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Abstract
Archaeologists have aspired to a seamless integration of 
terrestrial and marine survey since maritime archaeology 
began to emerge as a distinct sub-discipline. This chapter 
will review and discuss how 3D technology is changing 
the way that archaeologists work, blurring the boundar-
ies between different technologies and different environ-
ments. Special attention is paid to the integration of data 
obtained from aerial and underwater methods. Maritime 
archaeology is undergoing an explosion of site recording 
methods and techniques which improve survey, excava-
tion and interpretation, as well as management and con-
servation of material culture, protected sites, and cultural 
landscapes. An appraisal of methods and interpretive 
tools is therefore necessary as well as a consideration of 
how theoretical concepts of maritime landscapes are 
finding new expressions in practice. A thematic focus is 
placed on integrating land and sea through case studies of 
maritime archaeological sites and material which range 
chronologically from the recent past to several thousand 
years before present.
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14.1  Introduction

The discipline of archaeology is currently undergoing a step- 
change in site recording methods and techniques that have 
improved and enhanced scientific archaeological survey, 
excavation and interpretation. This can be described as a 
shift from a reliance on separate technologies in parallel to 
the use of converged and integrated technologies and a shift 
from 2D methods to 3D methods. This trend was identified 
by Wheatly and Gillings (2002, 216–217) at an early stage 
and examples include engagement with the technology and 
analytical techniques (Spring and Peters 2014), theory 
(Garstki 2017), public engagement (Tait et al. 2015), illustra-
tion (Morgan and Wright 2018) and archiving (Austin et al. 
2009). While it is now widely recognised that photogram-
metry supplements and enhances, rather than replaces, exist-
ing techniques, it has nevertheless drawn digital 3D recording 
firmly into the mainstream of archaeological practice. 
Furthermore, it has arguably pushed spatial recording 
through a watershed such that the gaps between pre-existing 
survey technologies, usually separate, have begun to be 
bridged. While maritime archaeology projects have employed 
a wide array of survey techniques, dissemination has typi-
cally been presented sequentially in archaeological reports, 
or perhaps overlaid in a 2D format. As software packages 
increase their capabilities, they increasingly overlap. Coupled 
with a general rise in computing power, archaeologists 
increasingly find that high resolution 3D survey datasets 
from separate sources can be spatially combined without 
having to flatten them into 2D beforehand.

The drivers behind a spatial approach to archaeological 
research include a wide array of software and hardware 

J. Benjamin (*) · J. McCarthy · C. Wiseman · S. Bevin   
J. Kowlessar · J. Naumann 
Flinders University, Adelaide, SA, Australia
e-mail: jonathan.benjamin@flinders.edu.au;  
john.mccarthy@flinders.edu.au; chelsea.wiseman@flinders.edu.au; 
shane.bevin@flinders.edu.au; jarrad.kowlessar@flinders.edu.au; 
john.naumann@flinders.edu.au 

P. M. Astrup 
Moesgaard Museum, Aarhus, Denmark
e-mail: pma@moesgaardmuseum.dk 

J. Hacker 
Flinders University, Adelaide, SA, Australia 

Airborne Research Australia (ARA), Parafield, SA, Australia
e-mail: jmh@flinders.edu.au; jorg.hacker@airborneresearch.org.au

14

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03635-5_14&domain=pdf
https://doi.org/10.1007/978-3-030-03635-5_14
mailto:jonathan.benjamin@flinders.edu.au
mailto:john.mccarthy@flinders.edu.au
mailto:john.mccarthy@flinders.edu.au
mailto:chelsea.wiseman@flinders.edu.au
mailto:shane.bevin@flinders.edu.au
mailto:shane.bevin@flinders.edu.au
mailto:jarrad.kowlessar@flinders.edu.au
mailto:john.naumann@flinders.edu.au
mailto:john.naumann@flinders.edu.au
mailto:pma@moesgaardmuseum.dk
mailto:jmh@flinders.edu.au
mailto:jorg.hacker@airborneresearch.org.au


212

developments. Perhaps the two most important factors are 
the near universal adoption of multi-image photogrammetric 
techniques and of unmanned aerial vehicles (UAVs) by 
archaeologists, with both technologies enhancing each other 
(Colomina and Molina 2014). The dramatic rise in the appli-
cation of photogrammetry for archaeology generally (Doneus 
et  al. 2011; McCarthy 2014; Remondino 2011) has been 
facilitated by recent advances in software algorithms that 
allow semi-automated 3D reconstruction, which is a technol-
ogy that is equally applicable to land, intertidal and, with a 
somewhat higher degree of technical preparation, underwa-
ter sites (McCarthy and Benjamin 2014). As a result, a much 
larger proportion of archaeologists have begun to develop 
3D modelling software skills to make the most of the record-
ing process. The desire to fully exploit these photogrammet-
ric datasets naturally draws researchers to attempt to bring in 
other spatial datasets and to attempt a synthesis of 3D infor-
mation within a fully 3D analytical environment. To some 
extent, this process of 3D data integration in archaeology has 
been underway for some time, most notably through the 
advent of laser scanning. However, photogrammetry has 
moved beyond the realm of the specialist into the skillsets of 
the maritime archaeology generalist as it is much more easily 
accessible and versatile, without requiring comparatively 
complex hardware. At the time of writing, it is likely that the 
vast majority of underwater archaeological divers will have 
been exposed to the technique at some point. This is a dra-
matic change from just five years ago when only very few 
would have heard of the technique. At the same time, the 
rising ubiquity of drones or UAVs has also facilitated capture 
of data for 3D models of entire landscapes on spatial scales 
accessible to such aerial platforms. This is discussed in more 
detail below, but regardless of which driver, it is clear that 
maritime archaeologists are increasingly reliant on single-
environment multi-source spatial workflows. These lead to 
greater contextualization of the maritime archaeological 
resource. In particular, photogrammetry, which can operate 
at a variety of scales from the smallest artefact to the various 
larger scales that can be defined as a ‘landscape’ (e.g. local, 
area, regional, etc.), lends itself to a multi-scalar survey 
approach (Olson et al. 2013).

Alongside these benefits, the changing practice in mari-
time archaeology means that theoretical issues surrounding 
use of digital technologies must be considered. In the broader 
discussions of archaeology, these discussions are well under-
way. Huggett et al. (2018, 44) describe the ‘grand challenges’ 
facing digital archaeology as ‘fundamental (addressing the-
ory and practice); innovative (not simply adopting concepts 
and techniques from other fields); revolutionary (potential 
for paradigm change, creating new technological competen-
cies and ways of knowing); inspiring (engaging across the 
sector and beyond); measurable (with intermediate goals to 
gauge progress and achievement, at the same time allowing 

for the possibility of failure); and co-operative (involving 
more than just an individual researcher or team, and crossing 
national and potentially disciplinary boundaries).’ Huggett 
et al. also point out that advances in digital archaeology are 
not about the development of technologies by archaeologists 
per se, but rather, how archaeologists decide to adopt and 
apply digital technologies and the resulting impacts on the 
field.

With these concepts in mind, this chapter will review and 
discuss how 3D technology is changing the way maritime 
archaeologists work. We examine how boundaries between 
archaeology and environments are blurred and interpreted 
through emerging technology and how this allows theoreti-
cal concepts in maritime archaeology to find practical 
expression, specifically the concept of the Maritime Cultural 
Landscape (Westerdahl 1992). The wider theoretical recon-
sideration includes a focus on spatial relationships of mate-
rial cultural within a landscape. The case studies included 
were chosen to illustrate the wide-ranging impacts of digital 
workflows across temporal and national boundaries in an 
integrated field of maritime and underwater archaeology. 
The chapter discusses methods, equipment and results of 
case studies illustrating contemporary practice, before 
reviewing the current state-of-the art in digital maritime 
archaeology. Emphasis is placed on the data and analyses 
that allow for the integration of land and sea, which make up 
the ‘seamless’ cultural landscape. Case studies range chron-
ologically from historical periods to those sites originally 
formed several millennia before present. Special attention is 
paid to the integration of data obtained from aerial and 
underwater methods as these two sub-specialisations within 
archaeological recording are not often combined, with 
research groups most frequently publishing output in distinct 
specialist publications (with some notable exceptions, e.g. 
Firth 2011). This chapter will show how this gap can be 
bridged, integrating the aerial and underwater datasets 
through increasingly complex case studies that range from a 
simple intertidal survey, to a fully integrated maritime land-
scape above and below the waterline.

14.2  Maritime Archaeological Theory 
and Integrated Cultural Landscapes

Westerdahl (1992, 5) first introduced the concept of Maritime 
Cultural Landscapes (MCL) in his seminal article and 
explained that ‘during the maritime archaeological survey… 
the need arose for a scientific term for the unity of remnants 
of maritime culture on land as well as underwater.’ In the 
ensuing three decades after Westerdahl’s influential 1992 
paper the concept has become ‘a dominant research area 
within North European maritime archaeology’ (Tuddenham 
2010, 6). The theoretical reaches have expanded beyond 
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Northern Europe, entering the global discussion. Westerdahl 
himself describes the maritime cultural landscape as a physi-
cal and cognitive place ‘where the boats were built, the mate-
rials, the area where the wood was taken, and finally the 
vessel itself and its parts’ (Westerdahl 2008, 19). This even-
tually expanded to include an all-encompassing conceptual 
definition of ‘maritimity’, not only in landscape but in the 
more conceptual ‘mindscape.’ This idea was welcomed at 
the time and provided a new theoretical framework in a dis-
cipline where such frameworks were in short supply. As a 
result, Flatman (2011, 311) states that ‘archaeology has wit-
nessed an unprecedented and consistent array of work either 
directly on or indirectly contributing to this field of analysis 
by both “terrestrial” and “maritime” archaeologists.’ The 
theory remains in fashion and appears in the title of numer-
ous recent books and articles by maritime archaeologists 
(Delgado et al. 2016; Ford 2018a; Harris 2017).

Despite this ongoing popularity, difficulties in the way 
MCL theory is applied are apparent. Stewart (2011, vii) felt 
it necessary to say of MCL theory that, ‘we are still at an 
early stage, feeling our way through, but unsure of exactly 
how to go about it, or what we hope to accomplish.’ Likewise, 
Ford (2018b, 198) states ‘MCL supports varying perspec-
tives. Multiple theoretical perspectives can be pursued under 
the MCL aegis; cultural ecology to phenomenology and 
Marxism to practice theory can all be explored within an 
MCL framework. Importantly, MCL also takes in a manage-
ment perspective, allowing us to organize and manage cul-
tural resources. It is a broad church.’ The definitions of the 
term are certainly broad, and this has created unintended 
consequences that are arguably to the detriment of maritime 
archaeology. While increasing in breadth, without a stronger 
definition, its value as a concept has eroded over time. This 
is because the body of discussion of MCL exists as a spec-
trum, nebulous and expanding like its own universe, born 
from Westerdahl’s original survey of the Swedish coasts in 
the 1980s. The reason may be, as Flatman (2011, 326–327) 
notes, that the theory is attractive to students and to research-
ers because it is grounded in the tangible physical world. The 
type of spatial relationships at the core of MCL make it one 
of the more accessible theoretical frameworks with which 
most people can identify, even for newcomers to maritime 
archaeological theory. Unfortunately, the very accessibility 
and the openness of MCL to different interpretations has, 
over time, led to an increasing vagueness of definition and 
lack of theoretical direction.

Those who have sought to apply the theory in a practical 
Cultural Heritage Management context, have run into very 
difficult to answer questions, not least of which is how far 
from the shore we should consider an MCL to extend (Ford 
2018b, 199–201) and what is and what is not ‘maritime’ 
within the anthropological or archaeological discourse (see 
Gately and Benjamin 2018). Many of the publications refer-

encing the theory, even as part of their title, are little more 
than catalogues of the maritime culture and history of a 
region rather than attempts to develop the theory into some-
thing more complex or to explore cognitive relationships 
with material culture past and present, as well as the more 
prosaic physical environment aspects. This is perhaps 
because maritime archaeologists are generally conscious of 
the need to engage with archaeological theory and have 
tended to rely on MCL as a convenient seat filler which does 
not interfere with the scope of their particular study. After all 
there is probably no archaeological site to which MCL the-
ory could not be applied in some form. The use of MCL in 
this way contributes little to the broader discipline, which is 
already overly techno-particularist and sorely needs long- 
term and genuine engagement with well-defined, useful, 
theory. In some cases, MCL has been treated as though it 
were a concept which could be tested to see if it existed in a 
given area, but as Rönnby (2007, 80–81) notes, ‘the chal-
lenge is probably not so much to prove that a special environ-
ment plays a role in the formation of societies and cultures. 
It is evident that it does.’

If technology itself is neutral, can technological advance-
ments be used to focus the development of archaeological 
theory? In an appraisal of the state of MCL studies just prior 
to the boom in photogrammetry algorithms that have so 
greatly impacted archaeology, Stewart (2011) identified two 
major challenges for the future of MCL studies. Firstly, he 
notes the need to bring cultural interpretation into maritime 
landscape surveys. Secondly, he notes the technical chal-
lenges of past landscape reconstruction. In the case of the 
first challenge, as we have noted above, MCL theory has 
been attractive and accessible due to its spatial nature but this 
has been to a large extent a subjective mental exercise. As a 
result, so plentiful are the interpretative possibilities for a 
past maritime landscape, that the collective body of research 
has been unable to make much progress. Choices are made 
by the archaeologists on which sites to focus within a land-
scape and at which scale they are to be surveyed. This is 
often invisible in the final products. For the second chal-
lenge, Stewart states that landscape reconstruction ‘requires 
geographical, geological, or geoarchaeological experts, but 
the specialists in these fields do not generally have expertise 
in maritime culture. By the same token, specialists in mari-
time life—nautical archaeologists, maritime historians, and 
maritime ethnologists—do not typically have expertise in 
reconstructing landscapes’ (Stewart 2011, viii). In the years 
since these two challenges were identified by Stewart, the 
rise of much more user-friendly software and the relative 
ubiquity of powerful hardware means that maritime archaeo-
logical practitioners and even maritime archaeology students 
may have at least basic skills of landscape reconstruction 
within their grasp. In many cases discussions of MCL have 
been bound by a lack of materiality but new technologies 

14 Integrating Aerial and Underwater Data for Archaeology: Digital Maritime Landscapes in 3D



214

allowing comprehensive landscape and seascape survey 
increasingly allows for a practical implementation of MCL 
theory in praxis.

These emerging techniques offer a higher level of detail 
than previously available to most field archaeologists. Rather, 
there is a newfound, and reasonably accessible means for 
many archaeologists to capture data to reconstruct a physical 
landscape digitally and in 3D.  This provides a previously 
unattainable baseline for developing and testing theories 
related to landscape-material-culture interconnection and 
context, spatial relationship and setting which leads to the 
broader opportunities to review more anthropological ques-
tions as related to cognitive and social significance. We con-
sider the MCL as a social construct based on cumulative 
characteristics of the physical environment and all of the 
natural resources and challenges they offer to societies past 
and present. Rönnby’s point is worth heeding: (2007, 81): 
‘The challenge is instead to show how people within a very 
special maritime milieu and linked to ‘maritime durees’ 
within these surroundings have nevertheless constructed 
their social situation so differently….’ While mapping in 3D 
alone might not resolve these issues, the added value of these 
outputs provides a newfound baseline to study maritime cul-
tures. The physical environment impacts the cognitive land-
scape and must be considered, along with archaeological 
material, as a starting point, with consideration for change 
over time. A review of physical landscape over time begins 
with a data-driven exercise of material culture to interpret 
and understand the physical environment, exploited and cul-
turally modified by past cultures. The development of tech-
nological approaches allows for a deliberate re-emphasis on 
the material as a data source, evaluated in detail and spa-
tially, in a physical and virtual space.

One of the greatest advantages of a 3D survey-driven 
approach for maritime archaeology is the potential to digi-
tally ‘dissolve’ the boundary between terrestrial and under-
water environments. The modern coastline gives the 
archaeologist in the field a misleading impression of the con-
temporary physical landscape of an archaeological site, 
obscuring and distorting the lost landscapes of the past. In 
his introduction of MCL, Westerdahl (1992:6) recognised 
the importance of a survey strategy that spanned from land to 
sea so that ‘a vision of the total topography of the waterfront 
area is applied, features on nearby land being as important as 
depth curves underwater.’ Only through a survey strategy 
that seeks to capture the topography across the modern land, 
intertidal and submerged, can we achieve an informed 
approximation of the contemporary landscape context of the 
site and therefore study the cultural relationship between 
past people, materiality, land and sea. Considering as exam-
ples two of the most widely studied types of maritime 
archaeological sites, shipwrecks and submerged prehistoric 
sites, Westerdahl’s statement is certainly true for submerged 
prehistoric sites. For shipwrecks, Westerdahl recognised that 
they could be challenging to include in the maritime land-

scape concept as they lacked, ‘at first sight any obvious rela-
tionship to their immediate surroundings’ (Westerdahl 1992: 
6) but there are many links, including the relationship 
between the coastal topography and the wrecking event, 
post-wrecking site formation processes and interactions 
between the wreck and onshore communities from the time 
of wrecking onwards. For this reason, the comprehensive 3D 
survey approach has the potential to be equally relevant to all 
maritime archaeological sites.

14.3  Aerial Archaeology

Airborne observation and recording techniques for archaeol-
ogy have been practiced for several decades and are dis-
cussed in technical breadth and depth in various publications 
(e.g. Bewley and Rączkowski 2002; Cowley 2011; Cowley 
et al. 2018; Duel 1969; Riley 1982). While the work under-
taken from the air during the earlier twentieth century 
focused primarily on oblique photography or on vertical 
orthographic stereophotography, recently the focus has 
shifted to photogrammetry capable of dense 3D capture of 
land surfaces (e.g., Remondino 2011). This has also been 
true of coastal maritime archaeology (e.g., Benjamin et al. 
2014; Cowley et al. 2012). Beyond photogrammetry, Lidar 
has also grown in popularity thanks to wider availability of 
data and more powerful computers. Bathymetric Lidar has 
also had an impact on coastal and shallow water archaeology 
(e.g., Doneus et al. 2013) and there have been studies exploit-
ing publicly available bathymetric Lidar data for palaeo-
landscape reconstruction (Bicket et al. 2017). These methods 
for aerial recording have so far focused on ‘manned’ aircraft 
using traditional survey and data processing and interpreta-
tion methods.

Data acquisition at a local scale or site scale has been 
increasingly acquired by UAV. This popularity of UAV-based 
technologies prompted the dedication of a special issue of the 
Society for American Archaeology’s newsletter (SAA 2016) 
to showcase the potential for archaeological sites and land-
scapes to be recorded by UAV. Here, we consider a shift in 
most photographic data from manned aircraft to UAVs. The 
advent of the small, consumer grade UAV means that any 
archaeological unit, department individual researcher or stu-
dent can now take low altitude aerial photographs in a small 
scale, affordable manner. This latter point is perhaps the single 
greatest step-change for mapping sites located on dry land, 
since more sites and landscapes are now easily documented 
from above, which otherwise would not have been recorded in 
this way. We are nonetheless careful not to mistake this 
increase in the deployment of UAVs as an outright replace-
ment for other methods. In terms of manned aircraft, there are 
now solutions available based on modern comparatively low-
cost small motorglider and/or ultralight aircraft equipped with 
multitudes of sensors, including the most powerful full wave-
form-resolving small footprint lidar systems, high resolution 
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cameras and more (Hacker et al. 2018a, b). Combined with 
new survey strategies and processing workflows, such solu-
tions are delivering very detailed data for landscapes on local 
(~1 km) to regional scales (i.e. up to hundreds of kilometres). 
This is especially useful if larger datasets are employed for 

context, and particularly where the broader geomorphological 
context is relevant. Consequently, the needs of any given sur-
vey, and not a pre-determined choice of aerial technologies, 
should dictate the right tool for the job (Fig. 14.1) (Neininger 
and Hacker 2011; Cowley et al. 2018). This is evident in the 

Fig. 14.1 Historic building 
recording through 
photogrammetry (Taken from 
the air. (Ardtornish Castle, 
Scotland). Figure contains 
Ordnance Survey OpenData, 
Crown Copyright 2018)
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case studies presented herein which rely on data collected 
through a combination of UAVs and manned aircraft as both 
have their own strengths and weaknesses and their own place 
in coastal and marine landscape survey.

The availability of consumer-grade UAVs within the last 
decade allowed for the widespread adoption of aerial photogra-
phy roughly in parallel with the advances in underwater digital 
photography, both of which provided raw data to feed into the 
newly available consumer-grade photogrammetry pipelines. 
Most notable in the low-cost range of UAV are those developed 
by Chinese UAV company DJI (with over 70% of the global 
market share as of 2017) (Chen and Lynch Ogan 2017, 57). 
Use of both multi-rotor and fixed wing UAVs (Remondino 
et al. 2011) have added to the suite of methods and tools for 
aerial recording. In many situations, drones have replaced the 
diverse and traditionally comparatively costly array of aerial 
photography techniques previously in use by archaeologists. 
Cowley et al. (2018) remind, however, that this is not necessar-
ily true for all situations and the method of aerial survey should 
always be decided by the archaeological purpose. A typical 
example may be a study requiring identification and initial 
mapping of remote and/or larger areas not easily accessible to 
UAV-based surveys where the above mentioned small manned 
aircraft have considerable advantages, even in terms cost-effi-
ciency. There are also a multitude of other methods on offer, the 
cost of which has to be carefully analysed, such as scaffolding 
towers, extendable photo poles, kites and balloons which can 
be combined with photogrammetry.

14.4  Technical Challenges: Shallow Water 
and Intertidal Zones

Working within the intertidal zone has always been a chal-
lenge for maritime archaeologists for both excavation and 
remote sensing survey. While sonar techniques have been the 
mainstay of marine remote sensing survey and aerial lidar or 
image-based techniques have been foremost terrestrially, the 
difficulty of applying remote sensing techniques to the shal-
low and intertidal zone resulted in the so-called ‘white rib-
bon’, a zone extending from the minimum depths for sonar 
and geophysical survey up to the coastline (Kotilainen and 
Kaskela 2017).

The recent rise in sophisticated photogrammetry algo-
rithms, commonly available software, combined with the 
increase in computer processing power have had a strong 
impact on coastal and shallow water archaeology (e.g. Kreij 
et al. 2018; McCarthy and Benjamin 2018). Recording for 
3D has become an important part of the maritime archaeo-
logical process, both technically and experientially, as 3D 
recording has the potential to bridge the gap between terres-

trial and underwater archaeology. In this respect photogram-
metry is similar to bathymetric lidar (Bicket et  al. 2017; 
Doneus et al. 2013; Kotilainen and Kaskela 2017) although 
the latter technique has impacted the discipline less due to a 
much higher relative cost. Underwater photogrammetry, 
where the camera is submerged, is difficult in shallower 
environments, due both to the increased effect of caustics 
and to the forced proximity of the camera to its subject. The 
effect of caustics can be reduced to some extent by waiting 
for diffuse natural lighting due to oblique sunlight or cloud 
cover. For distance, the surveyor can use a very wide-angle 
lens with a very tight line spacing. One solution can be 
applied in areas with a large tidal range, where surveyors can 
increase the distance between camera and subject by waiting 
for high tide. The same approach can be used for fully inter-
tidal sites, where terrestrial survey techniques can be applied 
at low tide while underwater techniques may be applied to 
the same location at high tide.

There have been a number of studies that have addressed 
the technical challenges of aerial air-to-water photogramme-
try, sometimes referred to as photo bathymetry (Maas 2015, 
18141). A growing number of studies that have reviewed 
methods for overcoming issues, including sun glitter (Mount 
2005), refraction (Georgopoulos and Agrafiotis 2012) and 
wave-related distortion (Chirayath and Earle 2016). As with 
underwater photogrammetry, the value of shallow water sur-
vey is strongly correlated to water clarity, but it is also par-
ticularly limited by factors which are either absent from 
terrestrial and fully underwater photogrammetry or which 
have a much less-pronounced effect on the quality of results. 
These factors include the Fresnel reflection of water and 
 glitter from sunshine as well as ray distortion caused by both 
wave action and by refraction of light as it passes from air 
into water. The effects of these factors can be limited by tak-
ing aerial photographs as near to vertical as possible to both 
reduce the effects of refraction and constrain the remaining 
refractive distortion to radial, use of circular polarising filters 
to cut down reflections and by shooting when the water sur-
face is as calm as possible. This is the approach taken in the 
case studies presented below. In ideal conditions for coastal 
photography by UAV for photogrammetry, it is possible to 
capture 3D surfaces through the water for the first few 
metres, such that shallow bathymetry and features are 
expressed in the resulting 3D models. Finally, it is worth not-
ing an interesting recent study which has combined under 
and above-water scans of floating vessels (Menna et  al. 
2015), dissolving this barrier in a similar way through a dif-
ferent method.

Considerable new developments have also taken place for 
using bathymetric lidar in the intertidal and shallow water 
zone, down to about 12 m water depth. This involves two 
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full-size small footprint waveform-resolving lidars on an 
above-mentioned small traditional aircraft flown in innova-
tive multi-overpass flight patterns together with sophisti-
cated data processing and interpretation workflows (Hacker 
and Pfennigbauer 2017).

14.5  Underwater Photogrammetry

The various chapters found throughout this volume illustrate 
the widespread and ubiquitous nature of underwater photo-
grammetry, and how it has revolutionised maritime archaeol-
ogy in a short period. The development of these technologies 
has generally not been driven by maritime archaeologists 
and has a much larger literature in technical publications 
from various disciplines. However, the adoption of the tech-
nology by maritime archaeologists as it developed is of direct 
relevance. Contemporary to some of the early work in aerial 
archaeology, photogrammetric methods in underwater 
archaeological site recording were implemented as early as 
the 1960s (Bass 1966). The subsequent decades saw incre-
mental advancement in the adaptation of photogrammetric 
3D recording for underwater archaeology, with pioneers (see 
Drap et  al. 2003; Green and Gainsford 2003) pushing the 
boundaries of available software. From 2006 onward, publi-
cations appeared utilising multi-image photogrammetry for 
small archaeological objects underwater using highly techni-
cal workflows. Henderson et al. (2013) marked a step-change 
in photogrammetric site recording under water by analysing 
much larger numbers of images on a site-level scale by 
Autonomous  Underwater  Vehicle (AUV), in the shallow 
waters of Greece. Up to this point most of the adoption of 
multi-image approaches had relied on expensive workflows 
that were not practical for the wider archaeological commu-
nity. From 2013, however, this began to change. McCarthy 
and Benjamin (2014) demonstrated a low-cost approach that 
was affordable for most maritime archaeology practitioners 
and was also effective, at the Drumbeg historic shipwreck 
site in NW Scotland (see also McCarthy et  al. 2015). 
Yamafune et al. (2016) showcased new approaches to recon-
struct large wooden wrecks in 3D using photogrammetric 
data as a baseline. Liarokapis et al. (2017) used underwater 
photogrammetry to map a fourth-century shipwreck in 
Cyprus and to create an immersive virtual reality experience 
for the site. In short, since 2009, maritime archaeology has 
developed the ability to move beyond a half century of reli-
ance upon manual diver recording (with some assistance 
from sonar techniques) for complex underwater archaeologi-
cal sites to being able to capture full shipwrecks and sub-
merged settlements within only a few dives. While this has 
augmented rather than replaced existing techniques, it has 
significantly reduced the amount of time required to record a 
site, which is critical when considering the constraints 

imposed by dive times and working under water (which can 
often be a small fraction of what could be achieved on land). 
Thus, time is of the essence for the underwater archaeologist 
and new technological approaches have brought in consider-
able savings in time, cost and risk, while at the same time 
providing a much richer and more objective record of the 
archaeological sites.

14.6  Digital Maritime Landscapes in 3D: 
Case Studies

Combining the techniques referred to in the preceding sec-
tions allows us to dissolve the line dividing land and sea. The 
archaeological landscape can be composed of terrestrial, 
intertidal and marine environments. Thus, the integration of 
datasets can form a ‘seamless’ cultural landscape in 3D. This 
can significantly enhance interpretation and research as well 
as public outreach. In the following examples, aerial data 
were collected by traditional aircraft as well as by remote 
pilot operation. Underwater data were collected through in- 
water photography techniques, designed for photogrammet-
ric modelling, while snorkelling, SCUBA diving and by 
boat. These case studies are presented with an increasing 
degree of complexity, from a straightforward intertidal zone 
site survey to a fully integrated terrestrial, intertidal and 
marine digital 3D landscape. This progressive demonstration 
provides a gradual introduction to the applied methods. They 
also become more intricate with each example in an effort to 
demonstrate how the techniques can build upon one another 
with increasing complexity, integrating more and more data 
from different sensors.

14.6.1  The Intertidal Zone

Two intertidal surveys from Scotland demonstrate the effec-
tiveness of aerial documentation undertaken in the intertidal 
zone. Intertidal archaeology represents the transition zone, 
sometimes underwater and sometimes exposed. It can be dif-
ficult to record due to the dynamic environment and constantly 
changing conditions. It can also be dangerous, in some cases, 
where tides move quickly, and surface conditions are muddy. 
Surveyors must take extra care, or indeed cancel a survey plan 
that involves too much risk. This is  precisely where intertidal 
archaeology benefits from aerial approaches to site and land-
scape survey (Cowley et al. 2012).

The remains of a small wooden boat at Ardno on the shores 
of Loch Fyne, Scotland was found with only the lower part of 
the hull intact (Fig. 14.2). The wooden carvel remains were 
obscured under intertidal seaweed and after a full manual and 
photogrammetric survey of the site, further research unearthed 
a probable identification of the vessel and early photographs 
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dating to around 1910 (McCarthy et  al. 2015:C27–C29; 
McCarthy and Benjamin 2018:13–14). The Ardno hull repre-
sents a simple recording technique with a very low flying 
(below the tree level) UAV to record the previously unknown 

vessel. A DJI Phantom V2+ (v.3) was deployed with its built-
in 12  mpxl camera. The camera itself is a fisheye with 
115-degree, distorted view. This can be partially corrected in 
software such as Adobe Lightroom (through a standard lens 

Fig. 14.2 The Ardno historic boat remains were reported to the SAMPHIRE project team (McCarthy and Benjamin 2018) and recorded through 
both traditional nautical archaeological techniques and aerial-based rapid recording methods
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profile) or, for 3D photogrammetric recording, Agisoft 
Photoscan/Metashape contains an algorithm that can account 
for the majority of the distortion through recognition of the 
camera in the image file metadata. The results at the Ardno 
survey, undertaken in less than a half hour, demonstrate use of 
a small, consumer-grade UAV flown at very low altitude. 
Both 3D and 2D images are useful to consider the site within 
the landscape, and for reconstructive purposes. A similar pro-
cess was undertaken for the fishtrap at Inninmore, which was 
recorded from a UAV deployed from a vessel (Fig. 14.3). The 
use of a vessel-based platform for UAV operations brings 
another option for rapid recording of sites which are situated 
in locations that are otherwise difficult to access.

In contrast, two intertidal Mesolithic sites in NW 
Scotland are selected to demonstrate landscape-scale 
recording of Scotland’s intertidal (or ‘partially submerged’) 
prehistory (Fig. 14.4). The lithic processing site at Lub Dub 
Aird (Loch Torridon) and the peat deposit at Clachan 
Harbour (Isle of Raasay), represent the only confirmed 
intertidal prehistoric sites in Scotland which have been 
impacted by postglacial sea-level rise (Hardy et  al. 2015) 

though they both remained partially preserved until the time 
of their discovery (Bailey et al. 2019)1. At both sites, tradi-
tional aircraft (Cessna 172) and DSLR cameras were used to 
survey the contemporary landscape in 3D. The 3D capture 
of landscapes is  particularly useful for interpretation of past 
landscapes and land surfaces where sea-level rise impacted 
the setting of the site itself. The lithics found at these sites 
represent Mesolithic deposits (Ballin et  al. 2010; Hardy 
et  al. 2015). Sea level during the Scottish Mesolithic was 
approximately between 3 and 15 m lower than today’s mean 
sea level (MSL). This has an interpretive importance, not 
only for contextualising the otherwise ephemeral lithic scat-
ters in today’s landscape, but also for interpreting their geo-
graphic setting past and present.

1 ‘Recently media reports appearing just before this volume went to 
press have mentioned some important, but as yet unpublished, discover-
ies at Benbecula.’

Fig. 14.3 The historic fish trap at Inninmore, sound of Mull, recorded by UAV deployed from a small boat as a platform for rapid survey of remote 
or inaccessible locations
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14.6.2  Nearshore Historic Shipwrecks

Two historic shipwrecks in south-eastern Australia are pre-
sented as case studies. The recording of these two sites dem-
onstrate different methods which can be used to integrate a 
fully underwater site within its surrounding environment. In 
these cases, the remains of the vessels represent historic 
wrecking events in the nineteenth century and the sites them-
selves were both partially salvaged by local inhabitants after 
the wrecking event took place. Star of Greece was the place 
of a loss of significant life, where 18 sailors perished near 
Port Willunga, South Australia (Ash 2007). Leven Lass 
wrecked in Victoria in comparable conditions, near shore on 
an exposed reef (Roberts et al. 2015) and both sites are pro-
tected by Australian law through The Historic Shipwrecks 
Act (1976).

The Star of Greece shipwreck is a well-known maritime 
archaeological site and tragedy in South Australia. Built in 

Belfast, Northern Ireland, by shipbuilders Harland & Wolff 
in 1868, it sank in bad weather, bound from Adelaide to 
London in July 1888. The site itself is approximately 2–5 m 
deep, located less than 200 m from shore. It was recorded by 
Ash (2007) requiring more than 30 dives to plan the site 
manually. Returning to the site in 2015, a single aerial pho-
tographic excursion and several attempts to record the site 
photographically were made; the latter proved difficult due 
to the size of the vessel and as such a complete site plan in 
high-definition 3D remains to be completed. The first attempt 
to record the site through underwater photogrammetry was 
undertaken by SCUBA divers, who managed to record only 
15% of the vessel in two dives, although over 2000 photos 
were taken. Further attempts were made to record the vessel 
by boat-based photogrammetric techniques in 2017 and 
2018. The resulting survey established a near- complete 3D 
site record through data acquired by a pole- mounted housed, 
stereo camera system (Sony RX100 M3) (Fig. 14.5).

Fig. 14.4 Lub Dub Aird and Clachan Harbour landscape settings in 
3D. These two locations represent the only two excavated find spots 
where Mesolithic deposits have been confirmed in the intertidal zone. 
The landscapes were recorded by traditional aircraft and camera equip-
ment in order to capture the sites’ settings. The past landscapes can be 

inferred by comparing sea-level models and adjusting the digital eleva-
tion accordingly, in line with the depth:age ratio of the Mesolithic 
period in western Scotland and taking into consideration location-scale 
isostatic uplift
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Fig. 14.5 The Star of Greece shipwreck was recorded using boat- 
based photogrammetry based on over 6000 images to produce a 3D 
record. It is shown here as a 2D orthophoto alongside an aerial image of 

the wreck site. Resources like Google Earth now provide a simple way 
of providing wider context of archaeological sites
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Fig. 14.6 (a) Location of Leven Lass, overlaid on aerial photogram-
metry, showing landscape context; (b) Orientation map showing the 
location of the Leven Lass wreck site; (c) Leven Lass wreck site includ-
ing survey points and trench locations; (d) Oblique view of photogram-

metric survey of Trench A, looking northwest; (e) Oblique view of 
photogrammetric survey of Little Rookery Beach landscape, looking 
east; (f) Oblique view of photogrammetric survey of Trench B, looking 
southeast
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In 1984, the remains of an unidentified wooden vessel 
were recorded by Heritage Victoria in approximately 4 m of 
water off the northern coast of Phillip Island, Australia. 
Flinders University-Heritage Victoria field investigations 
from 2012 to 2017 identified the shipwreck site as the 
nineteenth- century Clyde-built (Scottish) brig, Leven Lass. 
The site is used as a teaching location, where graduate stu-
dents have been able to learn shallow-water 2D and 3D 
recording methods. In addition to underwater photogram-
metric recording by simple housed compact camera 
(Fig.  14.6), aerial based photogrammetric data were 
acquired by UAV (DJI Phantom 2V+) at this site. The inte-
gration of the aerial and underwater data showcases the 
shipwreck, in its landscape context and with visible reef in 
immediate proximity. The vessel itself remains reasonably 
well- preserved, despite several early attempts to salvage the 
site followed by decades of artefact removal by local snor-
kelers and divers. A 2D orthophoto was produced to com-
pare alongside student drawings of Trench A, excavated in 
2015 (Fig.  14.6d), and Trench B excavated in 2016 
(Fig. 14.6e).

14.6.3  Deep Time and the Integrated Maritime 
Landscape

The case studies illustrate the recent and rapid integration of 
digital 3D recording techniques. They demonstrate the site- 
scale, showcasing three historic (post-medieval or post- 
contact) sites and two local-scale archaeological landscapes 
of intertidal Mesolithic sites in Scotland and provide varying 
levels of data integration and archaeological setting. Here we 
reiterate that the spatial data and interpretation of 3D data 
differ when considering drowned palaeolandscapes and the 
cultural deposits therein/thereon. Historic shipwreck sites 
may be studied for their relationship with the surrounding 
terrain in which they sank, or ruined in a final punctuated 
event, however their origin (construction place) is not often 
their final resting place. This differs from the prehistoric sites 
inundated during postglacial sea-level rise. A submerged 
settlement provides an opportunity to apply digital tech-
niques, to study site formation, preservation processes and, 
in a practical sense, future management. 3D data is particu-
larly useful for underwater cultural heritage of drowned 
landscapes, within modern shorelines, intertidal zones and 
coastal (terrestrial) environments because the water level 
represents a somewhat arbitrary segregation that historically 
introduced research bias and certainly presents a modern, 
technical challenge.

The coastline of Denmark is surely one of the best places 
in the world to study impacts of climate change and sea-level 
rise on past peoples (e.g. Fischer 1995; Uldum et al. 2017). 

A Mesolithic site located on the island Hjarnø (Astrup et al. 
2019; Skriver et al. 2017) represents an outstanding opportu-
nity to integrate multi-scalar 3D recording techniques and 
present a complex site in high resolution. This is important 
because submerged material from Denmark has been 
recorded for several decades using traditional archaeological 
recording methods. However, the dissemination of the 
research has suffered historically from a lack of detail due to 
generalised illustrations and poor-quality underwater pho-
tography. The ability to recreate a landscape from aerial and 
underwater means has led to a high quality, scalable, photo-
realistic resource that is more informative and therefore of 
higher value to international scholarship and museum visi-
tors alike.

The landscape of Hjarnø (Figs. 14.7 and 14.8) was anal-
ysed using a terrestrial Lidar dataset with a resolution of 
0.4 m, alongside a bathymetry dataset with a resolution of 
50 m (interpolated data based on one point per 50 m). Both 
datasets are readily available to the public. Given the sub-
stantial variation in resolution between the two datasets, 
GIS-based interpolation allowed for the combination of the 
bathymetry and topography. The bathymetry and topography 
datasets were merged into a singular data layer, which was 
then interpolated to a DEM using the kriging method at a 
resolution of 5 m. Contour lines of 5 m were generated from 
the elevation model to be used in the creation of a TIN sur-
face to then visualise this region in 3D. A variety of photo-
grammetric surveys were then made of the areas of 
archaeological interest, including UAV photography for pho-
togrammetry of the terrestrial and intertidal areas undertaken 
at low tide, underwater snorkel and diver-based photogram-
metric survey of excavated trenches and artefacts, surface 
photogrammetry of the entire seabed around the midden. 
These datasets were then merged into a single 3D environ-
ment in GIS and in the 3D modelling software Blender, with 
floating surveys georeferenced using the total station dGPS 
survey. Further work is ongoing to integrate the results of 
coring and excavation both at the site itself and in the wider 
landscape (Astrup et al. 2019).

14.7  3D GIS

Geographic Information Systems handle complex spatial 
information however this information is typically repre-
sented in a simple 2D format with 3D data and offer archae-
ologists a platform and collection of tools with which to 
manage complex spatial data sets. Despite a visual discon-
nect between the data and reality these types of displays have 
been widely accepted and utilized by archaeologists. While 
commercial 3D GIS packages have existed for some time, 
these are typically expensive products and designed for spe-
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Fig. 14.7 (a) Orientation map showing the location of Hjarnø; (b) Site 
and landscape context, including aerial photogrammetric datasets, 
Lidar topography, and bathymetry. Location of excavated trench shown 
in red. Bathymetry dataset sourced from the Danish Geodata Agency. 
Contains data from the Data Security and Efficiency Board, DHM/

Surface (0.4 m grid); (c) Oblique view of aerial photogrammetry and 
coastal environment, looking southeast; (d) Locations of the aerial and 
underwater photogrammetric surveys; (e) Array photogrammetry sur-
vey showing excavated trench and context underwater; (f) Oblique view 
of excavated trench, facing north
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cialised tasks in specific disciplines. (Wheatley and Gillings 
2002: 241–242). Standalone general GIS packages only very 
recently allowed the integration of complex 3D models. As a 
result of the limitations of GIS packages previous attempts at 
3D GIS for archaeology turned to custom developed, project 
specific platforms (e.g. Nebiker 2002; Wüst et al. 2004).

Within the last two decades development of 3D GIS plat-
forms with the goal of integrating and visualizing complex 
3D geometries and other data sources have been developed 
for the purpose of archaeology. An early example of pioneer-
ing work is the DILAS (Digital Landscape Server) platform 
(Nebiker 2002; Wüst et al. 2004). Another example of a cus-
tom platform for 3D GIS is the MayaArch3D project 
(Agugiaro et  al. 2011a, b; Richards-Rissetto et  al. 2012). 
Their project’s approach to archaeological data organisation, 
visualization and analysis creates an interpretive window 
into the experiential aspects of past human behaviour as well 
as empirical analysis material culture (Agugiaro et  al. 
2011a). A considerable drawback of these purpose- built 3D 
GIS systems is that they require a specialized workflow 
using custom-coded software and complex database man-
agement system architecture. The project-specific, design 
makes them difficult to apply beyond their purpose- built 
archaeological research (Dell’Unto et al. 2015). In the con-
text of such individual developments archaeologists called 
for a more general approach to 3D GIS, which led to a re-
examining of the most modern features of commercial GIS 

packages (Dell’Unto et al. 2015; Ford 2004). A number of 
modern commercially available GIS systems exist that offer 
some form of true 3D data integration. These systems are 
often built with a variety of features offering different data 
management and analysis potentials.

Richards-Risetto (2017) recently asked ‘What can GIS + 
3D mean for landscape archaeology?’ drawing attention to 
the historical tension and critique mainly by post-processual 
archaeologists to the application of GIS.  Richards-Risetto 
points to the issues related to predictive modelling based on 
environmental data, the now ever-present debate around 
environmental determinism versus socio/cultural variables 
for locating, discovering and interpreting archaeological 
sites. The application of 3D GIS has an enormous potential 
for the study of maritime landscapes, bringing together 3D 
data into a realistically visualized geospatial environment 
and allowing  analytical questions to be asked, empirically as 
well as providing rich visualizations of the data that allow 
more nuanced interpretations. Verhoeven (2017, 1021) points 
to the limited need for realistic appearance by the broader 
GIS community, which has historically limited the advance-
ment for GIS packages to offer 3D visualizations natively. 
3D modelling/animation software can fulfil many of the 
functions of 3D GIS but is generally limited to Euclidean 
space and incapable of dealing with geographic coordinate 
systems. There is currently a gap between these two tech-
nologies, but this is a clear example of convergence under-

Fig. 14.8 A multi-dataset 3D working environment of the coastal prehistoric Hjarnø site and landscape, showing several layers of aerial and 
underwater photogrammetry, integrated with lidar data
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way. Wheatley  and Gillings recognized this in 2002 when 
they wrote that ‘it seems likely that the convergence of spa-
tial technologies will continue beyond what we currently 
understand as GIS—in fact this is one of the principal rea-
sons that we favour the term ‘spatial technologies’ over the 
more defined (and contested) ‘Geographic Information 
Systems’ (Wheatley and Gillings 2002, 216). Once the tech-
nical computing capacity can routinely  support large scale 
3D GIS platforms, archaeologists are on track to become 
some of the earliest adopters of this technology.

14.8  Digital ‘Realities’

Archaeologists are also adopting gaming engines as a form 
of data visualization and enhancement, which can be inte-
grated into GIS (Richards-Rissetto 2017) or used for aug-
mented reality (Eve 2014, 2017; Watterson 2015). The 
creation of interactive virtual spaces has become more acces-
sible as the tools required evolve to meet the demands of a 
variety of users and applications. Watterson (2015, 20), 
points out that ‘all image-making within archaeology 
involves implicit assumptions and explicit choices, but the 
context and technique behind the creation of these images 
and the ways they are consumed often obscure this process.’ 
While digital tools and techniques are often in focus, the 
need to re-affirm the underlying rationale for how data are 
collected, adapted and presented should be consistently 
reviewed. Ewes (2014) recently discusses ‘an opportunity to 
merge the real world with virtual elements of relevance to the 
past, including 3D models, soundscapes, smellscapes and 
other immersive data.’ And suggests ‘sophisticated desk- 
based GIS analyses can be experienced directly within the 
field and combined with a body-centred exploration of the 
landscape, creating an embodied GIS.’

The implementation of captured 3D data into navigable 
3D spaces is now achievable within a reasonable budget and 
a team with the necessary specialist skills. The technological 
developments, which enable digital media experts and 
archaeologists to work together to rebuild the scenes, or the 
digital maritime cultural landscapes, allow for the further 
experiential or digital phenomenological approach to view-
ing and understanding past environments. Current technol-
ogy stops short of a completely ‘life-like’ experience, 
however the direction and integration of these disciplines is 
heading toward a much more immersive experience. The cre-
ation of an interpretation of the past through virtual reality.

Watterson (2015, 19) has outlined the need for archaeolo-
gists to develop a more practical approach to addressing the 
issues through the development of method which consider 
the ‘multi-layered, interpretive and ambiguous processes 
involved in archaeological interpretation.’ Equally, the way 
someone experiences archaeology, whether in person or vir-

tually, matters. A virtual experience of archaeology is not the 
opposite of a ‘real’ experience, though it may be described 
distinctly from a physical or experience (e.g. Falconer and 
Scott 2018). For the moment, people can still tell the differ-
ence between a virtual and a physically real experience, 
though this gap can only decrease over time. The technolo-
gies and methods for archaeological survey, recording and 
interpretation which have been discussed in this chapter con-
tinue to develop to the advantage of archaeologists world-
wide. Conceptual models for understanding landscapes, their 
cultural modification and change over time, and need to 
apply and consider digital models of ever-expanding scale 
and quality. This has both an aesthetic appeal, but impor-
tantly, will be increasingly functional for the integrated inter-
pretation of material culture and physical remains within 
physical and cultural landscapes.

Game engines are now commonly used to bring the past 
to life, facilitating both public engagement with past envi-
ronments as well as providing a tool to allow archaeologists 
to immerse themselves in their study areas, provoking new 
questions and inspiring new directions in research. There are 
a variety of game engines available: Amazon’s Lumberyard, 
Cry Engine, Epic’s Unreal Engine 4 and Unity are used by 
small and large-scale game development teams. The flexible 
licensing costs of all listed game engines have made cutting 
edge real time interactive 3D game design technology avail-
able to teams with a variety of available budgets and skill-
sets. The example in Fig.  14.9 is a Unity-based VR 
environment that has been created of a coastal medieval cas-
tle in Scotland, at Ardtornish in the Sound of Mull in western 
Scotland. This castle is a typical power centre of the thalas-
socracies that dominated western Scotland in the later mid-
dle ages, centred on maritime castles but with a power 
founded on the maritime strength of huge fleets of highland 
galleys, also known as birlinns (Rixson 1988). This castle is 
in a maritime context, placed to oversee and control passage 
through a major seaway of the Sound of Mull. The maritime 
connections of the site are visible on the ground with evi-
dence of possible boat haulages (noosts) visible in the inter-
tidal zone around the castle. As with many maritime 
archaeological sites, it is difficult to appreciate the way this 
castle dominated and controlled this landscape and how the 
terrestrial power of the castle must have interacted with the 
maritime power of the ships that provided economic and 
military support. VR was employed to help understand the 
site in a more immersive way and to reconnect the two major 
elements of this power base, the castle and the ships. The 
castle was recorded in its landscape context in 3D using a 
DJI UAV (Figs. 14.1 and 14.9) including the intertidal zone. 
The castle itself was digitally reroofed and reconstructions of 
highland galleys were added to the VR environment. This 
simple reconstruction has shown how 3D recording is being 
taken beyond production of standard orthographic illustra-
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Fig. 14.9 Game Engines such as Unity allow for a photo-realistic 3D 
virtual world to be created, based on real archaeological survey data. (a) 

An optimised 3D model created in Blender using photogrammetry data. 
(b–d) The interactive 3D environment created in Unity, navigable using 
a game controller, keyboard, mouse and VR headset
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tions in reports and can produce assets for a wide variety of 
other meaningful archaeological outputs with minimal addi-
tional effort.

14.9  Conclusions

By advocating for a more technological approach to study 
maritime landscapes, we must be careful to avoid certain pit-
falls. Relative to other forms of archaeological investigation, 
maritime archaeology has always had a particularly strong 
focus on the tools and technology and this has been a distrac-
tion from the archaeology itself. Critics of 3D recording, and 
representations of archaeological sites and cultural land-
scapes might be tempted to dismiss the technique as a gim-
mick; limiting the usefulness to simply a ‘pretty picture.’ 
While it is valid to point out that visual gratification does not 
necessarily make a scientific advancement, Verhoeven (2011, 
67) is right: ‘Let’s face it—most people like 3D visualiza-
tions.’ The reasons are not simply to do with aesthetic appeal, 
but rather 3D recording allows archaeologists to hold a land-
scape in their hands and to share their experience with oth-
ers. It is also a space for enhanced archaeological 
interpretation, which builds on existing methods for site 
recording. The potential to create visual, experiential envi-
ronments is also promising from an enhanced interpretation 
perspective as well as through visitor experience and interac-
tivity in museums and educational sectors.

Virtual worlds can create a space for generating and test-
ing new theories and developing those already accepted by 
the establishment. The interpretation of landscapes, features 
and setting in 3D has direct relevance to the broader disci-
pline because archaeology deals with complex surfaces and 
examines traces of the human past in space. Archaeological 
interpretive mapping remains a main aim in the collection of 
such data. Rather than distracting from the subject, we agree 
with Chrysanthi et  al. (2012, 9–10) who argue that one 
should become immersed in the interpretive process through 
a mastery of tools, and that digital tools function best when 
they are mastered to the extent that their own character is no 
longer the focus, having become an unnoticed extension or 
prosthesis of the maritime archaeologist.

Returning to the grand challenges facing digital archaeol-
ogy and the reconsideration of MCL, the material and digital 
representations presented herein represent the state of the art 
and early adoption by archaeologists. Innovation is presented 
through the integrated approaches used to bridge the gap 
between land and sea, and particularly to record large, com-
plex sites and landscapes through a variety of original and 
existing data. These are measurable, physically, in that sites 
can be recorded, scaled and mapped very accurately and 
exported into a system used in planning and development, 
especially GIS or other practical applications for outreach, 

such as VR. These relatively new techniques now present a 
genuine opportunity to inspire a new generation of stake-
holders and end-users, not only specialists. The list of 
authors, all of whom have made a significant intellectual and 
practical contribution to the development of the material pre-
sented in this chapter also illustrates the collaborative nature 
of these methods and the international relevance is attested 
by the various case studies from around the world. In this 
respect, we hope to have showcased some of the advances 
within the discussion of Huggett et al.’s (2018, 44) ‘funda-
mentals.’ We also hope to have made an incremental advance 
by urging the reconsideration of a widely applied, but loosely 
defined theoretical framework, through a digital representa-
tion of physical landscapes, with renewed interest on the 
archaeological material and its relationship to landscapes 
over time.

For maritime archaeology, 3D capture of landscapes 
above and below the waterline offers the clearest, most ana-
lytical and most repeatable method for analysing and inter-
preting sites and contextualising material within their 
surrounding environments. Maritime archaeology stands to 
benefit, perhaps more so than any other sub-discipline for 
exactly these reasons; the waterline need no longer be a bar-
rier to study the integrated cultural landscape, be that physi-
cal or cognitive. The results form a scalable, digital maritime 
landscape—an enhanced interpretive space in which to bet-
ter examine the archaeological, anthropological, historical 
and environmental questions.
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