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INTRODUCTION

 Archaeology has long embraced geographic information systems (GIS).  

Since the inception of GIS, archaeologists have been attempting to use it to not 

only map sites, but also to model, predict, and understand site location behavior.  

In particular, researchers have been concerned with using GIS to focus survey ef-

forts on areas of high potential in order to avoid wasting time and effort on areas 

unlikely to have significant archaeological resources.

 In recent years, archaeologists have also come to use least-cost analysis to 

reconstruct ancient roads and transportation networks, especially those from the 

Roman Empire.  Least-cost analysis attempts to find the path of least resistance, 

or cost, through a raster surface where each individual cell has a value.  Cost in 

this case can be almost anything: the time it may take to traverse a raster cell, a 

measure of the expenditure of energy to cross a cell, or simply a categorical vari-

able for terrain type, or a combination of multiple variables to compute cost.

 Several studies have developed least-cost techniques for the study of Ro-

man roads with varying success.  Madry and Rakos modeled routes between 

Celtic hillforts in the Arroux valley of France using a combination of isotropic 

least-cost surfaces and viewshed analysis (Madry & Rakos 1996).  Tyler Bell and 

Gary Lock used least-cost modeling along the Ridgeway, a prehistoric track in 

Oxfordshire, England to study the topographic relationships of the track with the 

hillforts that occur along it (Bell and Lock 2000).  Bell, Wilson and Wickham also 

used least-cost analysis to develop communications networks around a fortified 

hilltop in the Sangro Valley, Italy (Bell et al 2002).  Vermeulen and Antrop de-

veloped the first least-cost model for Roman roads in Flanders that showed the 

potential of the method, but had limited success (Vermeulen and Antrop 2001). 

 This study builds on the separate work of Bell, Lock, and Vermuelen to 
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apply least cost analytical techniques to the Ravenglass-Ambleside Roman road 

through the Esk valley in Cumbria, England.  The road ran between three Roman 

installations; at Ravenglass (Glannoventa), at Hardknott (Mediobogdum) and at 

Ambleside (Galava), before joining the main north-south road in western Britain 

at Brougham (Brocavum).  In the valley bottoms, especially between Ravenglass 

and Hardknott, and between Ambleside and the high mountain passes leading 

to Hardknott, the Roman road has been completely wiped away by agriculture 

and borrowing.  However, the road is mostly surface visible in the high passes 

(Richmond 1947).

The study primarily uses anisotropic least-cost techniques with the 

VARCOST module in Idrisi Andes, with all other GIS tasks performed in ArcGIS 

9.1.  Anisotropic least-cost differs from the isotropic least-cost routines available 

in ArcGIS in that costs are direction-dependent.  Thus going uphill will be more 

costly than going down, and braking costs can be modeled as well.  Isotropic 

environments simply apply costs regardless of direction of travel.

Many researchers have developed GIS studies using datasets from a single 

location or study area.  Often this situation stems from data being difficult to 

obtain, expensive under budget constraints, or is simply unavailable.  Circum-

stances thus force researchers to use the same data used to create a model to test 

the same model.  This creates sample dependency, where the resulting model has 

strong predictive power simply because the data used to create and test it are the 

same.  To avoid this problem, this study uses multiple datasets from two dif-

ferent study areas with differing terrain profiles and with known Roman roads; 

from Carlisle to Maryport on the Solway Plain, and from Carvoran on Hadrian’s 

Wall to Kirkby Thore over the Pennines.  Modeling techniques were developed 

and tested in these study areas before being applied to the unknown Ravenglass-
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Ambleside Roman road.  The Ordnance Survey of Great Britain kindly provided 

robust datasets for all three study areas to support this research, including 

10-meter resolution elevation data.  Slope is the main least-cost predictor for this 

study, since while terrain features may have changed minimally since antiquity, 

slope is far more resistant to change than other environmental predictors such as 

vegetation or soils.

 The results of least-cost analysis can produce multiple outputs dependent 

on the input variables chosen by the researcher and the costs associated with 

them.  Some model outputs may not viable Roman trajectories, or trajectories 

may compete.  In this way, least-cost modeling and GIS are best viewed as part 

of multiple lines of evidence used to choose the most likely Roman trajectory.  

The least-cost output can also be modified based on a thorough understanding of 

local landscape history and Roman road construction practices.  This hybridized 

approach, combining GIS with evidence from landscape history and archaeol-

ogy can serve as a powerful tool to help archaeologists understand Roman road 

networks in Britain.

 This study thus covers in some detail the various inputs into a hybridized 

GIS analysis of the Ravenglass-Ambleside Road.  Roman road construction prac-

tices and the development of the Roman road in Britain are covered in Chapters 

2 and 3.  Chapter 4 and 5 cover GIS modeling in archaeology, and the anisotropic 

least-cost model used to identify Roman road trajectories in the three study areas.  

Finally, Chapter 6 shows the results of the least-cost analysis, and combines them 

with archaeological research, and landscape history to produce the final recon-

struction of Ravenglass-Ambleside Roman road.
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CHAPTER 1: Roman Road Building Methods in Britain

1.1 Introduction

Possibly the most enduring physical aspects of the Roman Empire are 

not the numerous monuments, aqueducts and other standing structures it left 

behind, but rather its road system.  Twenty roads spread out from Rome, branch-

ing into an Empire-wide system that linked the known world, and allowed the 

Empire to administer its vast territories.

 Roman roads were primarily constructed for the government’s use.  

They were used as 

a means to project 

military power and as 

a political statement 

of the might of Rome.  

Roman roads were 

also a powerful force 

that fostered cultural 

contact and change 

though the traders 

that traveled with 

them, bringing both goods and new ideas.  Roads, of course, also brought the 

Roman army.  Roads and the people who traveled them changed the very 

landscapes through which they traveled (Figure 1.1).

 The Roman province of Britain was little different.  Prior to the Roman 

conquest of the island in 43 AD, a road system in the Roman sense did not exist.  

The island was linked together through a network of trails and well-established 

trackways such as the Ridgeway and the Icknield Way in south-central Britain.  

Figure 1.1.  Major Land and Sea Routes of the Roman Empire,
after Wacher 1987: 659
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However, by the fifth century AD, the island of Britain had been transformed.  

Prior to the Roman conquest Britain was essentially a roadless land, fragmented 

into many political units.  Within 120 years of conquest, Britain had become 

a unified Roman polity, a cosmopolitan outpost of the classical world, linked 

together by a network of roads covering the entire province.  Britain’s Roman 

roads helped make possible profound cultural change, and left an inedible mark 

on the British landscape.

 Thus while the Roman roads themselves are interesting as archaeologi-

cal features and for the engineering that permitted them to survive two millen-

nia, more important is the study of how the roads the Romans built changed the 

landscapes around them.  Southern Britain in particular saw profound changes 

in land-use through Roman occupation and Romanization, and indeed expe-

rienced the most road development under Roman rule (Chapter 2).  While the 

introduction of roads into new territory often brought about complex changes in 

the landscapes and societies they came into contact with, the roads themselves 

were more often than not elegantly simple in construction.

1.2 What is a Roman Road?

Roman routes are often characterized for their straight alignments with 

angled turns, but not all Roman roads were in fact straight, but wound through 

the landscape as necessary.  Many routes in Britain, in particular the Fosse Way 

and Watling Street, do remain rigidly straight for long distances.  Roman roads 

in Britain were all-weather routes provided with drainage, embankments, and 

metalled running surfaces.  These features often help distinguish a Roman road 

from a non-Roman one in the archaeological record.  Indeed, the level of road 

engineering the Romans achieved in Britain was not duplicated until the 19th 
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century under John McAdam, who advocated a road construction methodology 

similar to what the Romans built, and who pioneered the tarmacadam road sur-

face still in use today (McAdam 1821).

 By the end of the first century AD, the majority of the Roman road system 

in Britain was essentially complete.  This was during the height of the pax Ro-

mana, and a time when roads were being built to high specifications throughout 

the Roman Empire, not just in Britain.  As a newly-conquered territory, however, 

Britain received an entirely new infrastructure using highly developed construc-

tion practices developed elsewhere in the Empire.

 In addition to their direct alignments, Roman roads in Britain generally 

ran upon an embankment called an agger for drainage raised above the true 

ground surface.  The height and width of aggers varied considerably, depend-

ing somewhat on the soil conditions and the availability of material.  Ditches to 

either side of the alignment supplied material for the embankment.  Atop the 

agger was the actual running surface of the road, supported by a foundation of 

stones and gravel under the metalling.  The width of the agger was oftentimes 

wider than the width of the actual road, around 30 feet on major routes, down to 

10 to 12 feet along alignments where terraces were cut into hillsides.  

 Roman construction methods stood in stark contrast to the road build-

ing methods of later times, which tended to simply be tracks with little or no 

improvement.  Until the 1700s, a good road was often a Roman road still in use.  

Road construction and maintenance in Europe after the collapse of the Roman 

Empire was largely ignored until the mid eighteenth century (Ohler 1989: 26).  

1.3 Roman Road Scholarship in Britain

 As Ivan Margary wrote, “The mere extent of the subject appears to have 
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deterred attempts at investigation of the roads in a general and systematic fash-

ion” (Margary 1957a: 22).  For all the extant Roman roads in England, Scotland 

and Wales, many of which are still in use, there are relatively few scholarly 

treatments of the system as a whole.  From the Roman period itself, the Antonine 

Itineraries (Itinerarium Antonini Augusti) survive, a sort of route guide for Roman 

travelers dating from the late second or early third century AD.  The Itineraries 

list a numbered series of travel routes with place names and distances for the 

entire Empire, including Britain.  Since the Itineraries follow well-known routes, 

they have been a critical source of contemporary information to attach Roman 

placenames to Roman sites.  From the fourth century AD, the Itinerarium Burdiga-

lense survives, an account from an anonymous pilgrim traveling from Bordeaux 

in Gaul to Jeruselem.  The Itinerarium describes in meticulous detail every statio, 

mansio and town along the way, and the distances between them.  The Tabula 

Peutingeriana, a 13th-century copy of a Roman road map probably dating from 

the third century AD, shows roads, stops, and distances throughout the entire 

Roman world.  The Tabula completely sacrifices scale to show the relationships 

of the roads to places and one another.  The map is a parchment scroll 6.7 meters 

long.  Britain was the outermost part of the scroll and has largely been lost—it 

has since been reconstructed from the Antonine Itineraries.  Other ancient sourc-

es, such as the Notitia Dignitatum from the fifth century and the Ravenna Cos-

mography from the seventh century AD, are useful as a source of place names 

but not for Roman roads as such.  Early modern works, such as William Stuck-

ley’s Itinerarium Curiosum (1776) discussed Roman roads over which he trav-

eled but not in a systematic way.  Camden’s Britannia specifically mentioned the 

Antonine Itineraries, usually not to describe roads as such, but to apply Roman 

names to cities such as Exeter (Camden 1753: 705).  A similar work, Horsley’s 
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Britannia Romana, mentions roads but again is primarily concerned with attach-

ing modern placenames to those mentioned in the Antonine Itineraties (Horsley 

1732).

The first general work of the Roman road network in Britain was Thomas 

Codington’s Roman Roads in Britain (1918).  Codrington discussed the route 

Roman roads followed on the ground, using 20th-century landmarks and local 

history for the Roman roads in Britain with a detailed description of their condi-

tions, complete with strip maps.  However, Codrington was focused on the major 

routes, such as the Fosse Way, Watling Street, and Ermine Street, and does not 

discuss comparatively minor routes such as the Ravenglass-Ambleside Roman 

road.

Basing his format on that of Codrington, Ivan Margary’s Roman Roads in 

Britain (1957) is probably the most significant work in the British Roman road 

literature.  Margary followed Codrington’s format by covering each route with a 

detailed description of its course on the ground and references to local modern-

day landmarks and Ordnance Survey mapsheets.  However, Margary covered 

every known Roman road in the country.  Moreover, Margary also numbered 

and indexed each road for the entire island.  Codrington numbered roads on his 

maps as well, but the numbers were re-used for each route description.  Many 

authors now refer to a Roman road by using its “Margary number.”  

 Hugh Davies’ Roads in Roman Britain (2002) departs from the Codrington/

Margary model of description of the routes and modern condition of each road 

in Britain.  Instead, Roads in Roman Britain holistically analyzed how the Roman 

road system was engineered.  The work covers how Roman roads were de-

signed, constructed, repaired, and provided with bridges.  Davies also discussed 

the development of the network in considerable detail; a topic to which Margary 
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devoted only a few pages (Margary 1957: 224-228).

There have also been a number of regional works describing individual 

parts of the road system, particularly Belloc’s The Stane Street (1913) and Moth-

ersole’s Agricola’s Road into Scotland (1927), describing the Dere Street from York 

northwards.  Margary also wrote Roman Ways in the Weald (1948), describing 

Roman roads in Kent, Sussex and Surrey, and with the Viatores, he wrote Ro-

man Roads in the South-east Midlands (1964), covering the area roughly bounded 

by London, Water Newton, (Durobrivae), High Cross (Venonis), and Silchester 

(Calleva).  Publications from county archaeological societies also are a significant 

source of very detailed information about Roman roads and their construction 

through fieldwork and excavation reports, as are the scholarly journals Britannia 

and the Journal of Roman Studies.  For the Esk valley and Cumbria, the Transac-

tions of the Cumberland and Westmoreland Antiquarian and Archaeological Society are 

invaluable.  The Ordnance Survey prints a comprehensive map of Roman Britain, 

now in its fifth edition (2001).  This is a general overview of the current under-

standing of Roman Britain and clearly shows Roman roads, sites, and place-

names for the entire country.  

1.4 Archaeology of Roman Roads in Britain

The construction methodology for an individual road depended on the lo-

cal conditions.  The engineering of a given road could change radically along its 

course as the landscape changed.  Although local details did vary, generally the 

Romans in temperate climates like Britain tended to follow a common construc-

tion pattern for their roads.  

Once the route for a road was established, a ditch was dug to a firm foun-

dation.  This was filled with compressed sand and gravel, sometimes on top of a 
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layer of flat stones for further stability.  On top of this foundation layer, a layer 

of smaller rocks was placed, and over this another layer of gravel, which was 

cambered (higher in the middle than on the sides) to promote drainage.  Ditches 

were often but not always placed on the sides of the road to carry water away.  

This method of construction is much different from the method suggested by 

many early researchers, who characterized the Roman method of road construc-

tion as a “buried wall,” a mistranslation attributed to the seventeenth-century 

French scholar Nicholas Bergier.  In his seminal Histoire des Grands Chemins de 

l’Empire, Bergier in 1622 likely conflated Vitruvius’ use of the Latin word pavi-

mentum in De Architectura (Vit. De Arch. 7.1.3), which refers specifically to the 

floors, with the French word pavé, which refers to roads.  The meaning of the 

word may have been conflated in medieval Latin before Bergier.  The Roman 

method of constructing floors is quite different from that of roads, though the 

French and Latin words are similar.  However, the misconception that Roman 

roads are constructed in the manner of Roman floors has persisted in the litera-

ture for centuries.  In fact, the form a Roman road can take varies, since construc-

tion methods for roads depends on the climate and local terrain.  The method of 

their construction never follows Vitruvius’ text in De Architectura, which would 

have been far too expensive and time consuming to use for roads.

The crucial engineering problem was to prepare a roadbed that would not 

sink and form depressions that would allow water to collect.  If this happened, 

water would seep into the roadbed, undermine it, and eventually destroy it.  To 

overcome this problem, many roads in Britain were raised upon an agger, or 

embankment, the material for which often came from the drainage ditches dug 

on either side of the road alignment.  Usually the agger raised the surface of the 

road a foot or two off the ground, but on main routes, the agger occasionally 
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raised the roadbed 1 to 1.5 meters off the ground surface, as in the case of Ermine 

Street in Britain (Margary 1957a: 15).  The size of the agger also varied in width.  

Often the agger will only be as wide as necessary for the road, in other places, 

the agger might be 12 to 15 meters wide.  Major routes in Britain were commonly 

around 7.5 meters wide, but could reach a maximum of 9 meters.  On less-im-

portant routes, a road width of 4.5 – 5.5 meters is common (Margary 1957a: 15). 

Some roads are as narrow as 3 - 4 meters, especially along routes terraced into 

hillsides, such as that of the Ambleside - Ravenglass road in Wrynose Pass in 

Cumbria.  Road widths in the mountain passes along that route are frequently 3 

meters wide or less based on field walking of the road in 2002, though parts of 

the road are seriously degraded.

There is nothing like a Roman guide to road construction extant in classi-

cal literature.  Chevallier cites a number of classical references to road construc-

tion, including Vitruvius (1976: 16 -18), but none discuss the actual methodology 

of road construction in any substantive way.  Statius’ Via Domitiana, is a poem 

praising Emperor Domitian for his construction of the route from Sinuessa to 

Surrentum.  It briefly describes the method of digging a trench for the roadbed, 

filling it with stones, setting curbstones on either side, and finally placing vol-

canic tufa blocks together to form a paved surface (Stat. Silv. 4.3). Certainly the 

passage describes the road building process, but does not go into any real detail, 

and indeed was intended to laud Emperor Domitian rather than discuss road 

construction practices.  Archaeology remains the only way to shed light on how 

Roman roads were really constructed.

1.4.1 Roads in Roman Law

Though there is no “standard” Roman road in Britain or anywhere else, Roman 
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law defined roads based on their width.  Viae, roads, were wide enough for a 

vehicle to pass.  A path that did not permit either vehicular traffic or animals 

was defined as an iter, or way, and a path that would permit animal traffic, but 

not vehicles, was defined as an actus (Dig. 8.1.13).  The legal definition of roads 

according to their width was concomitant with the rights of way attached to the 

land.  Ulpian, writing in the second century AD, described them as:

Iter is the right permitting a man to go on foot and to walk, but not drive a beast of burden as well.  
Actus is the right to either drive a beast of burden or a vehicle… Via is the right to go on foot, to 
drive, and to walk (Dig. 8.3.1).

 Such rights were inclusive.  A man had who had a via on his property also 

had the rights of iter and actus, but a man who had only an iter on his land did 

not hold the rights of via or actus, only of iter. 

 In addition to the definitions of width and rights of way connected with 

roads, Roman law also clearly distinguished between public and private roads.  

In De Condicionibus Agrorum, Roman surveyor Siculus Flaccus defined three 

kinds of road in the first century AD: private roads, (viae privatae), local roads 

(viae vicinales), and public roads (viae publicae), built at state expense (Campbell 

2000: 112).  Viae vicinales also were considered public, but did not necessarily go 

anywhere; they often only served to provide access to villages and farms.  The 

viae publicae, by contrast, were never dead ends, and always led to “the seashore, 

…cities, … rivers, or another … road” (Dig. 43.7.3). Siculus Flaccus also wrote of 

the viae vicinales:

There are in addition local roads (viae vicinales) which after branching off from the main 
highway (via publica), go off across the country and often lead to other highways (viae 
publicae).  They are built and maintained by the pagi (villages) who usually see the land-
owners provide the work force, or rather hand to each landowner the job of looking after 
the stretch of road going over his land… there is free movement along these public roads  
(Laurence 1999: 60-61).
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Although considered legally public and open to all, viae vicinales were kept up by 

the local landowners, not by the Roman state (Dig. 43.8.22).  Viae privatae, the last 

category of roads, were those roads that were privately owned and outside of 

public jurisdiction.  Siculus Flaccus described them, “these seemingly to do pro-

vide rights of way for everyone, but only for those who must go by that route to 

get to their own land” (Campbell 2000: 113).  Ulpian neatly summarized Roman 

law regarding public and private roads:

We call a road public if its land is public.  For our definition of a private road is unlike that 
of a public road.  The land of a private road belongs to someone else, but the right of going 
and driving along it is open to us.  But the land of a public road is public, bequeathed or 
marked out, with fixed limits of width, by whoever had the right of making it public, so 
that the public might walk and travel along it.  Some roads are public, some private, and 
some local.  We mean by public roads what the Greeks call royal, and our people, praeto-
rian or consular roads.  Private roads are what some call agrarian roads.  Local roads are 
those that are in villages or lead to villages (Dig. 43.8.21-22).

1.4.2 Types of Roman Road Surface

Ulpian further distinguished between 

three types of road within Roman law in the 

second century A.D.: viae terrenae, basically 

dirt roads; viae glarea stratae, or gravel-sur-

faced roads; and finally viae silicae stratae, or 

paved roads (Dig. 43.11.1.2).  This definition is 

slightly different than that of Sicculus Flaccus, 

who wrote a century before, and was more 

concerned with right-of-way than with surface.  

These paved roads were probably intended 

for heavy wheeled traffic.  Coins celebrating the construction of the paved Via 

Traiana display a wheel, suggesting it was intended for wheeled vehicles (Figure 

1.2).  Viae glareae were by far the most common roads found in Britain and indeed 

Figure 1.2  Denarius of Trajan, 
showing goddess with wheel and 
olive branch.  AD 113.
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the wider Empire, since paving was reserved only for very high-traffic routes.  

Only 4% (31 out of 771) of the known Roman roads in Britain were supposedly 

viae silicae.  Of these, several are known archaeologically to in fact not be paved, 

or not of Roman origin, as in the case of the road at Blackstone Edge, Greater 

Manchester (Davies 2002: 60).  The vast majority of Roman roads in Britain was 

metalled with a gravel mixture, usually to an average depth of around 50 cm 

(20”).  The depth of the metalled surface tended to increase as traffic increased—

well-travelled roads such as Watling Street from Londinium to Virconium had an 

81 cm depth of metalling; similarly Ermine Street had 74 cm, and the Foss Way 

55 cm.  The Stanegate along the line of what would become Hadrian’s Wall had 

around 56 cm of metalling.  Other roads in the north of the province did not have 

nearly the depth of metalling as did similar roads in the south, other than the 

Stanegate itself, which may suggest the relative levels of traffic between regions 

(Davies 2002: 56, 57). 

Hard but unpaved surfaces, unlike true paved surfaces, were not uncom-

mon in Britain.  Including those few paved roads, about 22% of the roads in Brit-

ain had hard surfaces, often described as a “cobbled surface” of some sort.  As 

Davies points out, such surfaces were probably not ideal for wheeled traffic and 

may have had an additional layer of gravel as part of the running surface that 

has eroded away (Davies 2002: 62; Wilson et al: 1971: 248; Goodburn et al 1979: 

441). 

Far more roads appear to have had no large stones in their metalling of 

any sort, though despite this, gravel used to metal roads could become quite 

hard, despite their being “soft”, i.e., unpaved surfaces (Margary 1957a: 15).  Grav-

el surfaces consisted of gravel, pebbles, and crushed stone kept to a maximum 

of two inches in size, mixed with sand, silt or clay.  Because there were no large 
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stones to move out of place, this kind of surface may have been more appropri-

ate to Britain, where freeze-thaw could quickly undermine a road surface made 

of tight-fitting slabs.  The different sizes of stone permitted the mixture to bind 

together into a hard, tight road surface that could flex with the action of freezing 

and thawing, when otherwise stones in a hard paved surface might be moved 

out of alignment (Davies 2002: 63).

1.4.3 Problems with Authenticating Roman Roads

Roman roads, particularly in Britain, often show distinct construction 

methods that point to a Roman origin.  However, it is notoriously difficult to 

determine the date of construction of a road that would verify a Roman origin.  

Direct evidence such as coins can be used, but such evidence is rare in Britain.  

Likewise pottery can be used, and ceramic evidence for dating roads is rare as 

well.  Yet even supposedly firm calendar dates can be off by decades for the date 

of the road, owing to the lag in the minting of the coin and its travel time to the 

site, when the piece was actually lost, and when it was subsequently included 

in the road (Davies 2002: 28).  Another technique for dating Roman roads is to 

date the sites along them, since the road was ostensibly built to connect them (cf. 

Wacher 1974, Burnham & Wacher 1990, Finch Smith 1987)

Several modern researchers have published methodologies for locating 

Roman roads in the field, most notably Ivan Margary, and O.G.S. Crawford on 

Britain, and Raymond Chevallier in France, using a combination of field walk-

ing, large-scale mapping, and landscape history (Margary 1957, Crawford 1953, 

Chevallier 1976).  These methods can primarily be used to demonstrate that a 

given road is not modern, not necessarily that it is Roman.  It is perversely easier 

to disprove a Roman origin using archaeological and historical evidence than it is 
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to prove it.  

One of the few well-known lengths of paved road in Britain is at Black-

stone Edge near Littleborough, Greater Manchester.  Ivan Margary, in his Roman 

Roads in Britain, was fully convinced of its Roman origin, and assigned it number 

720a in his numbering scheme (Margary 1957a: 134).  The road runs straight up 

a steep 20% grade, and is noted for its unique paved groove in the center of the 

running surface.  While the road does have ditches at the side, it apparently does 

not run upon an agger.  

The Turnpike Act of 1734 noted that the contemporary road over Black-

stone Edge was “narrow, deep, ruinous and impassable for the wagons, carts, 

and other of the many heavy carriages frequently passing that way.”  Thus it 

appears that the extant road in the early eighteenth century was modified to its 

present form.  Indeed, such repair to bring the road to its present state would 

not have been required had the road actually been of Roman origin and in excel-

lent condition (Pearson et al 1985: 128).  According to Margary, the groove in the 

center of the road was present from the wear of the braking poles of Roman carts 

descending the hill.  In addition to Margary himself, Codrington, Collingwood, 

and Richmond all were strongly supportive of the Roman origin of the road 

(Margary 1957a: 135; Codrington 1918: 90 -91; Collingwood & Richmond 1969: 2).  

A circular base at the top of the hill, combined with the groove suggests a winch-

ing system, installed as part of the eighteenth century improvements.  Traffic was 

winched up and down the hill, and the central groove helped to direct the cable 

(Pearson et al 1985).  In the absence of further excavation, the Roman origin of 

what was once considered one of the prime examples of Roman road construc-

tion must remain in doubt (Davies 2002: 83).

Similarly, Nicholson used historical records, particularly turnpike re-
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cords, to demonstrate that an old paved road in Devonshire, long considered 

Roman, was in fact not Roman at all.  This road, the Long Causeway, seemed 

to be aligned on the nearby Roman fort at Bolham (Nicholson 1997: 127).  The 

causeway had been repaired by local merchants several times in the seventeenth 

and eighteenth centuries.  Prior to this, it appeared in the historical record ex novo 

after the sixteenth century, though it seems likely that the route is older than that 

(Nicholson 1997: 128).  The primary criterion in the past for classifying this road 

as Roman in the Victorian period was the condition of the road paving, which 

had been repaired in the recent past, and the coincident alignment of the road on 

the Roman fort at Bolham (which is almost due north of Tiverton).  Using histori-

cal documents, Nicholson demonstrated that despite the condition of the road on 

the Long Causeway, there was no evidence to support a Roman origin, especially 

since the surface had been repaired several times in the more recent past (Nichol-

son 1997: 129).

Collingwood and Richmond advocated a combination of documentary 

and topographical evidence to determine if a given route is Roman, or simply an 

abandoned modern route.  Documentary evidence takes the form of old maps, 

parish boundaries, and other historical documents, while topographical evidence 

is comprised of determining when changes in landscape actually took place 

(Collingwood & Richmond 1969: 5-6).  Margary provided a short treatment of 

how to identify Roman roads in the landscape, as opposed to similar-looking fea-

tures in Roman Roads in Britain, and went into considerable detail in Roman Ways 

in the Weald.  O.G.S. Crawford devoted two entire chapters to Roman roads in his 

Man and His Past, and two more in Archaeology in the Field, one somewhat roman-

tically entitled “Deciphering the Palimpsest” (Margary 1957b, 234-245; 1965: 25 – 

44; Crawford 1921: 163-207; 1953, 51-66).  Chevallier also discussed identification 



18

of Roman roads (1976: 106-114).

1.4.4 Origin of Road Names in Britain 

Many Roman routes were named after their builder, such as with the via 

Appia, or the via Egnatia, or in some cases after an emperor (as with the via Domi-

tiana, the via Traiana, or the via Hadriana).  Roads were sometimes named after 

their destination, such as with the via Ostiensis, or for the region through which 

they passed, such as the via Aquitania in Gaul, from Narbonne via Toulouse to 

Bordeaux.  This is not the case in Britain.

Unlike the names of Roman roads elsewhere in the Empire, the names 

of Roman roads in Britain are not the original names used by the Romans.  The 

Roman names for their roads are lost, at least in Britain.  Many of the terms used 

today are Saxon in origin from the medieval period, and the same name often ap-

pears attached to different roads in different parts of Britain (Davies 2002: 23).

For instance, the name Watling Street commonly refers to the Roman road 

between London and Wroxeter, but the name is also attached to the route run-

ning southwest between Wroxeter and Kenchester, and again as a primary route 

in Northumberland.  Similarly, the name Akeman Street is commonly given to 

the route from Tring, northeast of London, to Cirencester, also is attached to the 

road between Cambridge and Ely and also as the western road into London via 

The Strand and Fleet Street (Margary 1957a: 22).  

The name given to the Fosse Way running northwest across the island 

from Exeter to Lincoln is also from the medieval period, but is very likely de-

rived from the Latin word for ditch, fossa, which lined either side of most Roman 

roads.  There are still other Latin names for Roman roads in Britain, particularly 

the via Devana from Colchester to Chester (Roman Deva), which was so called 



19

by 18th century antiquarians, not by the Romans themselves.  If the Romans had 

named routes in Britain at all, the main routes, the viae publicae, had names that 

likely conformed to the somewhat haphazard system for road names in the rest 

of the Empire; after emperors (and perhaps governors of Britain), after persons of 

note, after major destinations, and after the regions through which they passed.

1.5 The Engineering of Roads in the Britain and the Roman Empire 

 Roman roads often 

exhibit the same variability 

under the ground as they do 

above ground to conform to 

the local terrain and climate.  

Thus even roads relatively 

near one another can be struc-

turally quite different.  For 

example, the Ribchester-Tebay 

road running through Low 

Borrowbridge in the north-

west of England and near 

the Ravenglass – Ambleside road has been excavated in two places, roughly 16 

kilometers apart from one another.  The excavations show different construction 

methods between the two sections (Road 7c, Margary 1957b: 109).  The northern 

section in Casterton parish, near the Roman fort at Low Borrowbridge, Cumbria 

(Figure 1.3), was built on a layer of brushwood to prevent the road from sinking 

into a wetland.  Over the brushwood, the road was built atop a thick foundation 

of river cobbles with a metalling of small stones and gravel, around a foot thick 

Figure 1.3.  Excavation of road section at Casterton, 
showing the three main layers of construction.  (Ewbank 
1960: 28)
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with a camber to aid drainage, without kerbstones (Figure 1.4).  The road section 

at Caserton is 7 meters wide (Ewbank 1960: 28 - 29).  

 Some 16 kilometers to the south, the southern section near Sedbergh is by 

contrast constructed on the side of a fell, roughly 53 meters above the River Lune 

(Figure 1.5).  The road was constructed not on brushwood, but on a thick founda-

tion layer of stone.  On the downhill side, upon which the road surface of small 

stones was laid (Macadam 1965: 76).  Like the Casterton section, this part of the 

road exhibits a camber in the middle to aid in drainage.  However the method 

of construction here is quite different than at Casterton—the foundation stones 

Figure 1.5.  Profile drawing of the Sedbergh road section, showing layers of construction.  Note 
the tilt of the road on the steep slope.  North and south facings.  (after MacAdam 1964: 79)

Figure 1.4.  Profile drawing of the Casterton road section, showing layers of construction.
(Ewbank 1960: 29)
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are generally larger (up to small 

boulders) to better support the 

road on the downhill slope.  For 

example, the largest stone in the 

southern section near Sedburgh 

was 76 cm x 46 cm x 30.5 cm 

(Macadam 1964: 76).  The founda-

tions stones of the northern Cast-

erton section were river cobbles 

and much smaller (Figure 1.6)  

The Sedburgh section even has a 

different width than its northern 

counterpart on the same road—

just under 5.5 meters wide (Macadam 1964: 80).

 Italian roads also display similar general method of construction, though 

they were often paved.  The via Flaminia between 38 and 39 kilometers from 

Rome was constructed from a 20 cm layer of clay and pebbles rammed into lev-

eled ground.  Atop this was another 20 cm layer of stones and pebbled bound 

with clay, capped by a layer of paving stones.  The via Appia between Fondi and 

Formia was built even more simply.  It was simply a layer of sand compressed 

on leveled ground, covered with crushed limestone, onto which slabs of selce 

paving were placed (Adam 1994: 278).  

Construction methodology also tended to conform to climate.  In Eu-

rope, when wet weather would reduce a dirt road to mud, high-traffic military 

or consular routes instead were the “traditional” all-weather viae stratae, or viae 

glarae and built upon an agger for drainage.  The two excavated sections of the 

Figure 1.6.  North face of the Sedbergh section.  Note 
the less distinct construction, and larger foundation 
rocks, than at Casterton. (after MacAdam 1964: 79)
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Ribchester-Tebay road are an excellent example of this type of construction.  Ivan 

Margary describes several common sections of road found in Roman Britain, all 

examples of viae glarae of varying complexity and scale of construction, which 

can serve as exemplars of such roads found throughout the Roman world.  In-

deed, the system of major consular routes in Britain was constructed in a time 

when the Roman Empire built impressive, well-constructed roads wherever 

they were necessary.  Most of Britain’s major consular routes date from AD 43 to 

81, during the initial conquest of the island. (Margary 1957b: 229, 230-231).  All-

weather roads on the Continent were much the same as those in Roman Britain, 

and followed the same general plan (Mertens 1955, Figure 1.7).  Roads in arid 

regions such as North Africa and the Middle East were rarely paved as they were 

in Italy and Europe, simply because hard-surfaced roads were not needed (Ken-

nedy 1997: 73).  

Most dry-climate roads did not require the extensive preparation that 

roads in more temperate climates did, because the desert itself was an ideal sub-

surface for road building.  The lack of rain made a stone-paved surface unneces-

sary.  In many cases, curbstones placed on bare bedrock would mark a route.  In 

Egypt’s Eastern Desert, Roman roads were simply tracks in the desert, except 

Figure 1.7.  Section of Roman road from Reims to Trier at Florenville.  A: (1) recent fill, (2) un-
disturbed natural, (3) clay, (4) sand.  B: plan showing road surface as excavated.  Note that this 
profile is very similar to Roman roads in Britain.  After Mertens 1955: 31.
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for the Via Hadriana, which 

was a “cleared track” marked 

by cairns at around 20-meter 

intervals (Murray 1925: 149).  

Sidebotham, Zitterkopf, and 

Riley note a similar method of 

construction in the ‘Abu Sha’ar-

Nile route (Sidebotham et al 

1991: 595, Figure 1.8).  Another 

similar route is the Roman road from Palmyra to Hit, Syria (Mouterde 1934: Plate 

C).

In the province of Judea, however, some viae publicae were paved and 

raised on an agger, but often labor went into the construction of retaining walls to 

prevent erosion of the road surface rather than paving (Harel 1967, 18-24). Simi-

larly, the Roman road across the Ledja, Dera, Syria was paved linking Damascus 

to Bostra (Mouterde 1934, Plate XII).  In general, desert roads were only paved 

when they entered cities, such as the roads leading into Leptis Magna or Timgad 

(Von Hagen 1967, 74).

1.6  Methods of Survey 

Much of the surviving literature on Roman surveying is in the Corpus 

Agrimensorum.  Of what does survive, most of which is quite technical, the vast 

majority of the literature is concerned with land surveying, not road alignments 

(Dilke 1971, 1987a, 1987b).  What mention of road alignment that exists in clas-

sical literature tends to be quite short, extremely vague and only mentioned in 

passing as part of a broader discussion (Joseph. BJ 3.18, Plut. Vit. C. Gracch. 7, 

Figure 1.8.  ‘Abu Sha’ar-Nile road.  Roman wagon 
wheel ruts between Bab el-Mukhenig and el-Saqqia.  
(Sidebotham et al 1991: 597)
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Stat. Silv. 4.3).  Within the modern literature, there is much discourse on the loca-

tion or rediscovery of Roman roads, especially in England, but like its Roman 

antecedents, comparatively little on how the alignments were actually derived 

(cf. Codrington 1918, Crawford 1921, 1953; Margary 1957a, 1957b, 1965; Viatores 

1964; Collingwood and Richmond 1965).

In the course of dividing land for centuriation (the division of land into 

regular parcels), or other purposes, road alignments were often incorporated into 

the overall system of land parcels.  However specific literature on the alignment 

of Roman roads over long distances has not survived.  Though some aspects 

of road alignment are understood through Roman texts on land survey, again 

generally as part of the process of centuriation, the deduction of much of Roman 

long-distance alignment technique is a matter of guesswork.  Roman roads are 

popularly depicted as perfectly straight routes.  While this is often the case on 

flat terrain, Roman roads were just as apt to curves as modern roads when the 

situation required.  

The Roman engineer responsible for the construction of roads and bridges 

was known as an architectus, and was often attached to a legion.  Additionally, 

each architectus had an agrimensor (surveyor), and a librator (leveler) serving with 

him in the Army.  These men did the planning and layout of the route for a new 

road, while the legionaries (or subject peoples and criminals working for them) 

did the physical labor of construction.  Working under the specialists, the Ro-

man army and its conscript civilians constructed the roads and established the 

local land survey and registry for the area (Chevallier 1974: 84).  The surveyors 

used high points in the landscape and simple sighting instruments like the groma 

and the chorobates to overcome changes in level and sight along lines to stake the 

route of the road.  This foreshot and backshot method, common to surveyors 
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today (though with different instruments) is known as interpolation and extrac-

tion, where a surveyor directs a help to move a marker from one side to another 

until it is in line with a known point, repeated until a straight route has been 

marked between the termini of the road (Lewis 2001: 218-220).  The exact meth-

odology of how the Romans aligned routes precisely over long distances remains 

unclear despite much speculation on the part of modern scholars.

Both Codrington and Margary suggested that the straight courses were for 

expediency in aligning the road, and that roads were probably aligned from “one 

high point to another, with intermediate marks adjusted in between, probably 

by the use of movable beacons shifted alternately to right and left until all were 

brought into line” (Codrington 1928: 30; Margary 1957a: 12-13).  Margary further 

noted that 

“where the road follows a major alignment for a long distance, as on Watling Street between 
Canterbury and Rochester, it will be seen that very slight changes of line occur on intermediate 
hilltops, hardly sufficient to be noticeable as changes of direction, and the presumably indicates 
the degree of latitude allowed in the sighting of a major alignment, or it may even be due to the 
chance conditions of long-distance visibility on the day sighting had to be done” (1955a: 13). 

1.6.1 Successive Approximation

This sort of alignment has been called “successive approximation”, where 

the road alignment is derived through trial and error (Davies 1998; Lewis 2001).  

Margary and others who favor this method tend to evade discussion of how pre-

cisely roads were aligned this way, and the contemporary literature on this issue 

is silent (Lewis 2001: 221).  Indeed, the subject of road alignment and surveying 

in general is comparatively quiet within the vast range of published material on 

the ancient world.  Even in the absence of contemporary discussion or modern 

scholarship, however, there are several practical problems with the use of succes-

sive approximation over very long distances (Figure 1.9).

The first problem is one of visual acuity over distance.  The naked eye 
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simply cannot resolve a target to any accuracy above a few kilometers while the 

target remains portable.  Fire beacons on hilltops are feasible, but use of them by 

day, as Crawford suggested, is problematic, since haze and wind can distort the 

location of the smoke (Crawford 1921: 165).  Margary argued for the use of fire 

(Margary 1957: 17-18), if the beacon was large enough, but a beacon large enough 

to be seen at long distance would also not be portable (Lewis 2001: 221 – 222).  

Night time beacons, when the light of the fire might be more distinguishable, 

could also invite attack on the surveying teams in unstable newly-conquered 

areas.

The second problem with successive approximation is one of commu-

nication, in that if a beacon or survey target is to be shifted, those manning the 

mark must know how to move.  Daytime signaling would be possible at short 

distances, again limited by the resolving power of the naked eye, and nighttime 

signaling, even using portable beacons, is similarly limited.  A surer method of 

communication is to send messengers between points, which would slow the 

process down even further.  A strategy of successive approximation, based on 

our understanding of ancient surveying, could work over short distances, but 

becomes very problematical over long distances.  Lewis discusses the practical 

Figure 1.9.  A simple example of successive approximation (after Lewis 2001, 223).
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aspects of successive approximation using ancient instruments in considerable 

detail (2001: 220 -223).

1.6.2 Mapped Roman Alignments?

Hugh Davies has argued that the Romans made use of land surveys and 

maps to construct their roads, and that the straightness of Roman roads resulted 

from mathematical expediency.  Calculation of the transfer of a straight portion 

of road from a planning map to the landscape was easier than a similar curved 

length (1998: 14).  This was Davies’ answer to the difficulty of aligning a long, 

straight route by successive approximation, to instead build up a road alignment 

by dead reckoning and then to transfer the alignment to the ground.  As does 

Lewis, Davies pointed out the inherent problems with Margary’s explanation of 

road alignment, adding that direct-sighting methods ignore many engineering 

challenges, such as steep gradients and river crossings that influence the course 

of the road (1998: 4; 2002: 43).  The use of planning maps might have aided Ro-

man surveyors by allowing them to avoid obstacles and remain as close to a 

direct route as possible simply by transferring easy-to-calculate straight sections 

from the map onto the landscape. 

Roman surveyors did routinely use maps in their work, so their use in 

road planning could be plausible, but this is problematic.  As part of their duties, 

surveyors made bronze maps (called forma, literally “shape”) of the land.  Sur-

veyors also used parchment and wax tablets for their maps, but bronze was usu-

ally used for official mapping with copies kept locally and in the records office at 

Rome.  Known Roman plans such as the Forma Urbis Romae, the plan of the city 

of Rome dating from around AD 200 were probably similar to bronze surveyor’s 

maps (Dilke 1971: 112).  However, survey maps of the kind that Davies surmises 
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to exist have not been found.  The ancient Roman maps that have survived, such 

as the Tabula Peutingeriana and the Dura shield, sacrifice scale to accurately depict 

road relationships, not accurate road alignments through landscapes.  We know 

bronze maps were in use through contemporary accounts that have survived, but 

the maps have not, likely because bronze was a valuable metal after the collapse 

of the Roman Empire and was melted down (Dilke 1971: 113). 

 In possibly the only modern scholarly debate in the literature on this is-

sue, Lewis challenged Davies’ ideas of mapped road alignments.  Davies based 

much of his original ideas about Roman road alignments on Heron of Alexan-

dria’s Dioptra 15, used for aligning a straight tunnel between two points (1998: 

10)  Lewis argues that a better model for road alignments might be Dipotra 7, 

which was especially meant to find the straight line between two points (Lewis 

2001: 224).  Lewis discussed several problems with Davies’ map-based paradigm, 

most importantly within the practical issues of transferring the map-based align-

ment to the ground.  The alignment map must correctly represent the topogra-

phy of the area, else shifts in the road alignment will not change on high points, 

but instead only where the plan has placed them.  This runs counter to what has 

been observed about changes in Roman road alignment, when Roman roads are 

specifically observed in the landscape to change alignment along high points in 

the landscape (Lewis 2001: 225; Margary 1957a: 13).  To align a road on a non-

topographic map could introduce significant error into the process, when simply 

performing the alignment in the field could avoid problems.  

Further, it is unclear how a planning map used for accurately aligning 

roads could be made with ancient technology.  Accurate measurement of long 

distances was highly problematical in the ancient world, and to execute Davies’ 

dead-reckoning method would likely be just as time-consuming and inaccurate 
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as successive approximation.  Mapping and aligning the route would also re-

quire some distance measurement, even if geometry was used (Lewis 2001:  226; 

Dilke 1971,: 59-60).  In a subsequent version of his work on road alignments, Da-

vies adopted the Dioptra 7 model (2002: 48), but did not significantly change his 

arguments.  In any case, the reality of Roman road alignment is likely a blend of 

several different methodologies, includ-

ing successive approximation, as well as 

methods that modern researchers have 

not yet deduced.

1.6.3 Limitations of Language

 A further complication lies in the 

vocabulary of direction in Greek and 

Latin.  While the Romans understood 

the use of angles in degrees, they appar-

ently did not apply them to horizontal 

measurement.  And while the Greeks 

evidently had commonly-used terms for the compass points based on the names 

of the winds, particularly in the form of the Pesaro Anemoscope (Dilke 1985 plate 

21, Figure 2.10), and even compound words to indicate wind direction, such as 

north-north west (Edson and Savage-Smith 2000).  Despite this, the Latin in use 

at the time did not lend itself to the creation of maps, or the precise discussion of 

abstract directionality (Lewis 2001 :226-227).  Thus it is unclear how precisely the 

Romans expressed directionality, which complicates discussion of road align-

ments.  Modern researchers use a much richer vocabulary for directionality than 

was available to ancient surveyors in either the Roman or Greek worlds.

Figure 2.10  Pesaro Anemoscope.  Note names 
given for directions of the wind, similar to as-
trologer’s seen in Edson & Savage-Smith 2000.  
After Dilke 1985, plate 21)
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1.6.4 Possible Alignment Methodology

 In the absence of any contemporary documents, any modern interpreta-

tion of Roman road alignment methods is necessarily speculation.  Codrington 

and Margary were in favor of a “successive approximation” method (Codrington 

1918: 30; Margary 1957a: 12–13).  This same idea was echoed by O.G.S. Crawford 

(1921: 165,189).  Davies argued for mapped alignments that were subsequently 

transferred from planning maps to the landscape in much the same way as today 

(1998: 2002).  In an article entitled Viae Avariae, A.L.F. Rivet even argued for the 

straightness of Roman alignments coming in part from homing pigeons released 

from the far terminus of a road back toward the source (Rivet 1982: 206-7).  Lewis 

himself suggested a method he called “geometrical construction” (Figure 2.11), 

using methods put forth by Ptolemy for establishing the meridian of a given loca-

tion (Ptol. Geog. 1.2.3).  For each of the termini of the new road, A and B, survey-

ors would first establish the meridians for both places.  Then, using a best guess, 

surveyors would estimate the number of units northing and easting the points 

were from one another.  This angle can be laid out as a working road alignment, 

and field checked to see how close it is to the actual straight line.  Since more 

Figure 2.11.  Geometrical construction (after Lewis 2001, 233)
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than likely the initial line will not be the ideal straight course from A to B, fur-

ther lines can be added to bracket B.  After surveyors establish that the new lines 

bracket the target, lines from B can be sent out on reciprocal bearings, creating 

a parallelogram, and thus identical triangles with the straight line from A to B 

between them (Lewis 2001: 232).  

 As Lewis acknowledges, there is no reason to assume that the Romans 

used only one method to align their roads all of the time (2001: 233).  Lewis’ 

method is elegant; it uses surveying methods known to have been used in the 

ancient world.  It also limits the ground measurement to much less than that 

required to make a planning map, and keeps the trial-and-error of successive 

approximation to a minimum.  However, many of the criticisms Lewis applied to 

others’ methods apply here as well—this method appears very feasible on pa-

per because it in effect surveys the entire route in a few steps, using lines many 

kilometers long.  Lewis does not explain how surveyors would find a given point 

along a line on the ground; where survey lines would intersect, or how survey-

ors would measure angles other than 90º with a groma.  If the method is broken 

down into more manageable segments, from high point to high point, for ex-

ample, the method breaks down into what amounts to successive approximation 

over long distances, and similarly, direct alignment with shorter distances.

 Archaeologists and classical historians can attempt to tease out how the 

Romans aligned roads from the surviving literature, or through applying ancient 

surveying treatises to derive a workable method for aligning roads so precisely 

as the Romans manifestly did.  However, any discussion of Roman alignment 

methods remains speculation, whether based on ancient texts as Davies and 

Lewis have done, or by what is seen in the field, as did Margary’s, or by what 

was thought to be possible, as in the case of Rivet’s homing pigeons flying 
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straight from point to point (Rivet 1982: 206-207).  While speculation remains rife 

within the literature, the only way to see if any of these techniques is feasible, of 

not practical, is to attempt to align several long lengths of road in the field, thus 

reproducing Roman techniques through experimental archaeology.
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CHAPTER 2: The Development of the Roman Road Network in Britain

2.1 Introduction

By the time Rome began the conquest of Britain, the island had been part 

of the Roman sphere for almost a century.  During that time, to Roman eyes, 

Britain went from a backwater harboring Gaulish rebels without significant 

natural resources (Cic. Fam. 7.7.1, Att. 4.16.7, 4.18.5), to what would later become 

a fully-integrated Roman province; a source of gold, silver, slaves, and other 

“rewards of victory” (Tac. Agr. 12.6).  By the time Rome conquered Britain in AD 

43, Roman road-building techniques had reached maturity, and the growth of 

the British road network followed that of the conquest of the island.  As Rome 

conquered territory, major arteries were constructed that connected the new 

acquisition to the existing provincial road network.  More importantly from a Ro-

man perspective, the road network connected the entire Roman world to the new 

province; bringing traders, settlers, Roman goods, and Roman ideas and culture.  

By the time Roman authority over the island failed around AD 410, Britain was 

left with one of the most extensive road networks ever built by the Roman Em-

pire.

 Roman involvement in Britain began in 55 BC, when Julius Caesar crossed 

the Channel from what was now Boulogne in the first of two expeditions by him 

to Britain, landing in the southeast of the island in what is now Kent, near Do-

ver.  Caesar, who at the time was heavily invested in the conquest of Gaul, felt 

invasion was justified since the Britons were aiding the Gauls’ resistance to Ro-

man conquest (Caes. B. Gall 4.20, Salway 1981: 25).  While this was certainly one 

justification for the expeditions, it is equally likely that Caesar wanted plunder to 

help finance his political ambitions in Rome (Webster 1980: 35). During these two 

expeditions, Caesar took no territory. Instead he collected hostages and tribute 
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from British tribes in exchange for peace. He also installed a king of the Trinov-

antes in Essex and established them as a client of Rome.  Caesar received a public 

thanksgiving (supplicatio) of twenty days after his first expedition, most likely be-

cause of his description of success despite the difficulties of the weather and the 

landing of troops in his dispatches to the Senate (Cass Dio. 39.53.2).  However, 

Caesar received no honors after the second campaign in Britain, whereupon he 

returned to the mainland.  This may have been because of Caesar’s growing list 

political enemies in Rome rather than out of any apparent lack of success (Sal-

way 1981: 38).  Indeed, while this supplicatio was of unusual length for its time, 

(Plut. Vit. Caes., 21.1) this Senatorial endorsement of Caesar’s actions may have 

encouraged him in the next year, when Caesar’s enemies hoped that his larger 

expedition would fail (Webster 1980: 37, Cic. Att. 4.16). While Britain did not 

formally become part of the Roman world after Caesar’s expeditions, the island 

did become part of Roman politics and fell within the Roman economic sphere.  

After the final conquest of Gaul in 51 BC, Britain became an important trading 

partner with Rome.  This lucrative trade eventually led to the impetus of the final 

conquest of Britain under Emperor Claudius, though Augustus had planned but 

never executed invasions of Britain in 34, 27 and 25 BC (Cass. Dio 49.38, 53.22, 

53.25).

2.2 Claudian Invasion of Britain

 Almost a century later, in AD 43, Claudius invaded Britain.  Why the Ro-

mans returned to Britain then was probably a confluence of reasons.  In Caesar’s 

time, Britain was widely regarded as poor backwater with few assets of interest.  

Cicero wrote that the island had no precious metals, and no hope of any booty 

other than slaves, passing on information he had received from his brother Quin-



35

tus who had served with Caesar in Gaul. (Cic. Fam. 7.7.1, Att. 4.16.7, 4.18.5).  Cae-

sar himself wrote that the island produced tin and iron along the coasts, though 

he was probably aware of the Wealden deposits in the south-east midlands after 

his expeditions there (Caes B. Gall 5.12).  Strabo reported that the island produced 

gold, silver, and iron (Strabo 4.5).  In Caesar’s time, however, this information 

was considered more rumor than fact in the Roman world.

 However, by the time of the Claudian invasion the century-old trading 

contact with Britain served to show that there was indeed money to be made in 

Britain.  Tacitus later wrote in his Agricola in 97 AD of gold, silver, “other met-

als” and pearls as the “rewards of victory” (pretium victoriae) of Roman conquest 

in Britain (Tac. Agr 12.6).  Though estimates of Britain’s wealth were probably 

embellished by exiles from British tribes, who hoped for Roman intercession in 

British politics on their behalf, the fact that Rome stood to gain economically cer-

tainly played a role in the calculus to invade.  This economic motive was likely 

pressing since Claudius’ predecessor Caligula’s excesses had drained the Impe-

rial coffers, and Claudius had an urgent need of cash to pay the army (Salway 

1981: 72).  However, Tactius’ term pretium victoriae should not be taken to suggest 

that the Claudian invasion was solely driven by the desire to collect the rewards 

of victory, though certainly the Roman government exploited British mineral 

resources (Ogilvie & Richmond 1967: 183).  Indeed, Strabo felt that the costs of 

conquest and the maintenance of the army in Britain would exceed that of simply 

collecting duty on their commerce (Strabo 2.5.8).  Some Roman exploitation of 

silver in Britain began as early as 49 by the state, but by 60 the operations were 

in the hands of private lessees, suggesting poor output (Frere 1987: 276-7, Millet 

1990: 41, cf. Whittick 1982, Suet. Tib. 49).  Millett estimated the weight of bullion 

spent just to pay the soldiers in the army of conquest at 1,890 kg of gold per year 
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(Millett 1990: 58).  It should be pointed out, however, that soldiers would be paid 

this amount of bullion regardless of where they were actually stationed.  

 Claudius was proclaimed emperor by the Praetorian Guard in the wake 

of the assassination of his nephew Gaius (Caligula) in AD 41, solely because with 

Caligula dead he was the elder of the Julian family; not because of his qualifica-

tions in public life.  In fact, the only office he had held previously was as a suffect 

Consul (finishing another man’s tenure as Consul) in AD 37, an office given him 

by Caligula (Dio Cass 59.6.5, Suet. Claud. 7-9).  Indeed, he was regarded a fool by 

his family, and even his mother regarded him as a “monster of a man, not fin-

ished but merely begun by nature” (Suet. Claud. 3), though he was always held in 

high regard by the public (Suet. Claud. 5-6).

 Claudius therefore wanted to earn a military triumph for himself, instead 

of one voted for him by the Senate (Suet. Claud. 17).  In order to maintain legiti-

macy as Emperor to the army that put him on his throne, he needed a victory to 

cement the army’s loyalty, or he would be replaced in the same manner as his 

nephew. Thus Claudius had need of ready money and a victory with which to 

bind the army’s loyalty to him.  Britain was an ideal candidate for conquest, since 

it had an established network of trade with the Roman world, and Roman in-

volvement in its internal politics.

 The pretext for invasion came from conflict in Britain itself.  Cunobelinus, 

king of the Catuvellauni tribe which ruled over much of the southeast of Britain 

died around AD 43.  Cunobelinus had been largely friendly to Rome, especially 

later in his life, and it is likely that he sent some of the embassies to Augustus 

mentioned in Strabo (Strabo 4.3).  Yet in AD 9 he conquered the neighboring Tri-

novantes who were Roman allies, possibly taking advantage of the Varus disas-

ter in Germania to attack Roman interests with impunity.  Whatever Cunobeli-
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nus’ sentiments towards Rome were, there was significant anti-Roman sentiment 

within his kingdom, and in Britain overall (Webster 1999: 63).  It is not known 

precisely when Cunobelinus died, or if he was incapacitated or deposed by his 

sons before AD 43.  However, around AD 40, Suetonius reported that Cunobeli-

nus (as rex Britannorum) had exiled his son Adminius, who subsequently surren-

dered to Emperor Gaius.  Gaius treated this as the surrender of the entire island, 

and planned an invasion of Britain as part of a tour of the north, which he soon 

abandoned (Suet. Calig. 44,46, Dio Cass. 59.21.3).  He was assassinated the next 

year, in 41, whereupon Claudius was proclaimed emperor.  

 It is likely that many of the preparations Gaius made for the invasion 

of Britain were still in place when Claudius became emperor.  The change in 

power in Rome was not the only shift in power— Claudius’s rise coincided with 

the rise of Cunobelinus’ other two sons, Caratacus and Togodumnus, both of 

whom were hostile to Rome.  They probably conquered the Dobunni, or at least 

brought them into the Catuvellaunian sphere (Cass. Dio 40.20.2).  They also 

conquered the Atrebates and expelled their king, Verica, who went to Rome to 

appeal to Claudius for assistance.  Verica is almost certainly the “Bericus” Dio 

mentioned,“who had been driven out of the island as a result of an uprising” 

(Cass. Dio 60.21.4).  With this anti-Roman shift in the power politics of southern 

Britain, the trading and diplomatic relationships in the region Rome had culti-

vated since Caesar’s time were threatened.

 Thus Claudius’ decision to invade was therefore probably an easy one.  

Bercius’ defection to Rome was followed by an “impudent” demand for his re-

turn (Suet. Claud. 17, cf. Frere 1987: 45).  Though Bericus’ request to intervene and 

Claudius’ denial of extradition may have been the pretext on which the invasion 

was based, Claudius’ need for a solid military victory was quite urgent.  Bericus 
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therefore provided Claudius with a pretext to intervene on behalf of a friend of 

Rome, to avert a growing threat to Roman interests on the island, and to acquire 

the military victory needed to cement the Army’s loyalty to him personally as 

opposed to the Julian family.  The economics of the situation merely assured 

Claudius that Britain could be at least as viable as Gaul over the long-term.  As 

Millett argued, “it is best to view the Claudian conquest primarily as a function 

of the emperor’s insecure political position within a system that had territorial 

expansion embedded in it and which required its leader to have military stature” 

(Millett 1990: 42).  

 Caligula had to have made much of the necessary preparations, and in-

deed the conquest of Britain would be a fitting method of restoring the pride of 

the Imperial family after Caligula’s abortive invasion plans (Frere 1987: 45).  The 

fact that so many troops were at Claudius’ disposal for the invasion is in part due 

to Gauis’ raising of two additional legions on the Rhine: XV and XII Primigenia.  

This permitted Claudius to break off a large expeditionary force of three legions 

from the Rhine, and one from Pannonia (IX Hispana) to Britain, without weaken-

ing the Rhine frontier (Baldson 1934).

 For Claudius then, the conquest of Britain was at once a solution to an 

immediate problem, also Britain had long been marked for conquest by both his 

predecessor and by Augustus.  “Claudius’ personal inclinations and immediate 

security were best served by emulation of Julius Caesar and fulfillment of the 

repeated expectations of Augustus’ time” (Salway 1981: 71).  Emperors generally 

did not step aside in favor of another, as did Diocletian much later.  For better or 

worse, they died on the throne.  For Claudius, the conquest of Britain was an ex-

pedient solution to a problem that likely only had one of two outcomes (Salway 

1981: 70-1).
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2.2.1  Classical Accounts of the Roman Conquest

 There are relatively few classical authorities from which to draw in the 

Roman conquest period from AD 43 to 84, despite a Roman presence in Britain 

for four centuries.  The major literary sources are Dio’s Roman History, Book 60, 

Suetonius’ Divus Claudius 17 and Divus Vespasianus 4, and from AD 52 onward, 

there is Tacitus’ Annales book 12 and 14, Agricola, and the Histories book 1 and 3.  

Additionally, there are references to Britain in Caesar’s time from Caesar himself 

in Book 5 of De Bello Gallico, and in Cicero’s Epistulae ad Atticum and ad Famili-

ares, and a description of Gaius’ preparations for conquest in Suetonius’ Gauis 

Caligula.  The main sources around which most modern discussion of the Roman 

conquest revolves are Dio and Tacitus, and we can infer that the development of 

the Roman road system in Britain closely followed the conquest of tribal lands.

 The main source for discussion of the Roman conquest comes from Dio.  

The Annales of Tacitus treats the Caesars from the death of Augustus to Nero, but 

Books 7 though 12, which covered the reigns of Caligula and Claudius, are miss-

ing or fragmentary, and Book 9 and 10, which likely covered the invasion of Brit-

ain and its aftermath, are missing entirely (Syme 1958: 251-260).  Dio’s works are 

fragmented as well; only about a third of the 80 books of his Roman History sur-

vive in anything like their original form.  Fortunately Book 60, in which Dio de-

scribes the conquest of Britain comes to us largely intact (Cary 1914: xix).  How-

ever, Dio wrote significantly after the Roman invasion, probably writing Book 

60 in AD 216 (Millar 1964: 194).  He was not an eyewitness to events, though he 

claimed to have read everything relevant in the contemporary Roman historical 

discourse, and mentioned Livy, Sallust, Arrian and Josephus in his work (Millar 

1964: 34, cf. Dio Cass. 53.19.6, 40.63.4, 43.9.3-3, 69.5.1).  Moreover, Dio makes little 

to no reference to the sources that he used in his narrative (Millar 1964: 37).  
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 Dio’s narrative authority comes not from his sources, but rather from the 

man himself—Dio’s work was over twenty years in production, with ten years 

of research, from 197 to 207, and twelve years of writing, from 207 to 219 (Millar 

1964: 30, cf. Dio Cass. 72.23.5).  Throughout his narrative, Dio constantly reminds 

the reader of his station as a Roman senator and an amicus of Severus Alexander.  

His high station combined with his exhaustive research provides Dio’s authority 

to describe events.  It is this length of research, Millar suggests, that accounts for 

Dio’s relative lack of analysis, particularly of battles, since he had so much mate-

rial to cover (Millar 1964: 32).

 By contrast, Tacitus explicitly drew on Claudius’ own speeches, and the 

acta senatus, the official minutes of the Roman senate (Syme 1958: 281, 295).  Taci-

tus was also writing almost a century earlier then Dio—the Agricola was written 

around AD 98, the Histories by 105 and the Annals were completed in 117, the 

year of Tactius’ death.  Moreover, Dio’s research clearly must have drawn on 

Tacitus, along with others sources known to both but now unavailable. 

 While Suetonius mentions the conquest of Britain as well, he was almost 

exclusively concerned with biography of the emperors and their personal habits.  

He wrote around the same time as Tacitus, with his De Vita Caesarum dating from 

about 119.  For instance, his treatment of the invasion of Britain occupies only a 

single section of his Divus Claudius, and can be summed up in the first line, “He 

[Claudius] made but one campaign and that of little importance” and spent the 

majority of the section instead discussing Claudius’ travel to and from Britain in 

under six months (Suet. Claud 17).  In Divus Vespasianus 4, Suetonius’ description 

of Vespasian’s career as the commander of Legio II Augusta as part of conquest 

of southern Britain where he “fought thirty battles”, and “reduced to subjection 

two powerful nations, more than twenty towns, and the island of Vectis (the Isle 
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of Wight), near Britain, partly under the leadership of Aulus Plautius, and partly 

under that of Claudius himself” (Suet. Vesp. 4). 

 Since Tacitus’ accounts of the invasion of Britain are either lost or incom-

plete, Suetonius concerned with biography, Dio is the only complete contempo-

raneous source of the conquest of Britain, written over one hundred years after 

the conquest by a man close to the center of Roman power.

2.3 Roads in Military Campaigning

 While Roman road construction methods in Britain are well understood, 

at least in archaeological terms, how quickly roads were constructed, and their 

role in Roman military campaigning is less understood.  We surmise that because 

permanent fortifications were constructed during or soon after conquest of an 

area, the fortifications were soon connected to the broader road network with 

similarly-constructed roads.  

 The question is how quickly this was actually done.  Roman armies in the 

field did not depend on roads; roads only made communications and fast move-

ment easier and more reliable.  Regardless, building permanent roads was a 

main concern of the Roman government as it integrated conquered lands into the 

province.  The Royal Engineers of the British Army suggests that there were two 

separate kinds of Roman road: “tactical” roads with a cleared width of 28 feet, 

with an unmetalled surface 8.5 feet wide, no or minimal engineered drainage, 

and timber curbing.  The other kind of road was a fully engineered “strategic” 

road of the fully-engineered Roman type.  The Royal Engineers calculated that 

1,000 men working 10-hour days could complete a tactical road from Richbor-

ough to London in 15 weeks, a distance of 120 kilometers and using 569,782 man-

hours, keeping no more than two days behind the front (Peddie 1997: 188-189).  
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The same strategic road would require three years and 3,400 men (Davies 2002: 

114).

 This method of road construction would restrict all traffic along the route 

to the tactical road while the strategic road was under construction, and more-

over, that the tactical road’s lack of drainage would make it impassable in wet 

conditions.  Davies suggested that instead, the Romans would construct an “in-

termediate road type”, with “drainage ditches and light metalling and built as far 

forward as the front-line position (Davies 2002: 114).  Davies went on to suggest 

three types of Roman road to augment the Royal Engineers’ tactical and strategic 

road types: Penetration roads were built directly into invaded territory follow-

ing the army.  Territory-holding roads were constructed laterally from penetration 

roads once the area behind the line of advance had been fully secured.  Finally, 

frontier-support roads were constructed immediately behind fixed frontiers to per-

mit easy movement to the installations along it, such as with the Military Way of 

Hadrian’s Wall (Davies 2002: 115).

 This separation of roads into categories is simply an attempt to provide a 

vocabulary to explain that the road network was built behind conquest of new 

territories.  First the major arterials were constructed, linking legionary fortresses 

to the broader network and ensuring communications. Then, as new fortifica-

tions and towns were included in the province, other roads were constructed, 

connecting these sites to the main arterials and to each other.  Such roads could 

be added soon after conquest, or years later.  However, it is unclear how use-

ful this terminology actually is—since the Romans themselves did not seem to 

separate roads into these sorts of classes.  They were simply divided into public 

roads, viae publicae, built at state expense, private roads, viae privatae, built with 

private funds, and local roads, viae vincinales, local roads that may have been con-
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sidered publicae as well (Campbell 2000: 112).  Sorting roads into these categories 

potentially over-privileges their role in military campaigning at the expense of 

their civilian roles of fostering trade, fast communication via the cursus publicus, 

and equally importantly vectoring traffic to specific locations where it could be 

better monitored by the authorities.  

 It likewise seems unlikely that an “intermediate road type” as Davies 

suggests was constructed.  The rough calculations by the Royal Engineers sug-

gests that and unmetalled, undrained tactical route from Richborough to London 

could be done in fifteen weeks for a total of 569,782 man-hours (Peddie 1997: 

188).  While these calculations are exceedingly rough, they do suggest that the 

amount of labor to create a temporary metalled road would require a signifi-

cantly greater investment in manpower, time and materials to create a drained, 

surfaced road suitable for traffic, only to abandon it for a fully-engineered road.  

Indeed, while there is a great deal of evidence for road repair, remetalling and 

subsequent expansion (Wilson et al 1976, 250; Goodburn et al 1978, 442, 462; 

Goodburn et al 1979, 302; Frere et al 1990, 332; Wacher 1995, 313) there is little 

conclusive evidence for the construction and reconstruction of temporary routes 

into permanent roads.  Since major Roman sites, particularly fortresses and es-

pecially legionary fortresses were built next to water, it seems likely that military 

supplies were moved via water as much as possible until a fully-engineered road 

could be constructed, and overland traffic simply moved over native trackways 

or along the route of the road under construction.

2.4 Initial Conquest of Britain to AD 47

 The initial invasion landed at modern Richborough in Kent in AD 43, 

most likely with four legions and auxiliaries under a senator, Aulus Plautius, a 
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former consul and governor of Pannoina.  In all, Plautius brought with him about 

40,000 men (Salway 1981: 75).  Southwest Britain was quickly subdued after the 

initial landing, with major battles near modern Rochester (Durobrivae Cantiaco-

rum) on the River Medway and on the Thames.  Claudius himself only spent 16 

days in Britain, arriving only when Plautius’ messengers suggested he come.  

He was therefore at the head of the army when Camulodunum was captured, 

whereupon Claudius quickly returned to Rome to celebrate his triumph (Dio 

Cass. 60.23.1).  By the late 40s, the Romans almost held all of southwest Britain 

along the line of the Fosse Way, which was mostly likely completed by that time 

(Salway 1981:  95).  Some tribes were granted client status in exchange for ac-

knowledging Roman rule, particularly the Iceni of Norfolk, the Atrebates in the 

area around modern Silchester (Roman Calleva), and the Brigantes in the north 

of Britain.  In exchange for Roman management of their foreign policy, the tribes 

were largely left in charge of their own internal affairs.  Securing the Briagntes’ 

clientage was particularly important for early policy towards Britannia, the Ro-

man province, since the tribe secured the northern border and thus buffered the 

province from the more hostile tribes in what is now Scotland.

 Thus major Roman routes, particularly the Fosse Way running across Brit-

ain from Devon to Lincolnshire, as well as Watling Street, running from north-

west Kent to High Cross (Venonis), and the Ermine Street from London (Lond-

inium) north to Lincoln (Lindum) were in place by about 47 in the southwest of 

Britain, as well as the road from London to Dorchester.  The first Roman colony 

(colonia) for discharged veterans of the army was established at Camulodunum 

(Colchester) in 49.

 The conquest of what became the Roman province of Britannia took much 

longer than the initial success in southeast Britain.  After the landing in 43, Ro-
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man campaigns of conquest did not end until around 84.  The development 

of the Roman road system in the province is closely tied to the conquest of the 

island, with the road infrastructure constructed as part of or soon after the pacifi-

cation of an area (Figure 2.1).

2.4.1 Fifties and Sixties AD: Consolidation and the Boudican Revolt

 The fifties and sixties AD were a period of consolidation of what was now 

the Roman province, and progress was considerably slowed by the AD 60-61 re-

volt of the Iceni.  The rebellion was in part caused by the establishment of the co-

lonia at Colchester at the expense of Iceni tribal land.  Since honorable discharge 

from the Roman army involved grants of land, large tracts were claimed from 

the Iceni and the Trinovantes to meet the demand of retiring legionaries of the 

province.  A second colonia was not established until 95 at Lincoln (Lindum).  The 

revolt of the Iceni resulted the destruction of several towns, Colchester, St Albans 

(Verulamium) and London itself, and the death of up to 80,000 Roman citizens, 

though these figures were likely inflated by both Tactius and Cassius Dio (Dio 

Cass. 62.2, Tac. Ann. 14.33).

 Though the fifties and sixties AD were a period of consolidation and 

recovery from the revolt of the Iceni, elsewhere in the province the late fifties did 

see Roman attempts to expand the province by conquering the tribes of Wales.  

The Welsh tribes did not submit quickly or easily to Roman rule, particularly the 

Ordovices in the north and the Silures in the south.  The business of conquering 

Wales was the primary focus of most of the Roman governors of Britain until the 

late 70s, interrupted only by the Boudican Revolt.  The late sixties were also a 

time of civil war elsewhere in the Empire after the death of Nero, the final dis-

integration of the Julio-Claudian dynasty, and the Year of the Four Emperors, 
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ending with the assession of Vespasian.  As commander of the II Augusta legion 

during the Claudian invasion in AD 43, Vespasian was well familiar with Brit-

ain.  Major roadbuilding during this period seems to have been quiet, though the 

Fosse Way was extended from Illcester (Lindinis) to support the legionary base of 

the II Augusta at Exeter (Isca Dumnoniorum) around AD 55, probably as part of 

Vespasian’s westward campaign during the initial invasion.  The establishment 

of the fort at Nanstallion (Statio Deventiasteno), west of Exeter suggests that the 

whole of Devon and Cornwall had been integrated into the Roman province by 

the mid-fifties AD (Salway 1981: 93; Fox et al 1972).

2.4.2 Seventies AD: Conquest of the Brigantes and Wales

 The seventies brought the conquest of the Brigantes in the north of Britain, 

and at least nominally, of the territory of the Esk valley in Cumbria.  The Brigan-

tes, and perhaps by extension the Carvetii of the Lake District, had enjoyed client 

status under Roman rule since the initial invasion in AD 43.  The Romans had 

a vested interest in the stability of the Brigantes.  Early Roman policy concern-

ing the conquest of Britain was in large measure dependant on a stable northern 

frontier in the form of a friendly Brigantian buffer state (Richmond 1954: 52; 

Salway 1981: 133).  A stable client state in the north of Britain meant that the Ro-

mans need not conquer (and pacify) the north to guarantee stability in the south-

ern half of the island—when the southeastern portion in particular was undergo-

ing rapid incorporation into the empire.  The Brigantes evidently assumed client 

status at some point before AD 47, when the northern limit of the Roman prov-

ince met the southern extent of Brigantian territory.  In AD 48, Ostorius Scapula 

went on campaign against the Welsh tribes; something he would not have under-

taken without a secure northern frontier (Hanson & Campbell 1986: 73).  By the 
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early seventies, that secure frontier was in jeopardy.

 The Brigantian queen, Cartimandua, left her husband, Venutius, around 

AD 70 and took as her consort Venutius’ armor-bearer Vellocatus instead.  Tac-

tius wrote that Venutius’ case was supported by the Brigantian people, but 

Vellocatus was only supported by the Queen’s authority (Tac. Ann. 3.45).  Sub-

sequently, Venutius called for outside support to take the throne and started a 

general uprising of the Brigantes.  Cartimandua in turn called upon the Romans 

to extricate her from the situation.  After Roman troops met with “indifferent 

success”, Cartimandua was rescued and “[t]he throne was left to Venutius; the 

war to us” (Tac. Ann. 3.45).  With a hostile Brigantia to the north, Rome had little 

choice but conquer the Brigantes to secure their own northern borders.

 In AD 71, the new Roman governor Petillius Cerialis launched a ma-

jor campaign against the Brigantes, driving far north into Brigantian territory, 

at least as far as Carlisle (Luguvalium) by late 72 and perhaps beyond (Shotter 

2004: 35).  Cerialis’ line of march apparently ran east of the Lake District and the 

Cumbrian Mountains, via Lancaster, Barrow-in Lonsdale, Low Borrow Bridge, 

Brougham and on to Carlisle (Shotter 2000: 44).   Cerialis was recalled to Rome in 

AD 73, where he served as a suffect Consul under Vespasian for that year.  His 

successor, Sextus Julius Frontinius, let the Brigantian situation largely stand after 

Cerialis’ campaign, and instead turned his attention to the conquest of Wales, 

which by 77, the year of his recall, was largely complete. 

 The extension of the road system basically followed that of conquest, 

though exact dates are difficult to discern.  At the start of Cerialis’ campaign in 

AD 71, the legionary fortress at York (Eburacum) was founded by the IX Hispana.  

The road network was extended north of the Fosse Way; Ermine Street was ex-

tended to York, and a road from Wall to Manchester, possibly via Rynkild Street.  
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At some point in the 70s this road was probably extended north to Doncaster 

(Danum), and perhaps later to Aldborough (Isurium Brigantum), the Roman civitas 

capital of the Brigantes after their conquest.  By the end of the decade, however, 

and into the 80s, the north of Britain would be transformed by Roman conquest, 

and the full network of Roman roads would finally begin to take shape.

2.4.3 Late Seventies – Eighties AD: Agricola’s Conquest of Scotland

 Gnaeus Julius Agricola succeeded Frontinius as Governor of Britain in 

turn in AD 77.  Agricola brought with him essentially a carte blanche from Vespa-

sian to bring the entire island under Roman rule.  He quickly completed the con-

quest of Wales begun by Frontinius, then finished the conquest of the Brigantes.  

Then he moved north and engaged in a series of campaigns against the tribes of 

Scotland, culminating in the battle of Mons Graupius in 83 or 84.  According to 

Tacitus, there the Roman Army defeated the Caledonians, killing 10,000 men, 

and only losing 360 Roman troops (Tac. Agr. 37).  Like Cerialis, Agricola’s line of 

march against the Brigantes most likely moved from Lancaster via the Lune and 

Eden valleys to the east of the Lake District to Carlisle.  It is possible that Cerialis, 

Agricola, or both, made separate treaties with the tribes in the area, as has been 

suggested by Potter (1979: 359).  Thus the area of the Esk valley possibly did not 

fall under direct control of the Romans until sometime in the Hadrianic period 

(117-138), though the fort at Ambleside is thought to have been constructed as 

early as AD 90 (Hartley 1966: 12, Bidwell et al 1999: 69, 71).

 With the completion of the conquest of Britain, the major arteries of the 

road network rapidly filled in the north and in Wales.  Dere Street was extended 

north at least as far as Corbridge (Corstopitum), linking the eastern half of the 

island directly to York and London via the north-south line of Dere and Ermine 
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Streets in the late 70s.  In the western half of Britain, the north was linked to the 

broader province via a road south from Carlisle (Luguvalium) to Brougham (Bro-

cavum), to Ribchester (Bremetemacum Verteranorum) to Manchester (Mancunium) 

and finally to the major legionary fortress at Chester (Deva), started around 78 

to assist in the conquests of the Brigantes and Wales.  Chester was directly con-

nected to London via Watling Street. 

 After Agricola finally pacified Wales in the late 70s, with the construc-

tion of the Legionary fortresses at Chester and also at Caerleon (Isca Silurum) in 

southern Wales in the mid 70s AD, the Welsh road network was also improved.  

The central part of Wales had a road running from Caerws (Mediomanum?) to 

Wroexter (Virconium), possibly dating from the late 50s, but by the early 80s, a 

road was built along the western shore of Wales, connecting Chester and Caer-

leon by way of Caernarvon (Segontium) and Carmarthen (Moridunum), and on to 

Gloucester (Glevum) in the south.  

 The major components of the road network were thus complete by the 

early eighties, with Dere Street being extended northward yet again towards 

Ardoch (Alauna Veniconium) and probably thence to Inchtuthil, Agricola’s un-

completed legionary fortress, built around AD 83.  From Carlisle, the western 

north-south road was extended into the western Scottish lowlands.  With the 

completion of the major military arterial routes for the province, other minor 

routes were added over time, particularly around Hadrian’s Wall and in the Lake 

District of Cumbria.

2.5 The Fosse Way Frontier

 Some researchers, Collingwood (1924) and Webster (1980) in particular, 

have put forward the idea of the Fosse Way as an early frontier.  For lack of a 
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physical barrier like a large river, they suggest that Aulus Plautius instead settled 

on a scheme that used the high ground along what would become the Fosse 

Way, with forts at critical points along the way.  When Webster forwarded this 

idea (1980: 123, 159-164), he cited in particular the meaning of the Latin word 

limes, which certainly could support the notion of a fortified boundary line, but 

the Fosse Way as a frontier is problematic.  Millett points out that the idea is 

“anachronistic,” since there is no evidence of the notion of a fixed frontier by 

the time of Nero—the expectation at that time was for continued expansion and 

imperium sine fine.  Moreover, the Fosse Way itself does not conform to tribal 

boundaries; in large measure it cuts across them.  Nor are the forts along the road 

regularly spaced as they were with later fixed frontiers in Britain like Hadrian’s 

Wall and the Antonine Wall; and the sites were not necessarily founded at the 

same time (Millett 1990: 55).  Indeed, the Fosse Way should not be viewed at all 

as a fixed frontier, but rather as a strongly-garrisoned line of territory from the 

Humber to the Severn behind which the Romans began assembling the province 

of Britannia (Salway 1981: 97, Millett 1990: 55).

2.6 Hadrian’s Wall and Consolidation of the Lake District

 The order of Roman infrastructure in the Lake District as seen today prob-

ably did not arise until at least the early Hadrianic period and the construction of 

Hadrian’s Wall.  In the Esk valley of Cumbria, both Ravenglass and Hardknott 

were previously thought to have Agricolan foundations (Collingwood 1929), but 

subsequent excavations at both Ravenglass (Glannoventa) and Hardknott (Me-

diobogdum) have found no significant artifacts dating from any earlier than late 

in Trajan’s reign, Hardknott being established slightly earlier than Ravenglass 

(Bidwell et al 1999: 69; Potter 1979: 12).  The fort at Ambleside, on the north end 
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of Windermere, was probably occupied by AD 90 (Bidwell et al 1999: 69, 71).

 The construction of Hadrian’s Wall had profound effects on the placement 

of sites in northern England, especially in the Lake District.  Construction of the 

Wall began around 122 during Hadrian’s tour of the province after his eleva-

tion in 117.  Prior to the 120s, only Ambleside is known to have been occupied in 

the central Lake District earlier than 110.  Both Hardknott and Ravenglass were 

definitely occupied by 130, whereupon the Roman infrastructure of the area was 

largely complete, tightly tying the area to both the Hadrian’s Wall frontier in the 

north via the main north-south road to Chester and points south.  Pottery from 

the Roman kiln at Parkhouse, along the Ravenglass-Ambleside Roman road in 

the lower Esk valley, dates from the early to mid second century A.D. (Welsby 

1985).  The establishment of the central Lakeland forts coincides with the Ro-

man abandonment of territories in Scotland won by Agricola in the 80s, and it is 

possible that these forts were constructed for units that had been stationed far-

ther north, and were not transferred to the Continent when the Roman province 

pulled back to Hadrian’s Wall (Breeze & Dobson 1985: 8).  

2.7 The Later Empire

 After the consolidation of the north of Britain with the construction of 

Hadrian’s Wall, new forts were not added, but many were abandoned or not 

occupied for long periods of time.  Hardknott was temporarily abandoned from 

about 150-170 when many Roman units went north to the Antonine Wall, and 

Ambleside possibly was at the time as well (Bidwell et al 1999; Breeze & Dob-

son 1985: 11-12).  By 220, Hardknott had been all but permanently abandoned, 

though Ravenglass remained active until the Romans abandoned Britain in the 

early fifth century AD, as it was part of the Hadrian’s Wall coastal defenses and 
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likely home to a unit of the classis Britannica.  The fort at Ambleside was probably 

in at least limited use until 380 (Breeze & Dobson 1985).  As the Roman presence 

in Britain pulled south in the late fourth and early fifth centuries and units were 

transferred to duty on the Continent, long-held installations were abandoned, 

and Roman rule in Britain came to an effective end around 410 AD.  

2.8 The End of Roman Rule

 With the final withdrawal of troops from Ravenglass, and the forts at 

Hardknott and Ambleside already abandoned, the Roman road linking the 

forts was abandoned as well.  Collingwood pointed out in Roman Eskdale that 

there was never any permanent reason to maintain a road over the steep passes 

of Wrynose and Hardknott.  Traffic was too insignificant to justify the cost of 

the construction or maintenance of a new road.  The modern route through the 

passes was not part of the turnpike system and dates from the mid 20th century 

(Albert 1972: Appendix B).  

 The paved route seen today dates from after World War II, when the 

previous unpaved route was largely destroyed—the Ministry of Defence used 

the Hardknott area for tank training, and the route through the pass was re-engi-

neered.  Oddly, when Richmond surveyed the Roman route in 1946, he made no 

mention of the tank training, but wrote that the impetus for his study was “the 

possibility of planting on its route by the Forestry Commission” (Richmond 1947: 

15).

 Thus the Roman road from Ambleside to Ravenglass was truly aban-

doned, and the modern road now takes an entirely different line through the 

passes.  The engineering of the new route was assisted by explosives and heavy 

equipment.  In the valley bottoms of the River Brathay and the Esk, changing 
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landuse and intense agriculture directed traffic to new routes through the val-

leys and plowed up the Roman road, which was also a ready supply of building 

materials.  By the 19th century when antiquarians began to develop serious inter-

est in the Roman past of the region (e.g. Ferguson 1878), the course of the Raven-

glass-Ambleside route had been all but forgotten for centuries.



55

CHAPTER 3: GIS & Archaeological Modeling

3.1  Introduction

Since the 1970s, archaeology has been an active participant in what has 

come to be known as the “GIS revolution.”  GIS, or Geographic Information 

Systems, is the technological side of Geographic Information Science, or 

GIScience, a subdiscipline of geography.  GIS in its simplest form consists of 

digital maps linked to a database of attribute information about the mapped 

features.  It allows users to retrieve information about given map features and 

locations, to create queries to sort through vast amounts of data to answer 

very specific questions, and generate new data and interpretations about 

spatial phenomena.  GIScience is changing how society manages geospatial 

data: from the private sector, to government, to the discipline of geography 

itself.  Archaeology is no exception, and because archaeology is itself inherently 

spatially-oriented, GIS has become a very powerful tool to help archaeologists 

make sense of the past.

While GIS is an excellent tool to help archaeologists display, catalogue, 

and visualize their geospatial information, it is capable of far more.  One of 

the more prevalent uses of GIS by archaeologists is what is commonly called 

predictive modeling.  This term is something of a misnomer, since “prediction” 

implies that the events under scrutiny have not yet happened.  “Reconstruction” 

is possibly a better term (Kwan 2008).  GIS techniques are used to locate 

unknown archaeological sites and features based on environmental variables and 

the known archaeological record.  Most such models work on the assumption 

that there is a statistical relationship between where humans make archaeological 

sites and the environment those sites occur in.  Predictive modeling therefore 

serves as a powerful tool to help manage cultural resources by locating areas of 
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high archaeological potential that should be preserved.  Contrariwise, the same 

model can also identify areas of relatively low archaeological potential that 

can possibly be developed with less impact to cultural resources.  While GIS is 

not necessary for the design and execution of a predictive model, developing a 

predictive model without GIS today is almost inconceivable.

Archaeologists discovered the potential of GIS in the late 1960s, as an 

outgrowth of systems theory (Clarke 1968, Doran 1970, Wobst 1974).  At the 

time GIS and analytical modeling were in very limited use within archaeology, 

because few archaeologists at the time were familiar with computers and the 

quantitative methods required to create models.  Predictive models gained 

acceptance within the cultural resource management community in the United 

States, particularly within government—by the early 1980s, well over 100 

predictive models had been published, which were generally designed to locate 

archaeological sites or features for heritage management purposes (Thoms 1988: 

581).

3.2  Predictive Site Modeling 

 Predictive modeling in North America developed largely to fulfill heritage 

management needs on public lands, and the majority of predictive models 

are designed to locate archaeological sites within the landscape.  The costs of 

performing a full archaeological inventory on even a relatively small parcel of 

land can be prohibitive.  Therefore, beginning in the mid-1970s archaeologists 

responsible for heritage management turned to predictive site modeling in an 

attempt to identify areas of high and low archaeological potential to strategically 

use public funds and archaeological survey over large areas.  This chapter will 

discuss parcel-based models, which comprises the bulk of the archaeological 

modeling literature.  Least-cost modeling, used to locate linear features or Roman 
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road trajectories in the landscape, will be discussed in the next chapter.

 Most models necessarily deal with the land parcel or a point location as 

a basic unit of analysis.  By doing so one can code a binary response variable 

based on whether or not a site is present in a given parcel, with the terms site and 

nonsite referring to whether or not a particular land parcel has archaeological 

features (Kvamme 1988, 326; Carr 1985, 116).  The land parcel itself lends some 

flexibility to the archaeological model in that the size of the parcel controls the 

scale of analysis.  As Kvamme wrote, “very small parcels allow investigation 

of microenvironmental and other small scale influences on archaeological 

distributions and potentially allow greater detail and precision in modeling; 

large parcels allow similar pursuits but on a grosser scale” (Kvamme 1988, 326).  

 The scale of unit of analysis has an impact on both the response 

(dependant) and predictor (independent) variables within a model and its 

subsequent use.  Models with relatively low resolution, with units larger than 1 

km2 are geared to showing regions of higher or lower site density.  Alternately, 

high-resolution models with units smaller than 4 hectares try to predict the 

locations of sites.  Thus land parcel size has a major impact on how models 

behave and their overall accuracy, especially if the goal of the model is to achieve 

a predictive accuracy that is better than chance (Kvamme 1990, 269).  

One of the major bottlenecks in GIS modeling is the acquisition of high-

resolution data.  Though it is true that the land parcel as the unit of analysis 

allows for small parcel size, and thus fine-grained investigation, the data 

resolution must also support such analysis.  The cost of developing or acquiring 

geospatial data to model small-scale processes over large areas of land can be as 

prohibitive in both time and funds as doing a formal archaeological inventory—

the activity predictive modeling is designed to help managers avoid.
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3.2.1  Dependant Variables

 The majority of archaeological models use environmental variables, 

particularly regression methods.  Dependant or response variables in models 

are the archaeological events in the landscape the model is designed to look for.  

Usually the archaeological event of interest is a site or the relative probability 

that a site exists within a land parcel.  This is done simply by predicting whether 

or not a site is present (presence/absence), but other response variables might 

be used as well: site type, function, density, and so on (Altschul 1988, 82).  

Presence/absence is by far the easiest response variable to predict since all 

the model needs do is define whether is site is or is not present, and therefore 

is probably the most frequently used (Altschul 1988: 82; Kvamme 1984, 1986; 

1990; Parker 1985).  This variable is especially used in the western United States, 

where sites are often defined by lithic scatters that are difficult to place within a 

functional type, so a “site-present” designation is often the best way to describe 

them.  Very robust models have been constructed using the “site-present” 

category using logistic regression, often sorting response variables into classes 

of archaeological site potential.  The Minnesota Department of Transportation 

maintains a robust statewide model known as Mn/Model that is used to sort 

parcels into high, medium, and low archaeological sensitivity.  It is used for 

planning purposes and to direct limited cultural resources survey funds (Hobbs 

et al 2005; Duncan & Beckman 2000; Kvamme 1988, 1990; Warren 1990, Parker 

1985).

 Other models attempt to distinguish between multiple site types.  Such 

models are based on decision rules for allocating parcels to into a site type class 

or to a “no site” class.  This creates a polychotomous response variable (Kvamme 

1990: 270).  Chadwick developed several models to determine the temporal 
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type of sites for the Late and Middle Helladic period in Greece based on data 

from the University of Minnesota’s Messenia Expedition (Chadwick 1978, 1979).  

Similarly, Kvamme presented such a model from Germany which attempted 

to categorize Mesolithic settlements from other Mesolithic sites (Kvamme 1988; 

Kvamme & Jochim 1988).

 Site density or count per land parcel has also been used as a response 

variable.  These are an example of models with low-resolution units of analysis, 

since they typically use large parcels that are several square kilometers in 

area to achieve sufficient site density per unit (Kvamme 1990: 270; e.g. Green 

1973, Zubrow & Harbaugh 1978, Kohler & Parker 1986: 418).  As opposed 

to investigating site densities on land parcels, Nance et al have used artifact 

frequencies per quadrat (using square kilometer units) as a dependent variable, 

using separate multiple regression functions for biface frequencies, flake 

frequencies, and other stone tools as a class (Kvamme 1990: 270; Kohler & Parker 

1986: 419).  McGrew and Monroe provide an excellent discussion of quadrat 

analysis (1993, 180-181), and Hodder and Orton discuss the shortcomings of 

quadrat analysis though poor choice of quadrat size (1976, 36-37) 

 A final type of dependent or response variable used in predictive 

modeling lies in the prediction of site significance.  James and Knudson used 

multiple regression to assess site significance in the American southwest, using 

a scale of one to seven, one being a nonsite, to seven; large Anasazi sites with 

a great kiva or Archaic sites (Kohler & Parker 1986: 418).  Overall, small sites 

were commonly less significant than larger sites, and short-term occupations 

were less important than long-term occupations.  Especially old or ceremonial 

sites tended to be highly ranked, while parcels with no sites were ranked lowest 

(Kvamme 1990: 271).  But because archaeologists can agree on a scale of rankings 
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for a given region (in this case, southwestern Colorado) at all, this begs the 

assumption that there is a correlation between site significance and location.  

That is, similarly-ranked sites must be in similar locations with regard to the 

independent environmental variables.  This correlation between significance 

and environment is a problematical one.  This form of model does not allow for 

different decision rules for the location of different site types, nor for similar 

sites to be in different location types.  Further, the entire notion of significance 

is subjective—what is significant to a researcher may be different than that of a 

manager, and the very notion of what is archaeologically significant is subject to 

change over time as well (Kohler & Parker 1986: 418).

3.2.2 Independent Variables

 Independent variables, or predictor variables, are always based in 

archaeological predictive models on non-archaeological “characteristics of 

locations”, which could broadly be classified in environmental and social 

factors, but more technically into environmental, positional, sociocultural, and 

radiometric characteristics from remotely-sensed data (Kvamme 1988: 333-338; 

1990: 270).  

 Most archaeological models are based on environmental variables, 

generally on the assumption of North American archaeologists that the natural 

environment predisposed the locations selected by prehistoric peoples for 

sites (Hudson 1969, Jochim 1976, Western & Dunne 1979).  Environmental 

data is also widely available.  There are no definitive rules for the selection 

of environmental variables for a given model, nor indeed, for any predictor 

variables at all.  Altschul pointed out that “if one has a good grasp of general 

anthropology or sociological propositions about the factors that affect decisions 
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as to where behaviors will be conducted, one is more likely to make an informed 

choice of variables” (1988: 84).  Models have made use of ethnographic data to 

model archaeological contexts (e.g. Jochim 1976; Zimmerman 1978), but variables 

are usually selected based on the local environment and the archaeological 

events under study.  Variables such as distance to permanent water, slope, 

aspect, elevation, soil type, and drainage all are frequently utilized, as are plant 

community types (Parker 1985: 188; Kvamme 1990: 272, Allen 1996: 203-205). 

 One of the problems with environmentally-based variables in 

archaeological models is the difference between the modern landscape and that 

of the prehistoric.  Vegetative ground cover, human land use, and hydrology 

can all change over relatively short periods of time, and all might affect the 

placement of archaeological features in the past.  In short, archaeologists attempt 

to predict the past using present landforms, hydrology and land cover.  Spikins 

has attempted to model changes regional in vegetation patterns over time 

by using vegetative succession to coarsely model past land cover in northern 

England using ArcInfo (2000).

 One aspect of using environmental variables as predictors, as Kohler and 

Parker point out, is that some of the variables in a model might serve as proxies 

for more useful predictors (1986: 415).  For instance, using distance to water as 

a predictor might obscure an important plant resource that occurs near water.  

Likewise elevation can complicate using length of growing season as a predictor 

as well.  In both cases, the use of these predictors is valid, merely their use masks 

the predictive power of systemic decision variables they proxy for (Kvamme 

1990: 272).  

 Models using spatial coordinates are based on the idea that the 

distribution of sites in a landscape has a pattern, and thus try to duplicate the 
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pattern of site placement.  Only positions in Cartesian coordinate space are 

actually modeled; attributes or characteristics associated with each coordinate are 

not (e.g., Kvamme 1988, Zubrow & Harbaugh 1978).  Parker (1985) and Kvamme 

(1988) both discuss positional data modeling, generally using multivariate 

techniques such as kriging or trend-surface analysis.  Lloyd and Atkinson (2004) 

provide an excellent topical overview of kriging and geostatistics. 

 Remotely-sensed data has also been used as a predictor (e.g. Custer et al 

1986).  In such cases, the unit of analysis becomes the pixel, which on the ground 

is a land parcel of whatever size the resolution of the imaging platform will 

allow.  In the case of Landsat TM scenes, pixels are 30m2.  Such models attempt 

to classify remotely-sensed land parcels based on their radiometric signature, 

such as sorting pixels into high, medium and low probabilities of containing 

archaeological sites.  

 A last group of predictors comes from sociocultural variables.  Such 

variables presuppose that cultural forces influences where sites and other 

archaeological features are placed within the landscape.  Central place theory 

often is a guiding influence in such models, the idea that “central places” of 

similar size would be equidistant from one another (King 1994).  Under central 

place theory, major centers are surrounded by smaller centers spaced around it 

in a hexagonal arrangement, provided there was nothing, such as a river or lake, 

to break up the regular pattern (e.g. Johnson 1972).  Plog and the Southwestern 

Archaeological Research Group have used the number of habitation and other 

sites within one kilometer in a nearest-neighbor analysis of settlement density 

(1981: 54).

 Such sociocultural variables are not often used in archaeological 

modeling, if only because of the difficulty in establishing the sites under study 
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within a region are from the same time period (e.g. Zimmerman 1978; Chadwick 

1978).  Nearest-neighbor and central-place studies are only compelling when the 

sites under investigation are from the same time period.  Moreover, central-place 

theory relies on static settlements—hunter-gatherers are rarely tied to a single 

place for long periods of time (Kvamme 1990: 273).  

3.2.3 Classes of Predictive Model and Techniques

 There are two rough classes of archaeological predictive model in 

the literature, the empiric correlative, or statistical approach, and the deductive 

approach.  The correlative approach fits statistical functions to independent 

variables.  The deductive approach uses assumptions about human behavior and 

culture within the environment to produce generalized models (Kohler & Parker 

1985).  While deductive models might ultimately be more productive in terms 

of understanding human behavior, since they ostensibly rely on cultural theory 

(e.g. Ebert & Kohler 1988), the vast majority of archaeological predictive models 

are based on the correlative approach.  This is largely because constructing 

deductive models is notoriously difficult.  They require a nuanced understand of 

human behavior, and therefore rely on simple assumptions with low predictive 

power.  On the other hand, statistical models based on quantitative methods can 

be very robust with high predictive power, if the investigator has a statistical 

background, they are relatively straightforward to construct (Kvamme 1988).  

3.2.4 Decision Rules

 Decision rules for statistically-based models can be roughly divided into 

three classes: models based on multivariate functions of sample data, those based 

on univariate functions, and threshold models.  Multivariate and univariate 
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models utilize purely statistical methods, while threshold or “cut-point” models 

utilize both statistics and deductive approaches (Kvamme 1990: 274).  Carr 

(1985), Kohler & Parker (1985), and Wheatley and Gillings (2002) overview 

various techniques of multivariate classification in archaeology.

 Multivariate techniques fall into either parametric, which assume that the 

data follow a multivariate normal distribution, or nonparametric techniques, 

which make no such assumptions about the distribution of data.  The two major 

multivariate techniques are discriminant analysis and logistic regression.  Both 

parametric and nonparametric techniques need “training data” to help define the 

decision rules.  By using non-archaeological predictor variables, such as distance 

to water, slope, or aspect, multivariate decision rules assign locations to response 

variables that best match the predictors.  Once properly trained, models can 

be turned on fresh data to make substantive predictions about the dependant 

variables.  Models might make use of multivariate regression, discriminant 

analysis, cluster analysis or any number of other statistical methods.

 Multivariate regression is used to predict the dependant or response 

variable with a number of independent or predictor variables.  One of the 

advantages of multivariate regression is its flexibility, since it can be applied in 

both parametric and nonparametric forms, as well as nonlinearly.  On the other 

hand, the predictive power of regression methods (or indeed any statistical 

method) is not guaranteed.  For instance, regression analyses of Roman 

settlement patterns on the island of Brač failed because of improper assumptions 

about site type and function and the limited predictive power of the linear 

regression model they used (Stančič et al 2000).  

 Discriminant analysis is a multivariate parametric method that uses linear 

functions of the model’s variables to separate land parcels into one or more 
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groups.  Though discriminant analysis can be used to classify parcels into any 

number of groups, usually archaeological predictive models classify parcels into 

only presence or absence groups (Kvamme 1990: 274).  Discriminant analysis 

tends to classify poorly when used with qualitative variables (such as site type), 

or when variable populations are not well separated (Johnson & Wichern 2002).

 A competing technique to discriminiant analysis in archaeological 

predictive models is logistic regression.  The method is nonparametric, and 

popular among archaeologists because of its robusticity with nonnormal data 

(e.g. Carmicheal 1990, Custer et al 1986).  Press & Wilson have suggested that 

logistic regression performs better under conditions of nonnormality than 

discriminant analysis does, and the logistic regression model lends itself to 

presence/absence response variables (1978).  However, logistic regression 

can be biased toward the prediction of nonsites (Wheatley & Gillings 2002: 

174, Kvamme 1983). Moreover, logistic methods can be unreliable when used 

with nominal-level (categorical) variables (Warren 1990).  Parker (1985) gives 

an extended overview of logistic regression in archaeological models, as does 

Warren (1990).

 While multivariate techniques lend themselves to complex (or at least 

complicated) models, univariate methods generally only allow the construction 

of relatively simple models.  One method involves separating a region into 

biological and plant communities, and a sample of locations within each 

group.  A mean site density function can be calculated for each sample, which 

provides some predictive information, and confidence intervals around the 

mean can show the precision of the model’s predictions (Kvamme 1990: 276).  

Alternatively, many models make use of univariate methods to describe and do 

preliminary analysis of their base data (e.g. Carmicheal 1990: 219).  
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 Some models, rather than rely on statistical techniques, instead utilize 

simple rules based on thresholds, or “cut-points.”  For instance, a threshold 

model might classify sites using an elevation variable.  Sites corresponding to a 

series of defined elevations ranges, from between sea level and 200 meters, for 

example, might be assigned to a group, while sites from 200 to 600 meters above 

sea level could be assigned to a second group, and so on.  Threshold methods 

include minimum-distance algorithms, which place locations into the class they 

are closest to in measurement space, usually Euclidian distance (Kvamme 1988: 

373).  

 Level-slice classifiers are borrowed from the world of remote sensing and 

define a series of decision boundaries around an area of interest, for example, the 

majority of a site-present class could be found within 200 meters of permanent 

water.  This 200 meter threshold could then be considered a decision rule.  

Locations within the 200-meter threshold would be considered site-present.  

Locations outside the threshold would then be considered site-absent (Kvamme 

1988, 1990).  Kvamme (1988, 1990) discusses minimum distance classifiers, while 

Moik (1980) discusses level-slice classifiers in detail.  Still other models combine 

techniques.  Rua used a combination of binary overlay and weighted sums to 

identify Roman villae in Portugese landscapes (Rua 2009)

3.3  Deductive Models

 Deductive models, as opposed to statistical models, use “assumptions of 

human behavior and propositions concerning the structure of the environment” 

to predict the locations of archaeological sites.  According to Kohler and Parker, a 

deductive model must satisfy three criteria in order to be effective (1986: 432):

1. The model must consider how humans make choices concerning 
location (a subset of the larger problem of how any decision is made.)  
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This requires considering
a. A mechanism for decision making; and
b. An end for decision making: what is the goal?

2. Specify the variables affecting location decisions for each significant 
chronological or functional subset of sites;

3. Be capable of operationalization; it must propose a means for 
measuring each of the relevant variables and must allow for a set of 
predictions that can be compared with the archaeological data.

Ebert and Kohler (1988) explain in detail the methods and theory involved with 

the creation of deductive models, including threshold models, and suggest that 

archaeologists do not understand predictive modeling as well as they should 

(Ebert & Kohler 1988: 97).  They forward deductive modeling strategies as a 

solution to the problem presented by statistical techniques: why did people locate 

sites where they did?  Deductive strategies attempt to explain why a particular 

model works by operating from a generalized understanding of human behavior.  

Statistical techniques may have greater predictive power, but do not readily 

show the cultural processes that led to site location.  Despite calls to advance the 

development of deductive techniques, the majority of researchers still develop 

statistical models (Ebert 2000).  This is in large part because of the difficulty and 

theoretical pitfalls implicit in constructing theory-based deductive models, such 

as the assignment of meaning to the archaeological record (Sebastian and Judge 

1988: 6, also Ebert & Kohler 1988: 102-103).  Likewise, Church and his colleagues 

argue that the difficulty in constructing deductive models should not deter 

researchers merely because it is difficult.  Simply creating correlative models 

because they are easier, not because they fit the research goals of a study, is 

intellectually passive (Church et al 2000: 149).  

 Kohler and Parker (1986) Jochim (1976), and Borillo (1974) give several 

examples of the variety of deductive modeling approaches.  Chadwick (1978) 

produced a deductive model for Late Helladic Mycenaean settlement patterns 
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using an environmental surface, the location relative to existing sites and their 

populations, and the number of current occupants, with a response variable 

of the number of sites per 2 x 2-kilometer unit (Chadwick 1978: 55).  The 

environmental surface was built from a combination of geomorphology, water 

accessibility variables and population growth.  Populations were simulated 

based on environmental suitability and a simple population-growth function 

(Chadwick 1978).  Similarly, Zimmerman (1978) performed a number of 

computer simulations to predict the location of earthlodges using a series of 

assumptions about population growth, marriage patterns, and “locational rules” 

on a 2.6-hectare USGS grid.  More recently, Dalla Bona (2000) and Dalla Bona 

and Larcombe (1996) constructed a deductive model using Kohler and Parker’s 

weighted value methodology (1986: 432).  Yet while the model was based on 

ethnographically derived environmental variable choices, the model weights 

were calibrated by using known archaeological sites (Dalla Bona and Larcombe 

1996: 259-267).  

3.4  Model Testing

Ideally the ultimate goal behind any predictive model is to explain human 

behavior, and thus determine where human activity will occur based on a 

number of variables, which could be environmental or social.  Hence the problem 

archaeologists face in modeling is inherently complex, and it is extremely 

difficult to reduce human spatial behavior to a single model that will produce a 

significant result.  

A “workable” predictive model is simply a set of rules that predicts the 

Gain = 1 -
percentage of total area covered by model
percentage of total sites within model area
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location of archaeological features at a frequency better than random chance 

alone.  For example, out of a sample of 1000 land parcels, if 100 parcels contain 

sites, and 900 do not, the probability of assigning a parcel by chance as site-

present is 0.1, and site-absent is 0.9.  “Better than chance” is the only baseline, 

and there is no set level of confidence for the results of the model other than the 

analyst’s tolerance for uncertainty.  

Kvamme’s gain statistic is a simple measure of the predictive power of a 

correlative model.  While ideally models should be easily generalized, simple, 

show internal consistency, a high level of precision, and be falsifiable (Kohler 

1988), the gain statistic is a raw measure of the model’s accuracy, and allows 

comparison between models. 

 

 As gain gets closer to 1, the predictive power of the model increases.  As it 

approaches 0, the predictive power of the model decreases (Kvamme 1988: 329).    

However, a viable model is only one that works better than chance.  Thus a good 

model could well be considered a subjective term, since any model is technically 

viable if it has more predictive power than chance alone.

3.4.1  Sample Dependency

 One of the problems inherent in model testing is the issue of sample 

dependency.  While the gain statistic is a measure of overall accuracy and is 

a rough guide to predictive power, it does not distinguish between the data 

used to test the model.  The output of a predictive model is dependant on 

the independent variables used to create the model.  If possible, it is best to 

test the model on a completely independent random sample of sites with 

known characteristics, and then to use crosstabulation to compare the model’s 
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assignments to the actual distribution of sites in the landscape.  Using the same 

data to test the model that was used to create it generally creates a result more 

optimistic than is justified (Kohler & Parker 1986, Rose & Altschul 1988).

 Kvamme (1988: 389-417) discusses statistical model testing in considerable 

detail.  Such methods can be used to assess the viability of predictive models 

on the independent variables it was derived from, including split sampling 

techniques and jackknifing techniques (e.g. Mosteller & Tukey 1977, Kvamme 

1988).  Both these methods have drawbacks.  Split sampling consists of randomly 

dividing the model’s data into two groups: part is used to develop the model, 

and part used to subsequently test it.  While this method is certainly useful for 

testing the model after it has been built, splitting the data in this manner reduces 

the sample size available to model development which may reduce the very 

predictive power the data held back is being used to test.  

A more statistically-based testing method is known as jackknifing.  This 

involves temporarily removing one of the model’s n predictor variables, and 

then building the model on n-1 component variables.  This new model is used 

to assess the contribution of the removed variable to the model, and then the 

process is repeated with a new variable, until each variable has been removed 

and independently examined to produce a sample based on all n elements.  

Once this is done, the individual models can be recombined using a weighted 

average into a single model, which is usually more powerful than the original 

model (Lachenbruch & Mickey 1968, Mosteller & Tukey 1977, Kvamme 1990).  

The drawback is that jackknifing can be computationally intense if the dataset is 

large, as archaeological datasets often are, and thus time-consuming.

 Though it is possible to test a model using the original training data with 

multivariate methods, by far the best way is to have a completely independent 
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set of data with known characteristics (Rose & Altschul 1988).  While statistical 

methods can minimize the effects of sample dependence in model testing, they 

cannot wholly eliminate it, because the sample data used to create the model is 

used to test it—thus creating the sample dependence problem.

3.5 Discussion

 Archaeological predictive modeling is a powerful tool, but it has 

limitations; in the source data used, the models used to treat the data, and in 

how models are verified.  These issues illustrate that predictive modeling is 

not a panacea for all heritage management and survey problems, and should 

be used judiciously to solve well-defined research goals.  As Thomas wrote, 

“archaeologists of late are too easily seduced by gimmicks, gadgets, and things 

that go whir in the dark” (1980: 345).  Indeed, some archaeologists question the 

utility of predictive modeling at all as it is currently practiced, and further argue 

the methods used in the field suffer from lack of theory (e.g. Ebert 2000, Church 

et al 2000, Wheatley & Gillings 2002).  

Ebert argues that archaeologists working with correlative models “use 

data and analytical methods uncritically, without thinking very carefully about 

the real goals they must pursue, the real meanings they must bring to the data, 

or the implications of their work in anthropological terms...” (Ebert 2000: 129).  

He attacks many of the assumptions that correlative models make in their 

methodology, pointing out that predictive models work on contemporary data, 

and thus predict the present, not the past.  In his view, such modeling focuses too 

strongly on the archaeological site as a discrete unit, disregards the complexities 

and temporal dimensions of sites, their use, and travel between them, and 

ignores how sites and nonsites fit into cultural systems.  Moreover, Ebert noted 
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that the predictive power for correlative models usually is in the 60-70% range, 

and has been for at least a decade, and is not likely to change unless inductive 

modelers embrace ethnographic observation and theory and approach predictive 

modeling on an explanatory, not correlative basis (Ebert 2000).  

Instead, some researchers argue that the real power of predictive 

modeling, and archaeology’s contribution to science, should ideally come from 

deductive models, models derived from an understanding of culture and human 

behavior (Sebastian & Judge 1988: 4 - 5).  Unlike statistical models, deductive 

models could explain why a model works because they have generalized a 

rule or series of rules of human behavior.  They are broadly applicable to any 

situation within a given set of cultural and environmental variables (Sebastian 

& Judge 1988: 6).  Most predictive modeling is basically deterministic in nature, 

according to Ebert and Kohler (1988: 107), who come from a mostly processualist 

theoretical background.

However, such deductive models are difficult to develop, much less test 

and validate.  This is largely due to limitations in cultural theory.  Ebert and 

Kohler point out that that archaeology simply has not advanced enough to do 

predictive modeling on an explanatory level (1988: 97).  The problem with such 

models is that the rules they apply are so generalized the predictive power of the 

model becomes diluted.  One of the problems inherent in deductive modeling is 

the assignment of meaning to the archaeological record, and that the meanings 

we assign, are incorrect more often than not (Sebastian & Judge 1988: 8).  

Moreover, the very data collection techniques archaeologists use to gather data 

influence how the archaeological record is interpreted.  These techniques further 

divorce patterned data from its original organizational context.  Reconstructing 

this pattern though the process of archaeological explanation is more than 
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a simple quantitative process, instead it is a qualitative exercise with ever-

changing rules (Ebert & Kohler 1988: 102-3).  

While success prediction with high levels of confience is a commonplace 

event in physics and other disciplines, archaeology has not enjoyed similar 

success in its explanatory prediction efforts even with statistically-based models.  

Indeed, archaeologists working with explanatory prediction are “unable to 

predict phenomena over a wide range of situations, but there is virtually no 

agreement as to what we want to predict and what we have to model in order 

to do that” (Ebert & Kohler 1988: 104).  This suggests that the problem does not 

necessarily lie with statistical modeling, but rather with the development of 

cultural theory.  

 Similarly, Wheatley and Gillings have also expressed misgivings about 

statistical modeling, and wrote that “it is a field with significant unresolved 

methodological and more significantly, theoretical problems” (Wheatley and 

Gillings 2002, see also Wheatley 1993 and Gillings and Goodrick 1996).  To 

proponents of deductive models, archaeological predictive models should be 

far more intimately concerned with context than they currently are.  Certainly 

environmental variables play a critical role in the location of sites, but for them 

the notion of environment should not be viewed as a static backdrop that 

models are applied to.  Instead, they should be thought of as a dynamic part of 

archaeological context, an “attempt to build the bridge between the dynamics of 

the living system and its observed outputs” (Kohler 1988: 37).

By contrast, Kvamme and others have pointed out that deductive models 

are complicated, tend to have low predictive power and are based on simplistic 

cultural assumptions (Kvamme 1988, 1990; Sebastian & Judge 1988), with the 

implication that such models become so generalized as to be useless.  Church 
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and his colleagues point out that the difficulty of the deductive model is “the 

challenge, not an excuse” to use other methodologies (Church et al 2000: 149).  

Kvamme, probably the leading thinker on the subject of statistically-

based archaeological modeling, instead argues strongly that a researcher’s 

choice of predictor variables is based on an “a priori theoretical perspective that 

comes from previous work, training and exposure to the theoretical currents of 

a discipline.  Statistical models should most properly be viewed as a means of 

estimating appropriate weights for theoretically derived variables” (Kvamme 

2006: 12).  Viewed this way, then, the notion of statistical versus deductive 

models is a false dichotomy.  Even Wheatley and Gillings, while at once 

expressing their misgivings of statistically-based modeling, also acknowledge 

that there is no dichotomy between the two, writing “Most archaeologists accept 

that the two are not independent—data is collected within a theoretical context, 

and so may be regarded as theory-laden, while theories are generally based to 

some extent on empirical observations... it is impossible in any practical sense to 

implement a predictive modeling method that is entirely based on either of these 

tactics…” (2002: 166).

Dalla Bona and Larcome’s deductive model is an excellent example of 

this false dichotomy.  Their Cultural Model, which uses ethnographic data to 

inform the environmental variables it uses (1996: 269), which are subsequently 

weighted and tested empirically on known sites in a GIS, directly stems from 

the use of an a priori theoretical perspective, and then statistical modeling was 

used to derive weights for variables chosen from an understanding of current 

theory.  Indeed, Dalla Bona and Larcombe suggest that while applicable “well 

into the prehistoric period”, their model would become “increasingly robust 

approaching the ethnographic present” (1996, 269).  This is an acknowledgement 
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that archaeologists are often reconstructing past settlement patterns with 

present-day environmental variables.  Moreover, the power of the model can be 

affected by the time depth of the period of interest with respect to present-day 

environmental data.

 While there are certainly issues and controversy surrounding the 

use of statistically-based models versus models explicitly based on a deep 

understanding of cultural theory, the simple fact is that statistically-based 

models work.  While Ebert’s points about archaeological prediction being 

stalled at 70-80% predictive power are valid (Ebert 2000: 113), it is also true that 

archaeological prediction will never reach the accuracy of the COBE experiment 

from astrophysics, for example.  COBE confirmed that the cosmic microwave 

background radiation of the universe is a nearly-perfect black-body spectrum 

(Fixen et al 1994).  Culture is not quantitative.

 Some observers suggest that statistically-based models are too 

deterministic, since they tend to use environmental variables.  Such models 

draw too much on the notion that human behavior is largely defined by 

environmental conditions (Ebert 2000: 132).  But the simple fact is that 

environmental circumstances and other external forces play a major role in 

the expression of human behavior.  Likewise, as Kvamme pointed out, the 

selection of environmental variables in predictive models is driven by an a priori 

understanding of anthropological theory (Kvamme 2006: 12).

Regardless, much of the criticism directed at statistically-based modeling 

seems to be blaming the messenger.  If theory-driven models tend to be 

simplistic or have low predictive power, does that not mean that theory needs to 

be better developed, if it cannot be operationalized?  Moreover, environmentally-

based models explain a great deal about the importance of environment and 
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place in human behavior, but clearly not all of human behavior can neatly be 

explained by environment.  If so much can be explained with environmental 

variables, the outliers and what would statistically be termed as errors become 

interesting—and this is where anthropological theory should play a role, in 

helping to describe the interplay between environment, space, and culture.  
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CHAPTER 4: The GIS Model

4.1. Introduction

Finding a historically known, but no longer visible Roman road is an 

important first step in the reconstruction of ancient landscapes.  Understanding 

how Roman roads occurred, as well as the sites that sprang up along them, are 

all critically important to the understanding of how culture is expressed region-

ally.  The construction of a road through newly-conquered territory was often the 

harbinger of significant landscape change.  Therefore a tool to help archaeologists 

locate lost Roman road courses on the ground would be valuable for understand-

ing landscape change over time and would be widely applicable to other studies. 

This research attempts to reconstruct the location of the Roman road 

between Ambleside and Ravenglass, Cumbria, United Kingdom using an aniso-

tropic least-cost model in Idrisi Andes and ArcGIS 9.1.  The main predictor for 

the model is slope derived from a digital elevation model provided by Ordnance 

Survey Great Britain.  No Roman road reconstruction is perfect, however, and 

least-cost paths can become easily diverted by relatively minor terrain features 

that a traveller on the ground would simply ignore.  Least cost techniques are of-

ten used for identification of new route corridors, but the identification of extant 

corridors, particularly ones that are 1,900 years old, is a more difficult problem.  

This requires the model to choose a prior route that may or may not be least-cost 

in nature, as opposed to simply finding a new least-cost solution.

Like many GIS problems in archaeology, computer models are notorious 

for being unable to incorporate cultural information, a problem that well-empha-

sized in the parcel-based archaeological predictive modeling literature (Chapter 

3).  Culture, it seems, is unfortunately not quantitative.  Roman roads were not 
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built in a cultural vacuum, and the routes they follow through landscapes were 

sometimes chosen for other considerations that currently defy least-cost analysis, 

as were the Roman sites they lead to.  Roman roads, therefore, exist in a cultural, 

historical and archaeological context that researchers using least-cost modeling 

techniques should understand.  The thorough understanding of the manifold 

contexts in which Roman roads exist in is critical for providing expert knowledge 

that can further inform a least-cost prediction.  

 For example, thorough grounding in the engineering of Roman roads and 

how they respond to terrain challenges can help researchers determine whether 

or not a particular least-cost prediction corresponds to how a Roman road might 

actually behave over the same terrain.  Similarly, an understanding of the histori-

cal context in which Roman roads were built, and what existed before the Roman 

period in the late Iron Age can help explain why the Romans built roads where 

they did.  Moreover, historical context can also help suggest where a GIS road 

modeling campaign would be the most useful.

 This chapter is intended to outline the least-cost model portion of a broad-

er program for Roman route reconstruction.  Ideally, Roman roads are verified 

by a preponderance of multiple lines of evidence, of which a least-cost model is 

only one.  When possible, roads should be additionally confirmed through his-

torical landscape studies, and through archaeological excavation.  Each line of 

evidence should support the other, creating a better, more defensible prediction 

of the likely Roman route.  However, excavation is not always a feasible alterna-

tive, such as with the Ravenglass – Ambleside Roman road.  In cases such as this, 

least-cost models stand as viable alternatives to tightly identify likely Roman 

trajectories.
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4.2 Study Areas

 In most attempts at least-cost prediction of ancient routes, and in archaeo-

logical predictive modeling in general, the geospatial data used to develop and 

train the model is also used to develop the prediction.  More often than not, this 

situation is in large measure created by lack of sufficient geospatial data to cre-

ate and test a model before applying it to a dataset of interest.  Using the same 

data to test the model that was 

used to create it tends to privi-

lege the model output towards a 

more positive outcome (Kohler 

& Parker 1986, Rose & Altschul 

1988).  While oftentimes this state 

of affairs is unavoidable, it be-

comes difficult to judge the overall 

applicability of a model to other 

situations with data other than on 

which the model was developed.

For this project, three separate study areas with known Roman routes 

were used, all in northern England, and all with roads probably constructed 

within 30-50 years of one another in the late first and early second centuries 

A.D.  The first two were used to develop the model and had well-known Roman 

routes.  The last, the unknown Ravenglass-Ambleside Roman road, was only 

treated after the modeling techniques developed on the first two routes produced 

acceptable results, generally placing a predicted route within 200-500 meters of a 

known route (Figure 4.1).

Figure 4.1
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4.2.1 The Ravenglass-Ambleside Study Area

The Esk valley is located on the west coast of Cumbria in the United 

Kingdom, facing the Isle of Man in the Irish Sea.  Roughly 14 kilometers long, 

the valley is one of the few direct routes through the Cumbrian Mountains into 

the interior of the Lake District via the Hardknott and Wrynose passes.  This 

direct linkage into the interior and its connection to Windermere, the largest 

lake in England, made the Esk valley a strategic point for Roman control of the 

Lake District.  The Roman road from Ravenglass to Eskdale has no fewer than 

three Roman installations along its route, about 30 kilometers from Ravenglass 

to Ambleside.  The topography along the route is complex.  The land rises slowly 

from the coast at Ravenglass through the Esk valley, then very steeply into Hard-

knott Pass, down into the River Duddon valley known as Wrynose Bottom, and 

then up into Wrynose Pass to Little Langdale and to Ambleside on the north 

shore of Windermere.  The modern road through Hardknott Pass is the steepest 

all-weather road in England, with grades of up to 1:3.

4.2.2 Roman Remains Along the Road

There are a wealth of Roman remains along the Roman route (Figure 4.2).  

From the west, there is the fort at Ravenglass (Glannoventa), a small tile manu-

factory at Park House about 5 kilometers up the valley against Muncaster Fell 

(Bellhouse 1960, 1961; Welsby 1985), a fort (Mediobogdum) on the northern spur 

of Hardknott Pass as it enters Eskdale, and a fort at Ambleside (Galava) on the 

northern shore of Windermere.  The Ambleside-Ravenglass road is mentioned 

as part of Iter X of the Itinerarium Antonini Augusti, the Antonine Itinerary, a 

guide for official Roman travelers.  The Itinerary in Britain consisted of fifteen 

routes, and was simply a list of destinations and distances between each point.  
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Each stop on the route was placed roughly one day’s travel from the last.  Iter X 

is thought to have run from Ravenglass to Chesterton in Staffordshire (Margary 

1957b).  Such routes were generally well-traveled and followed well-maintained 

roads.  However, the route of the Ravenglass - Ambleside road is not fully 

known, especially through the Esk valley and in Lower Langdale approaching 

Wrynose Pass.  This route possibly connected to a hypothesized route north from 

Ravenglass towards Egremont and thence to Papcastle and Carlisle (Margary 

1957b:128, Fair 1929: 259-264).  On the Ambleside end of the route, another Ro-

man road, the High Street, ran northeast to Brougham and Penrith, connecting to 

the main northwestern route leading north to Carlisle and Hadrian’s Wall, and 

south to Manchester (Mamucium) and the legionary fortress at Chester (Deva) 

(Margary 1957b: 119).  Pugmire has also suggested traces of a possible Roman 

route between Ambleside and Keswick, though there is no known Roman instal-

lation there, one has long been supposed (Pugmire 2004: 105-122).

4.2.3 Previous Attempts at Location

To date, investigators have been unsuccessful in locating the route 

through the Esk valley with any certainty.  Several theories have been proposed 

in the Transactions of the Cumberland and Westmoreland Antiquarian and Archaeo-

logical Society, but a consensus regarding the course of the road has never been 

reached (McGilchrist 1919, Fair 1926, Collingwood 1927, Richmond 1947).  Most 

notably, McGilchrist proposed a possible course for the road in 1919, but his 

route was never accepted by the antiquaries of the time because it was not tested 

“by the spade” (McGilchrist 1919: 17-28).  A 2002 walking tour of McGilchrist’s 

route also yielded no traces of road surface or agger (causeway), but such re-

mains are clearly visible in Hardknott and Wrynose passes, and especially in 
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Wrynose Bottom.  

In 1947, Richmond and Fair described the route, but only thoroughly 

treated the surface-visible course within Hardknott and Wrynose passes.  They 

wrote that the route through Eskdale and near Ambleside was problematical 

because agriculture had been “widespread and intensive” in the area, and pro-

posed no route in the valley (Richmond 1947: 17).  Richmond and Fair’s study 

was also based on strictly observed sections of road extant in the 20th century.  

Fair thought that the route passed south of the Esk via Spot How and Low 

Birker, then to Dalegarth Hall, crossing the Esk on a line just north of Muncaster 

Head Farm from Forge House, where Fair is said to have found the road north 

of Muncaster Head Farm by excavation, “nine feet wide and solidly constructed 

with good kerbstones” (Collingwood 1927:16).  Then the route follows the pri-

vate drive until about 180 meters past High Eskholme, then up Muncaster Fell 

to just below the summit of Chapel Hill, then directly down the fell via Branken 

Wall and Muncaster Home Farm to the fort at Ravenglass.  Fair also suggested an 

alternative routing from High Eskholme, where the route runs on a line between 

Muncaster Castle and Muncaster Church to the fort.  This would avoid the climb 

and descent of Muncaster Fell, based on a possible road findspot near the fort  

(Fair 1926: 422-424; Collingwood 1927: 16-17).  On the Ambleside portion of the 

route, considerably less work has been done, but Pugmire has suggested a possi-

ble fragment in Lower Langdale for part of the eastern portion of the Ambleside 

– Ravenglass route based on Richmond’s 1947 survey with Mary Fair (Pugmire 

2003).

4.2.4 Why Here?  Ravenglass-Ambleside Predictive Model

Several features make the Ravenglass-Ambleside route an ideal test case 

for the modeling of Roman roads.  Its existence is confirmed by several sources in 
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the ancient literature besides the Antonine Itineraries, including the Ravenna Cos-

mography and the Notitia Dignitatum—or rather places associated with the road, 

especially Glannoventa at Ravenglass are mentioned.  These sites that are known 

to be linked, along with the Roman tilery at Park House at the base of Muncaster 

Fell, helps to narrow the search area, particularly if one assumes all the sites are 

linked by the same road.  Both McGilchrist and Fair have suggested this, since 

both their proposed lines pass the kiln site.  Large sections of road are extant in 

the untilled Hardknott and Wrynose passes, such that the road, its width and 

engineering are all visible.  This evidence demonstrates how the road course 

behaved along other sections of its route.  Lastly, the Esk valley itself is quite nar-

row, only about 1.4 kilometers at its widest point.  Since the valley and not the 

fells above is the only feasible route for a road, this effectively narrows the search 

area (Figure 4.2).

4.2.5 Carlisle-Papcastle-Maryport Study Area

 This route, unlike the Ravenglass-Ambleside route, is well known for 

almost all of its length, and is largely still in use as the A595 highway.  The road 

has been in more or less continuous use since the end of Roman rule.  This road 

was one of the main routes to the coast and the forts of western Cumbria from 

the city of Carlisle, Roman Luguvalium, along the western end of Hadrian’s Wall.  

 The Roman road serves as a direct connection between Carlisle and the 

site of Maglona, a Roman fort housing a squadron of auxiliary calvary at Old Car-

lisle.  This fort is roughly 400 meters north of the Roman road, which continues 

southwest from Old Carlisle to the Roman fort of Derventio at Cockermouth (Pap-

castle).  From Papcastle, the road turns sharply northwest and runs directly for 

the southeast gate of the Roman fort of Alauna, at Maryport on the coast for a to-

tal run of about 47 km.  This road connects with a number of other Roman routes 
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in northwest England, as Carlisle was a major strongpoint along the Hadrian’s 

Wall frontier.  The Carlisle-Papcastle route connected with the Stanegate and the 

Military Way, the main east-west route along Hadrian’s Wall.  It also connected 

with the Carvoran-Kirkby Thore route along the Wall and with the main western 

north-south route, the Dere Street, which went points south via York (Eburacum).  

The main eastern north-south route via Penrith, also terminated at Carlisle.  This 

route also extended north into Scotland as far as the Antonine Wall.

 Unlike the Ravenglass-Ambleside route, this road consists of long straight 

runs tens of kilometers long, deviating from the direct line only when necessary 

by the terrain.  Topography in the study area is quite flat, broken by low valleys, 

and sloping gently westward to the coast.  This area was chosen for several rea-

sons: it has a similar number of sites along its route, the course of the road is well 

agreed upon by archaeologists, and its location on the Solway Plain provides the 

only level terrain in northwest England, allowing the model to be tested in low-

topography conditions.

4.2.6 Carvoran-Whitley Castle-Kirkby Thore Study Area

This route runs south from the Roman fort at Carvoran (Magnis) on 

Hadrian’s Wall in Northumberland to the fort at Whitley Castle (Epiacum) on 

the Northumberland-Cumbria border.  The road continues south to the fort at 

Kirkby Thore (Bravoniacum) where it meets another Roman road running north-

west to Brougham (Brocavum).  The route connected to the Military Way and the 

Stanegate along the Hadrian’s Wall frontier in the north, and then connects to the 

east-west route from Scotch Corner on Dere Street to Penrith, making this route a 

convenient way from the main north-south arteries to the central Hadrian’s Wall 

area.

This route is well known, as much of it is still surface-visible in use as the 
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Maiden Way, a modern hiking path along the Pennine Way (Margary 1957b: 

123-24).  The route runs south on the west bank of the River South Tyne to the 

Roman fort at Whitley Castle (Epiacum) then continues west of south over Mel-

merby Fell to Kirkby Thore, for a total length of about 41 kilometers.  Once in the 

Eden valley where the road is largely invisible.  The route was chosen because of 

its similar topography to that of the Esk valley, with areas of relatively flat ter-

rain punctuated by areas of high relief, with three Roman installations spaced 

in roughly the same manner as on the Ravenglass-Ambleside road along a well-

known route.

4.3 Geospatial Data

Data from several sources in the United Kingdom and USGS were em-

ployed for this project.  Base data in the form of LandForm PROFILE DTM el-

evation data, and the OS MasterMap Topography Layer for each study area was 

supplied by Ordnance Survey through a research grant to the Department of 

Geography’s Cartography Laboratory.  Orthorectifed Landsat ETM+ imagery, 

used mostly for preparing overviews of northwest England and to delineate the 

study areas, was downloaded from EROS Data Center via EarthExplorer.  Fi-

nally, detailed archaeological site and find data was supplied by the Lake District 

National Park Authority and the Cumbria County Archaeologist.

4.3.1 Ordnance Survey Land-Form PROFILE DTM Data

 Land-Form PROFILE is 10m elevation data for the whole of Great Britain, 

supplied in 5 x 5 km tiles.  Over the three study areas for the project, Ordnance 

Survey supplied 139 tiles, for a total 3,475 km2 of elevation data.  These data were 

distributed as a DXF-format DTM, tied to the British National Grid and derived 

from 1:10,000 contour data, in turn derived from aerial photography and supple-
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mented with spot elevations.  Each 5 x 5 km tile has 250,001 points.  These data 

form the core of the least-cost model, as slope and aspect are both derived from 

the base DTM data.

4.3.2 Ordnance Survey MasterMap Topography Layer

 MasterMap Topography Layer data provides seamless coverage for the 

entire United Kingdom at a scale of 1:2,500.  For this research, Ordnance Survey 

provided MasterMap Topography Layer data for the three study areas.  Master-

Map data is provided in GML format.  The Topography Layer represents real-

world features, from roads and structures, to hydrography, and is divided into 

nine themes: administrative boundaries; buildings; heritage and antiquities; land; 

rail; roads, tracks and paths; structures; terrain and height and water.  These 

data are used to show the present-day infrastructure of the area; particularly the 

positioning of modern roads and field boundaries with respect to the predicted 

Roman routes.

4.3.3 Archaeological Site & Findspot Data

 Archaeological site and find data from the Lake District National Park 

Authority (the Ravenglass - Ambleside Study Area falls completely within the 

Park) and the Cumbria County Council came in Microsoft Excel spreadsheets.  

These contained attribute information along with and northing and easting Brit-

ish National Grid coordinates for each entry.  The coordinate data was taken into 

ArcMap and converted into events to identify locations of Roman sites and finds. 

4.4 Least Cost Modeling & Review of Literature

Archaeologists use predictive modeling to locate archaeological sites and 

for the analysis of viewsheds, but modeling linear features like roads through the 
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landscape is relatively new.  Least-cost-path techniques used to choose routes for 

new highways have been utilized by archaeologists to locate Roman roads, but 

these have met with limited success (Vermeulen 2001: 2006).  Unlike the parcel-

based models discussed in the previous chapter, least-cost algorithms attempt to 

identify the optimal path for a new road based on its cost surface.  The least-cost 

line was not necessarily the path the Romans chose for their roads—the output 

is a linear feature of “site present” pixels that marks the presumed location of 

the road.  The algorithms archaeologists have used in the past have generally 

assumed isotropic surfaces, where costs are the same regardless of the path of 

travel, as opposed to anisotropic surfaces, where the cost can depend on the 

direction of travel.  This preference for isotropy lies in part from the commonly 

used ArcInfo/ArcGIS package, which does not support anisotropic surfaces.

4.4.1 How Least-Cost Models Work

In their simplest form, least cost models create paths through their cumu-

lative cost surfaces, which are derived in some way from actual landforms and 

other variables.  The definition of cost is a somewhat nebulous term—“cost” in 

a least-cost environment can be anything, from the energy required to traverse 

a raster cell, to travel time, or some other factor.  Costs are derived through a 

mathematical function, and then applied to a raster surface from which cumula-

tive costs are calculated from a single source cell.  Thus a surface in which costs 

increase outwardly from the source cell is called a cumulative cost surface.  From 

this, a least cost path to a single target cell from the source in the cumulative 

surface can be calculated.  How precisely cost paths are finally derived generally 

depends on the software being used.  

Least-cost models have been under development since the late 1950s with 

Dijkstra and Warntz’s work on the least-cost path problem (Dijkstra 1959; Warn-
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tz, 1957).  Douglas (1994) further refined the problem, working from Warntz’s 

idea of comparing the problem with the refraction of light.  Similarly, Stefanakis 

and Kavouras (1995) worked on implementing least-cost algorithms on a planar 

surface, in three-dimensional space, and on a sphere.  Prior to the early 1990s, 

treatment of the least-cost path problem was largely theoretical.

More recently research within the geographic information science com-

munity has attempted to implement various least-cost path algorithms.  Though 

many models use different methods to weight the initial cost surface, all of them 

use some form of Dijkstra’s algorithm to calculate accumulated costs, especially 

the variant proposed by Xu and Lathrop (1994, 1995) to make path tracing more 

accurate.  Lee and Stucky (1998) used viewsheds to calculate four different kinds 

of route through the landscape (scenic paths, strategic paths, hidden paths and 

withdrawn paths).  Collischonn and Pilar (2000) developed a least-cost model to 

predict roads and canals, and Yu et al (2003) developed an anisotropic least-cost 

model that predicts bridges and tunnels along with the route itself.

4.4.2 Archaeological Least-Cost Models

  Previous attempts at least-cost modeling in archaeology include Krist 

and Brown’s work modeling caribou migration paths in early Holocene Michi-

gan (Krist and Brown 1994) and Widemann, Antrop and Vermeulen’s attempt at 

a predictive model for Roman roads in Flanders (Vermeulen and Antrop 2001: 

83).  Both studies utilized a cumulative cost-surface analysis to derive a least-

cost pathway between two points of interest.  In the case of the Krist and Brown 

study, the authors used the COSTGROW and PATHWAY routines in Idrisi to 

achieve their results, which helped suggest that several early sites in the study 

area were feasible for hunting caribou in the early Holocene (Krist and Brown 
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1994: 1132-1133, 1135).  Similarly, Bell et al developed an anisotropic least-cost 

path model for identifying possible ancient pathways in the Sangro Valley of 

Italy.  They used a more sophisticated method for constructing cost-surfaces, 

using the Idrisi module VARCOST, which showed that a least-cost model could 

produce viable routes (Bell et al 2002).  Prior to this work, Bell and Gary Lock 

developed an Idrisi least-cost model to reconstruct the path of the Ridgeway, a 

prehistoric track in England.  This model was a means to identify topographic 

influences on movement through the landscape, and how hillforts along the pre-

historic route may have been placed (Bell & Lock 2000).  Likewise, Batten used 

an isotropic least-cost techniques to model travel routes in late prehistoric New 

Mexico (Batten 2007).

The Vermeulen study developed a methodology in ArcView Spatial Ana-

lyst to build an accumulated cost grid which could subsequently be used to trace 

a least-cost pathway between two raster cells (Vermeulen et al 2001: 85).  The 

technique produced unreliable results and predicted roads along different routes 

than the Romans actually chose.  Not all factors that could influence the cost of 

movement across a cell were considered in the Vermeulen study.  For example, 

the model assumed isotropic space, i.e., the slope of a cell was not taken into ac-

count—going uphill would take no more effort than downhill, and the method 

for creating the accumulative cost grid was based largely on soil type and a log 

transformation of terrain elevation.  The model did not make use of slope or as-

pect, nor did it make use of anisotropic space.  However, Widemann concluded 

that the model was helpful for predicting “corridors of high probability for Ro-

man road trajectories” (Vermeulen et al 2001: 90).  This approach to cost surfaces 

was not new; Madry and Rakos used the GRASS GIS package to model routes 

between Celtic hillforts in the Arroux balley of France using a combination of 
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isotropic least-cost surfaces and viewshed analysis (Madry & Rakos 1996).  

Gaffney and Stančič also constructed isotropic cost surfaces in their inves-

tigations of site catchments of the island of Hvar using the GRASS GIS package 

(Gaffney and Stančič 1991).  Of all these applications of least-cost modeling, only 

the Widemann study focused on the prediction of Roman roads, and it experi-

enced only moderate success.  Other models that have made use of anisotropic 

cost surfaces have not been geared specifically towards Roman roads, such as 

Bell’s work on the Ridgeway (2000) and in the Sangro Valley of Italy (2002).

4.4.3 Cost Surface Development and Application

 While slope-based models are probably the most common within the 

small community of least-cost archaeological models, considerable effort has also 

been given to determining the most appropriate function to derive a cost surface 

as part of the modeling process.  This “wide variety” of parameters covers the 

gamut from a simple ratio of slope tangents to complex biomechanical formulae 

deriving physiological expenditure of effort over terrain in watts.  Bell and Lock 

created a sliding isotropic function of the ratio between the tangent of slope to 

the tangent of 1° (to avoid divide by zero errors) (Bell and Lock 2000: 89). 

Other functions are even more simple, such as Diez’s isotropic formula effort = 

percent slope/10 (van Leusen 1999: 217).  
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Still other functions are derived from backpacking, such as that by Steele, where-

cost becomes a function of the horizontal distance travelled (Dh), and the vertical 

distance up (Dup) and down (Ddown) (van Leusen 1999: 217).  Verhegan (1999) used 

Gorenflo and Gale’s (1990) backpacker equation to determine the accessibility 

of settlements in Rio Aguas valley in southeastern Spain, where the velocity of a 

traveler on foot is:

Llobera (2000) based an anisotropic function, where a minimum friction is 

around a -5° slope, on Minetti’s (1995) work attempting to find the most econom-

ical gradient of mountain paths.

 Wiedemann and his colleagues used a combination of residual elevations 

from a trend surface, wet and dry soils, and distance from Roman municipal bor-

ders to create an isotropic surface they used to determine likely routes for Roman 

roads in the Sandy Flanders area of Belgium (Vermeulen et al 2001: 83-96).  Van 

Leusen has summarized most of the cost functions used in archaeological least-

cost modeling to date (1999, 2002).

4.4.4 Problems with Least-Cost Modeling

 Least cost modeling is not without problems.  Possibly the most profound 

issue with using least-cost models to simulate travel through the landscape, or 

road construction, is that people tend to use regional knowledge of the landscape 

to choose paths between one location and another.  They use their knowledge 

of the landscape and a host of other factors to choose a route.  According to Bell 
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and Lock, movement is “socially embedded,” and incorporating cultural biases 

reliably into GIS has proved problematic (Bell and Lock 2000: 86).  Moreover, 

least-cost algorithms take nothing into account but very local decisions, specifi-

cally, the cell in its current 4, 8, or 16-cell kernel that has the lowest cost.  Thus a 

limiting factor of least-cost modeling in general is that least-cost algorithms are 

very local in nature, whereas people tend to make travel decisions based on a 

much broader knowledge of the landscape and local conditions.  Hence least-cost 

algorithms can become “confused” by relatively simple terrain features that a 

traveler would simply ignore. 

 Similarly, least-cost algorithms are extremely sensitive to resolution in the 

source data.  The least-cost path eventually chosen by a given algorithm is in fact 

a complex interplay between the behavior of the algorithm, raster resolution, and 

data quality.  

 Harris tested the output of least-cost functions in both Idrisi and ArcInfo, 

and found that Idrisi generated five different least-cost paths at 1, 2, 25, 50 and 

100-meter resolutions representing the same features, though in the same rough 

corridor.  ArcInfo produced two different corridors that also were heavily depen-

dant on resolution.  Similarly, Harris pointed out that the method of cell selection 

in path generation, in either the rook’s or queen’s case, creates “elongation error 

of geometric distortion” where generated pathways are unduly influenced by 

the raster data structure itself.  Alternatively, he suggests using an up to 48-cell 

neighborhood kernel to determine a least-cost path as opposed to the more tra-

ditional queen’s case or even knight’s-case analyses (Harris 2000: 121).  Since the 

use of such a large neighborhood would be extremely computationally intensive, 

many artifacts of the raster structure and the analysis kernel in a least-cost line 

could be removed by post-processing through line generalization.
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 As Van Leusen pointed out, the wide variety of cost functions used in 

archaeological least-cost models specifically, and least cost models in general is 

“a sign of the immaturity of the field” (Van Leusen 2002: 6-5).  Another sign of 

this immaturity is the lack of comparability between studies.  Rahn argued that 

a given cost surface could be inappropriate for any use other than the one it was 

initially developed for, and that cost functions should be roughly be comparable.  

Moreover, he warned of the danger of privileging the computer-based models 

over human experience in the interpretation of the human past though land-

scapes (Rahn 2006). 

To test the comparability of commonly used surfaces, Rahn used human 

subjects carrying GPS dataloggers to locate what they thought as the “easiest” 

(i.e., least-cost) path up and down Danby Rigg in North York Moors National 

Park in the UK, a place unfamiliar to the volunteers.  Then he compared the 

humans’ uphill and downhill path choices over several repetitions to least-cost 

paths generated in ArcGIS from the Diez, Steele, Gorenflo & Gale, and Llobera’s 

friction formulae using 1:10,000 10m DTM data from Ordnance Survey.  The re-

sults of the comparison was that the computer-generated paths and the human-

travelled paths up and down the Rigg were “at best vaguely similar.”  Moreover, 

there was considerable disagreement both within and between the computer-

generated last-cost paths and the routes taken by the human volunteers (Rahn 

2006).  

This suggests that the least-cost paths generated by computer represented 

expedient routes, rather then well-considered planned routes, and that while dif-

ferent cost functions can broadly agree on a particular corridor, no particular cost 

formula stood out in performance.  A potential workaround to this problem is to 

choose a relatively simple formula, and test its application on several unrelated 
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datasets, as is done with this study.
 

4.5 The Predictive Model: Data Construction

Most least-cost-path models utilize the accumulated cost algorithm first 

proposed by Dijkstra in 1959 with little modification.  However, as we have seen, 

models vary greatly in how the cost surface is derived, from which accumulated 

costs of movement through the grid are calculated. Models also vary in how they 

treat space.  Most least-

cost-path modules avail-

able in GIS packages treat 

space in two dimensions 

between grid nodes, and 

assume isotropic space, 

where travel between grid 

nodes is always possible 

regardless of cost.  Isotropic surfaces are widely used to determine optimal paths 

over a network, where a two-dimensional approach is wholly appropriate. 

A road, however, exists in a manifestly three-dimensional environment. 

The direction of travel is constrained by the slope and aspect of the local terrain 

(Figure 4.3).  A purely isotropic model is inappropriate for road modeling, be-

cause terrain contours not only increase and decrease the cost of movement as 

one travels up and downhill, but also constrains movement in specific directions.  

Moreover, this cost and directional constraint changes dynamically along a given 

path.  This situation instead calls for an anisotropic model, which can better ap-

proximate the costs of moving overland.  ArcGIS does not support anisotropic 

surfaces, though it does have a rich suite of isotropic modeling tools.  However, 

Clark Lab’s Idrisi package does support isotropic modeling, and has been used 
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by Bell and Lock in their work with anisotropic surfaces in England and Italy 

(Bell and Lock 2000, Bell 2002).  

Another issue with road modeling is the difference between using least-

cost to identify a viable path for a road, and reconstructing the route of a 1,900 

year old existing road.  Reconstruction is much more difficult, since not just 

any viable least-cost path will do, but instead such a path must follow the likely 

course for the predicted route.  Though a least-cost model may produce many 

paths that seem viable, there is only one Roman route.  “Likely” in this case is 

based on the location of Roman sites and the known behavior of Roman roads 

through the landscape.  There was a complex interaction between Roman roads, 

which were well-planned and highly engineered, and the landscape through 

which they travelled.  Thus while a least-cost model can potentially identify a 

tight corridor in which a Roman road may exist, it remains the responsibility of 

the researcher to choose the most likely corridor.  Further, researchers must and 

be able to defend that choice within the context of what is known about Roman 

roads, and the ancient landscape the road existed in.

4.5.1 Software Facilities

 Idrisi was chosen as the modeling platform for this research since it sup-

ports anisotropic modeling, and it has been used in similar situations in the past.  

ArcGIS Spatial Analyst supports highly robust isotropic least-cost modeling 

tools, but does not support anisotropic modeling.  However, Idrisi is primarily 

a raster-based GIS package, and the project also makes use of large amounts of 

vector data from OS MasterMap.  Thus Idrisi was used to produce the least-cost 

models, but all other geoprocessing and mapping tasks remained in ArcGIS.  

Though initially problematic, the procedure for passing data from ArcGIS to 

Idrisi and back became quite streamlined and relatively trouble-free.
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4.5.2 Construction of Model Data

 Geospatial data arrived from Ordnance Survey in either GML (Master-

Map) or DXF (Land-Form PROFILE DTM) formats.  For the MasterMap data, 

the data was compressed into separate files by British National Grid square 

code.  The entire project was executed using the British National Grid coordi-

nate system.  All files were uncompressed using WinZip and placed into a single 

geodatabase for each study area using the Quick Import tool using the OS Master-

Map import settings in ArcToolbox.  All vector data resided in a single geodata-

base for each study area.  MasterMap Topography data is comprised of several 

themes of both polyline and point data, these were extracted into individual 

feature classes in the study area geodatabase using SQL queries; creating feature 

classes land and field boundaries, heritage, buildings and structures, modern 

roads, trails, rails, and water (Appendix A).

 Land-Form PROFILE data proved more difficult to import into ArcGIS.  

Since the study areas covered so much ground, Ordnance Survey supplied 139 

5x5-kilometer tiles, each one composed of 250,000 individual DXF elevation 

points referenced to the British National Grid coordinate system.  Attempting to 

batch process an entire study area, or even a significant portion thereof, caused 

ArcGIS to crash.  Therefore DEMs for each study area were created with a boot-

strapping process to import data in manageable portions from the individual 

Land-Form PROFILE DXF tiles, to groups of four tilesets (which form a 10x10 

kilometer grid square), and finally to the entire study area raster. 

 Raw DXF data was converted into a staging geodatabase by OSGB grid 

square. Each 5x5 tile corresponded to a corner of a 10x10-kilometer OSGB grid 

square (NW, SW, NE, SE), and whenever possible such tiles were converted 

together into a staging geodatabase, which includes a point feature class with 
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elevations on the National 

Grid.  Four tiles at a time 

were close to the upper 

limit of what was possible 

to convert in a single batch, 

even on a dual-processor 

3.6Ghz Pentium 4 machine 

with 2 GB of RAM.  DXF 

files were imported into 

ArcGIS using the Import 

from CAD tool (Figure 4.4).  

Each new 10x10-kilometer 

tile was subsequently converted into a raster with a cell size of 10 meters using 

the Feature to Raster tool and the point feature class in its staging geodatabase.  

Once all the DXF geodatabases were converted into raster tilesets, they were 

finally mosaicked together to form the full study area DEM using the Mosaic to 

New Raster tool.  Once complete, raster data was not stored in the same study 

area geodatabase as the vector data to ensure file integrity—raster data remained 

separate throughout the project.

 DEM data for visualization in ArcGIS was displayed using two different 

rasters: the original DEM, and the same data with analytical hillshading from the 

Spatial Analyst Hillshade tool.  The hillshaded data is the base layer, and displays 

in grayscale, while the original DEM is manually classified on the Elevation #1 

color ramp so below sea-level elevations appear as blue.  Lastly, this layer is 

overlaid on the hillshaded DEM and made 70% transparent.  This creates a visu-

alization with high contrast to easily discern relative elevation and landforms.

Figure 4.4 Raw Data Import Procedures
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4.5.3 Data Movement Between ArcGIS and Idrisi

 Idrisi has a number of translators to bring ESRI datasets into Idrisi for-

mats.   Some vector data was used in Idrisi, for known Roman road reference 

polylines, and to convert raster least-cost paths back into shapefiles for ArcGIS.  

Vector conversion in Idrisi was accomplished with the SHAPEIDR module in Id-

risi.  Vector data can be passed between the Idrisi and ArcGIS seamlessly (Figure 

4.5).

 Moving DEM data from ArcGIS to Idrisi proved problematical.  Idrisi has 

a dedicated module for this task, ARCRASTER, but Idrisi was unable to import 

ArcGIS 9.1 GRID-format rasters, nor the same file in Imagine, GeoTIFF, or BIL 

formats.  Exporting DEMs from ArcGIS in ASCII format using the Raster to ASCII 

tool, and then importing a raw ASCII file with Idrisi ARCRASTER was success-

ful, though ASCII file sizes were over 150MB.  This method of importing data, 

however, does permit seamless transmission from one package to the other.  Id-

risi does not include a projection file for the British National Grid coordinate sys-

tem; a projection file for the National Grid system on the OSGB1936 datum was 

created from Idrisi documentation and Ordnance Survey geodetic data (Eastman 

2005: Appendices 1&2).  

4.5.4 Data from Lake District National Park and Cumbria County Council

 Additional archaeological data from known sites and findspots were pro-

vided by the Lake District National Park Authority (LDPNA) and the Cumbria 

County Archaeologist and Historic Environment Records office (Cumbria HER).  
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Both agencies provided Microsoft Excel spreadsheets with coordinate data and 

descriptions for every known archaeological feature in the Ravenglass-Amble-

side study area (wholly in Lake District National Park), in the Carlisle-Maryport 

area, and south of Whitley Castle in the Carvoran-Kirkby Thore study area.  

These data were converted to events in ArcGIS using the Add X,Y Data com-

mand and displayed as points.  In addition, Lake District National Park provided 

shapefiles for some features, but these were not used in analysis.

4.5.5 2002 Field Survey Data

 Though the Ravenglass-Ambleside road had been surveyed extensively 

in 1947 by Richmond and Fair, in 2002 myself and three undergraduates re-sur-

veyed the extant road from the eastern end of Wrynose Pass at Lower Langdale, 

through Wrynose Pass and Bottom, and into Hardknott Pass and down into Esk-

dale, collecting over 100 GPS points along the 8.2-kilometer route using a Garmin 

12XL handheld unit.  The Roman route through these areas, which have not been 

intensively used for agriculture (but have for pasture) is largely intact and can be 

traced fairly easily.  Since this portion of the Ravenglass-Ambleside road is vis-

ible, and indeed, a protected Scheduled Ancient Monument, it was not included 

in the least-cost model.  GPS points were added to ArcGIS using the Add X,Y 

Data tool and then exporting them as a separate shapefile.

4.5.6 Ordnance Survey 1:25000 Paper Maps

 The MasterMap Topography Layer contains a heritage theme, but despite 

being clearly labelled on the 1:25000 paper mapsheets, Roman roads are either 

not correctly labelled or absent from the heritage theme.  Indeed, much of Hadri-

an’s Wall is described as a “tunnel edge” in the MasterMap attribute data.  How-

ever, this information is clearly marked on the 1:25000 Explorer series of paper 

maps from Ordnance Survey.
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 To obtain the routes of the known Roman roads in the Carlisle-Maryport 

and Carvoran-Kirkby Thore datasets, eight printed Ordnance Survey 1:25,000 

maps (315, OL4, OL5, OL6, OL7, OL19, OL31, and OL43) were scanned in the De-

partment of Geography Cartography Laboratory as 300dpi color .tif files.  Since 

the known Roman road for both study areas extended across one or more sheets, 

the scanned maps were assembled in Adobe Photoshop CS2 to create continuous 

coverage of the known routes and saved as JPEG files to reduce the file size.  The 

files were then loaded into ArcGIS and georeferenced to the MasterMap data for 

each study area using the Georeferencing toolbar on at least 21 ground control 

points for each study area.  The final rectified products agree closely with the 

MasterMap data, though the RMS errors were slightly perturbed by the folds 

from the paper maps scanned into the map image.  Total RMS errors for the recti-

fication were under 5 meters.  The georeferenced map rasters were also exported 

to Idrisi as ASCII files using the ArcToolbox Raster to ASCII tool.  

 The known Roman road in both the Carlisle-Maryport and Carvoran-

Kirkby Thore were digitized into new shapefiles in ArcEditor using the Create 

New Feature command on the Editor toolbar and sketching a new polyline atop 

the rectified paper maps.  The known routes are used as references to gauge the 

model performance in known study areas in both ArcGIS and Idrisi.  Known 

road shapefiles were exported to Idrisi using the SHAPEIDR module.

4.6 The Predictive Model: Model Components 

 For this model, slope and aspect are the main components of cost.  This is 

largely because these variables are the least subject (but not immune) to change 

over time.  Lake margins, river courses, and soil types are subject to significant 

change over time, and cultural variables are notoriously difficult to quantify.  

This aspect of archaeological modeling can be particularly frustrating, since the 
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Romans’ choice-of-route was 

undoubtedly influenced by a 

host of cultural variables.  Thus 

as the slope increases, the cost 

increases as well, modified by 

aspect.  By using slope as the 

primary determinant of cost, 

one avoids using 21st-century 

data to predict environmental conditions in the 2nd century as much as possible.  

Moreover, the use of absolute barriers to “direct” a least cost line (to avoid river 

channels, for example) tends to be counterproductive over longer distances, as 

extremely high costs distort the anisotropic surface and produces more unpre-

dictable behavior in the least cost path.  Roman routes have “expected” terrain 

behaviors, e.g. keeping to relatively low slopes, tendency to straightness with-

out unnecessary curves, and favoring high ground.  Rather than engaging in an 

iterative campaign to find the best absolute isotropic cost to avoid undue surface 

distortion (which may change between anisotropic surfaces), it seems better to 

tolerate some perturbations in the least-cost line.  Later one can eliminate the 

truly illogical diversions from an expected Roman line later, to create a “hybrid” 

prediction based on expert knowledge (see section 5.1.1).

 In keeping with this, initial costs to construct anisotropic surfaces for this 

study were developed based on Bell and Lock (2000) ratio of slope tangents to 

the tangent of 1° to avoid divide-by-zero errors.  Using this surafce, a 60° is 100 

times as costly as a 1° slope (Figure 4.6).
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4.6.1 The VARCOST/PATHWAY Engine

 In Idrisi, anisotropic surfaces are calculated from the initial cost surface 

with the VARCOST module.  Least-cost pathways are constructed on the aniso-

tropic surface using the PATHWAY module.  To determine a least-cost path, 

PATHWAY backtracks from its target cell, to the source cell of the anisotropic 

surface, taking the path of the least accumulated cost over the surface to get 

there.

 In order to produce an anisotropic surface, VARCOST requires a number 

of component rasters: a source raster, consisting of a single raster cell from which 

all costs are calculated, a friction surface (called by Idrisi an anisotropic friction 

magnitude image), and a direction surface. The surface raster is simply an ArcGIS 

point shapefile for a specific Roman location, imported into Idrisi and rasterized.  

To create the friction surface, a slope surface is derived from the source 

DEM imported from ArcGIS and reclassed according to the Bell & Lock cost 

formula.  The application of cost to each cell of the slope raster can be done using 

a number of sequential raster processing functions in Idrisi.  To streamline this 

process, an Excel spreadsheet was used to calculate cost values according to the 

Bell & Lock formula, and the values applied to the slope raster with the Idrisi AS-

SIGN command. 

VARCOST also requires a direction surface from which to calculate aniso-

tropic costs with the friction surface.  In many cases an aspect raster is an ideal 

direction surface since it defines the direction of slope, but is inadequate for 

this purpose—the direction of slopes in an aspect surface points downhill; that 

is, frictions will also be calculated downhill.  In order to properly model cost of 

travel, frictions must instead point uphill, so values in the aspect raster must be 

“flipped” 180° so the direction of friction points up slopes—creating a raster im-
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age with the opposite values to that of the aspect image.

4.6.2 Custom Anisotropic Functions

 The default anisotropic algorithm 

in Idrisi compares the direction of travel to 

the direction of friction in a weighted cosine 

function, where k is a user-defined weight (the default weight is 2).  Costs are 

then assigned internally based on this difference between friction direction and 

travel direction, where costs are applied to resist moving uphill.  However, when 

moving downhill, friction costs are applied to promote downhill movement, mak-

ing it easier to do (Figure 4.7).  In other words, the anisotropic algorithm in Idrisi 

makes no provision for braking—people and vehicles on a road need to check 

their downhill speed to remain in control, and this requires braking energy.  

Downhill movement on very steep slopes can easily be as costly as uphill move-

ment, though such slopes would probably not be used for road construction.  For 

modeling natural processes, however, such as water-flow downhill, this is an 

excellent method, but we must turn to other solutions for man-made applications 

where braking is required.

 In addition to the default aniso-

tropic function, Idrisi permits the 

construction of user-defined aniso-

tropic functions.  These are simply 

files 7,201 values long, representing 

cost multipliers in 0.05° increments 

(with 0°as due north) in either 

ASCII or binary format.  Use of 

custom anisotropic functions is not 

)(cos
max

αk

FCostCost base ×=
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without tradeoffs—while a custom function can be constructed that allows for 

braking on downhill slopes, it is not possible to incorporate α into a custom func-

tion.  The custom function is simply a list of space-delimited values.  Since aniso-

tropic surfaces incorporate direction, this is problematical because the first value 

in the ASCII file represents 0°, or due north, which of course is not always uphill.

 Unfortunately, this problem is a limitation of the Idrisi software, and short 

of a major re-programming of the VARCOST module or programming a custom 

anisotropic module to work in Idrisi, one that does not have a perfect solution.  

However, it is possible to achieve a workaround for the problem that performs 

tolerably well by “skewing” the values of a custom anisotropic function.  

 Because most Roman roads link one or more major sites (usually forts in 

the north of Britain), in practice least-cost predictions of Roman roads do not go 

from a single start to a single endpoint, but rather are composed of a number of 

subroutes from Roman site to Roman site, and the Ravenglass-Ambleside route 

is no exception.  Moreover, known Roman roads in the Carlisle-Maryport study 

area and the Carvoran-Kirkby Thore area do not seem to leave a 1,500-meter buf-

fer centered on the direct Euclidian route between Roman sites.  Some subroutes 

come with 100 meters of the buffer edge, but do not actually leave the corridor 

boundaries.  Since in most places the Esk and Lower Langdale valleys of the 

Ravenglass-Ambleside road are less than three kilometers wide, we can assume 

that this unknown route behaved in a similar fashion.  This property of Roman 

roads in this part of Britain can be used to skew anisotropic functions.  

For each subroute in the project, the direct Euclidian route between its two 

Roman sites was created in ArcGIS and saved as a shapefile.  Euclidian routes 

were imported into Idrisi with SHAPEIDR, and then converted into raster lines 

with RASTERVECTOR.  The raster lines were buffered to 1,500 meters with 
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the BUFFER module, with both the raster line and cells falling inside the buffer 

region set to 1, and all other cells set to zero.  These buffer images were then used 

as masks with the HISTO module to derive the mean flipped aspect for the buff-

ered area from the direction raster for each study area (Figure 4.8).  The mean di-

rection value for the most likely corridor is used to skew the anisotropic function.  

Directly importing and reclassing a buffer shapefile from ArcGIS is feasible, but 

results from the Euclidian route buffered in ArcGIS vs. Idrisi produce different 

results, with the ArcGIS buffer polygon having significantly fewer pixels.  Since 

all of the modeling was to be done in Idrisi, the Idrisi-only masking process was 

used over ArcGIS buffer polygons, since the reduction of in-buffer raster cells 

was likely an artifact of translation from the original shapefile.

Since the custom anisotropic function ASCII files are so large, it is not fea-

sible to use the built-in text editor in Idrisi.  Instead, custom anisotropic functions 

were created in Microsoft Excel, and saved as ASCII files for using in VARCOST.  

In general, travelling uphill applies 100% of the anisotropic cost of the cell, with 

costs sliding down to no additional cost for travelling parallel to the slope.  Then 

as one travels downhill, costs rise until one is travelling directly downhill, when 

75% of the anisotropic costs are applied (see Figure 4.7).  In the default Idrisi 

function, these downhill costs are not frictions against movement, but rather 

forces with the traveler moving downhill.  This method simulates the costs of 
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downhill braking, whereas Idrisi’s default does not.  75% downhill anisotropic 

costs is a somewhat arbitrary figure.  75% is a balance between too much fric-

tion and too little— too much friction and paths trace hillsides parallel to slopes, 

much less friction and downhill slopes become too inexpensive and paths favor 

downslopes too much to produce viable Roman routes.

 In Excel, a generalized list is created with the first value as 0° north.  For 

each subroute in a study area’s road, this generalized list was skewed—the value 

of the mean direction (aspect flipped) was placed at the top of the list, and all 

other values downstream of it to 360° placed below it in a cut-and-paste opera-

tion.  The balance of the 7,201 values are placed in turn at the end of the list ef-

fectively making “due north” the direction of the mean aspect for that subroute.  

The process requires two cut-and-paste operations: the first to grab all the values 

from the mean subroute direction and below to 360°, and then all the values 

above the mean direction value are selected and moved to the end of the list.  

This has the effect of pointing the anisotropic function as close to the direction of 

friction as possible within the limitations of the user-defined function facilities of 

VARCOST.  The mean direction of the 1,500-meter corridors makes the custom 

function conform as closely as possible to the local terrain that the Roman road 

likely went though (Appendix B).

 Thus, for each subroute in all three study areas, mean direction values 

were extracted for a 3,000 meter wide corridor along each subroute, and then 

individual skewed anisotropic functions created for each.  This method insures 

that the anisotropic uphill and braking costs are calculated with the direction of 

friction as closely as possible within the capabilities of the software.
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4.6.3 Isotropic Surfaces

 In addition to anisotropic costs of movement over a terrain surface, there 

remain certain fixed costs of movement over a landscape, such as low-lying wet 

ground, extremely steep slopes, and water features, such as rivers.  In Idrisi, 

it is possible to create an additional isotropic surface to model these features, 

and incorporate them into the final anisotropic surface that least-cost paths are 

calculated from.  As with the base friction values for the anisotropic function, 

additional isotropic surfaces can be created from a slope raster by applying an 

ASCII file with slope values and costs with the Idrisi ASSIGN module.  These 

supplementary isotropic surfaces are critical to the accuracy of the model in most 

terrain situations.

 In this study, isotropic costs surfaces took one of two forms.  Generalized 

isotropic costs were developed on the Carlisle-Maryport study area, using an 

ASCII file with a slope values from 1 to 89 and associated costs (Appendix C).  

These values increased the costs of lower slope values on a sliding scale to 29° 

slope, after which all costs were set to 10,000 to create an absolute barrier.  No 

Roman road in any study area exceeded 30° of slope, and most lengths of Roman 

road avoided slopes of greater than 18°.  When this method was appropriate, the 

same isotropic sliding-scale was used in each study area.

These isotropic slope values work reasonably well on surfaces with a 

moderate amount of terrain, like the Ravenglass-Ambleside route in the Esk val-

ley, but in fact perform poorly on surfaces that are relatively flat.  Flat or gently 

rolling terrain, such as that of the Solway Plain on which the Carlisle-Maryport 

route rests presents special challenges, since the least-cost pathway is often di-

verted by low-lying stream courses.

 Such low-profile surfaces require a more complex solution.  One method 
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is to create an isotropic surface that “fills” the depressions with higher costs, 

while giving the hilltops slightly lower costs to encourage the least-cost algo-

rithm to run along them and not the low-lying areas.  This is done with a poly-

nomial trend surface to approximate the actual terrain surface.  Trend surfaces 

were created in Idrisi using the TREND module.  Wiedemann, Antrop and Ver-

meulen also used cubic trend surfaces to create isotropic surfaces for Roman road 

prediction in ArcGIS in the Sandy Flanders region of Belgium (Vermeulen 2000: 

87-88).  Unlike the other cost surfaces, a trend surface is based on the study area 

DEM, not the slope raster.  While it is possible to use higher-order polynomi-

als to increase the R-value and ostensibly get a better fit, for this purpose trend 

surfaces based on a cubic polynomial are quite adequate.  The cubic trend surface 

is then subtracted using the OVERLAY module from the DEM to create a raster 

of the difference between the trend surface and the DEM.  These differences can 

be reclassed in Idrisi to create an isotropic surface that has low-lying areas below 

the trend more costly (on a 1 – 4 scale) than those above the trend (on a 1 – 0.75 

scale). 

 Trend-based isotropic surfaces tend to work better with anisotropic sur-

face in areas with low relief, and the simpler sliding-scale isotropic surfaces tend 

to work better with intermediate relief, or a mixture of low relief and high relief, 

such as in the Esk valley.  In very mountainous areas, particularly along the Pen-

nines in the Carvoran-Kirkby Thore study area, no additional isotropic surface is 

necessary.  However, there is no rule to define when a particular isotropic surface 

is appropriate for a given situation.  The best solution is simply to try a particular 

method and judge whether or not the resulting least-cost path is a viable predic-

tor of the Roman route.
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4.6.4 Model Operation

 Most of the complexity of this project lies in the assembly of the compo-

nents VARCOST requires to create an anisotropic surface.  Indeed, the 

production of least-cost paths is anticlimactic after preparing the data compo-

nents for VARCOST.  For this project, the VARCOST module in Idrisi requires 

a friction surface based on the Bell and Lock ratio of slope tangents; a direction 

surface, in this case an aspect raster with the angles flipped 180° so frictions point 

uphill; an isotropic surface to model fixed costs and movement constraints; and 

finally a directional bias function, for this model a 7,201 value ASCII file skewed 

to the mean direction of each modeled subroute along a 1,500-meter buffer on the 

direct line between Roman sites.  This custom function allows anisotropic brak-

ing costs that the default Idrisi algorithm does not.  Lastly, VARCOST requires 

a source cell, a single pixel digitized in Idrisi from the Ordnance Survey 1:25000 

georeferenced printed maps and rasterized using the spatial extent of the study 

area DEM with the Idrisi INITIAL module.  All anisotropic costs are calculated 

from this one raster cell (Figure 4.9).

 Since a full Roman road prediction is built up from successive predic-

tions from Roman site to Roman site along the route (hence the term subroute), 

the anisotropic function and possibly the isotropic surface may also change from 

subroute to subroute.  Thus for an entire road in a study area, VARCOST may 

need to be run several times, once on each subroute to create a least-cost path 

for the entire length of the road.  For each study area, the custom anisotropic 

function will need to be changed for each subroute, but the isotropic surface can 

remain the same, since it is based on the entire study area.  However, if terrain 

conditions are markedly different between subroutes, it is appropriate to model 

that subroute with a different isotropic surface.
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Once an anisotropic surface is calculated, the least-cost path is identified 

using the PATHWAY module.  Like VARCOST, PATHWAY requires a target 

cell, a single cell representing a Roman site (usually the centroid of a fort), digi-

tized in the same manner.  The output is a raster with values of 0, with the least-

cost path as 1.  This raster line is converted to a vector using the RASTERVEC-

TOR module, and then to a shapefile for analysis and display in ArcGIS using the 

SHAPEIDR module.  Results for the model are in Chapter 5.
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CHAPTER 5: Results, Integration and Interpretation

5.1 Results of Models

 The end result of the GIS project is not so much a singular black-box 

model with which Roman roads in the north-west of England can be predicted, 

but rather a series of modeling tools that can be used to predict roads.  Least-

cost-path algorithms can be easily confused by relatively minor terrain features. 

Therefore the assessment of whether or not least-cost predictions are viable 

representations of Roman routes remains with the user, not with the computer 

model.

 However, the results of the project are promising.  Within the study areas 

with known roads, the prediction of the Carvoran-Kirkby Thore route is farthest 

from the known route, averaging about a 500-meter deviation from the known 

route, with up to a 1,600-meter deviation going over the Pennines into the Eden 

valley and Kirkby Thore.  The terrain the road passes over is extremely variable 

and composed of steep slopes.  On the other hand, the model in the Carlisle-

Maryport study area performed extremely well, locating the known route to 

within 50-100m, especially along the stretch southwest of Old Carlisle to Papcas-

tle.  Accuracy for each route is assessed through a comparison of the length of the 

known versus the predicted route and with the direct Euclidian distance between 

Roman sites, and by elevation profile. 

5.1.1 Hybrid Routes

 In addition, each predicted route has a “hybrid” counterpart.  Hybrid 

routes can be quite complex by incorporating data from archaeology, from 

landscape history studies and from field boundary analysis.  However, for this 

project the hybrid routes simply reject portions of the least cost prediction that 



114

do not follow a logical Roman line and in-

stead draws a straight line between two 

points along the path.  Such routes are called 

“hybrid routes” because they blend outside 

knowledge into the least-cost prediction, such 

as evidence of a Roman route gleaned from 

historical study, or from expert understand-

ing of how Roman roads interacted with the 

landscape in a region.  

For instance, along the Carlisle to Pap-

castle subroute, the least cost path consistently was diverted by the shallow River 

Wampool valley, and followed it for some distance before rejoining the Roman 

line.  Since the least-cost path algorithm diverted along the valley and rejoined 

on the same line, in the hybrid path the diversion is removed and a straight line 

drawn between the two points (Figure 5.1).  This method is only used on path 

diversions caused by terrain that would be both an illogical line for a Roman 

road to follow and when the least-cost path leaves a logical Roman line, becomes 

diverted, and rejoins the same line some distance later.  

 

5.1.2 Carvoran-Kirkby Thore Results

 This prediction was comprised of two subroutes, from Carvoran to Whit-

ley Castle, and Whitley Castle to Kirkby Thore.  This study area had both the 

highest elevations and the steepest slopes, which made the production of a viable 

Roman route problematical.  Early attempts on the Carvoran-Whitley Castle sub-

route consistently placed a least-cost path on the eastern side of the South Tyne 

valley from the Roman fort at Carvoran, several kilometers out of the way when 

Figure 5.1  The least-cost trajectory be-
tween Carlisle and Papcastle deviates at 
the River Wampool valley, then returns 
to the original line farth down the route.  
A straight line (dotted yellow) can be 
drawn between the start and end points. 
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the known route is on the western side. 

 This problem was resolved by digitizing the River South Tyne in ArcGIS 

using the Water theme from the OS MasterMap data, exporting the shapefile 

to Idrisi and buffering to 30 meters.  The buffered raster was then reclassed to 

cost of 10,000 (from 1) to create an absolute barrier and overlaid on the standard 

isotropic surface.  This prevented the path from moving across the valley, and 

created a more viable route, though somewhat offset from the known route, 

usually about 200-500 meters (Figure 5.2).  This subroute has a slight change in 

the hybrid route from the raw prediction; in the predicted route, the least-cost 

path was slightly diverted east down the South Tyne valley by a stream channel, 

then climbed diagonally south to rejoin the same line it had left before diversion, 

roughly 300 meters east of the Roman line (Figure 5.3).  

  For the Whitley Castle-Kirkby Thore subroute, slopes are so steep and 

variable that neither the standard isotropic surface for the model or a trend sur-

face produced viable results, instead creating least-cost paths that went far off 

(tens of kilometers) a direct route in order to finally terminate at Kirkby Thore.  

Therefore, only the anisotropic cost surface was used for this subroute.  This 

produced viable results, though the predicted path ran to the west of the Roman 

road (1,600 meters) and farther up a slope than would perhaps be necessary in 

reality.  The predicted route takes a different exit from the Pennines and down 

into the Eden valley, roughly 800 meters west of the Roman route before it joins 

the Roman line at Kirkby Thore.

 The elevation profile for the predicted and hybrid route largely agrees 

with that of the known Roman route profile (Figure 5.4).  The known, hybrid 

and predicted routes cluster together on the profile, through agreement between 

11,000 and 21,000 meters along the route remains problematical.  However, the 
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Figure 5.2
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Figure 5.3
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difference in route length between the Roman road and the raw least-cost pre-

diction is only 2,909 meters, or 6.37%.  The hybrid line does significantly better; 

reducing the difference in route length to 2,047 meters, or 4.56%.  Similarly, the 

deviation in route length from the Roman to the Euclidian distance between the 

Roman sites on the route is 1,913 meters, or about 4.47%.

Much of this deviation likely comes from small shifts in the least cost 

line caused by grid quantization.  Since the path algorithm can only chose from 

eight directions, this combined with 10-meter resolution of the raster cells force 

an increase in overall distance of the least-cost line.  Most of these changes are 

small and not noticeable above scales of 1:1200, just slight shifts of the direction 

of travel through the raster surface.  At this scale it is very difficult to distinguish 

grid quantization events from path diversion due to local minima in the raster, 

and therefore it is difficult to measure the effects of grid quantization on the 

output of the algorithm.  Despite these issues, the least-cost prediction and the 

known Roman route match reasonably well given the steep terrain, but it is clear 

that modeling Roman roads in mountainous areas using slope as a predictor is a 

weak point for this type of least-cost analysis.

5.1.3 Carlisle-Papcastle-Maryport Results

 As with the Carvoran-Kirkby Thore Roman route, the Carlisle-Papcastle-

Maryport route is comprised of two subroutes, from Carlisle to Papcastle, and 

from Papcastle to Maryport.  Of the three study areas, the least-cost predic-

tion for Carlisle-Maryport is the strongest.  The Roman route through the area 

is almost archetypically Roman-straight over the Solway Plain, only diverting 

slightly east around a low rise south of Carlisle and then running almost directly 

to Papcastle.



120

 In modeling this route, use of the standard isotropic surface proved prob-

lematical, as there was not quite enough relief to direct the PATHWAY module. 

Least-cost predictions using it went wild, diverting kilometers from a logical 

path to avoid relatively minor terrain features.  Paths also entered shallow river 

valleys such as the River Wampool and followed them, trapped by the uphill 

anisotropic costs.

 To avoid path diversions from shallow river valleys, a cubic trend surface 

was calculated for the study area to produce a trend-based isotropic surface to 

make low-lying areas more costly to traverse than the hilltops, using the method 

outlined in 4.6.3.  This had dramatic effects on the least-cost path, which correctly 

negotiated the exit from Carlisle (Figure 5.5), with only one large diversion, again 

caused by the Wampool valley.  The least-cost path rejoins its previous line south 

of the Roman fort at Old Carlisle and continues southwest to Papcastle, closely 

following the Roman route 300 meters south of it, then less than 100 meters from 

the Roman road as it approaches Papcastle and the Roman fort of Derventio. For 

the three kilometers before Papcastle, the predicted route and the known route 

are essentially the same at 15-20 meters apart.  The diversion is removed in the 

hybrid line by simply drawing a straight line between the start and end points 

of the diversion.  This revised line remains parallel to the Roman road and about 

300 meters south of it.

 The predicted line from Papcastle to Maryport runs more or less in a 

straight line to Maryport, as does the Roman road (Figure 5.6).  The raw predic-

tion generally runs less than 300 meters from the actual Roman road, slightly 

diverted by a steep-sided stream valley tributary to Carr Beck.  Here the least-

cost path jumps from the left side of the Roman road to the right and continues 

as before, about 250 meters from the actual route. This illogical diversion can also 
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Figure 5.5
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Figure 5.6
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Figure 5.7
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be removed in the hybrid line, which improves the accuracy of the prediction to 

under 150 meters for most of the route (Figure 5.7)

 The elevation profiles for the Euclidian, Roman road, and least-cost pre-

dictions show that the known road and especially the corrected hybrid route 

are in broad agreement with the line they take over the study area.  They stand 

in marked contrast to the Euclidian route (Figure 5.8).  The hybrid line, which 

has the two illogical diversions removed from the path, follows the Roman road 

profile quite closely.  In the final ten kilometers the lines blend together on the 

profile.  For this prediction, the difference in route length between the Roman 

road and the least-cost prediction is 2,425 meters, for a 4.86% deviation in route 

length.  The hybrid prediction does much better, with a difference in length from 

the Roman road of only 310 meters, a deviation of route length of only 0.61%.  

The difference between the Roman road and the Euclidian distance between Ro-

man sites is 730.5 meters, or 1.54%.  The performance of the model in this study 

area suggests that the methodology is viable for predicting the location of Roman 

roads within very tight corridors over the landscape, allowing for grid quantiza-

tion deviations in the least-cost line that increase the length of the prediction.

5.1.4 Ravenglass-Ambleside Results

The Ravenglass-Ambleside route is the most complicated prediction of the 

three.  It does not have a completely known route.  Much of the known portions 

of the route in Hardknott and Wrynose Passes are surface-visible and were not 

included in the prediction.

McGilchrist in 1919 and Fair in 1927 outlined separate possible routes for 

the Roman road through Eskdale to Ravenglass.  McGilchrist published a map 

of his likely Roman route; Fair’s route was never delineated cartographically, 
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and will be described in section 5.6 of this chapter.  Parts of it are described in 

the Transactions of the Cumberland and Westmoreland Antiquarian and Archaeological 

Society and most fully in Collingwood’s Roman Eskdale pamphlet (1927).  Though 

McGilchrist’s route was itself never verified, it was mapped on the first-series 

Ordnance Survey map of Eskdale, so it is used in lieu of accuracy assessment. 

Such an assessment operates on the premise that if multiple predictions methods 

arrive on the same likely Roman corridor, the methods are likely identifying a 

viable Roman route.  Regardless, agreement with the McGilchrist prediction does 

not have the same validity as does agreement with a known Roman route, espe-

cially since the McGilchrist prediction cannot be perfect.

5.2 Overall Model Route & Accuracy Assessment

 Modeling of the route worked from east to west from Ambleside towards 

the coast at Ravenglass.  The first subroute ran from the Roman fort at Amble-

side to a large, squared off stone with a flat top known as the Pedder Stone, on 

the south side of the modern road at Hollin Crag in Wrynose Pass (Appendix 

D).  The Pedder Stone was used by peddlers backpacking their wares up Wry-

nose Pass to rest their loads before attempting the steepest part of the climb.  The 

visible portion of the Roman road begins on a ledge five meters above and just 

north of the modern road at the Stone, and is more or less continuously visible 

through Wrynose Bottom and up Hardknott Pass to Hardknott Fort.  The least-

cost prediction resumes from Hardknott Fort west through the Esk valley to the 

Roman tile kiln at Park House, just west of Muncaster Head Farm at the foot of 

Muncaster Fell, and then to the Roman fort at Ravenglass. 

 Since least-cost paths represent the path of least accumulated costs from 

the source cell to the target cell, they tend to be direction-specific—the least-cost 
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path from point A to point B may not be the same as from B to A.  In general, 

paths were created for this research with source cells in the north or east, and tar-

get cells in the south or west.  For the majority of subroutes, such reciprocal paths 

tended to be insignificantly different, or so wildly divergent from a presumed 

Roman line that they could be dismissed out of hand in favor of the other version 

of the path.  This was especially true in the Carvoran-Kirkby Thore study area.

 However, the Ambleside to Pedder Stone subroute was the only section of 

road where a “reciprocal” path was used over the east-to-west path.  Path runs 

with the standard source-target order consistently ran a path north into Great 

Langdale, then looped south around Side Pike and down Bleamoss Beck and 

back to the Pedder Stone.  This is a significant diversion over some of the steepest 

terrain in England, and not a likely Roman (or any other logical) line at all.  

The least-cost algorithm had significant trouble negotiating Wrynose Pass 

narrowing as it rises towards the Pedder Stone, so the reverse route from Pedder 

Stone to Ambleside was used, so the narrow valley constrained the least-cost al-

gorithm rather than attempting to focus it on a single line.  This method worked 

well using the standard isotropic surface.  It projected a least cost line without 

significant diversions, though the line did follow parts of the River Brathay on its 

way to Ambleside, which flows west to east in this area.  This diversion up the 

Brathay diverted north then south over a bend in the river, and then rejoined the 

original line about 1,200 meters downstream.

The Hardknott to Park House subroute used the standard isotropic sur-

face, and largely followed McGilchrist’s route.  The least-cost path exits Hard-

knott Pass down the steep slope into Eskdale slightly to the north of McGil-

christ’s prediction and the observations of Richmond and Fair (1947: 24-25).  It 

then curves around the McGilchrist prediction, moving west down the narrow 
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upper Esk valley to Eskdale Green and the Park House kilns.  The least-cost route 

swings far south onto the Esk floodplain near Muncaster Head farm; a better 

Roman line is as McGilchrist and Fair’s prediction, which moves the route north 

to higher ground and off the Esk floodplain (McGilchrist 1919: 21; Collingwood 

1927: 16).

At Park House, the final 

subroute prediction using the 

standard isotropic surface places 

the route north of the kilns, as 

does McGilchrist, and the route 

continues west along Muncaster 

Fell, rising up to the top of the fell 

and back down again to the fort at 

Ravenglass.  This contradicts Rich-

mond and Fair, who suggest that 

the Roman road was confirmed 

to run south of the kilns and was 

“ploughed up during the first 

World War” (Richmond and Fair 

1947: 27).  This difference between 

Richmond and Fair and the combined GIS and McGilchrist predictions is about 

200 meters or less.  The GIS line broadly agrees with McGilchrist’s prediction in 

1919, though it remains problematical.  The rise over Muncaster Fell before the 

straight-line run to Ravenglass does not appear to make sense.  The road could 

simply continue past what is now Muncaster Castle and so to Ravenglass with-

out the 200 meter climb up and down, as Richmond and Fair suggested (Rich-

Figure 5.9.  Modern Flood Map of the Lower Esk 
Valley. Lighter blue areas are the likely high-
water line of an extreme flood.  Note that the fort 
at Ravenglass is out of the flood zone, but the area 
around Muncaster Castle almost becomes completely 
inundated.  Scale is 1:25,000.  Courtesy Environment 
Agency UK, © 2004 Crown Copyright.
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mond 1947: 27).  This choice of route up the fell may be to avoid ground that 

was less suited to road construction in antiquity.  The Esk is an estuary subject to 

tides, and modern flood maps place likely flood zones almost completely around 

the Muncaster Castle area (Figure 5.9).  The least-cost prediction and the McGil-

christ route both avoid the potential flood zone altogether.  Richmond and Fair 

suggest this is a modern detour around the Muncaster and Chapel estates, since 

the ascent over Muncaster Fell shows “no Roman work” (Richmond 1947: 27).

Accuracy assessment of the full prediction of the Ravenglass-Ambleside 

road is problematical.  However, the least-cost prediction (Figure 5.10) nicely 

conforms to McGilchrist’s prediction developed from extensive fieldwalking, and 

Mary Fair’s probable route in the western Esk valley (see section 5.6).  McGil-

christ also ended his prediction at the western end of Wrynose Pass well before 

reaching the Pedder Stone, about 10.5 kilometers from Ambleside.  Thus is it not 

possible to compare his route with the Ambleside prediction.  Also Richmond’s 

treatment of the road between the Stone and Ambleside was quite limited, 

spending more time on defining lines that were not Roman over a potential Ro-

man route itself.  For the Eskdale portions of the road, the predicted and hybrid 

routes both closely agree with McGilchrist’s prediction, and take a different pro-

file entirely than the Euclidian line between Roman sites.  A slight diversion of 

the least-cost prediction by the River Brathay near Ambleside was eliminated to 

create a hybrid line, but no hybrid edits were made for the least-cost prediction 

in Eskdale—there was no viable place for them (Figure 5.11).

Since the McGilchrist line does not extend the full length of the Raven-

glass-Ambleside route, it does not make sense to use it to compare distances for 

the whole route (Figure 5.12).  If just comparing the route through Eskdale, how-

ever, the McGilchrist line can be used as a comparison, though not as confirma-
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tion.  The difference of route length between McGilchrist’s proposed line and the 

Euclidian distance between sites is 983 meters, or 6.4%.  When comparing differ-

ence of route length with the least-cost prediction, the least-cost numbers suf-

fer from the somewhat sinuous nature of the line, which travels back and forth 

across the McGilchrist line and the modern road in the upper Esk valley.  The 

difference of route length between the predicted line and the Euclidian line is 

2,159 meters, or 15%, and the difference between the predicted route and McGil-

christ’s line is 1175 meters, or 7.1%.  Much but not all of this difference is prob-

ably caused by grid quantization; slight shifts in the algorithm’s choice of route 

as a function of the raster resolution and the 8-cell analysis kernel the pathway 

algorithm uses to choose the next cheapest cell on its way to the target cell. 

5.3 Interpretation of GIS Results and Significance

For the two study areas with known Roman routes, the least-cost model-

ing techniques used in this study created predictions that agreed closely with 

both the elevation profiles of known routes.  Moreover, difference of length fig-

ures for the predictions with known routes showed the hybrid predicted routes 

differed from the Roman site-to-site Euclidian distance for each road by less than 

5.5%.  The hybridized least-cost predictions located the Roman road to within 

500 meters, and often to 250 meters or less in the Carlisle-Maryport study area.  

Certain sections of predicted routes in the known study areas deviated sharply 

from the known Roman line, and from the 500-meter corridor, particularly in the 

rough terrain of the North Pennines in the Carvoran-Kirkby Thore area.  Based 

on this evidence, Roman roads are broadly least-cost in nature.

This modeling effort represents a significant improvement over previous 

attempts at modelling Roman roads with solely isotropic surfaces.  Wiedemann, 

Antrop and Vermeulen did not forward quantitative accuracy assessments of 
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their work with Roman road prediction; and theirs is the most recent published 

work on the subject to date (Vermeulen & Antrop 2001: 83-96).  They felt that 

their technique could “be helpful to identify corridors of high probability for Ro-

man road trajectories,” and with further refinement, their model “could become 

valuable for the definition of micro-regions in areas where archaeological and 

historical proof still lacks and where we can most profitably search for Roman 

roads” (Vermeulen & Antrop 2001: 90).  While this model for road prediction 

uses different techniques than Wiedemann and his colleagues used (trend surfac-

es the sole exception), the model described here begins to fulfill that potential of 

micro-regional definition of road trajectories.  However, to achieve these results, 

no single modeling solution can be used.  Not every modeling technique is appli-

cable to every situation.  Therefore it is better to use methods appropriate for the 

local conditions, and to apply them in the same way to all areas under scrutiny 

when they are used. 

5.3.1 Modelling Rules of Thumb

This research provides a number of practical rules of thumb for model-

ling Roman roads in an anisotropic least-cost environment.  Firstly, any hope 

one may have of producing accurate route predictions wholly depends on the 

resolution and spatial accuracy of the digital elevation model.  Raster cell size has 

profound effects on the amount of grid quantization and therefore the amount 

of “noise” in the least-cost prediction caused by the data structure itself.  The 

10-meter elevation data used in this study likely represents a minimum viable 

resolution.  

Furthermore, least cost paths tend to be subject to more error as distances 

between source and target increase—there are simply more opportunities for the 

algorithm to be diverted by relatively minor terrain features over longer distanc-
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es.  Thus if intermediate Roman sites or finds likely to be along a road (in situ 

milestones in particular) are available, the least-cost prediction should be broken 

into subroutes between Roman sites.  This forces the least-cost algorithm to join 

Roman sites with a route when a least-cost prediction between two Roman sites 

may bypass intermediate Roman sites.  The method begs the assumption that 

the intermediate sites were actually linked by a road.  In short, modeling Roman 

roads demands the highest quality terrain data, as well as the best (or at least the 

most) archaeological site and find data as can be managed.

If nothing else, the results of this research show that there is a close re-

lationship on a technical GIS level between the anisotropic friction magnitude 

raster, and the isotropic raster used in VARCOST.  In general, unless the road 

is being modeled through very steep terrain, some form of isotropic surface is 

required in addition to the anisotropic friction surface.  The general isotropic 

surface used as a starting point on all the study areas only tended to be effective 

in areas of moderate relief without a great deal of low-lying watercourses.  This 

is mostly since the path algorithm pays a slightly cheaper cost to go downslope, 

and becomes stuck in low-lying channels.  In these cases, the bottom of the chan-

nel has a relatively low cost, and to climb back up the side would be more expen-

sive.  This surface only adds cost based on any slope; it does not make cells less 

costly.  Its main benefit lies in the denial of extreme slopes over 30° and to subtly 

enhance the anisotropic surface to discourage unnecessary hillclimbing.  

The trend-based isotropic surface, on the other hand, works very well in 

low-relief situations (where extreme slopes do not matter) and can create areas 

of both higher and lower cost.  This is a major benefit in flat terrain, but trend 

surface-based isotopic rasters rapidly lose effectiveness as relief increases—the 

residual distance between the DEM and the trend surface consistently pushes 
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the reclassed isotropic values higher to the point where most costs are increased.  

When this occurs, the trend-surface solution, at least on 0.75-4 cost scale, becomes 

suboptimal and the generalized isotropic surface (Appendix C) begins to per-

form more reliably.  

In areas of very high relief, such as in the north Pennines, the anisotropic 

friction image can largely stand on its own without an additional isotropic im-

age, since costs are driven quite high by the extreme slopes.  Anisotropic-only 

cost surfaces, however, seem to create weaker predictions than those that do 

incorporate a supplementary isotropic cost image.  This weakness is offset by the 

fact that in such areas using a supplementary isotropic image creates unpredict-

able results.  In these situations weaker predictions are still preferable to unpre-

dictable ones.  When costs are driven too high, least-cost paths follow routes that 

divert completely around major terrain features, rather than through them.

5.3.2 Model Interpretation and Context

The modeling techniques in this study can produce a wide variety of 

least-cost paths between any two Roman sites.  Many lines will appear patently 

unfeasible, others may appear to be more viable Roman trajectories.  Choosing 

between least-cost paths that look viable remains the problem of the archaeolo-

gist, not the model.  It is very important to resist the temptation to simply let the 

model speak for itself.  A successful predicted Roman line relies on the user’s ex-

pertise and must rest in context with other Roman remains in the area.  While the 

least-cost model can identify likely Roman corridors on the ground, the histori-

cal and archaeological context that Roman roads also exist in are equally or even 

more important that the model itself.

 Archaeology provides the modeler (though not necessarily the model) 

with an understanding of how Roman roads were engineered, their construc-



137

tion practices, and how a Roman road might react to specific terrain challenges.  

Combined with an understanding of how similar Roman roads in the region 

were constructed and how they deal with terrain, a modeller can better assess the 

least-cost model’s output.  This helps answer the complicated question of what a 

“logical” or viable Roman route is when attempting to parse the least-cost path 

to reality.

 Likewise, the historical context helps explain the most critical modeling 

question of all: “Why?”  Though running the VARCOST-PATHWAY modules 

in Idrisi takes comparatively little time on a modern computer, assembling ap-

propriate geospatial data, and then creating the necessary VARCOST surface 

components takes considerable time.  One must spend still more time on analysis 

of the least-cost paths and accuracy assessment of the work.  Although least-cost 

modeling is an interesting technical problem, ideally an archaeological model is 

driven by the need to answer a research question, not simply because it is fea-

sible to model a particular road.  Historical contexts help explain why models 

should be developed in the first place, and an understanding of the regional situ-

ation in the Roman period helps archaeologists determine where a model will be 

the most useful to understand ancient landscapes.

5.4 Additional Lines of Evidence for Route

 In the case of the Ravenglass-Ambleside Roman road, GIS was used to 

reconstruct the Roman route since the road was simply not visible for the ma-

jority of its course in the valley bottoms.  However, even GIS output from well-

established modeling techniques is not strongly defensible, particularly when 

confirmation of the model by excavation is not possible.  The Ravenglass-Amble-

side Roman road is a Scheduled Ancient Monument for the extant portions in the 
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high passes between Hardknott and Wrynose Pass, which is surface-visible.  In 

the valley bottoms, especially in the Esk valley, no trace of the road exists on the 

surface to give an indication of where to search, and the route is either owned by 

private landowners, or underlies the modern road.  In a case such as this, when 

excavation is either not possible or not feasible, route reconstruction with GIS is a 

viable alternative, especially when used with additional lines of evidence.

 Understanding the use of the road after the breakdown of Roman author-

ity in the area is a key element of the interpretation of the GIS output.  The goal 

is to trace the road as far as possible forward in time to connect the ancient road 

with modern features that can be used to discern the Roman route independently 

of any GIS modeling.  For the Ravenglass-Ambleside road, then, the steps to con-

nect the road to any feature identifiable in the present are threefold.  First, how 

the Roman road came to be abandoned must be determined.  Second, potential 

further use or mention of the Roman road in later historical documents must be 

identified.  Third, the origins of the modern road in the Esk valley should be un-

derstood as well.  Combined with a researcher’s expertise on Roman alignments, 

this information will permit a defensible analysis of the GIS output and a more 

complete reconstruction of the Roman road than would otherwise be possible.

5.4.1 Pre-Roman Iron Age in the Esk Valley

 The condition of native settlement in the area between Ravenglass and 

Ambleside prior to the Roman conquest is not well understood.  The majority of 

Cumbria, including the Esk valley, was ostensibly part of the tribal lands of the 

Carvetii, a British tribe also poorly understood.  They do not appear in Ptolemy’s 

description of Britain in his Geographica, yet Ptolemy did mention neighboring 

tribes, especially the Brigantes.  Rather than being a single tribe, the Brigantes 



139

were probably a confederation of several tribes of which the Carvetii were a part.  

It is unclear where the civitas capital of the Carvetii was, though it is generally 

assumed to be Carlisle as the only walled town in the region.  Carvetian territory 

is generally held to be along the Solway Plain, and in the Eden and Lune valleys 

(Shotter 2004: 3).  There are two milestones in the Penrith Area that mention the 

Civitas Carvetiorum, all dating from the third century AD: one milestone from the 

usurper Postumus sometime between 260 and 269, and the other from Severus 

Alexander from about 223 (Edwards and Shotter 2005).  There is also a funerary 

inscription, now lost, mentioned by Camden in his Britannia specifically mention-

ing the Civitas Carvetiorum (Camden 1753: 1021; RIB 933).  

Despite the archaeological evidence of the Carvetii to the east, there is 

little to suggest a significant Iron Age settlement in the Esk Valley, or the area 

surrounding it.  Indeed, native activity in the area is generally found on the 

fells, not in the valleys.  The best evidence of habitation comes from the site of 

Barnscar on Birkby Fell, a large assemblage of Bronze Age cairns first surveyed 

by Dymond (1893) and later by Walker (1965).  Barnscar has features associated 

with the cairns that have been interpreted by both Dymond and Walker to be hut 

circles (Dymond 1895: 180), but it is unclear if the huts date from the same period 

as the cairns (Walker 1965: 53).  There are other Bronze Age cairns on Burnmoor 

and Birker Fells, but no clear evidence of settlement, though such evidence may 

not have been preserved in the local archaeological record.

 However, unlike the archaeological record, the palynological record 

provides some information about landuse and human-induced environmental 

change in the Eskdale area.  Like much of western and northern England, the 

area experienced a surge in forest clearance in the late pre-Roman Iron Age.  At 

Tewit Moss, northwest of Devoke Water, and about three kilometers south of 
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Eskdale, tree pollen counts fell dramatically in the period between 400 and 123 

BC (2230±30 BP), while grass and agricultural pollen counts increased.  This indi-

cates significant changes in land use in the area that is not well displayed within 

the local archaeological record (Wells 2003: 72).  This trend appears to have ac-

celerated in the Roman period, but may be attributable to the indigenous popula-

tion of the Esk valley and not to the Romans themselves. 

For example, pollen cores taken from a hollow near the Roman fort at 

Hardknott show that oakwoods remained near the site until its abandonment 

sometime around 400 AD, but soon after were felled in favor of cereal crops like 

rye (Wells 2003: 72, Pearsall & Pennington 1973: 234).  On the other hand, upland 

cereal cultivation on the fells above the Esk valley intensified the deforestation 

episodes seen in the Late pre-Roman Iron Age.  This trend is seen at Devoke 

Water south of the Esk valley, and at Burnmoor Tarn, some 3.5 kilometers to 

the north, both with contemporaneous dates, Devoke Water slightly earlier than 

Burnmoor Tarn (cal c.20 BC – 592 AD, 1750±130 BP at Devoke Water; cal AD 

210-680, 1530±130 BP at Burnmoor; Wells 2003: 73; Pennington 1970: 72).  This 

increased deforestation and cereal production intensified as the Roman period 

progressed, coming to a peak at Tewit Moss around c. 0 -334 cal AD (1860±70; 

Wells 2003: 73).  This same trend was echoed at Burnmoor, where soil erosion 

was a consequence of increased agricultural production.  This was shown by a 

peak in acidic organic matter at the same time as the peak of the deforestation 

period (Wells 2003: 73, Pennington 1991).  Thus it seems likely that the coming of 

the Romans, and the construction of the Ravenglass-Ambleside road, accelerated 

a process of deforestation and high-intensity agriculture.  The Esk valley today 

only has large stands of trees where humans have subsequently planted them for 

windbreaks and coppices.
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 This mixed evidence of Iron Age settlement, and the known focus of the 

Carvetian nation in the Eden Valley and Solway Plain, could explain by the 

area was bypassed by the Agricolan advance north on the Brigantian territory 

in the late 70s AD.  Western Cumbria was simply was not of military interest to 

the Romans at the time.  Agricola either bypassed the area completely, or made 

agreements with the local inhabitants (Potter 1979: 359).  The Esk valley was not 

brought under nominal Roman control until the late 90s AD at the earliest, with 

the establishment of the fort at Ambleside.  It was likely not brought under full 

control until the 130s AD with the construction of the Ravenglass-Ambleside Ro-

man road and the completion of all three forts along the route.

5.4.2 Devolution of Roman Authority and Abandonment of the Roman Road

 The Ravenglass-Ambleside Roman road was probably fully constructed 

by AD 130.  The fort at Ravenglass had been constructed by 130 (Potter 1979: 

130), the fort at Hardknott is of early Hadrianic date (Bidwell et al 1999: 72), 

and the fort at Ambleside as early as AD 90 or 95 (Bidwell et al 1999: 70; Breeze 

and Dobson 1985: 7; Hartley 1966: 14).  These three forts were joined together 

by a road that eventually connected to the main western north-south arterial 

at Brougham (Brocavum), which led to both Carlisle and Hadrian’s Wall in the 

north, and south to Chester.  This road also provided access to York and Dere 

Street across the Pennines via the Brougham/Penrith-Bowes-Scotch Corner road.

 However, by AD 370, the fort at Hardknott had been permanently aban-

doned, and indeed had been so since the 220s (Potter 1979: 363).  Likewise, forts 

along the western side of Hadrian’s Wall had also been abandoned by the late 

fourth century, but coastal forts like Glannoventa were preserved (Breeze & Dob-

son 1985: 16).  These forts were probably maintained to repel seaborne invaders 
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from Ireland and Scotland and to maintain coastal trade links.  By the time of 

the Notita Dignitatium in the early fifth century, the fort at Ambleside had been 

abandoned as well.  Troops were moved to southern Britain to meet the Saxon 

threat or removed entirely from Britain by Constantine III to Gaul.  This left only 

Ravenglass garrisoned, likely supplied by water (Breeze & Dobson 1985: 17).  

Thus by the early fifth century, or even before, the Ravenglass-Ambleside Roman 

road was likely abandoned.

 Collingwood argued that there was never any real economic or military 

reason to maintain a road over Wrynose and Hardknott passes (Collingwood 

1927: 11).  At the time, Collingwood suggested that the road was originally built 

in the first century AD as part of an Agricolan scheme to invade Ireland from 

Ravenglass.  Then the fort was maintained out of habit when the plans never 

came to fruition: “having established a fort at Ravenglass, they did not like to 

abandon it.  So they kept it up; and as we shall see, they even reinforced it by 

building Hardknot Castle some years later, to make it a little less isolated, a little 

less remote from its nearest neighbour” (Collingwood 1927: 13).  However, he 

further suggested that a road over Hardknott and Wrynose was largely unnec-

essary, since western Cumbia’s “natural land communications are with Carlisle 

and Penrith”, and to Barrow-in-Furness to the south (Collingwood 1927: 11).  

Indeed, the modern A595 highway along the coast connects the village of Raven-

glass to both Carlisle in the north and Barrow-in-Furness in the south.  After the 

Roman abandonment of the road and the forts along its route, there was no fur-

ther mention of the Roman road in medieval or later documents until antiquar-

ians rediscovered the road in the nineteenth century.
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5.4.3 The Road in Monastic Records

 The Esk valley and Hardknott next appear in documents in the thirteenth 

century after the devolution of Roman authority.  By this time, the area around 

Hardknott fell under the control of Furness Abbey, and several deeds and quit-

claims were recorded in its Coucher Book.  Starting in 1210, Alan de Penington 

granted to his brother David (of Muncaster) the land of Brutherukil, which in-

cluded the land around the Roman fort (Chetham Society 1916: 565).  The name 

survives to the present in Brotherilkeld Farm at the base of Hardknott Pass.  In 

July 1242, Brutherukil again changed hands, this time David and Alan de Pen-

ington’s son Alan granting their rights to the abbot and monks of Furness Abbey.  

Similarly, the northern pasture of Lingcove passed to Furness Abbey as well, 

which was granted to Furness separately in June 1242.  The Butherukil grant, 

however, delineated the combined boundaries of both Butherukil and Lingcove, 

which contained both the Roman fort at Hardknott and the Roman road through 

Hardknott pass (Figure 5.13):

…sicut Herterfelbek cadit in Esk et sic ascendit usque ad capud ejusdem Herter-
felbek et inde ascendit usque ad altius cilium montis de Herterfelbek sicut tor-
rens aque pluvialis descendit a montis cilio ex utraque parte et inde ascendit 
usque ad altius cilium de Wynscarth et sic ascendit usque ad summitatem del 
Cundois de Ardechnut et inde usque ad capud de Mosedale usque ad superius 
cilium de Midefel et inde sicut summitas ejusdem Midefel descendit in Bowess-
card et sic ascendit usque ad summitatem de Bowesfel et ita usque in Orscarth 
et inde in transversum capitis de Tunghe et sic in transversum Eskhals usque 
in capud de Esk et per medium aque de Esk descendendo usque in predictum 
Herterbekfel… (Chetham Society1916: 563-564)

Where Herter Fell Beck falls into the Esk and thus ascends to the head of the 
same Herter Fell Beck, and thence continuing to the highest point of Herter Fell, 
so that a torrent of rain will descend from the peak in all directions, and thence 
ascends to the highest point of Wainscarth [Hardknott Pass], and thence ascends 
to the summit of Hardknott, and continuing to the head of Mosedale, continuing 
to the highest point of Midefel [Crinkle Crags], and from there descends by the 
aforesaid Midefel to the Gap of Bowfell [Three Tarns], and ascends, continuing to 
the summit of Bow Fell and thus continuing on to Ore Gap, and after that cross-
ing to the head of The Tounge [Esk Pike], and so crossing to Esk House, continu-
ing to the head of the Esk, and through the middle of the water of the Esk, con-
tinuing down to the aforesaid Herter Fell Beck (Menard translation). 
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In this document, no man-made features are mentioned at all.  The Ro-

man fort at the top of Hardknott Pass is not mentioned, the boundary is defined 

purely by natural features.  The only hint that a road might be present is in the 

old name for Hardknott Pass, “wynscarth”; a compound of Middle English wain, 

or wagon, from Old English wægen and Old Norse skarð, or gap, to create wagon-

gap, or “cleft through which a wagon would go” (Armstrong et al 1950: 343).  

Collingwood inferred this to mean that the Roman road was passable by carts 

in the 13th century (Collingwood 1918: 95).  Thus could be true, but by this time 

traffic through the high passes could be following the route taken by the modern 

road through the pass marked by the Pedder Stone in Wrynose Pass.  The Pedder 

Stone is a flat-topped boulder of unclear antiquity set by the side of the modern 

road.  It was used by those packing heavy loads up Wrynose Pass to rest their 

loads upon before attempting the steepest part of the climb before descending 

into Wrynose Bottom.  

In the Esk Valley, also in the 13th century, the manor of Austhwaite was 

granted to Benedict son of Ketl, from the Lord of Millom around 1200.  Like with 

Butherukul, the manorial boundaries used exclusively natural features, even 

when the Roman road very likely ran nearby:

Per bircherhebec contra montes usque ad rivulum qui descendit de musco sub 
Satgodard.  Et inde usque ad alius rivulium qui cadit de eadem musco in du-
vokeswater. Et sicut lindebec cadit de duvokeswater usque in esch.  Et esch con-
tra montes usque ad Bircherhebec (D/Stan/1/1, Whitehaven Record Office)

Though Birker Beck, upstream to the rivulet that descends from the moss be-
low Satgodard [The Seat], thence continuing to another rivulet that falls from 
the same moss into Devoke Water.  And with the flow of Linbeck from Devoke 
Water, continuing to the Esk, and upstream along the Esk to Birker Beck (menard 
translation).

 Other sources, particularly the sixteenth century Valor Ecclesiasticus men-

tion Butherukil in particular, a monastic rental in 1537 valued it at £5 6s. 8d., 
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while the crown assessed it at £10 (Beck 1844: lxiv, 325), but none mention the 

Roman road and its entrance into Eskdale from Hardknott Pass, or the Roman 

road at all.  Similarly, parish boundaries in Cumbria were fixed quite early, 

certainly by 1300 and remained largely static until the 19th century (Winchester 

1987: 23, 27).  The line of the Ravenglass-Ambleside Roman road passed through 

two parishes, Muncaster and Millom, there the boundary between the Lordships 

of Egremont and Millom along the route was the River Esk, not the Roman road 

(Winchester 1987: 21).  As with the manorial and township boundaries, parish 

boundaries seem to follow natural and not man-made features.  It remains possi-

ble that the Roman road was known to exist in medieval times.  However, traffic 

in the area, especially in the high passes, had likely moved to other routes and off 

the Roman line.

5.4.4 Historical Mapping

Like monastic documents, historical mapping also can shed light on the 

prior landscape, particularly when a road is present.  The area that is now Cum-

bria was formerly composed of three counties: Cumberland, Westmoreland, and 

parts of Lancashire.  Maps exist for this area from the 16th century onwards.  The 

first major series of road-maps of England came from John Ogilby, who in 1675 

produced a series of 100 strip-maps covering all the major roads of England.  The 

Ravenglass-Ambleside road is not depicted, but Ambleside itself appears in Plate 

96 of his road atlas Britannia.  At Ambleside, a road branches away to the west, 

but not to the east towards Ravenglass.  The major thoroughfare for the region 

ran from Kendal to Ambleside, to Cockermouth, and then to Carlisle (Figure 

5.15).
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Figure 5.15.  Plate 96 from Ogilbly’s Britannia (1675). Strip-maps showing the road 
from Kendal to Cockermouth, and from Egremond (sic) to Carlisle.  On the left-
most strip (directly above), note the road dipicted going to the east, but no road to 
the west, towards Eskdale and Ravenglass over the mountain passes. 
From: http://www.geog.port.ac.uk/webmap/thelakes/html/maps/og96.htm
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Figure 5.16.  Section of Plate 58 of John Cary’s 1794 New Map of England and 
Wales, parts of Lancashire, and of Westmorland and Cumberland.  Roads and 
landscape features slightly distorted, for example Muncaster Fell is depicted 
significantly north and east of its actual location.  This map shows an unim-
proved road between Ravenglass and Ambleside, but maps of the area do not 
consistently show a road in the area until the 1830s.
From: http://www.geog.port.ac.uk/webmap/thelakes/html/maps/cy1458.htm



150

Fi
gu

re
 5

.1
7.

  A
n 

18
11

 e
ng

ra
vi

ng
 b

as
ed

 o
n 

Th
om

as
 W

es
t’s

 1
78

4 
A

 M
ap

 o
f t

he
 L

ak
es

 in
 C

um
be

rl
an

d,
 

W
es

tm
or

el
an

d 
an

d 
La

nc
as

hi
re

.  
W

es
t o

n 
th

is
 m

ap
 is

 p
oi

nt
in

g 
up

 (t
o 

th
e 

le
ft

 in
 th

is
 o

ri
en

ta
tio

n)
.  

no
te

 
th

e 
ro

ad
 fr

om
 R

av
en

gl
as

s 
to

 A
m

bl
es

id
e 

on
 th

is
 m

ap
, w

hi
ch

 d
oe

s 
no

t r
un

 th
ro

ug
h 

th
e 

Es
k 

va
lle

y 
at

 
al

l, 
bu

t u
p 

th
e 

M
ite

 v
al

le
y,

 th
en

 o
ve

r S
ca

 F
el

l, 
Bo

w
 F

el
l a

nd
 in

to
 G

re
at

 L
an

gd
al

e 
an

d 
do

w
n 

to
 A

m
bl

e-
si

de
—

 s
om

e 
of

 th
e 

m
os

t r
ug

ge
d 

te
rr

ai
n 

in
 E

ng
la

nd
, a

nd
 w

ho
lly

 u
ns

ui
ta

bl
e 

fo
r a

 ro
ad

 o
f a

ny
 s

or
t. 

 N
o 

ro
ad

 e
ve

r e
xi

st
ed

 a
lo

ng
  t

hi
s 

lin
e.

  F
ro

m
: h

tt
p:

//w
w

w
.g

eo
g.

po
rt

.a
c.

uk
/w

eb
m

ap
/t

he
la

ke
s/

ht
m

l/m
ap

s/
w

s2
4.

ht
m



151

Figure 5.18.  Felton’s 1803 The Lakes, parts of Westmorland, Cumberland, and 
Lancashire, from his A Guide to all the Watering and Sea Bathing Places.  This 
map shows what appears to be the modern alignment of the road from Raven-
glass into the Esk valley and into Hardknott Pass, but the road turns south into 
Dunnerdale towards Ulpha, probably at the Cockley Beck Bridge, and does 
not continue to Ambleside. 
From: http://www.geog.port.ac.uk/webmap/thelakes/html/maps/fel2.htm



152

 Similar strip maps throughout the early and middle 18th century (Gard-

ner 1719, plate 96; Bowen 1720, plate 260; Kitchin 1767, plate 84) show a similar 

situation to Ogilby; no western route to Eskdale and Ravenglass.  By the late 18th 

century, however, the Cary New Map of England shows an unimproved road run-

ning up Eskdale to Ambleside (Figure 5.16), but the road network in the area is 

distorted, as are some of the map features from their actual locations.  Similarly, 

West’s 1784 map of the Cumberland lakes shows a road running an impossible 

route over the high fells around Eskdale, Wast Water, and Sca Fell (Figure 5.17). 

This is testament to the somewhat apocryphal nature of the depiction of minor 

roads on historic maps in Cumbria.

 The turn of the 19th century brought little change to the area.  John 

Feltham’s 1803 map of the Lake District (The Lakes) shows what is probably the 

modern alignment of the road from Ravenglass into Eskdale; but it evidently 

ascends Hardknott Pass and turns south into Dunnerdale.  It does not continue 

west through Wrynose Bottom, into Wrynose Pass and to Ambleside (Figure 

5.18).  By 1822, however, the case is altered— Hall’s Map of the Lakes of Cumber-

land, Westmoreland and Lancashire shows, within the limits of map generalization, 

a road from Ravenglass that follows the north side of the Esk through Eskdale, 

into Hardknott and Wrynose Passes, and on to Ambleside.  This is borne out by 

a contemporary travel guide; Jonathan Otley’s Concise Description of the English 

Lakes describes a tour from Ambleside to Wasdale, via Eskdale.  The route in part 

“following the old pack-horse road over Wrynose and Hardknott, both of which 

hills are very steep.”  The tour could “be made on horseback, or with some little 

difficulty in a cart” (Otley 1834: 101).  This same road is shown on the accom-

panying map for the book (Figure 5.19).  Martineau also mentioned the road in 

1855, “Fellfoot was the house of entertainment whence the pack-horse cavalcade 
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Figure 5.21.  1930s-era road map of Cumberland and Westmoreland from 
Amalgamated Press.  The map clearly shows a minor road from Ravenglass to 
Ambleside.  
From: http://www.geog.port.ac.uk/webmap/thelakes/html/maps/am21.htm
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began the ascent, or where they stopped to congratulate themselves on having 

accomplished the descent.  The ascent of Wrynose from this point is long and 

rather steep: but the views behind become grander with every step” (1855: 115).  

This also may be the road Collingwood mentioned in Roman Eskdale; “for a 

while, in the nineteenth century a carriage-road existed alone this line in modern 

times; but it was allowed to fall into disrepair simply because it was not worth 

keeping up” (Collingwood 1927: 11).  An 1870 map by George Crutchley (Figure 

5.20) shows more or less the modern configuration of roads through the area, 

with a road from Ravenglass east to Eskdale, which converted to a minor road/

footpath at the base of Hardknott Pass, through to Wrynose Bottom and Wry-

nose Pass, and again becomes a road upon entering Little Langdale, traveling 

along the north side of the River Brathay to Clappersgate and Ambleside.  By the 

1930s, the road system in the Esk Valley had essentially been frozen in the form 

seen today (Figure 5.21).

5.5 Combining Least-cost GIS with Analog Evidence

While the GIS presents a probable Roman trajectory based on parameters 

the user has selected, there have also been other interpretations of the route for 

the Ambleside-Ravenglass Roman road.  In particular, the portion of the route 

from the foot of Hardknott Pass in Eskdale to Ravenglass has been treated in two 

separate predictions.  As has been mentioned, both McGilchrist and Mary Fair 

suggested alternative routes.  McGilchrist’s line, of course, has been included 

with the GIS predictions.  

 Roman roads tend to “behave” in the landscape in certain ways.  A Ro-

man road will show a marked tendency to be straight if at all possible, if the 

terrain will permit it; they tend not to leave the line to their destination without 
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reason.  Roman roads also tend to avoid steep slopes, and to minimize river 

crossings.  Roman engineers favored building roads on high ground, or at least 

well-drained ground, in order to minimize the work necessary to build the road 

and future repairs.  

 This understanding permits the interpretation of not only the output from 

GIS modeling efforts, but also those of routes for the Roman road proposed by 

other researchers.  While the least-cost route largely follows the McGilchrist pro-

posed line, the one proposed by Mary Fair and supported by Collingwood (1927: 

17), does not.  It appears that the probable line of the Roman road can be divided 

into four sections that do not necessarily correspond to the subroutes used to 

model the road (Appendix D).  

From Ambleside to the extant road in Wrynose Pass at the Pedder Stone, 

the road seems to follow the least-cost prediction to High Colwith, where it 

rejoins the line of the modern road, probably climbing Wrynose pass just north 

of the modern route to meet with the extant portion above the Pedder Stone.  

Richmond and Pugmire have suggested that a 16-foot wide remnant of the Ro-

man road’s agger is visible just west of Holy Trinity Church on the south side of 

the River Brathay north of Bog Lane (Richmond 1947: 29, Pugmire 2003: 86).  The 

least-cost route falls within 15 to 50 meters of this feature, the pathway somewhat 

confused by the River Brathay river channel (Figure 5.22).

From the Pedder Stone to Hardknott, the road is almost completely visible 

on the surface, and there is no doubt as to the line of the road.  Indeed, the sur-

face-visible portion of the route is designated as a protected Scheduled Ancient 

Monument by English Heritage.  From Hardknott to Ravenglass, however, we 

can divide the route into two sections: the upper Esk and lower Esk valley.  De-

spite the somewhat sinuous line the least-cost prediction takes though the upper 
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Esk valley west of Eskdale Green, the modern route and the McGilchrist predic-

tion run through the center of the least-cost path.  Since the modern road through 

Hardknott Pass and from Eskdale to the coast was never re-engineered by a turn-

pike trust in the 17th or 18th century (Albert 1972: Appendix B), it seems likely 

that the modern road follows the Roman line.  

Fair’s suggested route through the upper valley, never published on a 

map, does not follow the modern road from Hardknott, but instead hugs the 

southern edge of the valley.  This line forces a road to cross the Esk multiple 

times along its course to Ravenglass, and places the road on confined ground 

with poor visibility (see section 4.2.3, Previous Attempts at Location).  This ex-

poses travelers on it to ambush and potential rockfall from the steep slopes of the 

southern fellsides.  Fells on the southern edge of the upper Esk valley have ex-

tensive screes at their bases with little room for a road between the fells and the 

River Esk, which hugs the southern valley edge (Figure 5.23).  The line lacks vis-

ibility of the rest of the valley, could be vulnerable to flash flooding, and would 

be constrained by both the river nearby and the fells.  If there were not a better 

line through the valley, this would be a candidate for the Roman road course.

In the lower valley, Richmond, Fair and McGilchrist broadly agree on 

the line the road took from Muncester Head Farm in the east to Ravenglass in 

the west.  The road ran west from the tile kiln at Parkhouse down what is now 

a footpath past High Eskholme.  Here opinions again begin to diverge, with 

McGilchrist’s route curving up Muncaster Fell to join Fell Lane and down to 

Ravenglass, while Richmond and Fair suggest the line continues past Muncaster 

Castle and on to Ravenglass (1947:27).  The only other attested fragment of road 

runs from the east gate of the fort at Ravenglass towards Muncaster Home Farm 

(Richmond 1947: 27).  The least-cost prediction captures this last attested portion 
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well.  The line via Muncaster Castle is the easier line, but subject to flooding (Fig-

ure 5.9) that the Romans may have attempted to avoid by taking the road up the 

fell rather than around it, while providing better visibility (Figure 5.24).

 In this instance, the GIS output is not the only line of evidence used to 

reconstruct the route, nor should it be.  However, instead of the results of the 

GIS model of being the end result of analysis, they are rather used to help sort 

through other lines of evidence to produce a final integrated reconstruction of 

the Roman road.

5.6 Conclusion 

This study demonstrates that anisotropic least-cost models can be power-

ful tools for archaeological research.  The anisotropic modeling techniques in this 

study can, under many terrain conditions, identify corridors between Roman 

sites 500 meters wide, or even smaller that have a high likelihood of containing 

a Roman road.  These techniques are likely broadly applicable to Roman roads 

in other parts of the ancient world, and indeed to any historic road about which 

there is little archaeological evidence.

While the least-cost model can potentially be a stand-alone tool for the lo-

cation of Roman roads in certain circumstances, it functions best in concert with 

other lines of support: detailed landscape history, and archaeological evidence 

in particular.  It is important to keep in mind that any GIS prediction is merely 

an interpretive tool, and one that is only as good as the data used and the a priori 

assumptions the researcher has made in the selection of input data for the model.  

Least-cost predictions such as outlined in this study, combined with other lines 

of evidence are likely the best way to confirm the route of an archaeologically-

invisible ancient road with any confidence.  Using multiple lines of evidence can 
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help archaeologists create more informed and defensible predictions regard-

ing where a Roman road actually ran through the landscape.  This is especially 

true in instances where the road is known to exist but prospects of finding ar-

chaeological confirmation of the exact line of the road are poor, such as with the 

Ravenglass-Ambleside road.
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Appendix B: Anisotropic Function Skews

Subroute Skew in Degrees

Carvoran - Whitley Castle 148.3
Whitley Castle - Kirkby Thore 149.8
Carlisle - Papcastle 98.05
Papcastle - Maryport 102.4
Ambleside - Pedder Stone 144.95
Hardknott Fort - Park House Tile Kiln 131.55
Park House Kiln - Ravenglass Fort 137

General Anisotropic Cost Applications

Degrees Cost Note
0 1 uphill

45 0.5 quartering uphill 
90 0 parallel to slope

135 0.5 quartering downhill 
180 1 downhill
225 0.5 quartering downhill 
270 0 parallel to slope
315 0.5 quartering uphill 
360 1 uphill
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Appendix C: Standard Isotropic 
Surface
(for all study areas, Idrisi .avl file)
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