentional error, offering
highly accurate results. Perhaps, one day, the
deliberately induced errors will be removed,
and the high accuracy of which these
measurements are capable will be available to
all of us, not only the military.

Summarising, for high accuracy, the datum
must be specified when using latitudes and
longitudes. One can convert between one
datum and another using several different
transformation techniques, providing that a
number of constants are known. These
constants must be determined through a long
series of satellite measurements by a national
mapping service. They are made at a number
of points throughout the area of responsibility
and a least squares fit is taken to relate
classical latitudes and longitudes to those
determined by the satellite data. Depending
on the number of points used and the time
taken for the observations, different sets of
constants may be offered. These are tabulated
in the on-line references (see AARG
homepage).

There are three widely used methods for
transforming from one set of latitudes and
longitudes to another depending on which
constants are available and what accuracy is
required. The simplest technique, very well
illustrated in the on-line reference by Dana, is
to transform to a geocentric co-ordinate
system and then back again to the ellipsoidal
co-ordinates of the second system. This is
sometimes called a Bursa-Wolff
transformation. It can be done in one
operation when three constants are available
using the Molodensky transformation, very
well described in the on-line documentation
offered by the US Defence Mapping Agency,
now called NIMA. For the highest accuracy,
7 constants are required, and a Helmert
transformation is used. This is described in
the paper by Reit (1997). A very clear
mathematical explanation for those interested
is given in the on-line Australian
documentation.



In the author's AirPhoto program, a 7
parameter high precision (sub-centimetre
error) Helmert 3D transformation between
national and GPS datums is available for the
following grid systems:

Australia, Austria, Finland KKJ, France,
Gauss-Kruger 3 (Germany), Gauss-Kriger 6
(Czech Rep., Former DDR, Poland, Slovakia,
Hungary), Netherlands, Sweden RT90,
Switzerland.

A 3 parameter lower precision (ca. 2-3
meters) transformation between national and
GPS datums is offered for all other supported
systems. The North American Datum,
NAD27 is supported with an average value
for the whole of the USA and Canada, giving
an error of the order of 5-6 meters. These low
precision conversions use the constants from
the Molodensky transformation offered in the
US Defence Mapping Agency's MADTRAN
and its successor for Windows from the
National Imagery and Mapping Agency
(NIMA) DTCC. Whenever more accurate 7
parameter Helmert 3D constants become
available, these will be replaced.

In AirPhoto, Norway-Sweden-Finland GPS
(WGS84 Datum) compatible grids are
supported directly with  sub-millimetre
precision and require no conversion. Special
transformation techniques worked out by Reit
(1997) and Ollikainen (www) are used.
Norway is currently the only country using
GPS compatible co-ordinates directly to
construct the grid system used on its large
scale maps, but others may change over
during the coming years.

For highest accuracy, map calibration points
should also be given a height above the
Geoid. As a first approximation, height above
mean sea level obtained from local system
contours may be used, since geoid heights are
rarely known. If zero height is given for a
national system, conversion errors to GPS
values will be somewhat higher than those
described above. Height above the Geoid can
be obtained for many areas using the DTCC
program from NIMA.
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Maps as transformations:

Maps must represent the ellipsoidal shape of
the earth on a plane surface. This cannot be
done without some distortion. Small scale
maps of large regions were historically
‘projected’ from the sphere on to the plane
before it was realised in the mid-18th century
that the Earth is not spherical. Thus, the term,
"Map Projection™ is widely used.

However, the large scale maps used for
precise plotting of archaeological sites or
finds are usually designed so that angles and
distances are distorted as little as possible.
This is not possible using most "projections".
Since measurement of angles was and to
some extent still is essential

in survey operations using theodolites,
cartographers from the 18th century onward
were concerned with creating mappings
which are mathematical transformations of
points on the ellipsoid to points on the plane
constructed such that angles were preserved
correctly. This was also of extreme
importance to the military after the
development of long range artillery in the
19th century. Although latitudes and
longitudes are usually shown on the map
borders, it is customary to superimpose a
rectangular grid on the map whose values can
be read as co-ordinates. This grid is usually
designed to preserve angles. Thus, in nearly
every industrialised country, an angle
preserving or ‘conformal’ grid system was
developed for the national map grid.

These grid systems are not 'map projections’,
because they are purely mathematical
transformations of the latitude and longitude
of points to grid co-ordinates and the inverse.
Each country developed one or more grid
systems during the last two centuries with
little regard to what was being done in
neighbouring countries. They are widely
entrenched and are not readily changed, since
they are incorporated in all land survey data
for property ownership and appear directly or
indirectly in millions of documents. They are
also the primary references for the positions
of archaeological sites found through aerial



photography or other means.

A rectangular grid system cannot cover a
wide area without severe distortion.
Therefore the surface must be broken up into
segments or strips which can be treated in a
planar fashion without too much error. The
numbering in such grid systems used in the
large scale maps of all large countries
undergoes sudden changes. At the borders of
countries using differing map projection
schemes, co-ordinate systems are not the
same and transformations are required from
one system to another. In North America,
completely different systems were used in the
countries concerned and even within most of
the 50 US states in the past. In Africa, Asia
and South America, the colonial heritage is
preserved in many different incompatible
mapping schemes. In Europe, there are still as
many different systems as there are countries.

These non-conformities make it impossible to
conduct a geographic search in a database
across national boundaries or to apply spatial
statistical methods to the grid co-ordinates for
sites taken from large scale maps from a wide
area. Map numbering and grid reference
schemes are alphanumeric in many countries
which also complicates searching in a
database when distance information is
required.

One  solution lies in  appropriate
transformations for the various national co-
ordinates from the national ellipsoids to a
common reference. In many areas, the GPS
(WGS84) datum is the most reasonable one
to use. In Europe, a reference point, the
European Datum of 1950 (ED50) was
decided upon by international convention. It
is located at the geodetic observatory at
Potsdam near Berlin and uses the
International Ellipsoid of 1924. However,
most European national mapping systems do
not use this datum. In North America, a
common reference point was chosen in 1927
(NAD27) at Mead's Ranch in Kansas with the
Clarke Ellipsoid of 1866. Now, with satellite
measurements of precise position available,
many advanced countries are beginning to
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refer their national systems to the WGS
Ellipsoid of 1984 under various local names
whose parameters will not be subject to
significant further change. Small adjustments
which account for movements of tectonic
plates and crustal uplift in deglaciated regions
are needed in high precision geodesy, but
these are not very significant for
archaeological sites.

Peter Dana at the University of Texas
estimates that almost 1000 different datums
have been in use at one time or another.
Parameters for conversion of over 200 of
these to WGS 84 are readily available. The
WGS84 system references the gravitational
centre of the Earth. Almost all western
countries have readily available maps at
scales of 1:25000 or larger, and the sites are
usually referenced to the grid systems used
on these maps. In less well mapped areas,
GPS measurements are now widely used to
obtain positions.

Ellipsoids:

Although the real shape of the Earth is
obtained  through  accurate  satellite
measurements  today, older ellipsoid
approximations obtained astronomically are
still widely used in cartography. One of the
early models was due to Bessel whose name
is known more by the functions named after
him, than for his activity as director of the
Prussian state mapping service in the early
19th century. The Bessel ellipsoid of 1841,
despite its errors, survives to this day in the
German, Austrian, Swiss, Dutch, and
Swedish mapping systems. The British
physicist Airy made major contributions to
the theory of optics, but he too was concerned
with cartography. The Airy ellipsoid of 1822,
one of the very first, is still used in the UK
and in a modified form in the Irish Republic.
In 1909, J. F. Hayford of the US Coast and
Geodetic survey made measurements within
the continental USA which were adopted by
the International Union of Geodesy and
Geophysics as the International Ellipse of
1924. This was used until very recently in
Scandinavia, Italy, the USA and is still used in



Luxembourg, Belgium and until 1993 in
Norway and Finland. The British geodesist
Clarke made several sets of measurements in
widely different parts of the world in the
mid-19th century and the Clarke Ellipsoid of
1866 is still used in the USA while that of
1880 is used in France. In 1942, Krassovsky
published further measurements based on the
Pulkovo observatory near Leningrad and the
Krassovsky ellipsoid of 1940 became the
standard of the former Warsaw Pact. All
these ellipsoids differ slightly from each
other in the values for the Earth's major and
minor axis radii. And all have one or more
reference points from which latitudes and
longitudes have been assigned in the past.

Almost every country uses a different
ellipsoid and a different datum for its
mapping system. Although differences are
small, they are significant enough so that
latitudes and longitudes for the same point
will differ somewhat when the ellipsoid and
the datum is changed. National maps usually
use an ellipsoid model which provides a best
fit for the local system.

Transformations for large scale maps:

Several major types of transformation or
projection are used commonly in large scale
mapping, (Snyder 1982). The common
transformations are to a cylinder wrapped
transversally around the Earth either
tangentially to or cutting through two
parallels of longitude (Transverse Mercator),
to a cone either tangentially to or cutting
through two parallels of latitude (Lambert
Conic Conformal), and more rarely to a
cylinder lying obliquely along a meridian
(Oblique Mercator), and still more rarely to a
plane just touching the surface with co-
ordinates projected from the opposite point
on the other side of the Earth (Stereographic).

Sometimes the chosen ellipsoid model is first
transformed to a sphere, and then another
geometric figure which can be unrolled is
mapped from the sphere. Usually, this two-
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stage process is avoided through direct
analytical calculation based on the work of
Gauss in the early 19th century. However
there are almost as many methods as there are
and were cartographers! J.H. Lambert, the
Alsatian mathematician and cartographer
invented or analysed a number of these
projections including the two major ones and
published in 1772.

The major mappings are:

1) To a cone with a transformation, the cone
being then unrolled. These belong to the
family of Lambert mappings and are in use in
countries which have a greater east-west than
north-south extent.

2) Mapping to a cylinder which is then
unrolled by means of a transformation
formula which is not a geometric projection.
These are the Gauss-Kriiger mappings
invented by Lambert and their derivative in
the UTM or UK national grid system.

3) Transformation mapping to a tangent plane
from the opposite side of the ellipsoid. These
are Stereographic mappings as used in the
Netherlands and a few other countries and



known since antiquity Snyder (1982) states
"that it was probably known in its polar form
to the Egyptians, while Hipparchus was
apparently the first Greek to use it." Until the
early 16th century it was only used for star
maps.

4) Transformation of the ellipsoid to a sphere,
then taking a transverse cylinder mapping
rotated so that the meridian at a point near the
centre of the country becomes the zero
meridian, as used in Switzerland.
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5) Purely mathematical transformations
which cannot be described by a geometric
figure. These offer lower distortion than the
four classical methods above. An example is
the grid system used in New Zealand.

Most countries which have a greater North-
South than East-West extent use a transverse
cylinder tangentially to a meridian with axis
east-west.  This is called a Transverse
Mercator mapping in English-speaking
countries, and a Gauss - Kriger (GK)
mapping elsewhere. It is the most popular for
large scale maps.

C.F.C. Gauss may have earned his fame in
many other ways in statistics and
mathematics, but he earned his living as
director of the mapping service of the
Hannoverian Kingdom.  Kriger (1912)
systematised and revised the original Gauss
(1822) design. It is used in the German
speaking and the former Warsaw Pact
countries, though with different ellipsoids.
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Meridian strips of either 3° or 6° are used as
discussed below.

When the transverse cylinder is made slightly
smaller than the ellipsoid, it cuts two
meridians. This is the basis for the Universal
Transverse Mercator (UTM) system which is
the NATO standard for military maps and is
used for recent maps in Denmark, Norway,
Italy and the USA. The UTM system has an
advantage over the GK method in that only
half the number of map strips are required to
cover the globe with lower distortion than a
GK system would produce for strips of the
same width. In the UK and the Irish Republic,
a modified form of UTM is in use.

Both the GK and the UTM systems have the
major virtue that angles are preserved locally,
distance distortion is minimised, and the co-
ordinate system is Cartesian on a given map
sheet so that only a straight line drawn from
border to border in each direction is needed to
obtain the co-ordinates of any point on the
sheet. UTM co-ordinates are ambiguous
north and south of the Equator, because
10,000,000 is added to them in the southern
hemisphere to avoid negative quantities.

The truncated cone is used for mapping in
France and Belgium and in some of the older
US. maps among others. This leads to the
Lambert Conformal mapping. It had the
advantage of being expressible in closed
analytic form as opposed to the GK and UTM
systems which require series expansions of
functions of a complex variable. Back in the
18th century when it was invented, this was
important, since the more sophisticated
conformal techniques which use the series
expansions were invented several generations
later by Gauss. In the Lambert Conformal
system, angles are preserved, and distance
distortion is not excessive. France uses four
truncated cones with slightly different scale
factors for the northern, central, southern
parts of the country plus Corsica for its four
zones. These are separate Lambert
Conformal mappings.



Belgium uses a modified Lambert Conformal
system which has its origin at the old Royal
Observatory near Brussels. It uses the
International (Hayford) ellipsoid of 1924 and
has but one zone. To prevent negative values,
15000 is added to the east-west and 5400000
to the north-south axis. Belgian Lambert co-
ordinates are incompatible with the French
Lambert system described above.

The Netherlands is one of the few countries
in the world to use the Stereographic
projection, in theory a true projection to a
plane from a point opposite The Hague on the
other side of the ellipsoid. Stereographic
projections are also standard for polar
latitudes above 80° north and south.
Practically, however, a series expansion form
is always used. This system should not be
used at even minor distances outside the
Netherlands, or significant errors will occur.

The Swiss system is one of a very few to use
an oblique Transverse Mercator scheme. This
offers high accuracy in one single co-ordinate
system for the whole country, but it too
should not be used outside the Swiss borders.

All of the commonly used transformations
preserve angles well enough and are of
sufficiently low distortion so that linear
distance measurements can be made on a map
sheet of scales 1:50000 and larger. However,
on Lambert Conformal maps, the horizontal
lines of the grid are in fact arcs with such
large radii that the departure from a straight
line is hardly noticeable.

Grid reference letter and number
combinations:

Grid references are a convenient shortcut to
refer to map positions. They are usually two
numbers which are in the Cartesian co-
ordinates of the map transformation used.
However, In Britain and lIreland, they are
preceded by a two letter code which
designates a 100 km side length square in a
modified transverse Mercator system. These
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replace the first digit of each Cartesian co-
ordinate. There is also a Military Grid
Reference System (MGRS) for the whole
globe with alpha-numeric prefixes. MGRS is
used in the MADTRAN-DTCC program
package. In western Germany, Austria,
Luxembourg, Italy, the Scandinavian
countries and the former Warsaw Pact, the
co-ordinates may be given as x and y values
(sometimes designated R and H for the
German 'rechts’ and 'hoch’) within a given
1:5000 or 1:25000 map sheet. For historical
reasons, cartographers outside France use X
for north-south and Y for east-west co-
ordinates. In France, the kilometre digits of
the Lambert co-ordinate system appear along
the border of the map, but either the name or
number or conic segment of the map must
also be supplied to prevent ambiguity. The
borders of the French 1:25000 maps give
geographic co-ordinates in "gon", 1/400th of
a circle, but the conversion by multiplying by
0.9 to get degrees is trivial. The map border
markings are based on the meridian of Paris
rather than Greenwich on the older maps, so
that a constant has to be subtracted as well.
Newer maps have both Greenwich and Paris
meridian markings.

Map naming conventions:

Maps at scales of 1:100000 or larger have
widely different nomenclatures, depending
on the country of origin.

A few examples:

Austria bases the zero meridian of its GK
mapping system according to the convention
of 1634 in the Habsburg monarchy in the
westernmost Canary island Ferro and
numbers the 1:25000 maps in 1:50000
squares from 1 to 4 on the military grid.
Since 1976, the 1:25000 maps are merely
enlargements of the 1:50000 and have a
sequential numbering system starting at the
northernmost tip of Austria and proceeding to
the south from west to east.



In Britain, maps of 1:25000 and larger are
given the two letter combination from the 100
Km national grid, plus the numbers of the
lower left co-ordinates on that grid. Ireland
uses a similar scheme but with different
letters and with some squares not
implemented.

In Belgium the newer 1:50000 maps are
numbered sequentially from north to south on
with  1:25000 subdivisions with sub
numbering. The Lambert projection is a
national one and is not compatible with the
French projection. The 1924 international
ellipsoid is used instead of the Clarke 1880
ellipsoid used in France.

Denmark wuses Arabic numbers for the
1:100000, Roman numerals for the
numbering of the 1:50000, and for the
1:25000 sub numbers these as Northwest,
Northeast, Southwest and Southeast, using a
UTM model although the standardised UTM
notation is not followed for the map names.

In France, the 1:50000 maps are numbered
with Arabic numerals for the rows and
Roman numerals for the columns, and these
are further divided into four sheets of two
half-sheets each at 1:25000, numbered from
1 to 8, each bearing the name of the principal
town in the 1:50000 sheet.

The 1:25000 (TK) maps in Germany are
bounded by 6" and 10" latitude and longitude,
but the GK grid is shown. The 1:5000 maps
use the GK grid as a border and are numbered
using the first four digits of the x and y
co-ordinates in that system. The German
1:25000 maps for historical reasons are
numbered separately with four digits starting
in the north and terminating in the south of
the country. The author's AirPhoto program
offers conversions between TK numbers and
the GK grid.

Luxembourg numbers its maps from 1 to 30
and uses a GK system passing through the
meridian of the city of Luxembourg.
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In Switzerland, maps at 1:100000 have two,
1:50000 three, and 1:25000 four digit
numbers. The mapping transformation is a
unique variant of GK (see below).

Meridian and latitude strips:

Given this map maker's Tower of Babel, it is
not surprising that archaeological databases
on or across international boundaries are not
easily implemented. Even within a given
country, searches for sites on adjacent but
non-numerically named maps is a major
chore. The situation is made even more
complicated by the fact that a given
transformation may introduce too much
distortion in a large country. Therefore both
the transverse Mercator and the Lambert
Conformal methods break the ellipsoidal
surface up into a series of meridian or latitude
strips. This is shown for the GK case for the
whole globe in:

Seen in detail for a given country like
Germany, the strip boundaries at 3° intervals
are shown in:



The strips are numbered beginning at the
Greenwich meridian according to the central
meridian of the strip, so that West Germany
has three strips numbered 2 to 4
corresponding to the 6°, 9° and 12° strips. At
the strip boundaries, the map co-ordinate
numbers jump abruptly and no database
query system can find adjacent map co-
ordinates by simple arithmetic. In fact, none
of the requirements stated above for distance
and co-ordinate measurements can be met
near such strip boundaries. For the Gauss-
Kriiger system used in eastern Europe and
Russia, the strips are at 6° intervals. To add to
confusion, the GK maps used in the former
German Democratic Republic have 3°
interval strips but use the former Warsaw
Pact ellipsoid and datum so that co-ordinates
are incompatible with those across the former
Iron Curtain to the west.

Similarly, the UTM map has an overlapping
wedge shaped boundary zone every 6° as
shown in:
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Fortunately for the Danes, their country is
contained almost entirely within one UTM
strip. Britain is also fortunate in being
elongated from north to south, so that only
one strip is used tangentially to 2° west of
Greenwich. Although computed using the
UTM method, the map lettering is
incompatible  with  standard UTM
nomenclature. Austria has three strips, with
the zero meridian at Ferro as mentioned
above and is compatible only with older maps
of Spain (the Habsburg connection!). The
Swiss system with a inclined transverse
cylinder centred on the old Observatory in
Bern is independent of all its European
neighbours. Like that of the Netherlands, it is
unique in Europe.

The author's AirPhoto program offers
support for the national grids of:

Australia, Austria, Belgium, Finland, France
and Corsica, Gauss-Kruger 3°, Gauss-Kriiger
6°, Ireland, Italy (Gauss-Boaga),
Luxembourg, Netherlands, Norway,
Switzerland, Sweden, United Kingdom, and
UTM, WGS84, International and Clarke
1866 Ellipsoids:



Other  grid  systems and  datum
transformations are added to AirPhoto and
the underlying Maplib32.dll as need arises.

Translating from one national or
international grid system with different
datums to another:

There are no direct methods available for
translating from one national grid system to
another. However, one can be implemented
via a series of intermediate steps when
appropriate constants are available.

1) Using the appropriate  inverse
transformation equations for the first grid
system, the latitude and longitude of a point
is obtained in the local datum.

2) This latitude and longitude is transformed
into the latitude and longitude of the GPS
WGS84 system using either a Helmert,
Molodensky or Bursa-Wolff transformation,
depending on available constants.

3) This GPS latitude and longitude is
transformed into the latitude and longitude of
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the second national grid system again using
one of the three transformations with
appropriate new constants.

4) Finally, the new latitude and longitude is
transformed back into the second grid system
using the formulae for the second grid.

The accuracy achievable depends on the
precision of the constants available. The error
introduced by all these intermediate steps is
usually a bit more than the uncertainty in the
available constants, but it is far better than
simply using the raw latitudes and longitudes
from one system for the other.

In AirPhoto, all the latitudes and longitudes
of the calibration points for a map are
transformed in a single operation to those of
the GPS system. A new grid system is then
chosen, and the transformation from GPS to
that system is made, from which point on, the
program then runs as if it were using the
second system. The time required on a
modern machine is so small as to appear
instantaneous.
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Selected on-line references:
http://thoth.sbs.ohio-state.edu
http://www.utexas.edu/depts/grg/gcraft/notes/datum/datum.html or coordsys.html
http://www.anzlic.org.au/icsm/gdatm/gdatm.htm
http://www.auslig.gov.au
http://www.ispa.uni-vechta.de/staff/'voser/mapref/lib/datum_lib_txt.html
http://www.petroconsultants.com/epsgweb/epsg.htm
http://www.posc.org
http://164.214.2.53/publications/guides/dtf/madtran.html
http://www.nima.mil (DTCC)

A more detailed version of this paper, with full on-line references, is on the AARG home page:
http://RS6000.univie.ac.at/AARG

Space-filler. TF1305: part of a transformed oblique photograph which has then been image processed
in AirPhoto and converted to a two-bit image using the newly added ‘threshold’ facility.
Transformation was to a calibrated map base allowing printing here at 1:5000. Original photo: 95.109/
5.
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Derrick Riley Bursary for Aerial Archaeology

This annual award is offered to assist the bursary holder in the making, analysis or
interpretation of aerial photographs. The bursary provides financial assistance up to the sum of
£500 to help meet travel,flying expenses, film processing or similar costs necessarily incurred
during the work. The panel will accept applications for smaller amounts and reserve the right
make two, smaller, awards if this is adjudged to be the most beneficial decision in any given
year. In recognition of Derrick’s encouragement of young scholars preference may be given to
younger applicants.

Application forms can be obtained from:

Professor Keith Branigan

Dept of Archaeology and Prehistory

University of Sheffield

Sheffield S10 2TN

UK

to whom completed forms should be returned by April

30. Successful applicants will be informed before the end of May.

Third International Conference on Archaeological Prospection
9 - 11 September 1999
Munich, Germany

This conference will be organized and hosted by the Bayerisches Landesamt fiir Denkmalpflege
in collaboration with the European Geophysical Society (EGS).

The meeting will focus on recent work in all aspects of archaeological prospection including
aerial archaeology and remote sensing.

Address for Correspondence:

Dr.Jorg Fassbinder, Dr. W.Irlinger

Ref. Archaeol. Prospection & Aerial Archaeology
Bayer. Landesamt fiir Denkmalpflege

Postfach 10 02 03

D-80076 Munich Germany

Fax +49 89 2114-300

email: KL91101@mail.lrz-muenchen.de

34



AARGnhews 18 (March 1999)

Review article

Kevin Jones!

Darvill, T. and Fulton, A. 1998. MARS: The Monuments at Risk Survey of England, 1995.
Main report. School of Conservation Sciences, Bournemouth University and English
Heritage, Bournemouth and London. Hardbound. Price: £30. ISBN 1 85899 049 1.

The English Heritage-sponsored ‘Monuments at Risk Survey’ (MARS) programme was
conducted by Bournemouth University under the direction of the principal authors. In the
words of the original promoters of the programme, it was aimed at providing or assessing:
a systematic quantification of the archaeological resource
the scale and rate of physical impact on monuments since 1950 and the reasons and causes
for this
the present condition and survival of the recorded archaeological resource and future
projections of it
the effect of measures introduced to improve management of individual monuments,
especially the role of ... designations, and
an investigation into the implications of monument decay... in terms of the information
preserved at different stages of survival.

The work is arranged in eight main chapters: ‘An archaeological perspective’ on what is
meant by decay and means to measure it; MARS methodology including the area sampling
strategy and the long term archive recording site condition; ‘Data accumulation and the
recorded resource’(which provides a useful review of the English NMR - National
Monuments Record - and SMRs — Sites and Monuments Records — files); Distribution and
condition; ‘Monument survival’, a review of the change in monument condition over the post-
War decades (one of the outcomes of the War was comprehensive aerial photograph coverage
of England which provides a baseline from which to asses monument condition); ‘Land-use
change’, a review of past land uses and projections of change; ‘The effects of designation’, a
practice which seems to be effective insofar as designated monuments have been the least
damaged over the decades; ‘Monuments at risk’, which reviews the concept of risk, risk by
monument type, period and land use. These chapters form a logical sequence in which to
proceed.

The final report elaborates a theory of typical decay curves and areal loss factors for field
monuments. The concept of loss or destruction, particularly as measured from APs, appears to
have been controversial. The two key concepts are projected archaeological extent (PAE) and
percentage area loss (PAL). PAE is:
‘an estimate of the land area of an archaeological monument that includes or included
remains below on or above ground...” and
PAL is ‘the visible or implied destruction of a... portion of the areal extent...” determined
as current area (of survival) as a proportion of PAE.

Certain assumptions as to the extent of undocumented sub-surface remains are built into these

! Department of Conservation, Wellington, New Zealand
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concepts and reading between the lines they seem to have been a stumbling block to the initial
definitions of loss. Nevertheless, PAE and PAL as defined in the final report provide
workable definitions that cover the matters of concern. Some assumptions about sub-surface
condition were necessary to getting on with the project.

Some concept had to be devised to deal rapidly with many assessments, in part based on APs,
and even field visits could not overcome the difficulty of making sound judgements about
extent and sub-surface condition. My only suggestion is that integrity of perimeter lines
would be another way to proceed, especially with settlements or fortifications. Initial breaches
in perimeter have long lasting effects on overall monument condition, e.g., allowing in stock
or the plough. Another line of approach may have been to mix a quantified measure or
measures with more qualitative measures.

The MARS report contains a number of methodological innovations relating to landscape
sampling and to establish risks to monuments of broadly different types, legal status and
under different land uses. The sampling programme was also innovative in its sheer size -
1297 5x1 km transects were derived randomly and used. All transects were inspected in the
field but due to the volume of aerial photographs that was found to exist, only half the
transects were subject to aerial photograph analysis. However, the aerial photograph base was
found to have inadequate coverage over time for most of the sample transects. Paired
coverage of sites decade by decade for which aerial photographs existed in each decade was
less than 50%. The only satisfactory comprehensive coverage of all transects was from the
1940s, and the only satisfactory source of evidence to check condition was the field visit. This
appears to have had the desirable result of forcing greater numbers of field visits and therefore
a more up-to-date measure of surface condition.

The mean number of monuments per transect was just over 11; only 58 transects had no
monuments and some 20 or more transects had more than 50 monuments. These figures and
others are presented in full page density plots for four broad classes of site: prehistoric,
Roman and Romano-British, medieval and post-medieval. In 1945 95% of ‘MARS
monuments’ (i.e., monuments in the survey programme) were recorded as in very good
condition. By 1995, 75% were recorded as in that condition. At the other end of the scale,
destroyed MARS monuments were 4% in 1945 and 16% by 1995. Various pie charts show
the regional patterns that contribute to this overall result. Destruction was least in the west
counties (9% destroyed by 1995) and greatest in the south-east (24% destroyed by 1995).

The programme also gathered the largest volume of data on modern land use of recent years
(a total of 15,964 observations) in the vicinity of monuments. Coverage focuses on the
principal land classes and causes of damage and destruction such as ploughing, forestry,
urbanisation and development generally, road building, mineral extraction and natural
erosion. The worst wholesale destroyers of monuments were development and urbanization
(27% attributed to that source) and demolition and building (20%); the worst piecemeal
destroyers were agriculture (30%) and natural processes (22%). Arable land use is declining
and appears to be replaced by the more benign land use of pasture.

The overall sampling strategy in retrospect appears simplistic. It should have been possible to
‘stratify” the sample - to take a series of samples from defined subsets such as broad land-use
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categories - either to answer more specific questions or to simplify methodology. For

example, agricultural areas or upland areas (much-discussed in recent investigations of

survival) could have been more intensively sampled, or areas with appropriate decade-by-

decade aerial photograph coverage (which, against expectations, was often found to be

lacking). This would not have allowed the nation-wide maps of site density which are here

highlighted but this pattern is surely well enough known from analysis of the complete data
base available from the NMR or combined SMRs.

All practising archaeologists are familiar with the planner’s belief that the world can be
simply ordered by arranging the documentation of recorded archaeological sites and matching
this against development demands. By a process of evaluation, the sites that matter most will
be protected and the rest can be investigated or left to destruction. The reality is that the actual
number of all sites and the extent and significance of recorded sites is only partly known.
Research archaeologists and much of the CRM industry need to know more from sites newly
discovered or about to be destroyed or both. The difficulty of protecting sites once they are
known has both technical and legal/economic elements - even if the will is there, we may not
yet have enough sound methods at our disposal actually to protect the sites in the long term.

In other regional studies of the MARS type, it is usual to try and forecast either large-project
or general but predictable changes in land use (e.g., towards forestry) and to match this
against their likely impacts on the broad pattern of significant archaeological sites. MARS
restricts itself to current or past land use and is not oriented to large future development
projects or programmes. This may be forced by the impossibility of dealing with such data at
the MARS national scale. It has proven almost impossible or lacking in utility to try and
forecast large scale projects such as motorways, mining, urban expansion, etc., when they are
all phenomena of political judgement or volatile decision-making.

The crux of the MARS volume is the chapter on risk. Again, the data can be analysed in many
ways. By region they show sites at high or medium risk at or above 45% in the north-east and
midlands and sites at high risk at a low 6% in the south-west. Scheduled (registered)
monuments have fared well over the last few decades while sites with three adjoining land
uses have fared worst of all. Land-use class on or surrounding monuments shows consistently
that medium or high risks are greatest with: first, multiple land uses and second, forestry
lands, wetlands, pasture land and arable land. Small land-users such as farmers or foresters
cumulatively have the potential to do so much damage unless forward planning and
operations to protect archaeological sites are carried out. For political reasons farming has
proven to be almost impossible to subject to effective regulatory control. The data which
MARS has been able to compile and present quantifying this damage confirms long-standing
concerns that may once have been too easily dismissed by politicians and farm lobbyists.

One of the recommendations is that the MARS results be forwarded to EEC working parties
on the Community Agricultural Policy (CAP) so that potentially destructive subsidies for
farm produce can be better managed. This is also confirmed in English Heritage’s strategy in
response to MARS (see below). The report also recommends greater networking between
monuments records including greater use of digital media for records and interchangeability
and ready transmission of such records.
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English Heritage has produced a strategy for dealing with the problems identified by MARS
(http:/iwww.eng-h.gov.uk/archcom/projects/summarys/htm196_7marsstrt.ntm). They cover the size
of the resource, countering destructive land-use and natural erosion and designation and
protection. Amongst its strategic objectives are:

- support for statutory recognition of ‘established records’ (i.e., these would become a form
of designation, so that a site for which an adequate record exists would have legal
protection)
better influence on land-use around monuments, specifically improved controls on
destruction resulting from agriculture and forest establishment such as planning controls on
certain agricultural land-use changes, and
more research into the prevention of natural erosion
a further census of the archaeological resource for 2015.

Although this is a handsome volume, there are a number of figures which do not earn their
keep and seem to have been put in because they were made possible by a piece of software.
Others suggest last-minute haste. For example, Figure 1.1 of Whitehawk Camp (a Neolithic
causewayed enclosure) is provided with a puzzling description which a brief critique cannot
quite do justice to. It shows two images, one a grey monochrome vertical of 1946, showing a
wide area, the second a colour oblique of 1995 showing the site at large scale (but including
areas not in the 1946 photo). Together, they are made out to show significant changes in land
use impacting on the site over that period. Without the benefit of a stereo pair, what | see in
1946 is two opposed quarter segments of inner and outer ditch and rampart (the north face of
the ramparts outlined under snow) with one extensive long rectangular patch and another
patch of grassed land - dog race tracks but possibly emergency grassed air strips as well at
this date- within and extending through the perimeter of the ancient enclosure along the crest
of the ridge. The rest of the perimeter is dominated by closely spaced huts on long allotments.
In 1995, the allotments nearest the broad ridge on which the enclosure lies have been
abandoned but still show. With one small exception the two dog track rectangular patches
have been retained, albeit one had been built on by 1995. A small portion of the
archaeological site perimeter has been damaged by more strip-like modern enclosures nearest
the camera. This photograph therefore does not prove its point; happily, it seems to prove that
some care has gone into protection of a fragmentary earthwork in the midst of long-standing
intensive urban development. It may actually be a better illustration of risk since the area
would appear to be ripe for urban development.

MARS will increasingly be seen as a remarkable landmark in a field of studies of - to quote
the resume - “theoretically informed approaches to the formulation, modelling, application

and monitoring of archaeological resource management’. It is that and more: it is a factual

record of destruction that is not as badly advanced as one fears in the heat of the everyday

battle with encroachment. At the same time it shows that we should never be sanguine; it

provides data and points to helpful approaches that may be persuasive with the planning

authorities and development forces. No one will ever undertake broad reviews of national

monument survival and protection without resource to these pages. They are full of lessons,
most clearly stated and understood by the authors, and just a few knotty issues of definition
and method that might be solved by 2015.

[February 1999]
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Books of interest?

NAPLIB Directory of Aerial Photographic
Collections in the United Kingdom: second
edition.  1999. £40 including post and
packing (but see below). ISBN 0 9530436 1
4.

Unlike some ‘second editions’, which may
include a few corrected typos and minor
changes, this issue of the Directory is an
almost total update of the previous (1993)
edition. The bulk of the volume comprises
entries on about 1100 [Rog-estimate]
collections of aerial photographs ranging
from the well known giants to holders of,
probably, a few hundred obliques. Usefully
too, this edition also guides the user to
locations of collections surviving from now-
defunct organisations and attempts to classify
the nature of the photographs held (as, for
example, aesthetics, archaeology, sport and
recreation).

It is not an easy volume to review because it
has a multitude of potential uses and users
and allows many variations on how it is
searched. This latter is one of its strengths
which is made possible by the magnificent
feat of cross referencing that has been
achieved (without brain damage, 1I’m told) by
its editor, compiler, etc... David List. The
Directory includes no guide as to how to
search it because, probably, there are so many
ways of so doing. As an occasional, but
relatively frequent, user of the first edition I
had little trouble finding my way around the
second; I’ve heard a few complaints of “it’s
different” from more regular consultees, and
| would expect a few moments of puzzlement
from a totally new user. It’s most annoying
aspect from my point of view is to split the
entries into ‘London area’ and the rest —
partly because the main index is by postcode,
not all of which are straightforward (I’d
always thought that London had an NE as it
has an NW, SW and SE: but oh no, NE =
Newcastle!) — but this may be of benefit to
publisher-based picture researchers.

I certainly found the old first edition useful,
even for parts of the country where I thought
I knew the photographs, so other ground-
based AARG members may find similar
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benefits. For the archaeologist-user, the text
of each entry in the Directory helps decide
which collections to ignore (eg ‘... hold cover
of commercial sites in...”) and indicates local
sources, such as County Record Offices,
which may hold duplicate cover that
otherwise would need a trip to Swindon to
consult. And, in a curious way, it makes quite
an interesting browsing book which shows
the wide range of subjects that have been
recorded on aerial photographs.

The Directory is an essential book for anyone
working with aerial photographs, and not
only to help search and locate as it also
provides a guide to potential illustrations for
a wide range of publishing concerns. Those
AARG members who take aerial photos may
be interested in the commercial potential of
sales prospects from non-archaeological
photography of targets and events such as
may be gleaned from browsing the current
entries. So there’s just time to take them and
get your collection entered into the third
edition of the Directory!

NAPLIB is making a special offer to
potential buyers of the Directory. Enrol as a
member of NAPLIB (at £10 for the
individual member) and you can buy the
book for £20. Like AARG, NAPLIB is a
group of enthusiasts who, in this case, aim to
promote the use and preservation of aerial
photographs.  Given that most AARG
members take, use, or just admire aerial
photographs, there seems to be no reason not
to join!

Bewley, R.H. (ed). Lincolnshire’s
Archaeology from the Air.  Occasional
Papers in Lincolnshire History and

Archaeology 11. SLHA / RCHME. 1998.
Price thought to be about £15. ISBN 0
903582 11 2

This book includes four contributions on
archaeological aspects that have arisen
during, and as a result of, work for RCHME’s
National Mapping Programme. Other papers
add the physical context, detail the roles that
soils and geology play in what may be



recorded on aerial photographs and comment
on the NMP. Some illustrations (mostly
distribution, etc, maps) have been specially
drawn for the book; the ‘cropmarks’ are taken
from 1:10000 overlays, sometimes given
modern backgrounds, sometimes naked,
sometimes as extracts to group specific types
of site. Contours would have made a useful
addition to the naked ‘cropmarks’ and a
smaller range of published map scales would
have facilitated comparison by the reader.

The papers have arisen because of each
author’s interest in different themes or areas
and make no attempt to write a
comprehensive survey of the county. AARG
members will have heard earlier versions of
some of this work, and | have enjoyed
listening to Yvonne Boutwood’s AARG
presentations on linear boundaries and seeing
how evidence and thoughts accumulated and
progressed. Here we have an expanded
version in print that has drawn widely on
work on linear features elsewhere in Britain
and has allowed the addition of local dating
evidence including some from recent
developer-funded evaluations. Linear
boundaries are considerably harder to
understand than occupation sites and we are
introduced to the different forms and
relationships of the Lincolnshire examples.
Sensibly, the author makes no firm
conclusions but is able to pool her acquired
knowledge to suggest locations where
question-orientated investigation of specific
kinds may or may not help provide useful
supplementary evidence.

Two of the papers tackle specific areas of the
county and deal with prehistoric and Roman
settlement in West Lincolnshire (Helen
Winton) and, with supreme confidence in his
dating, Romano-British settlements in the
Wolds (Dilwyn Jones). Here we have more
familiar stuff — from simple enclosure types
to the various complex forms that developed
over the years but which we now see as a
single plan. The latter range between the
realistically village-like and the jumbles that
result from repeated redesign and
superimposition: perhaps hinting at a
difference between continuity of occupation
and continuous, or repeated, occupation. The
illustrations of areas show extents of ‘joined
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together’ landscapes where the holes appear
to be due to lack of our recording opportunity
rather than past spaces. Winton’s paper
covers a wide topographical range, from the
400+ foot ‘uplands’ (in local terms) to the
Welland Valley and fen edge environs which
we might expect to see reflected in different
forms of settlement. In places we do see just
that, but the illustrations are a small selection
from the area studied. As was said to me
recently, “I like the book, but I wish they had
included all the maps.” (John Samuels: 5
March 1999).

There are similarities and differences in the
enclosure forms illustrated by Jones in his
paper on the self-defining Lincolnshire
Wolds. | like the general terms used to
describe some of the features and think this
eases comprehension by others (for example:
‘... the characteristic accretion of enclosures
along a network of roadways...”). Some of
the evidence for Roman occupation comes, of
course, from surface scatters. Other is taken
by analogy of shape, especially in his
suggestion of villa sites where the double
ditch delimitation as seen at Cromwell in the
Trent valley has been identified at six sites in
the Wolds. Interestingly (or worryingly!) the
least visually convincing of these six sites,
Edlington which has an irregular and
decidedly non-Roman form, is the one site
where building remains, pottery and a coin
hoard confirm a Roman date. Unlike some
other parts of the county, there is little
evidence in the Wolds for non-occupation
features which limits discussion on why
people were living there, although the idea of
a vast ‘open range’ with scattered stock
management enclosures has its attractions.

The fourth *archaeological’ paper (by
Damian Grady) deals with medieval and later
salt extraction on the north-east coast and
combines the evidence on aerial photographs
with a host of other information. This
contribution makes a refreshingly interesting
break from ‘cropmarks’ and is of personal
interest because of my encounters with
Fenland salterns and turbaries. The paper
begins with a mini handbook on photo
interpretation which outlines the process
involved in salt making before describing
what of this may be seen from the air.



Accompanying this is what may be the first
(and presumably the last!) vertical that
RCHME have published with the correct
orientation: congratulations. The remaining
(and larger) part of the paper charts the
sprawl of salterns across the changing
landscape and brings in evidence from
natural changes and the roles and
relationships of sea banks, settlements and
havens. In so doing it emphasises the
importance of studying salterns as one
component of a working landscape and
reminds us that a detailed ground
examination of a salt-trading community is
likely to provide valuable evidence for
external contact. This paper, partly because
the date span it deals with, shows another
way in which the evidence recorded on aerial
photographs can usefully be combined with
other data to provide considerable insight into
past activities in a chosen locality.

In the volume’s final offering, Ann Carter
examines the whole area mapped by the NMP
and relates the recorded evidence, in
considerable detail, to soil and bedrock as
well as to more recent ‘events’ (such as
MATZ).  The purpose of this is to
demonstrate that what we now know is very
likely to be a heavily biased sample of what
was there in the past. Familiar ground
perhaps, but the detail provided here is likely
to be of considerable use to anyone working
in the county and using the NMP data as a
starting point.

| am delighted that this volume has emerged
(dare I anticipate this to be the first of a series
and say ‘is beginning to emerge’?) from
NMP as it reflects some of the thinking that
has to go into photo interpretation and
mapping and which is most appropriately
written by the people who have done those
stages of the work. Add to this book Dilwyn
Jones’ paper on Lincolnshire long barrows
(PPS 64 (1998) 83-114) which is another
NMP-related product and we begin to see just
how much the aerial evidence enables us to
state and suggest about past settlement once
we get beyond the individual photographs.
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Doneus, M. And Neubauer, W., 1998. 2D
combination of prospection data.
Archaeological Prospection 5, 29-56.

AARG members should be familiar with the
detailed work that Michael Doneus carries
out in Austria by mixing high-standard photo
interpretation and mapping with geophysics.
After describing some of the methods used,
this paper continues with three examples of
applications at sites on different topography
and soils. Usually in demonstrations of this
kind | get the feeling that usually the
geophysics ‘wins’, but here we are told that
combining the data provides the basis for
more reliable interpretation of both sources.
Good stuff, and maybe how it really works if
we are not trapped into the cycle that photo
interpretation precedes geophysics and
(therefore) there ought to be no feedback.
For Michael this may be easy as the Vienna
geophysics lab is next to his office, but it
shows that the rest of us would do well to
keep an active involvement in any uses that
are made of our mapped data.

Graham Robbins. Cropmark landscapes and

domestic space. Assemblage issue 3. 1997.
http://www.shef.ac.uk/~assem/3/3gray.htm

A paper | picked up via BIAB and which
carries an imaginative interpretation of what
may have gone on in parts of the brickwork
field system. In a way this is building on
NMP as the author seems to quote Alice
Deegan’s piece in AARGnews 12 as his main
inspiration. Alice then was writing about a
chunk of north Nottinghamshire that she had
mapped for NMP so it’s good to see that both
have been useful!

Since Derrick Riley mapped his field systems
(Riley 1980) a lot of field work has been
directed towards some of the questions
arising. The good fortune, perhaps, of
Derrick teaching at Sheffield where there are
a lot of energetic staff and students to build
on his work. Consequently a fair amount of
dating and environmental evidence has been
recovered and published which begins to give
substance to the brickwork landscape. The
main thrust of Robbins’ short paper is that



field systems were developed at a period when
unenclosed settlement was the norm. At a later
date — in this area during the first century BC
or AD - it became more usual to enclose
settlements and some were ‘inserted’ within
the fields. The excavated examples cited
appear to have been abandoned in or before the
third century AD. [This type of thing has been
known of in Wessex for many years and was
one of Collin Bowen’s themes during, and
probably before, the 1970s. However, the
Sheffield-type of question-orientated
excavation has been rare in Wessex where
dates are, even now, not available.]

Robbins concludes with his own interpretation
of how the brickwork fields may have been
used. One of the important thoughts to come
from his work is the reminder that we need to
try and visualise how things may change over
an archaeologically short period, say of a
couple of hundred years. | think this is
extremely difficult to do, even with my recent
Fenland evidence where human change is
forced by environmental conditions, as the
time scales are, to a degree, difficult to
appreciate. It doesn’t matter whether we think
about BC-AD time or now. | can sit and look
out of my window and know (from earlier
maps and air photos) that 70 years ago | would
be living in an orchard ... and in 70 years time,
what will be left? We, by whom | mean
AARG members, may make use of change in
a landscape or townscape but rarely are
responsible for causing it — so should we
expect to understand the thinking that goes, or
went, into such change, and were the changers
of the past actively and decisively making
change or just modifying what was already
there?  Any comment from our farmer-
members?
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CIRA. Bibliography  of  aerial
reconnaissance. 1999. 450 Belgian francs
(incl P and P).

I’ve only seen the advertising for this which
claims to hold more than 3000 references to
published work ‘on aerial archaeology and
geophysical prospection’. It has an
introduction in six languages and material is
indexed thematically, geographically and
chronologically.

Copies from CIRA, 291 Avenue Brugmann,
B-1180 Brussels enclosing payment in
Belgian francs, Eurocheck or international
order post.

Comfort, A., 1999. Remote sensing and
archaeological survey on the Euphrates:
1988 report.

Privately circulated.

A summary of continuing work which
included the successful search of satellite
images for roads and tracks along and across
the Euphrates in an area to be flooded by
creation of a new dam. Sites thus found
(and others) are checked during field survey.

The report is accompanied by several well-
reproduced extracts from Russian KVR
1000 images — unfortunately with symbols
placed over sites of interest!

Any AARG members interested should
contact: anthonycomfort@compuserve.com

[All reviews/comments in this issue by Rog Palmer]
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