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ABSTRACT
This paper describes the archaeological, topographical and geomorphological survey and modelling of the 
topography of Dra Abu el ‑Naga from prior to the building of the New Kingdom tombs until today. The ancient 
topography of Dra Abu el ‑Naga has been reconstructed, offering a more accurate and complete image of 
this part of the necropolis for the study of its organisation, and the distribution and placement of the tombs.

This work opens up new lines of investigation into the landscape of the necropolis and this approach could 
be productively applied to other ancient Egyptian tombs, necropolises and funerary landscapes in general.
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نموذج متكامل للمشهد الجيومورفولوجى والطبوغرافى لجبانة ذراع أبو النجا
أنجيليس خيمينيز-هيغيراس – ديفيد غارسيا-غونزاليس – هانا بيثن – ليز جونز – تيريزا بارديا – أنطونيو مارتينيز – سيرجيو 

سانشيز-مورال

الملخص
تصف هذه الورقة المسح الأثرى والطبوغرافي والجيومورفولوجي ونمذجة تضاريس منطقة ذراع أبو النجا منذ الفترة ما قبل 
عصر تشييد مقابر الدولة الحديثة وحتى يومنا هذا. تم إعادة بناء التضاريس القديمة لذراع أبو النجا، وهو الأمر الذى يوفر 

صورة أكثر دقة واكتمالًا لهذا الجزء من جبانة الأقصر القديمة لدراسة تنظيمها وتوزيع ووضع المقابر بها.
يفتح هذا العمل خطوطاً جديدة للبحث فى التضاريس القديمة للجبانة ويمكن تطبيق هذا النهج بشكل فعال على المقابر المصرية 

القديمة الأخرى والجبانات والمواقع الجنائزية بشكل عام.

الكلمات الدالة
المسح الأثرى – GPS -تفاضلى – دراع أبو النجا – نمذجة المناظر الطبيعية – نظم المعلومات
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David García ‑González (archaeologist, specialist in cartography), Hannah Pethen (archaeologist, 
Egyptologist and surveyor), Liz Jones (archaeologist and surveyor), Teresa Bardají (geomorphologist), 
Antonio Martínez (geomorphologist) and Sergio Sánchez ‑Moral (geologist).
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Dra Abu el ‑Naga, at the northern end of the Theban necropolis, has seen human activity 
since prehistoric times. By the Middle Kingdom it formed part of the necropolis for the local 
elite (Betrò – Del Vesco – Miniaci 2009: 14–33) and was the burial place for the local Theban 
rulers during the Second Intermediate Period (Polz et al. 2003: 317–388; Polz 2003: 12–15). 
Archaeological investigations have taken place at Dra Abu el ‑Naga since the 19th century and 
important archaeological research continues in this area (Jiménez ‑Higueras 2020: 10–14).

Like many other sites (Bitelli – Girelli –Tini – Vittuari 2006: 15–21; Capriotti Vittozzi – An‑
gelini – Iacoviello 2018: 221–232; Chiesi – Davoli – Occhi – Raimondi 2012: 23–29; Fenwick 2004: 
880–885; Fenwick 2005: 20–21; Giorgi and Buzi 2011: 175–180; Goosens, De Dapper and De Paepe 
1997: 13–20; Hinojosa Baliño 2019: 44, 50; Jeffreys 2003: 1–18; Jeffreys 2020: 197–213; Jeffreys – 
Tavares 1994: 143–173; Jones – Pethen 2012: 45–54; Kemp – Garfi 1993; Lauffrey – Sauneron – Anus 
1981: 491; Mathieson – Dittmer 2007: 79–93; Mills 1988: 6–7; Papi – Bigi – Camporeale – Car‑
pentiero – D‘Aco – Kenawi – Mariotti, – Passalacqua 2010: 239–250; Schiestal 2016: 172; Spencer 
1974: 1–11; Strutt 2016: 75–77; Tavares 2011: 203–216; Tavares 2020: 252–265; Trampier 2014: 81; 
Weeks 1989: 286–287), there has been a long history of archaeological and cartographic survey 
in the Theban necropolis, but the many different cartographic resources produced since then 
are all insufficient, for one reason or another, for the requirements of the modern missions 
working at Dra Abu el ‑Naga or any further landscape ‑archaeological analysis.

“Landscape” is recognised as a highly complex concept, that includes space and topography 
as well as the embodied human experience of that space and topography and its incorpora‑
tion into human life and relationships (Anschuetz et al. 2001; David – Thomas 2008; Ingold 
1993; Knapp – Ashmore 1999; Pethen 2012; Pethen 2023; Thomas 2001: 165–168; Wilson – David 
2002: 5–8). Nevertheless, before it is possible to consider landscape as an embodied or expe‑
rienced space, it is necessary to determine the physical topography that forms its underlying 
foundation. Any future landscape ‑archaeological analysis of Dra Abu el ‑Naga would there‑
fore require a reliably and consistently surveyed topographic and cartographic record of 
Dra Abu el ‑Naga and its archaeological structures. This research is intended to provide that 
consistently surveyed topographic and cartographic model of the extant and, as far as can be 
reconstructed, ancient topography and geomorphology, precisely locating each tomb and its 
elements (pylons, courtyard, entrance, superstructure) and situating the whole in a model 
of the entire Theban area.

In 2013, a formal application was presented to the then Egyptian Ministry of Supreme 
Antiquities (MSA) to request official permission to carry out a surveying campaign, consisting 
of a micro ‑topographical survey and a geomorphological ‑geological study at the southern end 
of Dra Abu el ‑Naga. This survey was approved and the fieldwork was carried out from 24th 
February to 4th April 2013 by a group of cartographers, archaeologists, surveyors, geologists 
and geomorphologists. The data were interpolated to create the digital elevation model (DEM) 
necessary for future research analyses. This DEM included a complete reconstruction of the 
area in the New Kingdom and a model of the changes to that topography, from prior to con‑
struction of the New Kingdom tombs to the present day. To contextualise this research, enable 
integration with other missions and undertake future research into the inter ‑visibility and 
movement around the necropolis, the survey data from Dra Abu el ‑Naga were subsequently 
integrated into a digital elevation model of the entire Theban area.
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METHODS AND MATERIALS

This interdisciplinary project combined archaeological research and survey, archival car‑
tographic research, micro ‑topographical, geomorphological and geological survey to con‑
struct a DEM of Dra Abu el ‑Naga (south) and model the evolving Dra Abu el ‑Naga topography 
from the original ground surface to the present day. Following initial archival research into 
existing cartographic resources, archaeological, micro ‑topographic, geomorphological, and 
topographic survey took place during fieldwork in 2013. Subsequently, the topographic sur‑
vey data was used to create a digital elevation model (DEM) of the survey area in geographic 
information system (GIS) software.

CARTOGRAPHIC RESOURCES

Detailed cartographic records of Dra Abu el ‑Naga are lacking and each mission currently 
working there makes their own plans and maps, using different criteria and coordinate 
systems, usually without communication or data ‑sharing. Many areas of Dra Abu el ‑Naga 
are not currently being investigated and have not been cartographically recorded since the 
demolition of the village on the site. In the absence of good, recent cartographic data and 
a consistent grid system for the Theban necropolis, it is difficult for the different missions 
to pool knowledge, share data, or relate their results to those of other excavators, past and 
present. It is also impossible to undertake detailed landscape ‑archaeological investigations 
without detailed, reliable data on the underlying physical topography. High quality plans of 
the area as it is now, precise tomb coordinates, and detailed topographic data on a consistent 
coordinate system, are urgently needed for all the missions working in the area.2 

A small number of existing historical maps, drawings, plans, satellite images and topograph‑
ical data from missions working in this area supplemented the data from the fieldwork. These 
sources are described below, together with how they have been incorporated into this research.

The earliest maps of the Theban necropolis, including the Description de l’Égypte (French 
Commission des sciences et arts d’Égypte 1809–1822) and Wilkinson’s map (1830)3 provided 
little useful information. Baraize (1904)4 did not even include Dra Abu el ‑Naga. The Survey of 
Egypt 1:1000 scale maps of the complete Theban necropolis (Survey of Egypt 1924–1926) were 
the earliest useful cartographic record of Dra Abu el ‑Naga (folios C6–D6).5 These maps show 
the topography with 2 m contour lines, the buildings and infrastructure; the tombs, funerary 

2 Ideally the results and records produced by this research project would be used by each of the 
missions working in the area, with the intention of creating a unified system and consistent data 
across all the missions.

3 This map was checked at the Bodleian Library in Oxford during a research visit at Oxford University. 
We are very grateful to the Library for allowing us to use the Special Collection section.

4 This set consisting of 61 maps with a 1:500 scale was checked at the Bodleian Library in Oxford 
during a research visit at Oxford University. We are very grateful to the Library for allowing us 
to use the Special Collection section. Other maps checked in Oxford which included the research 
area were: Western Thebes, scale 1:10000 and Luxor and Thebes, scale 1: 1000000.

5 This set of maps was first checked at the Egypt Exploration Society Archive in London, for which 
we are very grateful to the then EES director, Chris Naunton. A high ‑quality digital copy of this 
map was purchased from ‚The National Archives‘, to be used by this project, by the Sydney Jones 
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temples, and the excavation areas labelled by institution. They provided important topo‑
graphic information in areas where archaeological and topographic survey was impractical 
and supplemented the survey data. Two further Survey of Egypt folios named Qurna (Survey 
of Egypt 1922) and Luxor and Karnak (Survey of Egypt 1922) were created in 1922 at a 1:10000 
scale, and published as tourist editions. These were used to complete the areas (specifically 
the mountain, El Qurn, and the East bank of the river Nile where Luxor and Karnak temples 
are located) omitted from the 1:1000 scale Survey of Egypt maps.

Despite their detail and accuracy these maps present several problems. They were created 
in the 1920s and, consequently, showed the topography of the area at that time. This included 
the changes to the topography of the New Kingdom necropolis resulting from the numerous 
historic and more recent excavations in the area. Excavations continued after the maps were 
completed, so the topography shown in them has no exact correlation with modern areas and 
the tombs that have been discovered since the completion of the maps are not recorded upon 
them. The Survey of Egypt maps also include the houses and other structures of the modern 
village covering parts of the ancient topography. The village and its inhabitants were moved by 
the Egyptian government in 2006–2007, and the buildings demolished, although the resulting 
debris was not removed (Bednarski – Tully 2020: 508–522; Simpson 2003: 244–249; Tully – 
Hanna 2013: 362–397; Van der Spek 2016: 567–581).6 This demolition led to the discovery and 
subsequent study of previously obscured funerary structures (Abou Zaid – El ‑Asfar – Ezz et al. 
2015: 71–77), even as the accumulated debris altered the topography further. Nevertheless, the 
Survey of Egypt 1:1000 scale map was used for planning the fieldwork and to contribute to the 
DEM. The Survey of Egypt data was essential since the collection of topographic survey data 
across such a vast area as the Theban Necropolis, was very complicated.

Kampp provides a map of the tombs at Dra Abu el ‑Naga discovered up to 1996 with their 
location and a plan of their layout (Kampp 1996: plans VI–VII). However, this map can only be 
used as a reference for tomb locations and numbering as it is not topographically accurate, and 
the tombs are not drawn to scale. Kampp’s plans were, therefore, used to locate the tombs and 
provide digital plans of the tomb interiors, as access to the interior of the tombs fell outside 
the scope of the fieldwork.

Numerous aerial photos and satellite images, obtained as free Google Earth imagery, offer 
valuable information on the archaeological sites over the last 50 years. The purchase of be‑
spoke high resolution satellite imagery was beyond the budget of this research, but two sets of 
Quickbird satellite images were kindly offered to our survey project by the American Research 
Center in Egypt,7 and the Spanish Mission TT11–TT12.8 These are particularly valuable to the 

Library in Liverpool thanks to a University fund. We are very grateful to the Sydney Jones Library 
and especially to Martin Wolf through whom this acquisition was made possible.

6 In 2015, after the completion of our fieldwork, the debris was removed and the area cleaned by the 
American Research Center in Egypt.

7 These Quickbird satellite images were purchased from Space Imaging Middle East and consist of 
panchromatic standard imagery of 50 cm resolution, dated 2nd November 2011, and a natural colour 
standard image of 50 cm of resolution, dated 6th August 2010 and 26th July 2010. Both images included 
an area of 25 km2. The Dra Abu el ‑Naga south survey team are grateful to the then associate ‑director 
of ARCE at Luxor, John Shearman, and to his then assistant Andrew Bednarski.

8 Two Quickbird images from 2004 (kindly offered by the ‘Spanish Mission TT11–TT12’). One of 
them is a general view that includes the area from the Ramesseum to Carter House; and the 
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project since they are of higher resolution and better quality than many of the other satellite 
images and they are also projected on a stable coordinate system, which is compatible with 
the rest of the data held in the GIS. The project also made use of high resolution black and 
white photographic imagery from the CORONA KH‑4b satellite (September 1967 to May 1972), 
whose best resolution is 2 m and typical ground coverage is 12.1 km.9 The satellite images were 
used to locate the tombs and document changes to the necropolis over the last 50 years. Five 
additional maps of the research area were obtained from CAMEL, consisting of a map series 
produced by the Survey of Egypt at varying scales from 1:5000 to 1:100000.

TOPOGRAPHICAL AND ARCHAEOLOGICAL DGPS SURVEY

The archaeological, topographic, geomorphological and geological survey was undertaken at 
the southern end of Dra Abu el ‑Naga from 24th February to 4th April 2013. The aims of the Dra 
Abu el ‑Naga survey included recording precise geographic coordinates for the tombs of Dra 
Abu el ‑Naga south, from el ‑Birabi up to el ‑Ateyat and generation of topographic survey data 
for a DEM of the area.

The survey used differential Geographic Positioning System (GPS) and Total Station survey 
equipment to locate tombs, features and topographical survey points with precise geographical 
coordinates. Fig. 1 shows how the survey contributed to and improved understanding of the 
archaeological remains across Dra Abu el ‑Naga south, and a DEM of the study area. The data 
were processed in Leica GeoOffice and exported and analysed in ArcGIS.

DIFFERENTIAL GLOBAL POSITIONING SYSTEM SURVEY

Data were recorded with a Differential Geographic Positioning System (DGPS), using Real‑
‑Time Kinematic (RTK) GPS kit. This equipment uses Global Navigation Satellite Systems 
(GNSS) receivers capable of processing L1 and L2 GPS bands and other satellite navigation 
systems.10 The RTK method used two receivers: a reference receiver set up at a control (base) 
station with known coordinates, and a roving receiver (rover), which moved around collecting 
data. The reference receiver provided the rover with a set of corrections for navigation errors, 
based on a comparison between the known coordinates for the reference receiver and those 
based on the satellite data.11 The reference receiver comprised a Leica GNSS 1200 receiver 
with an AX1202 GG antenna for collecting information from satellites. Each rover comprised 
an ATX1230 GG smart antenna and an RX1250 controller. The reference receiver and rover 
communicated using Satelline 3AS radios.

second is a detailed image of Dra Abu el ‑Naga. We are very grateful to José Galán for all his help 
and support.

9 These georeferenced images were kindly supplied by the Center for Ancient Middle Eastern 
Landscapes (CAMEL) of the Oriental Institute of Chicago. We are very grateful to Elise V. MacArthur 
from CAMEL for all her help and support.

10 Currently the main alternative GNSS system to the United States GPS system, is the Russian Aerospace 
Agency’s Global Navigation Satellite System (GLONASS). The European Space Agency’s Galileo system, 
and China’s Compass systems are under development according to Uren and Price (2010: 254–255).

11 For a more detailed discussion of this method, see Uren and Price (2010: 256–282).
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The RTK kit used the World Geodetic System 1984 (WGS84) geographic coordinate sys‑
tem and the GRS80 ellipsoid (Uren and Price 2010: 314; U.S. National Geospatial Intelligence 
Agency 2023). The WGS84 coordinates were projected in the Geographic Information System 
(GIS) software using the Universal Transverse Mercator zone 36 north (UTM36N) coordinate 
system, which converts geographic coordinates onto a flat plane using a Transverse Merca‑
tor projection (Morton n.d.; Conolly and Lake 2006: 20–21; NGA 2002; NGA 2014). The UTM 
projection is ideal for this project because it is conformal, results in minimal distortion of 
scale and distance, and has a metric coordinate system, allowing data to be easily analysed, 
compared and presented using GIS software.12 Heights above mean sea level were obtained 
from the WGS84 ellipsoidal heights using the EGM2008 geoid (Uren – Price 2010: 311–312).

CONTROL STATIONS

To establish control coordinates for the reference receiver, six control stations (fig. 2 and 
fig. 3) were located to ensure full coverage of the survey area: five across Dra Abu el ‑Naga 
south (see fig. 3), and one at the Theban Harbours and Waterscapes Project control point on 
top of the Marsam hotel (fig. 2).

12 Conformal map projections preserve the 90° angle between lines of latitude and longitude and 
therefore the angles between other features on the ground (Conolly – Lake 2006: 20).

Fig. 1 Workflow of the Dra Abu el ‑Naga Survey
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Fig. 2 Control stations of the Dra Abu el ‑Naga survey project and two other points occupied during the 
static survey

Fig. 3 Location of the control stations at Dra Abu el ‑Naga south, shown with reference to the Survey of 
Egypt 1:1000 scale map of the Theban Necropolis, 1921–1926
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The first control station was named ‘Djehuty Base’ because it was in front of the tomb of 
Djehuty (TT11), on a control point used by the Spanish ‑Egyptian mission at TT11–TT12. When 
the Dra Abu el ‑Naga south survey was initiated, it was not possible to obtain precise geo‑
graphic or projected coordinates for any suitable base station. There are only a limited number 
of datum points with known coordinates in the Theban necropolis and where datum points 
were present in a suitable location, coordinates were either unavailable, or were insufficiently 
defined for an RTK survey. The geographic coordinates of the Djehuty Base control point were 
initially fixed using the navigation solution on the morning of 2nd March 2013, to permit data 
to be reviewed during the survey. The final coordinates would ultimately be determined using 
Precise Point Positioning (PPP) during post ‑processing after the completion of the survey.13 
Until the completion of the PPP process, the precision of the coordinates for this control point 
was anticipated to be within 10 m of the horizontal and 20 m of the vertical (Royal Institute of 
Chartered Surveyors 2010). Whilst RTK methods can establish fairly high precision between 
the reference station and rover points, the accuracy of the latter will be dependent on the 
accuracy of the coordinates of the reference station, with errors in that point propagating 
through all subsequent measurements to the rovers (fig. 3).

RTK AND TOTAL STATION SURVEY

RTK was used wherever possible because it provided an appropriate balance of accuracy and 
speed for recording multiple archaeological and topographic features, but it could not record 
archaeological features that were too dangerous to access physically or where the equipment 
lacked satellite signal. These features were typically deeply located tombs or high façades and 
were recorded with a combination of RTK and total station. The coordinates of two secondary 
control points were established with RTK and used as setup and reference (backsight) objects 
for the total station survey (fig. 4). Data was captured using a pole mounted prism wherever 
possible, but inaccessible points were recorded by the total station in reflectorless mode. The 
survey used a Topcon GPT700si total station.

13 For a description of the PPP techniques, see the subsequent section on post ‑processing the positions 
of the control stations.

Fig. 4 Method of surveying inaccessible 
or dangerous tombs using a combination of 
DGPS and a total station
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Fig. 5 Location of the Dra Abu el ‑Naga survey control stations, control points taken in the mortuary 
temples and those of other missions working in the Theban area

Fig. 6 DEM of the study area, Dra Abu el ‑Naga south, with the location of New Kingdom tombs
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TOMB AND TEMPLE SURVEY

The survey recorded precise geographic coordinates for the tombs of Dra Abu el ‑Naga south 
from el ‑Birabi up to el ‑Ateyat.14 The entrances, external structures, façades, and the entranc‑
es of mudbrick pyramid chapels were all recorded. Points were taken across the surviving 
mudbrick pyramids permitting a volumetric analysis of the pyramids to be undertaken in 
the GIS software. The DGPS point data was used to create ArcGIS polygons for the structures 
associated with each tomb, courts, mudbrick pyramid, pylons and walls. This is the first time 
such precise coordinates have been obtained for the 79 surveyed tombs, of which 59 had sur‑
viving external structures (see fig. 6).

To permit existing plans of the Mansions of Million of Years (also commonly known as 
‘Mortuary Temples’) and Survey of Egypt maps to be georeferenced in GIS, the survey recorded 
existing control stations at Kom el ‑Hetan and the temple of Thutmose III with the permission 
and assistance of the current expeditions. Fixed features were recorded within the Mansions 
of Million of Years of Amenhotep III (Kom el ‑Hetan), Seti I, Ramesses II (Ramesseum), Hat‑
shepsut (Deir el ‑Bahri), Thutmose III and Merneptah (fig. 5).

To improve data consistency and quality control across the Theban Necropolis, control 
points associated with other projects were also occupied by RTK to provide more accurate 
UTM36N coordinates and assist in future collaboration (fig. 5). In addition to the Mansions 
of Million of Years of Kom el ‑Hetan and Thutmose III, the Theban Harbours and Waterscapes 
Project, the Joint Expedition to Malkata (JEM), the Belgian Mission in the Theban Necropolis, 
the Spanish Mission TT11–TT12, Theban Mapping Project and Survey of Egypt points were 
also captured in the survey.

POST ‑PROCESSING WITH PPP

With no known control stations in the area and without access to data from Continuously 
Operating GNSS Receivers (COGRs), the raw observations from the RTK Survey required 
post ‑processing to achieve a satisfactory level of accuracy. Precise Point Positioning (PPP) 
techniques were used to fix the coordinates of the control stations and subsequently update 
the coordinates of all the surveyed points.

The data was processed through the Canadian Spatial Reference System (CSRS) Precise 
Point Positioning (PPP) tool (Natural Resources Canada 2021) and also through the Jet Propul‑
sion Laboratory’s Automatic Precise Positioning Service (APPS) as a consistency check (NASA 
Jet Propulsion Laboratory n.d.).

Table 1 shows the PPP results of the RTK control stations, observed at a 1 second epoch rate, 
as Cartesian coordinates in WGS84 with units in metres. For most of the control stations the 
uncertainty in the position (the standard deviation) is less than 14 mm in X, 11 mm in Y and 9 mm 
in Z. The Mean Radial Spherical Error (MRSE) gives an indication of the quality of the 3D point.15 
These results are satisfactory and fit ‑for ‑purpose for the Dra Abu el ‑Naga south survey project.

14 The survey focused on the southern area of Dra Abu el ‑Naga but the tombs TT11, TT12 and ‑399‑ were 
also included, permitting comparison of the southern and northern areas.

15 In table 1 the given level of probability for the MRSE is 61%.
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Station ID Duration East
X

North
Y

Up 
Z 

standard 
deviation

X

standard 
deviation

Y

standard 
deviation

Z

MRSE
61%

Pyramid Base 5h38’52” 4842404.9620 3099131.711 2752772.697 0.0137 0.0107 0.0082 0.01681577

Djehuty Base 6h23’56” 4842123.2140 3099475.7980 2752805.3350 0.0120 0.0094 0.0071 0.01922030

Western Base 6h24’55” 4842538.4970 3098971.4410 2752728.6830 0.0119 0.0089 0.0071 0.01646906

Top Base 7h40’43” 4842513.8650 3098929.8760 2752948.7110 0.0119 0.0089 0.0071 0.01646906

Marsam Base 6h15’54” 4843510.2750 3098359.2690 2751612.6500 0.0126 0.0093 0.0075 0.01736376

Bakhit Base 2h08’25” 4842210.8410 3099327.4150 2752861.0180 0.0285 0.0229 0.0172 0.04040421

STATIC SURVEY

At the end of the project, the control stations were also acquired using rapid static surveying 
techniques, as a gross error check for the PPP and to incorporate, for comparison, control 
stations collected by Joel Paulson of the Joint Expedition to Malkata (fig. 5). At ‘Pyramid Base’ 
the reference receiver logged data at an epoch rate of 20.0 seconds for 9 hours. Whilst this was 
logging, the rovers recorded 10 minutes of data, at the same epoch rate, at each of the control 
stations at Dra Abu el ‑Naga south, Malkata and TMP17 above the road to the Valley of the Kings 
(see fig. 2). Both receivers are usually tripod ‑mounted, but, at Dra Abu el ‑Naga, there was only 
one tripod available, so the rover receivers were pole ‑mounted.16 This introduced errors into 
the survey and reduced the occupation time because the rovers had to be held.

The static survey results were post ‑processed twice, with Pyramid Base as a fixed location. 
In the second processing the position of Pyramid Base was improved with PPP (hereafter 
referred to as PPP ‑SS), improving the standard deviations of the station coordinates from 
around the 3 m level to 0.02 m. Overall the data from the RTK survey after PPP were the most 
reliable because the occupations were much longer, the equipment was tripod ‑mounted and 
the positions were derived from high precision clock and ephemeris data. The PPP ‑SS results 
show good agreement with the PPP ‑RTK ones and produced positions only 0.02 m from the 
PPP ‑RTK ones. Static Survey without PPP of Pyramid Base were much less accurate, being 
1.4 m from the PPP ‑RTK positions, stretching to up to 8 m away if a navigated (code only) 
solution is used. Table 2 gives the UTM36N coordinates of the control stations as exported 
from Leica GeoOffice after PPP ‑RTK.

UPDATED SURVEY DATA FOLLOWING POST ‑PROCESSING

Since the coordinates of the survey data were determined by reference to the control stations 
during the RTK survey, improved coordinates for the control stations derived by PPP were 
used to improve the accuracy of the survey points (table 3). To achieve this, the coordinates of 
the control stations used during the survey were manually changed in Leica GeoOffice 7 to the 

16 For more details of Static Survey practice see RICS 2010, table D2.

Tab. 1 Coordinates of the control stations processed by PPP (all measurements in metres)
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improved coordinates supplied following PPP ‑RTK. The coordinates of the survey points then 
updated automatically. The improved survey data were then exported from Leica GeoOffice 
as shapefiles with the new X, Y and Z coordinates on the UTM36N projection and imported 
in the GIS project for further analysis.

The revised points shifted 0.76–0.86 m to the south ‑east in the XY coordinates and the 
heights (Z coordinate) were reduced by 1.18–1.22 m. Points taken using the total station17 and 
by DGPS auxiliary points needed further adjustment as they did not update automatically.

The XY coordinates of both the auxiliary ‑derived and the total station points were shifted 
through a spatial adjustment with the Spatial Analyst extension of ArcGIS using the total‑

‑station setup and reference points, and the tomb structure polygons, as control points. The 
root ‑mean ‑square error (RMSE) of the operations was 0.0036–0.006 m, which is acceptable 
considering the accuracy of the post ‑PPP survey data.

Changes in height (Z) data for the auxiliary ‑derived and total station points were calculated 
based on the change in height of the nearest survey points with updated post ‑PPP coordinates, 
recorded on the same day as the auxiliary ‑derived points.18 For the eight auxiliary ‑derived 

17 Described above in the section on RTK and Total Station survey.
18 It was observed that data recorded on the same day all exhibited a consistent shift in height to two 

decimal places (i.e. 0.01 m), but that data recorded on other days could be different. Therefore, it 

Survey 
Method Duration Epoch 

Rate
East

X
North 

Y
Up
Z 

standard 
deviation

X

standard 
deviation

Y

standard 
deviation

Z

magnitude 
of error 
vector

PPP‑RTK 6h23’56” 1s 4842123.2140 3099475.7980 2752805.3350 0.0120 0.0094 0.0071 –

PPP‑SS 0h10’0” 20s 4842123.2062 3099475.7806 2752805.3248 0.0015 0.0010 0.0008 0.0216

SPP 6h23’56” 1s 4842123.9511 3099475.8523 2752805.2259 0.0117 0.0095 0.0075 0.7471

NoPPP‑SS 0h10’0” 20s 4842124.1426 3099475.8358 2752806.4252 0.0015 0.0010 0.0008 1.4326

NAV‑RTK 6h23’56” 1s 4842127.1740 3099475.5660 2752812.3400 3.5780 2.4674 1.7020 8.0502

Station Easting Northing Orthometric Height

Djehuty Base 462245 2846520 88.6768

Pyramid Base 461803 2846470 121.1577

Top Base 461575 2846636 182.2058

Marsam Base 460554 2845205 81.2245

Western Base 461596 2846419 125.5383

Bakhit Base 462073 2846574 107.2648

Tab. 2 Comparison of coordinates for Djehuty Base by survey method (all measurements in metres)

Tab. 3 UTM36N coordinates for the control stations (all measurements in metres)
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points which did not have original height data the height was simply taken from the nearest 
logical point.19

As a gross check on the accuracy of the post ‑PPP survey data, they were overlaid upon 
the 2011 satellite image to determine how closely the survey data matched the location of the 
features as recorded by the satellite imagery. The difference in location between the survey 
data and the 2011 satellite image was so small it could not be accurately measured given the 
0.5 m resolution of the satellite image.20 

PPP ‑RTK SURVEY CONCLUSIONS

Obtaining precise and accurate coordinates for archaeological features and structures is an 
increasing necessity with the growing use of GIS and other digital research tools. Hand ‑held 
GPS and other methods that use a ‘navigation solution’ precise to only ca. 10 m are sufficient 
for locating larger structures and sites, but for smaller features and intra ‑site planning 
more precise methods are necessary. The results from Dra Abu el ‑Naga demonstrate that 
RTK surveys post ‑processed with PPP produce GPS data precise to ca. 0.10 m, sufficient for 
most archaeological purposes. This could be improved by total station observations between 
the control stations, and a network adjustment, if required. For survey projects working in 
areas without known reference points precise point positioning of RTK surveys produces (i) 
improved precision without the need for additional receivers, hence (ii) reduced equipment 
and staffing costs, and (iii) online PPP services are provided at no additional cost.

TOPOGRAPHICAL MODELLING

The topographical and archaeological survey of 2013 provided the data for a DEM of the survey 
area. This model formed the basis for a DEM of the area in the New Kingdom and a model of 
the changes to that topography, from prior to construction of the New Kingdom tombs to the 
present day. To contextualise this research, enable integration with other missions and un‑
dertake future research into inter ‑visibility and movement around the necropolis, the survey 
data from Dra Abu el ‑Naga were subsequently integrated into a digital elevation model of the 
entire Theban area.

DEM OF THE DRA ABU EL ‑NAGA (SOUTH) SURVEY AREA

The DEM of the Dra Abu el ‑Naga survey area was generated in the GIS using a Triangulated 
Irregular Network (TIN) to interpolate the height of the land between the topographic survey 
points and so create a three ‑dimensional model of the current topography. This DEM of the 
survey area (fig. 6) formed the basis for the reconstruction of the original ground surface and 

was important that the points used to calculate the height difference for the auxiliary ‑derived 
points were recorded on the same day.

19 These points were TT157CT2 (i.e. TT157 court 2); TT157CT4, TT158CT5; TT158CT7; and TT300CT8, 
‑131‑L(left) and ‑131‑R(right) marking the entrance to tomb ‑131‑.

20 The resolution of the 2011 satellite imagery is detailed in the metadata provided to ARCE by Space 
Imaging Middle East.
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its development through time. Dra Abu el ‑Naga has been repeatedly covered by rubble, during 
the construction of the tombs, during excavations within the necropolis, during the 20th cen‑
tury occupation by the modern village, and by the rubble from the demolition of the village 
in the winter of 2006–2007. These anthropogenic deposits mask the original ground surface 
prior to the construction of the New Kingdom tombs. To reconstruct the ancient landscape, 
it was necessary to become acquainted with the geology and geomorphology of the area and 
identify the changes to the topography since ancient times. The following sections describe 
how the changes to the topography were identified and accounted for in the reconstruction 
of the original ground surface and the final New Kingdom model.

RECONSTRUCTION OF THE ORIGINAL GROUND SURFACE AND ITS DEVELOPMENT 
THROUGH TIME

The geological and geomorphological studies (Bardají – Martínez ‑Graña – Sánchez Moral et al. 
2017: 233–250) which took place during the fieldwork were undertaken in order to reconstruct 
the ancient palaeo ‑surface (or palaeorelief) in order to establish the visual appearance of the 
necropolis during the New Kingdom and identify subsequent dynamic deposits. The satellite 
images and historical maps provided a cartographic base upon which the erosive and sedi‑
mentary landforms, stable and unstable areas, were recorded as revealed by the geological 
and geomorphological study.

Fig. 7 Fragment of reddish soil used to reconstruct the palaeosurface. During the New Kingdom the 
entire area probably looked similar to this
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The only method of identifying the former landsurface was to find an unequivocal contin‑
uous geomorphological feature that gave clear indications of a former weathered land surface. 
Two weathering formations have been found on the surface in this area: a reddish soil and an 
iron crust on scree deposits (Bardají – Martínez ‑Graña – Sánchez Moral et al. 2017: 233–250). 
These were identified as reliable features marking the previous ground surface, prior to 
the construction of the tombs and, therefore, were taken as a guide for reconstructing the 
topography of Dra Abu el ‑Naga during the New Kingdom (figs. 7–8). The GPS points of these 
features across Dra Abu el ‑Naga (hereafter ‘geology points’) were incorporated into the DEM 
to produce a 3D model of the topography prior to tomb construction (fig. 9, model A). Data 
from the rest of the archaeological survey was added to generate models of the New Kingdom 
topography after the construction of the tombs at the end of the New Kingdom (fig. 9, model 
B), the Theban necropolis of 1921 as surveyed by the Survey of Egypt (fig. 9, model C)21 and the 
terrain in 2013 as surveyed during the fieldwork (fig. 9, model D). In addition to the palaeo‑

‑relief, models B and D required base and control points, total station points, geology points, 
topographic points, tomb entrances, façades and structures, pyramid volumes and pyramid 
chapel entrances. Additionally, model D included the points along the modern road, gaffirs’ 
huts, modern houses (alabaster factories), and points associated with other missions working 
in the research area. The result was a sequence of DEM of the topography of Dra Abu el ‑Naga, 
from before the New Kingdom tombs were constructed, until 2013 (fig. 9).

21 Maṣlaḥat al ‑Misāḥah, Egypt, (1924), The Theban Necropolis, published by the ‘Survey of Egypt’ in 
collaboration with the Antiquities Department. 1:1000 scale map.

Fig. 8 Present day remains of the reddish light brown soil marking the former ground surface (at the 
feet of the researcher on the left)
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Fig. 9 Sequence of the study area surface models. A: Palaeorelief prior to the construction of the tombs; 
B: New Kingdom palaeorelief (after the construction of the tombs); C: DEM of the study area based on the 
Theban necropolis map surveyed in 1921; D: DEM of the current terrain, including tombs and anthropic 
mounds
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The geomorphological study (Bardají – Martínez ‑Graña – Sánchez Moral et al. 2017) demon‑
strated that New Kingdom tombs were cut into the palaeosurface (the reddish soil) itself. The 
oldest tombs carved into this reddish soil date to the Middle Kingdom, but precise dating of the 
palaeosurface is currently impossible due to the difficulty of properly sampling and analysing 
the weathering formations (Bardají – Martínez ‑Graña – Sánchez Moral et al. 2017: 242–247). 
Thus, while there is local evidence that the palaeosurface is earlier than the Middle Kingdom 
in some places, the construction of the New Kingdom tombs represents a terminus ante quem 
for the palaeosurface in general.

THE FINAL MODEL OF NEW KINGDOM DRA ABU EL ‑NAGA AND SUBSEQUENT 
TOPOGRAPHICAL CHANGES

DEM are mathematical surfaces generated by GIS algorithms using data extracted from a phys‑
ical topographic surface. They are imperfect recreations, of the actual physical topography, 
experienced and understood as a ‘landscape’ by the humans within it (Brück 2005: 52–54; 
Chadwick 2004: 1–31; Chapman – Geary 2000: 316–319; Cummings 2008: 285–290; Cummings – 
Whittle 2004: 21–22; Gidlow 2000: 23–30; Thomas 2004: 171, 198–201; Tilley 2004: 185–203). 
Various methods have been proposed to improve the accuracy of DEM as renderings of ancient 
landscapes and remove errors (Conolly – Lake 2006: 228; Hageman – Bennett 2000: 113–127; 
Maschner 1996: 1–24; Wheatley – Gillings 2002: 107–126; Wheatley – Gillings 2000: 1–27).

In this case, the model of New Kingdom Dra Abu el ‑Naga has necessarily been modified to 
ensure that subsequent analyses are as applicable to ancient Dra Abu el ‑Naga as is possible, given 
the evidence available. However, the model has only been altered where there was evidence 
that the DEM was unreliable, due to a limited number of reference points, or where it was clear 
from records made on the site that the DEM did not reflect the original ground surface (see the 
‘Sketch showing the procedures carried out to generate the final model’, fig. 10). The procedures 
carried out to generate the final model are described in the following paragraphs (fig. 10).

Dra Abu el ‑Naga suffered an important orographical transformation during the last few 
hundred years. The village construction, use and demolition created an artificial hilly topogra‑
phy thanks to the accumulated debris (these anthropogenic debris are marked in the sketch in 
fig. 10 by the brown circle and ellipses at the bottom). Likewise, the excavations in the cluster of 
Ramesside tombs in Dra Abu el ‑Naga south, carried out by the University Museum of Philadelphia 
1921–1923, left debris in the area in front of this group of tombs (marked in the sketch by the brown 
circle in fig. 10). These mounds currently obstruct the visibility from the Ramesside tombs, but 
they did not exist in the New Kingdom and, therefore, have been eliminated in the final model.

The reliability of the geological ‑geomorphological surface (fig. 11) used in the final New 
Kingdom model also varies. It is most reliable closest to the survey points marking the reddish 
soil (represented with triangles in the sketch in fig. 10). Moving away from these points the 
accuracy of the geological ‑geomorphological model decreases because the higher the number 
of surveyed points the more accurate the interpolated surface. The final New Kingdom model 
only follows the geological ‑geomorphological model where the number of points is highest.

The geological ‑geomorphological model (fig. 11) made it possible to identify areas where 
recent human activities were very intense, due to house construction or excavations. In fig. 10, 
the pink polygon shows areas where deposits generated by post ‑New Kingdom human activ‑
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Fig. 10 Sketch showing the procedures carried out to generate the final model

Fig. 11 Geological ‑geomorphological surface model
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ity were identified and removed based on the geological ‑geomorphological. This was mainly 
between the cluster of Ramesside tombs at Dra Abu el ‑Naga and the modern road. During the 
New Kingdom this area had a soft undulation just interrupted by the tombs’ courtyards, as is 
shown in the Model B in fig. 9. Today, the relief is rough because of the terracing necessary for 
the modern houses. The area covered by the modern house debris is delimited in the sketch 
(see fig. 10) by the red discontinuous line.

Inconsistencies were found in model B at the margins of the research area and in the central 
area, where two wadis cross Dra Abu el ‑Naga from north to south. These areas are marked with 
a discontinuous green line in the sketch in fig. 10. In the highest areas where no houses had been 
built throughout the history of the necropolis, the topography remained unaltered due to low 
rates of erosion. As the reddish soil could only be identified in areas subject to the erosive effects of 
intense human activity (Bardají – Martínez ‑Graña – Sánchez Moral et al. 2017), it was not visible 
where the topography remained largely unaltered. Therefore, levels extracted from the maps cre‑
ated during the 1920s were used to model the ancient ground surface in these areas (represented 
in pale green in the sketch in fig. 10), as this allowed a more reliable model to be generated than 
one interpolated from the limited number of geological points in or around those areas.

In the area of the wadi Khawi el ‑Baradsah, in the centre of Dra Abu el ‑Naga south, the 
relative absence of human activity limited the visibility of the reddish soil, resulting in very 
few geological points being recorded in this area. As a result, the wadi was represented by 
improbably smooth relief in the geological ‑geomorphological model (see fig. 11) due to the 
limited number of points available for interpolation. Although we do not know the precise 
nature of the wadi during the New Kingdom, it must have been steeper than the version 
created by the interpolation. Levels extracted from the maps created during the 1920s (areas 
represented in pale green in the sketch in fig. 10) were thus used to model the wadi. They do 
not differ greatly from the current levels but are likely to be more accurate than the version 
in the geological ‑geomorphological model (see fig. 11).

In the southernmost part of Dra Abu el ‑Naga (north) and around the tomb of Djehuty (TT11), 
the absence of geological data and the impossibility of identifying the reddish soil, prevented 
the generation of a reliable final model. The inconsistencies in this area are exemplified by 
the case of the tomb of Djehuty (TT11) where there is a difference of 17 m between the level 
of the entrance to the tomb and the top area of its façade in the model. In reality, the distance 
should be approximately 3–5 m since the preserved façade of the tomb is 3 m and there are 
archaeological remains to prove that it was increased to at least 5.20 m by a masonry wall 
(Galán 2007: 95). Because of that error, it was decided to use levels from the maps created 
during the 1920s (areas represented in pale green in the sketch in fig. 10) to model the New 
Kingdom topography around the tomb of Djehuty in the final model.

When tomb construction commenced and the necropolis developed, the topography of the 
study area changed. The tombs were carved out of the rock and the palaeorelief was cut away. 
Likewise, the superstructures and mudbrick pyramid ‑chapels were built, producing architec‑
tural additions to the landscape. The Differential GPS’ survey of the tombs’ superstructures 
(areas represented in orange in the sketch in fig. 10) have been incorporated into the final 
model to produce the most accurate representation of the necropolis during the New Kingdom.

The tombs in the research area include a type with a courtyard hewn in the rock giving ac‑
cess to the entrance to the funerary monument, which leads into the mountain. This courtyard 
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produced an opening with a constrained view of the landscape for anyone present within it. 
The precise choice of location, together with the size and dimensions of the courtyard pro‑
duced a ‘window’ on a specific area of landscape, which may have had a specific significance 
for the tomb owner. In these cases, there should not be any topographical points in front of 
any tomb entrance that are higher than the entrance in the final New Kingdom surface. The 
only exceptions are the tombs that are known to have courtyards cut down into the ground. 
This is the case, for example, for TT161 and TT164, whose courtyards were completely hewn 
below the surface and were accessed through a ramp.

Where the final model included points in front of tomb entrances and within courtyards 
at a higher level than the tomb entrance, the documentation from the fieldwork and photo‑
graphs of each tomb were analysed separately to determine if the model accurately reflected 
the real topography or not. Where the fieldwork and photographic record indicated there 
were inaccuracies, these points were eliminated to better reflect the real topography. This 
was only done in the areas where the final surface was otherwise very reliable, such around 
tombs ‑128‑, TT17, TT286, TT288, TT289.

The cases of the tombs ‑378‑, TT141, TT161, TT162, TT284 and TT302 should be highlighted. 
Examination of the documentation and photographs from the fieldwork demonstrated that 
the levels generated in the final model were higher than the levels of the actual terrain, so 
the tombs were erroneously located below ground level in the model but not in reality.22 The 
case of TT161 is remarkable. Although this tomb was located completely below ground level 
in reality, the final model suggested that the ancient ground surface was 10 m higher than 
its current position, meaning the ancient Egyptians would have had to cut the surrounding 
surface 10 m before building the tomb, which is highly improbable. It is therefore likely that 
the ancient ground level in the final model requires some refinement in the area of TT161 as 
there may have been an undulation in the ancient ground surface, which was not visible to the 
survey team during fieldwork. Refinement may also be required around ‑378‑, TT141, TT162, 
TT284 and TT302 where the difference between actual ground level and the final model was 
not so substantial (the inconsistencies are recorded within the green discontinuous line in 
the sketch in fig. 10).

These procedures ensured that the final model of the New Kingdom topography (fig. 9) 
was as accurate as possible without obvious errors resulting from the interpolation of the 
DEM and modern alterations to the landscape.

MODELLING THE WIDER THEBAN LANDSCAPE

Once the final New Kingdom model of Dra Abu el ‑Naga south had been completed, it was 
incorporated into a digital model of the Theban area, together with data on all the New King‑
dom structures and funerary monuments. This digital elevation model of the entire Theban 
area represents a first attempt at contextualising the entire Theban landscape and facilitating 

22 It is unfortunate that the model proved locally inaccurate in the immediate vicinity of these tombs, 
but some inaccuracies are inevitable since the DEM is ultimately only a model of the landscape 
created by interpolation from the available data points. Further fieldwork to improve the number 
of points in the area of these tombs would reduce these inaccuracies, but it was not possible to 
undertake this within the timeframe of this project.
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integration with other missions. It could also contribute to future landscape ‑archaeological re‑
search, such as a study of the visibility of the Dra Abu el ‑Naga tombs (Jiménez ‑Higueras 2020).

The digital elevation model of the entire Theban necropolis used a different methodology 
to the high ‑resolution micro ‑topography that produced the final New Kingdom model of Dra 
Abu el ‑Naga south. Ideally, it would have been desirable to survey the entire Theban necropolis 
at the same resolution as the Dra Abu el ‑Naga south research area but due to its size this was 
not possible. Therefore, the rest of the Theban necropolis (approximately 5x5km) was modelled 
based on the georeferenced Survey of Egypt map. This model was not a primary goal of the pro‑
ject and was undertaken using the available resources as a first step towards a more accurate 
model of the Theban necropolis. It will inevitably incorporate intrinsic errors derived from 
the different methodologies used in the creation of the maps, and errors and anachronisms in 
the Survey of Egypt mapping. In particular, the Nile and its branches are represented in their 
20th ‑century position, and the plans of various temples (specifically the Mansion of Million of 
Years of Amenhotep III and the temple of Karnak) are somewhat speculative in the Survey of 
Egypt map.23 Research (Toonen et al. 2017; Toonen et al. 2019) undertaken since the completion 
of the project in 2013 could also be used to improve the model and correct the anachronisms 
derived from the Survey of Egypt map. However, we are convinced that this model is worth‑
while and necessary as a first attempt at modelling the Theban area that can be refined and 
improved as methods and technologies develop and missions share data and research.

23 The authors are grateful to their reviewer for pointing out these specific issues with the Survey of 
Egypt map.

Fig. 12 Area of the research study including cult and funerary temples at the East and West 
Bank of Thebes
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Before the model of the Theban area could be generated, the Survey of Egypt maps first re‑
quired georeferencing. Ground control points for the georeferencing were recorded at several 
locations within the Theban necropolis, where precise features on the ground could be easily 
identified in the Survey of Egypt maps, including Mansions of Million of Years, some of the 
tombs, and old reference points. Once the Survey of Egypt’s map was georeferenced, data within 
it was digitised for the entire Theban necropolis; including the contour lines, placement of the 
Mansions of Million of Years and cult temples, the course of the river, and the modern paths 
and roads. The final New Kingdom model showing the micro ‑topography of Dra Abu el ‑Naga 
south was trimmed and inserted into the model of the Theban necropolis.

To accurately model the New Kingdom landscape, it was necessary to incorporate the 
Mansions of Million of Years and cult temples into the landscape model. All the bibliograph‑
ical references and plans associated with each temple were checked and some of the mission 
directors currently working on the temples provided plans and data to be included in the 
model of the Theban necropolis (fig. 12).

CONCLUSION

The 2013 fieldwork and subsequent processing produced a first model of Dra Abu el ‑Naga 
from prior to the construction of the New Kingdom landscape up to the present day. Although 
some areas of the model of New Kingdom Dra Abu el ‑Naga are more reliable than others, it 
provides a new and useful resource for the investigation of Dra Abu el ‑Naga and the Theban 
necropolis. It also enabled the survey team to provide several other expeditions with coordi‑
nates for their survey points and initiated discussions about the accuracy and consistency of 
the coordinates obtained by each project.

The interdisciplinary nature of the research was crucial. The geological ‑geomorphological 
study provided crucial evidence of the reddish soil for the reconstruction of the palaeorelief. 
It also provided further evidence on the formation of the hills of Dra Abu el ‑Naga and the 
Theban necropolis, the development of the study area throughout history, and how it has been 
mainly anthropogenic activities that have altered the landscape from the New Kingdom to the 
present day. The robust PPP strategy improved the accuracy and precision of the DGPS survey 
and ensures consistency between any projects which make use of Dra Abu el ‑Naga Survey 
data, without the need for a regional control network. Only stations or hard features that can 
be accessed and used for error checks are required. For an appropriate level of consistency 
between projects, all that would be required is for projects to agree on a shared coordinate 
transformation (i.e. with identical transformation parameters) so that all survey data could be 
projected into the same coordinate system. This is particularly useful for the Theban necropolis 
because of the difficulty of obtaining precise geographic or projected coordinates for control 
points and problems with accessibility, which result in most expeditions in the region using 
local site grids to record their results.

There were several limitations to the research. Dra Abu el ‑Naga has not been completely 
excavated. Many excavations continue and some areas await investigation. Once the field‑
work project was completed, the total number of tombs had increased beyond those shown on 
Kampp’s map and emendations to the orientation of the tombs were made to the tomb plans in 
the GIS data. The overall context of Dra Abu el ‑Naga within the extensive area of the Theban 
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necropolis places limitations upon this research, since it is but one part of a much larger area 
which cannot be surveyed in detail to such a high resolution by any single research project. 
Nevertheless, the ancient landscape of Dra Abu el ‑Naga has been reconstructed to a satisfac‑
tory level, offering a more accurate and complete image of this part of the necropolis for the 
study of its organisation, and the distribution and placement of the tombs.

The work undertaken at Dra Abu el ‑Naga opens up new lines of investigation into the 
landscape of the necropolis and this approach could be productively applied to other ancient 
Egyptian tombs, necropolises and funerary landscapes in general. Ideally the detailed survey 
of Dra Abu el ‑Naga south would be extended across the Theban necropolis, providing a con‑
sistent micro ‑topographical model of the entire landscape.

ACKNOWLEDGEMENTS

We would like to thank Dr. Violaine Chauvet and Dr. Ian Shaw, as well as the School of Archae‑
ology, Classics and Egyptology of the University of Liverpool for all their help and support. The 
authors are grateful to the Permanent Committee of the Egyptian Ministry of Antiquities for 
permission to carry out this fieldwork. We would also like to express our deepest gratitude to 
the then Ministry of Antiquities (MoA) in Cairo and especially to the then Minister of State 
for Antiquities, Dr. Mohamed Ibrahim and Dr. Mohamed Ismail, Director of the Permanent 
Committee and Foreign Missions Affairs. We also want to thank the then Supreme Council of 
Antiquities (SCA) in Luxor, in particular Dr. Mansour Boraik, General Director of Antiquities 
in Upper Egypt and Dr. Mohamed Abd el ‑Aziz, Director of the Antiquities Department in the 
West Bank. Ablaa Abd el Hakk has been working with us as MSA Inspector. Rais Mohamed 
Farouk el ‑Quiftauy and Ahmed Shared have helped us considerably in the success of our work.

The Dra Abu el ‑Naga survey team are also grateful to Juan Vicent, Antonio Uriarte, Juan 
Luis Pecharromán, and the Spanish National Research Centre (CSIC) for the loan of the GPS 
equipment, and to the Spanish ‑Egyptian mission at TT11–TT12, and especially to José M. Galán 
and Juan Ivars, for the loan of the Total Station, access to their project data and permission 
to record control points in their concession. We also wish to thank José M. Galán, Suzanne 
Ostine, Diana Craig Patch, Peter Lacovara, Hourig Sourouzian, Myriam Seco, Joel Paulson, An‑
gus Graham and Laurent Bavay for permission to record control stations in their concessions. 
Thanks are also due to Stuart A. Bazett Leakey of the Port of London Authority Hydrographic 
Surveying Department for advising on the processing strategy and error handling for the 
RTK survey and PPP. We are also grateful to the American Research Center in Egypt, and 
the Spanish Mission TT11–TT12 for Quickbird satellite imagery, and the Oriental Institute of 
Chicago CAMEL for CORONA satellite photography.

We want to express our thanks to the ‘Djehuty Association’ led by Dr. José M. Galán, for 
sponsoring this project.



65Á. JIMÉNEZ ‑HIGUERAS – D. GARCÍA ‑GONZÁLEZ – H. PETHEN – L. JONES – T. BARDAJÍ – …

BIBLIOGRAPHY

Abou Zaid, Omar – El ‑Asfar, Abdelfatah – Ezz, A. – El ‑Tayeb, A.– Hassan, H.– Fathi, O. – Azab, M. – 
Beabesh, M. – Abd el ‑Wahab, M. – Hassan, A. – El ‑Amir, H. – Yousef, W.
2015 “New Theban Tombs Mapping Project (NTTMP): preliminary report, seasons 2014–2015”, Egyptian 

Journal of Archaeological and Restoration Studies 5/1, pp. 71–77. Anschuetz, Kurth F. – Wilshusen, 
Richard F. – Scheick, Cherie L.

2001 “An Archaeology of Landscapes: Perspectives and Directions”, Journal of Archaeological Research 
9/2, pp. 157–211.

Baraize, Émile
1904 Plan Des Nécropoles Thébaines Levé, Paris: Service Des Antiquités De L‘Egypte.

Bardají, Teresa – Martínez ‑Graña, A. – Sánchez Moral, Sergio – Pethen, Hannah – García‑
‑González, David – Cuezva, S. – Cañaveras, J. C. – Jiménez ‑Higueras, Ángeles
2017 “Geomorphology of Dra Abu el ‑Naga (Egypt): the basis of the funerary sacred landscape”, Journal 

of African Earth Sciences 131, pp. 233–250.

Bárta, Miroslav – Brůna, Vladimír
2005 “Satellite imaging in the pyramid fields”, Egyptian Archaeology 26, pp. 3–6.

Bednarski, Andrew – Tully, Gemma
2020 “Aspects of the relationships between the community of Sheikh Abd al ‑Qurna and ancient Egyptian 

monuments”, in: Davies, Vanessa – Laboury, Dimitri (eds.). The Oxford Handbook of Egyptian Epigraphy 
and Palaeography, New York: Oxford University Press, pp. 508–522.

Betrò, Marilina – Del Vesco, Paolo – Miniaci, Gianluca
2009 Seven Seasons at Dra Abu el ‑Naga: The Tomb of Huy (TT 14). Preliminary Results, Pisa: PLUS ‑Pisa Uni‑

versity Press.

Bitelli, Gabriela – Girelli, Valentina A. – Tini, M.A. – Vittuari, Luca
2006 “Spatial geodesy applications for accurate georeferencing of Soknopaiou Nesos site and DEM deter‑

mination”, in: Pernigotti, Sergio – Zecchi, Marco (eds.). Fayyum Studies 2, Bologna: Ante Quem, pp. 
15–21.

Brück, Joanna
2005 “Review essay: Experiencing the past? The development of a phenomenological archaeology in 

British prehistory”, Archaeological Dialogues 12/1, pp. 45–72.

Capriotti Vittozzi, Giuseppina – Angelini, Andrea – Iacoviello, Annalinda
2018 “Le prime tre campagne archeologiche a Tell el ‑Maskhuta (2015/2016)”, Ricerche italiane e scavi in 

Egitto 7, pp. 221–32.

Chadwick, Adrian
2004 “Geographies of sentience – an introduction to space, place and time”, in: Chadwick, Adrian (ed.). 

Stories from the landscape. Archaeologies of Inhabition, Oxford: Archaeopress, pp. 1–31.



66 PRAGUE EGYPTOLOGICAL STUDIES XXXI/2023

Chapman, Henry – Geary, Benjamin
2000 “Palaeoecology and the perception of prehistoric landscapes: Some comments on visual approaches 

to phenomenology”, Antiquity 74, pp. 316–319.

Conolly, James – Lake, Mark
2006 Geographical Information Systems in Archaeology, Cambridge: Cambridge University Press.

Chiesi, Ivan – Davoli, Paola – Occhi, Simone – Raimondi, Nicola
2012 “I rilievi topografici del sito”, in: Capasso, Mario – Davoli, Paola (eds.). Soknopaiou Nesos Project 

I (2003–2009), Pisa: Fabrizio Serra editore, pp. 23–9.

Corrie, Robert K.
2011 “Detection of ancient Egyptian archaeological sites using satellite remote sensing and digital image 

processing”, Proceedings of SPIE 8181, Earth Resources and Environmental Remote Sensing/GIS 
Applications II, 81811B, Prague, pp. 1–19 (https://doi.org/10.1117/12.898230. Accessed on 28th March 
2023.).

Cummings, Vicki
2008 “Virtual reality, visual envelopes and characterising landscape”, in: David, Bruno – Thomas, Julian 

(eds.). Handbook of Landscape Archaeology, California: Left Coast Press, pp. 285–290.

Cummings, Vicki – Whittle, Alasdair
2004 Places of Special Virtue, Megaliths in the Neolithic landscape of Wales, Oxford: Oxbow Books.

David, Bruno – Thomas, Julian
2008 “Landscape Archaeology: Introduction”, in: David, Bruno – Thomas, Julian (eds.). Handbook of Land‑

scape Archaeology, California: Left Coast Press, pp. 27–43.

Fenwick, Helen
2004 “Ancient roads and GPS survey: modelling the Amarna Plain”, Antiquity 78, pp. 880–885.
2005 “Tell el ‑Amarna, 2005. Desert survey”, in: Wilson, Penelope – Jeffreys, David – Bunbury, Judith –Ni‑

cholson, Paul T. – Kemp, Barry – Rose, Pamela (eds.), “Fieldwork, 2004–05: Sais, Memphis, Saqqara 
Bronzes Project, Tell el ‑Amarna, Tell el ‑Amarna Glass Project, Qasr Ibrim”, The Journal of Egyptian 
Archaeology 91, pp. 20–21.

Fisher, Peter F.
1991 “First experiments in viewshed uncertainty: The accuracy of the viewshed area”, Photogrammetric 

Engineering and Remote Sensing 57, pp. 1321–1327.

Commission des sciences et arts d’Égypte
1809–1822  Description de l’Égypte: u, Recueil des observations et des recherches qui ont été faites en Égypte 

pendant l’expédition de l’armée française, Paris: De L‘imprimerie Impériale.

Fraser, David
1983 Land and Society in Neolithic Orkney, Oxford: Archaeopress.

Galán, José M.
2007 “Tomb ‑Chapels of the Early XVIIIth Dynasty at Thebes”, in: Mynářová, Jana – Onderka, Pavel (eds.). 

Thebes: City of Gods and Pharaohs, Prague: Národní Muzeum, pp. 88–111.



67Á. JIMÉNEZ ‑HIGUERAS – D. GARCÍA ‑GONZÁLEZ – H. PETHEN – L. JONES – T. BARDAJÍ – …

Gidlow, J.
2000 “Archaeological computing and disciplinary theory”, in: Lock, Gary – Brown, Kayt (eds.), On the 

Theory and Practice of Archaeological Computing, Oxford: Oxford, pp. 23–30.

Giorgi, Enrico – Buzi, Paola
2011 “Bakchias XIX: Campagna di scavo 2010”, Ricerche italiane e scavi in Egitto 5, pp. 175–180.

Goosens, Rudi – De Dapper, Morgan – De Paepe, Paul
1997 “SAIGAIS: A Geo ‑archaeological Information System for the island of Sai (Nubia – Sudan)”, Cahiers 

de recherches de l’Institut de papyrologie et égyptologie de Lille 17/2, pp. 13–20.

Groves, Paul D.
2013 Principles of GNSS, Inertial, and Multisensor Integrated Navigation Systems, 2nd edition, Boston: Artech 

House.

Hageman, Jon B. – Bennett, David A.
2000 “Construction of Digital Elevation Models for Archaeological Applications”, in: Westcott, Konnie L. – 

Brandon, R. Joe (eds.). Practical Applications of GIS for Archaeologists: A predictive modelling kit, London: 
Taylor and Francis, pp. 113–127.

Hauptmann, G. R.
1972 Die Nekropole Theben ‑West, Berlin.

Hinojosa Baliño, Israel
2019 “Archaeological and topographic survey at Kom al ‑Ahmer and Kom Wasit”, in: Kenawi, Mohamed 

(ed.). Kom al ‑Ahmer – Kom Wasit I: Excavations in the Metelite Nome, Egypt ca. 700 BC – AD 1000, Oxford: 
Archaeopress, pp. 44–50.

Ingold, Tim
1993 “The Temporality of the Landscape.” World Archaeology 25, pp.152–174.

Jeffreys, David
2003 “Introduction – Two hundred years of ancient Egypt: Modern History and Ancient Archaeology”, 

in: Jeffreys, David (ed.). Views of Ancient Egypt Since Napoleon Bonaparte: Imperialism, Colonialism and 
Modern Appropriations, London: Taylor and Francis, pp. 1–18.

2020 “Mapping and topography”, in: Shaw, Ian – Bloxam, Elisabeth (eds.). The Oxford Handbook of Egyptology, 
Oxford: Oxford University Press, pp. 197–213.

Jeffreys, David – Tavares, Ana
1994 “The Historic Landscape of Early Dynastic Memphis”, Mitteilungen des deutschen archäologischen 

Instituts, Abteilung Kairo 50, pp. 143–73.

Jiménez ‑Higueras, Ángeles
2016 Development and Landscape of the Sacred Space at Dra Abu el ‑Naga: A case study within the Theban Ne‑

cropolis, unpublished, Ph.D. dissertation, University of Liverpool, Liverpool.
2020 The Sacred Landscape of Dra Abu el ‑Naga during the New Kingdom: People Making Landscape Making 

People, Leiden: Brill [Culture and History of the Ancient Near East 113].



68 PRAGUE EGYPTOLOGICAL STUDIES XXXI/2023

Jones, Liz – Pethen, Hannah
2012 “Archaeological mapping and topographical survey”, in: Shaw, Ian (ed.), “The Gurob Harem Palace 

Project, Spring 2012”, The Journal of Egyptian Archaeology 98, pp. 45–54.

Kampp, Friederike
1996 Die thebanische Nekropole zum Wandel des Grabgedankens von der XVIII. bis zur XX. Dynastie, Mainz: 

Philipp von Zabern.

Kemp, Barry J. – Garfi, Salvatore
1993 A Survey of the Ancient City of El‑‘Amarna, London: Egypt Exploration Society [Occasional Publica‑ 

tions 9].

King, Matt – Edwards, Stuart – Clarke, Peter
2002 “Precise Point Positioning: Breaking the Monopoly of Relative GPS Processing”, Engineering Survey‑

ing Showcase October, pp. 32–33 (http://www.staff.ncl.ac.uk/peter.clarke/offprints/king_etal2002.
pdf. Accessed on 28th March 2023.).

Lauffrey, Jean – Sauneron, Serge – Anus, Pierre
1969 “Rapport sur les travaux de Karnak: Activites du Centre Franco ‑Égyptien en 1967–1968”, Kêmi: Revue 

de philologie et d‘archéologie égyptienne et coptes 19, pp. 57–99.

Lock, Gary R. – Harris, Trevor M.
1996 “Danebury revisited: An English Iron Age hillfort in a digital landscape”, in: Aldenderfer, Mark – 

Maschner, Herbert (eds.). Anthropology, Space and Geographic Information Systems, New York: Oxford 
University Press, pp. 214–240.

Maschner, Herbert
1996 “Geographic Information Systems in Archaeology”, in: Maschner, Herbert (ed.). New Methods, Old 

Problems – Geographical Information Systems in Modern Archaeological Research, Illinois: Center for 
Archaeological Investigations, Southern Illinois University at Carbondale, pp. 1–24.

Maṣlaḥat al ‑Misāḥah, Egypt,
1922 Qurna, El ‑Giza: Survey of Egypt.
1922 Luxor and Karnak, El ‑Giza: Survey of Egypt.
1924–1926  The Theban Necropolis, El ‑Giza: Survey of Egypt.
1924 The Theban Necropolis [cartographic material]. Surveyed in 1921–26. Revised in 1924, Cairo: Survey of 

Egypt.

Mathieson, Ian – Dittmer, Jon
2007 “The Geophysical Survey of North Saqqara, 2001–7”, The Journal of Egyptian Archaeology 93, pp. 

79–93.

Mills, James O.
1988 “Mapping Hierakonpolis”, Nekhen News 4/2, pp. 6–7.

Morton, Alan (comp.)
UTM zone map of the world (http://www.dmap.co.uk/utmworld.htm. Accessed on 28th March 2023.).



69Á. JIMÉNEZ ‑HIGUERAS – D. GARCÍA ‑GONZÁLEZ – H. PETHEN – L. JONES – T. BARDAJÍ – …

Knapp, A. Bernard – Ashmore, Wendy
1999 “Archaeological Landscapes: Constructed, Conceptualized, Ideational”, in: Ashmore, Wendy – Knapp, 

A. Bernard (eds.), Archaeologies of Landscape: Contemporary Perspectives, Malden, MA – Oxford: Black‑
well, pp. 1–30.

Papi, Emanuele – Bigi, Leonardo – Camporeale, Stefano – Carpentiero, Gabriela – 
D‘Aco, Domenico – Kenawi, Mohamed – Mariotti, Emanuele – Passalacqua, Luca
2010 “La missione dell‘Università di Siena a Qasr Qaroun – Dionysias (2009–10)”, Ricerche italiane e scavi 

in Egitto 4, pp. 239–250.

Parcak, Sarah H.
2005 “Satellites and survey in Middle Egypt”, Egyptian Archaeology 27, pp. 8–11.
2007 “Satellite Remote Sensing Methods for Monitoring Archaeological Tells in the Middle East”, Journal 

of Field Archaeology 32, pp. 65–81.
2009 Satellite remote sensing for archaeology, London: Routledge.
2009 “The Skeptical Remote Senser: Google Earth and Egyptian Archaeology”, in: Ikram, Salima – Dodson, 

Aidan (eds.). Beyond the Horizon: Studies in Egyptian Art, Archaeology and History in Honour of Barry J. 
Kemp, Volume II, Cairo: Publications of the Supreme Council of Antiquities, pp. 361–382.

Pedersén, Olof
2012 “Ancient Near East on Google Earth: Problems, preliminary results, and prospects”, in: Matthews, 

Roger – Curtis, John (eds.). Proceedings of the 7th International Congress on the Archaeology of the Ancient 
Near East 12 April – 16 April 2010 the British Museum and UCL, London: Volume 3 Fieldwork & Recent 
Research Posters, Wiesbaden, pp. 385–396 (https://www.academia.edu/24260603/Ancient_Near_East_
on_Google_Earth_Problems_Preliminary_results_and_Prospects. Accessed on 28th March 2023.).

Pethen, Hannah
2012 “The Old and the New in Egyptian Archaeology: Towards a Methodology for Interpreting GIS Data 

using Textual Evidence”, in: Chrysanthi, Angeliki – Murietta ‑Flores, Patrizia – Papadopoulos, Costas 
(eds.). Thinking Beyond the Tool: Archaeological Computing and the Interpretive Process. Theoretical Ar‑
chaeology Group Conference 2010, Oxford: Archaeopress [British Archaeological Reports International 
Series 2344], pp. 103–122.

2015 Cairns in Context: GIS analysis of visibility at Stelae Ridge, Egypt, unpublished, Ph.D. dissertation, Liv‑
erpool: University of Liverpool.

2023 “Space and Topography in Ancient Egypt”, Journal of Ancient Civilisations 38/1, pp. 69–124.

Pimpaud, Alban ‑Brice – Amin, Naguib
2008 “Un système d’information géographique (SIG) pour la sauvegarde et la valorisation du patrimoine 

archéologique de Thèbes ‑ouest [Pl. XXXII – XXXVI]”, Memnonia, 19, pp. 199–214.

Polz, Daniel
2003 “The pyramid of Nub ‑Kheper ‑Re Intef ”, Egyptian Archaeology 22, pp. 12–15.

Polz, Daniel – Mählitz, Elke – Rummel, Ute – Seiler, Anne
2003 “Bericht über die 9. Bis 12. Grabungskampagne in der Nekropole von Dra’ Abu el ‑Naga/Theben West”, 

Mitteilungen des deutschen archäologischen Instituts, Abteilung Kairo 59, pp. 317–388.

Porter, Bertha – Moss, Rosalind
1960 Topographical Bibliography of ancient Egyptian hieroglyphic texts, reliefs, and paintings. The Theban 

Necropolis: Private Tombs, Part I, Oxford: Clarendon Press.



70 PRAGUE EGYPTOLOGICAL STUDIES XXXI/2023

Schiestl, Robert and Rosenow, Daniela
2016 “Prospektion am Kom el ‑Gir: Einführung in eine neue Siedlung des Deltas”, Mitteilungen des 

deutschen archäologischen Instituts, Abteilung Kairo 72, pp. 169–196.

Simpson, C.
2003 “Modern Qurna: pieces of an historical jigsaw”, in Strudwick, Nigel –Taylor, John H. (eds.). The Theban 

Necropolis: Past, Present and Future, London: British Museum Press, pp. 244–249.

Soler Segura, Javier
2007 “Redefiniendo el Registro Material. Implicaciones recientes desde la Arqueología del Paisaje An‑

glosajona”, Trabajos de Prehistoria, 64/1, pp. 41–64.

Spencer, Alan Jeffrey
1974 “Researches on the Topography of North Saqqâra”, Orientalia 43, pp. 1–11.

Strutt, Kristian
2016 “Topographic Survey”, in Zakrzewski, Sonia R. – Shortland, Andrew J. – Rowland, Joanne (eds.). 

Science in the Study of Ancient Egypt, New York: Routledge, pp. 75–77.

Tavares, Ana
2020 “Methods of site survey and excavation in Egypt”, in Shaw, Ian – Bloxam, Elizabeth (eds.). The Oxford 

Handbook of Egyptology, Oxford: Oxford University Press, pp. 252–265.
2011 “Coordinate Systems and Archaeological Grids Used at Giza”, in Lehner, Mark (ed.). Giza Plateau 

Mapping Project Season 2009, Boston: Ancient Egypt Research Associates, pp. 203–216.

Thomas, Julian
2001 “Archaeologies of Place and Landscape”, in: Hodder, Ian (ed.). Archaeological Theory Today, London: 

Blackwell, pp. 165–186.
2004 Archaeology and Modernity, London: Routledge.

Tilley, Christopher
2004 “Round barrows and dykes as landscape metaphors”, Cambridge Archaeological Journal 14, pp. 

185–203.

Toonen, Willem H. J. – Graham, Angus – Masson ‑Berghoff, Aurélia – Peeters, Jan – Winkels, 
Tim G. – Pennington, Benjamin T. – Hunter, Morag A. – Strutt, Kristian D. – Barker, Dominic S. – 
Emery, Virginia L. – Sollars, Luke – Sourouzian, Hourig
2019 “Amenhotep III’s Mansion of Millions of Years in Thebes (Luxor, Egypt): Submergence of high 

grounds by river floods and Nile sediments”, Journal of Archaeological Science: Reports 25, pp. 
195–205.

Toonen, Willem H. J.– Graham, Angus – Pennington, Benjamin T. – Hunter, Morag A. – Strutt, 
Kristian D – Barker, Dominic S. – Masson ‑Berghoff, Aurélia – Emery, Virginia.L.
2017 “Holocene fluvial history of the Nile’s west bank at ancient Thebes, Luxor, Egypt, and its relation 

with cultural dynamics and basin ‑wide hydroclimatic variability”, Geoarchaeology 33/3, pp. 273–290.

Trampier, Joshua R.
2014 Landscape Archaeology of the Western Delta, Atlanta – Georgia: Lockwood Press.



71Á. JIMÉNEZ ‑HIGUERAS – D. GARCÍA ‑GONZÁLEZ – H. PETHEN – L. JONES – T. BARDAJÍ – …

Tully, Gemma – Hanna, Monica
2013 “One landscape, many tenants: uncovering multiple claims, visions and meanings on the Theban 

necropolis”, Archaeologies 9/3, pp. 362–397.

Ur, Jason A.
2003 “CORONA Satellite Photography and Ancient Road Networks: A Northern Mesopotamian Case Study”, 

Antiquity 77, pp. 102–115.

Uren, John – Price, William F.
2010 Surveying for Engineers, 5th edition, Basingstoke: Palgrave Macmillan.

Van der Spek, Kees
2016 “The Valley of the Kings in the lives of modern Egyptians: the people of Qurna”, in: Wilkinson, Richard 

H. – Weeks, Kent R. (eds.). The Oxford Handbook of the Valley of the Kings, Oxford: Oxford University 
Press, pp. 567–581.

Wheatley, David – Gillings, Mark
2000 “Vision, Perception and GIS: developing enriched approaches to the study of archaeological visibility”, 

in: Lock, Gary (ed.). Beyond the Map, Amsterdam: IOS Press, pp. 1–27.
2002 Spatial technology and archaeology: the archaeological applications of GIS, London: Taylor & Francis.

Weeks, Kent
1981 “A Theban Grid Network”, Mitteilungen des deutschen archäologischen Instituts, Abteilung Kairo 

37, pp. 489–492.
1989 “The Berkeley Theban Mapping Project: A progress report”, in: Schoske, Sylvia (ed.). Akten des Vierten 

Internationalen Ägyptologen Kongresses München 1985, Hamburg: Buske [Studien Zur Altägyptischen 
Kultur 2], pp. 285–289.

Wilkinson, John Gardner
1830 Topographical survey of Thebes, Tapé, Thaba or Diospolis Magna, London: Royal Geographical Society.

Wilson, Meredith – David, Bruno
2002 “Introduction”, in: David, Bruno – Wilson, Meredith (eds.). Inscribed Landscapes: Marking and Making 

Place, Honolulu: University of Hawai’i Press, pp. 1–12.

Internet resources

ArcGIS
2023 World Imagery (https://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9)

Geodose
2018 This is how to add Google Maps layers in QGIS 3 (https://www.geodose.com/2018/03/how ‑to ‑add ‑google‑

‑maps ‑layer ‑QGIS‑3.html)

IGS International GNSS Service
2020 Products (https://igs.org/products/)
2022 Real Time Service (https://igs.org/rts/)



72 PRAGUE EGYPTOLOGICAL STUDIES XXXI/2023

NGA U.S. National Geospatial ‑Intelligence Agency
2002 Military Map Reading 201 guidance document (https://issuu.com/accroyer/docs/military_map_read‑

ing_201)
2014 Universal Grids and Grid Reference Systems, Version 2. 0. 0, 28 February 2014 (https://nsgreg.nga.mil/

doc/view?i=4057)
2023 WGS 84 Datum (https://earth ‑info.nga.mil/index.php?dir=wgs84&action=wgs84)

Royal Institute of Chartered Surveyors (RICS)
2010 Guidelines for the use of GNSS in land surveying and mapping, RICS Practice Standards, 2nd edition, 

Coventry (https://www.rics.org/uk/upholding ‑professional ‑standards/sector ‑standards/land/
guidelines ‑for ‑the ‑use ‑of ‑gnss ‑in ‑land ‑surveying ‑and ‑mapping)

NASA Jet Propulsion Laboratory (JPL)
n.d. The Automatic Precise Positioning Service of the Global Differential GPS System (https://pppx.gdgps.net//)

Natural Resources Canada
2021 Geodetic Tools and Data (https://natural ‑resources.canada.ca/maps ‑tools ‑and ‑publications/geodetic‑

‑reference ‑systems/data/10923)

Jiménez ‑Higueras, Ángeles
University of Granada, Granada, Spain; ajimenezhigueras@ugr.es

David García ‑González
Independent researcher; garcia.gonzales.jdavid@gmail.com

Hannah Pethen
University of Liverpool; hpethen@googlemail.com

Liz Jones
University College London; liz.jones@ucl.ac.uk

Teresa Bardají
University of Alcalá, Spain; Teresa.bardaji@uah.es

Antonio Martínez
University of Salamanca, Spain; amgranna@usal.es

Sergio Sánchez ‑Moral
National Museum of Natural Sciences, National Research Council (CSIC), Madrid, Spain; 
ssmilk@mncn.csic.es

 


