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Summary

The scope of this study is the understanding of the natural and cultural landscape development
in the vicinity of Naga in central Sudan since late Holocene. Investigations on the landscape
history around Naga took place between 2008 and 2010. This ancient and now abandoned
settlement had its heyday around 2000 years ago and is located in the hinterland of the Nile, in
the semi-arid north of the Sudan. The study site is characterized by low annual precipitation (x =
95 mm a') and high temperatures throughout the year (x = 29°C), with 95% of the rainfall
occurring during the summer months (JUN-SEP). Only during this rainy season erratic flooding in
the adjacent wadis occurs, which in due course can be used for irrigation measures.

Generally the rise and fall of ancient cultures in such drylands is controlled by the availability of
water and therefore - where no perennial water sources are available - by effective rainfall and
its reliability. Multi-proxy approaches and a detailed chronology are necessary, because
palaeoclimatic proxy archives provide climatic information at most with annual or seasonal
resolutions and hence are often not sufficient to account for the reactions or adaptations of
societies to environmental shifts.

Different approaches are applied to get an idea about the structure of the settlement and how
such an urban structure adapted to the (changing) environmental or climatic conditions and
about the potential human or natural impact on the landscape. The landscape setting, its
morphology and dynamics as well as the timing of the underlying processes is of high interest.
Herein geomorphological patterns and landscape features were recorded and mapped during
the field campaigns. A chronology was set up by various OSL- and 14C—datings in different
(sediment-) archives and received drilling cores. Data from the Sudanese weather stations as
well as the output of paleoclimate models were evaluated to characterize the modern and past
rainfall availability and variability. The application of surface characteristics and through the
assessment of the hydrological situation, a rainfall-runoff model was set up. In combination with
statistical analyses about the magnitude and frequency of rainfall- and runoff events these
methods lead to the attempted environmental reconstructions.

One of the main geoarchaeological targets was an open water reservoir, the so called “Great
Hafir of Naga”, which served the Meroitic citizens for water harvesting purposes some 2000
years ago. In this sense the citizens of Naga were adapted to the sensitive natural system and
had to rely on the annual amount of runoff for water harvesting measures to ensure agricultural

and domestically needs. The main results of the investigations show that fundamental



environmental changes did not take place in the area during the past 2000 years; where
nevertheless subsystems may have varied significantly. The analyzed rainfall data for modern
and past conditions implies that water harvesting in the regions would still be feasible today.
However, due to human impact on the landscape coupled with a slight shift in the reliability and
performance of annual rainfall the potential natural environment of Naga was disturbed -
leading to the conclusion, that the Meroitic people experienced a time when the region was

more comfortable and inhabitable than ever since.

Zusammenfassung

Die vorliegende Studie beschaftigt sich mit den natirlichen und anthropogenen Landschafts-
veranderungen in der Umgebung von Naga, im zentralen Sudan, seit dem spaten Holozan. Die
Untersuchungen und Feldarbeiten fanden zwischen 2008 und 2010 statt. Die antike und spater
aufgegebene Stadt Naga erlebte ihre Blltezeit vor rund 2000 Jahren. Sie liegt im Hinterland des
Nils am Rande des Wadi Awatib. Das Untersuchungsgebiet ist charakterisiert durch sehr niedrige
jahrliche Niederschlage (x = 95mm a™') und ganzjihrig hohe Temperaturen (x = 29°C), wobei 95%
des Niederschlags wdhrend der Regenzeit im Sommer fdllt (JUN-SEP). Nur wdhrend dieser
Regenzeit kommt es zu Oberflichenabfluss, welcher dann fiir Bewasserungsmallnahmen
verwendet werden kann. Grundsatzlich gilt die Verfligbarkeit von ausreichend Wasser, als eine
Hauptvoraussetzung fiir (Hoch-)Kulturen. Wo keine ganzjahrig schiittenden Wasserquellen oder
sonstigen Gewadsser vorkommen, sind Menschen auf so genannten wirksamen Niederschlag
angewiesen. Da die meisten klimatischen Proxy nur eine zeitliche Auflosung von Jahren oder
Jahreszeiten haben, sind sie haufig nicht geeignet kurzzeitige Schwankungen oder
Veranderungen aufzuzeigen. Somit erscheinen Multi-Proxy Ansatze und eine hoch aufgeldste
Chronologie unerldsslich. Die Untersuchungen fokussieren sich dabei auf die Landschaft rund um
die Stadt Naga, die sowohl klimatischen als auch menschlichen Veranderungen unterlag. Die
Erfassung dieser landschaftlichen Dynamik und ihre zeitliche Einordnung sind dabei von
besonderem Interesse. Hierzu wurden geomorphologische und morphetrische Analysen und
Kartierungen durchgefiihrt. Eine Chronologie wurde durch verschiedenen OSL- und *C-
Datierungen in den untersuchten (Landschafts-) Archiven sowie erbohrten Sedimenten erstellt.
Um Aussagen Uber die modernen und friiheren Niederschlagsverhaltnisse zu erhalten, wurden
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die zur Verfligung stehenden modernen Wetterstationen sowie Paldo-Klimamodelle
ausgewertet. Auf Grundlage der Oberflacheneigenschaften und der hydrologische Situation des
Einzugsgebiets, wurde dann ein Niederschlags-Abfluss Modell erstellt, dass die damaligen und
heutigen Zustande analysiert.

Die Hinzunahme verschiedener statistischer Analysen Uber die Magnitude und Frequenz der
Niederschlags- bzw. Abflussereignisse, konnte dann fiir die Landschaftsrekonstruktion genutzt
werden.

Aus den geoarchdologischen Untersuchungen ergab sich, dass ein groRes Wasserauffangbecken,
der sogenannte "GrofSe Hafir von Naga", von den Meroitern, errichtet wurde, um die seltenen
Niederschlage und Abflussereignisse zu sammeln und zu speichern.

Die Bewohner von Naga hatten sich also gut an dieses trockene Klima angepasst — und mussten
sich dahingehend zu groRen Teilen auf eine ausreichend ergiebige Regenzeit verlassen.

Die  Hauptergebnisse dieser Untersuchungen zeigen, dass keine tiefgreifende
Umweltveranderung im Gebiet wahrend der letzten 2000 Jahre stattfand. So ergeben die
analysierten Niederschlags-Abfluss-Daten, dass die Waterharvesting-Methoden von damals auch
heute noch sinnvoll erscheinen.

Jedoch ist durch Eingriffe in den Landschaftshaushalt und durch eine Verschiebung in den
klimatischen Gegebenheiten, die natiirliche und potentielle Landschaft gestort. Dies flhrt zu der
abschliefenden Aussage, dass die Bewohner von Naga ihre Stadt zu einer Zeit bewohnten, in

der das Klima stabiler und die Umweltverhaltnisse angenehmer waren als seither.
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_ 1 Introduction

1 Introduction

The City of Naga was part of the Meroitic kingdom that existed between the 5t century BCE
and the 5™ century CE, with its dominion along the middle Nile reaches (Adams 1974). Naga
was situated in an unfavorable and sensitive location at the fringe of the Sahara desert and
about 40 km south of the Nile River, without any perennial water source (Berking et al.
2010).
The existence of the city for several hundred years and its later abandonment, the fragile dry
environment and the climatic oscillations, which took place since Holocene times, are well
known features frequently debated for the early civilizations from the Middle East and North
Africa (Finné et al. 2011). Hence the key issues and problems of this thesis are concerning
the climatic and environmental change or stability in the area since Late Holocene times.
The investigations can be condensed to the research questions:
e Did the hydrologic and climatic conditions at Naga change since late Holocene?
e To what extend did humans change the environment? And when did the transition
from a natural landscape to a cultivated landscape took place?
e Why did the advanced Meroitic civilization found Naga at this location in a rather
peripheral area?
A more theoretical approach to this setting is given in the next paragraph (1.1), the goals
emerging from this background are given in paragraph 1.2., where paragraph 1.3 and 1.4

introduce the general structure and setting of the thesis.

1.1 Theoretical Background

Human - nature interactions state that human beings adapt to their surroundings and change
their environments - the more and the longer the more irreversible - from natural to cultural
landscapes.

Often, Earth scientists are interested in the controlling processes and thresholds affecting these
changes. In this context environments that react fast on impacts are called sensitive or fragile. A
crucial point herein is the climatic setting of a region. This in particular applies to the dry and

semi-arid regions - covering more than one third (37%) of the Earth surfaces (FAO, 1993).
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_ 1 Introduction

However, in such dryland areas some of the most advanced civilizations arose in ancient times -
eminently the lands between the Euphrates and Tigris as well as the middle and lower Nile
valley. In fact, the regions of the Middle East as well as the Nile valley served as the cradle for
the European cultures and mark the transition from the Palaeolithic tribes towards advanced
civilizations. This transition, as mentioned above, coincide in time and space with other
transitions such as (i) the beginning of state building and urbanization as well as (ii) a climatic
change from more humid Mid-Holocene conditions to dryer conditions since Late Holocene and

(iii) the environmental change from natural to cultural environments (Fig. 1, Murphy 2007).

Particularly in semi-arid, dry farming societies minor changes of the environmental conditions
sometimes lead to severe reactions which can lead to the decline of a society. For most societal
decay or abandonment of settlements multi-causal explanations are reasonable. For societies
existing for longer periods, the stress of one single changed factor can generally be buffered.
However, the change of one factor can already trigger system reactions, which then might lead

to a collapse (Bintliff 1998, Figure 1).

The conditions which a society needs to dwell, are individually different and - at least concerning
the societal factors — can hardly be quantified (Meze-Hausken 2008). A society that is existing
over several centuries, has probably experienced several times with changing environmental
conditions that threatened their well-being, but nevertheless survived. These bad conditions
could either evolve from (i) cultural reasons like wars, economic problems, religious commotion
or diseases; (ii) natural reasons like climatic stress, large fires or great floods or (iii) a
combination of both. On short time scales, these impacts can be buffered; only, when such a
factor is completely out of boundary conditions over a longer period, a collapse of the society

might occur (Fig. 1; c.f. Bintliff 1998).
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Figure 1 Conceptual progression of a society, that experiences changing

natural or societal factors through time until the systems collapses.

In a simple process-response model we can state that societies always experience external
forces of either natural or cultural origin, which leads to a specific feedback or even a transition.

States in this sense are dynamic systems. As long as they are able to react on pressures, the state
is stable. In other words the system is robust when it has the ability to absorb or solve any
pressures inherently, where an imbalance of the system may lead to a reaction. The parameters

can be simplified in a ratio given in the following (Formula 1).

Formula 1 The ratio of forces and feedback

The basic relation:

_Ef
=17

Where E = Dynamic Equilibrium, Ef = External forcing and If = Internal feedback.

Over a stable period this can be written as: ) o ]
For a normalized ratio this would intend:

E=0: well-being
A+ ~ const. E>1: reactions or measures are taken
E<1: reactions or measures are taken

E is much greater than + 1: severe changes
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Such ratios are frequently used for dynamic systems, to describe whether a reaction can take
place and under which conditions — meaning the ability of a system to react (Jenkins 2005). The
proceeding of the reaction can be described by an initial stage (educt) throughout a transition
(tipping point) to a terminal stage (product) — where less energy has to be spent than in reverse

and therefore the product is mostly persistent (Fig. 2).

1
\
\
Product

Transition Transition

|
Educt Reaktion [gyelsile : Tipping
Adaptation I Point
Farmer Citizen :
. |
Wet- Dry Climate I \
| \
\
Natural- Cultural Environment ! \
|
I
|

Figure 2 Energetic concept or process-response model for transitions in different systems

through time and space

This implies, for instance, that once a natural environment, say a forested area (educt) which is
used as a resource, experiences a tipping point (threshold), at which the forest could still be
preserved. Here, after further cuttings or clearings, the only way to reinvigorate the wood is to
take certain measures, such as planting new trees (energetic effort). If left alone, it will stay as a
vast field, open to soil erosion (no energetic effort — persistent product). A simplified example
for such an emerged cultural landscape, where woods would be expected but due to intensive
clearings are almost gone and a new ecosystem is installed, is the Mediterranean Macchia

(Hempel 1987).

This simple system- response model does not include many variables and as such is not including
multiple pathways, as bifurcations, dynamic phases or any chaotic feedback or progression, as
often accounted for such analysis. Here eco-system studies are necessary, looking for such
system reactions of natural-cultural interactions and dependencies over time (Foley et al. 2005).
Widely accepted is the progression of human-nature interactions, that lead from stable- to

instable- and further to restabilisation-phases and in the end reaching again (a new) stability.
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This resilience of a system - to react to internal forces or e.g. external extreme events is
therefore not a simple system-response model but rather an idea of cyclic (anthropogenic-)

landscape evolutions (c.f. Dotterweich 2008).

1.2 The main elements thesis

The Meroitic City of Naga existed between the 5t century BCE and the 5t century CE. The
reasons for the decline of this state and the abandonment of the city still remain unclear, partly
because appropriate archaeological research has only started in the last century and because the
script and language (in contrast to the Egyptian hieroglyphs) is not yet understood.
Geographically, Naga was situated in a physically vulnerable location, at the fringe of the
Saharan desert, where mainly the alterations of orbital parameters directly lead to the absence
of sufficient rainfalls (Berking et al. 2010). Moreover, the behavior of the rainfall itself is of great
importance as well as the knowledge of how to harvest and store the rare runoff events, which
also implies a cultural feedback.

Therefore the key issues and fields of activity concerning:

the climatic history

the availability of water

the dynamic of the natural and anthropogenic landscape development

and the investigations on the ancient city and its facilities (mainly the ‘Great Hafir’)

are addressed and investigated in this thesis.

1.3 Setting of the study

The research in Naga took place within the cluster of excellence Exc 264 TOPOI, which is an
interdisciplinary project network between several institutions and universities localized in Berlin.
Since April 2008 the Graduate Group Landscapes focuses in several projects on central places,
their functions and impact on their surrounding environments. Most of these study sites are
located in the drylands of the Old World Desert Belt like the Naga Project Al-7, which is the most

southerly located site in the TOPOI Research group Al (Fig. 3).
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Figure 3 The sites of TOPOI Research Area A around the Mediterranean Sea and within the Old
World Deserts Belt (black hatches). Highlighted in the south is Al-7: Naga.

1.4 The presented Thesis

Starting in 2008, the first field campaign took place, followed by the major landscape-data
analysis throughout the year. In 2009 the second field campaign took place and more specific
work was done concerning investigations on geoarchaeological issues. In 2010 a third fieldtrip
throughout the Northern Sudan was undertaken, but beside this, the year was nearly entirely
reserved for the publication of the results. Since autumn 2010 the presented thesis has been
compiled as a cumulative dissertation of the emerged international peer reviewed publications

(Table 1).
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Table 1 Progress of the Study
Winter 2008 Fieldwork at Naga
Autumn 2008 Poster Presentation of preliminary results at the 3. Mitteleuropdische

Geomorphologentag, Salzburg.

Winter 2008 Submitting a publication for the Special Issue for the Journal: Zeitschrift fur

Geomorphologie.

Winter 2009 Fieldwork at Naga

Spring 2009 Oral Presentation of ongoing results at the “Geoarchaeology Meeting 2009.
Sheffield, UK”."

Autumn 2009 Submitting a publication for the Special Issue to the Journal: Geoarchaeology.
Winter 2010 Fieldtrip to Sudan

Summer 2010 Submitting a publication for the Journal: Die Erde".

Autumn 2010 Preparation of and the dissertations and further publications.

Winter 2011 Submitting a publication for to the online Journal: eTopof '

The publications are ordered in a more logical context of a scientific thesis rather than their time
of origin: Following the contents of (i) an “introduction to the study site and the
geomorphological setting”, (ii) “the applied geoarchaeological methods” and (iii) “the main
geoarchaeological target in a competitive modelling approach” as well as (iv) a comprehensive

review on the conducted research (Table 2, 3).

The guideline for this thesis is, that chapter 1 (Introduction) and chapter 3 (Synthesis) envelop
the offered publications in chapter 2 (State of the Art, Study Site, Methods, Results, Discussions
and Conclusions). All publications are in original order, as they are submitted. But for a better
readability, all references were assembled in chapter 4. In chapter 5 (Appendix) the most

relevant abstracts, as presented at various conferences, are collected.

Table 2 The order of presented publications

Title 1°" Submitted | Journal
i Berking, J., Schitt, B.: Late Quaternary 2008 Zeitschrift fir Geomorphologie
Morphodynamics in the Area of the Meroitic Vol. 55, 3, pages 1-24.

Settlement of Naga, Central Sudan.

ii Berking, J., Kaufmann, G., Meister, J, Schott, M., Schiitt, | 2010 Die Erde, accepted.
B., Ullrich, B.: Geoarchaeological Methods for
Landscape Reconstruction at the Excavation site of

Naga, Central Sudan.




_ 1 Introduction

of Meroitic Naga in northern Sudan - a Review

iii | Berking, J., Beckers, B., Schutt, B.: Runoff in two semi- 2009 Geoarchaeology, 2010, Volume
arid watersheds in a geoarchaeological context: A case 25, Issue 6, pages 815—-836.
study of Naga, Sudan, and Resafa, Syria.

iv | Geoarcheology and Chronostratigraphy in the Vicinity 2011 eTopoi, in press.

Table 3 The Authors contribution to the publications

Own Contribution [%]
i 70
i |30
i | 40
iv | 80
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Late Quaternary Morphodynamics in the Area of the Meroitic Settlement of

Naga, Central Sudan

Jonas Berking and Brigitta Schuitt

Freie Universitat Berlin, Department of Earth Sciences, Physical Geography, Malteserstralle 74-100, Haus H,

12249 Berlin, Germany,

Including: 7 Figures & 4 Tables

Abstract

The Wadi Awatib discharges near the 6™ Cataract into the River Nile and drains a catchment of 2360
km?, an escarpment area. In this escarpment area, at the foot of the “Gebel Naga”, the Meroitic
settlement Naga was located. The relief is characterized by the Cretaceous Nubian Sandstone
Formation, forming plateau areas with slightly inclining foot zones and downslope steplike changes,
adjusted onto the level of the Nile river. Faults around the neighboring escarpments indicate tectonic
activity. Massmovement desposits along the escarpment’s steep indicate mass movements as a
controlling process for escarpment shaping. OSL dating of overlying eolian deposits give a minimum
age for the mass movements of 36 ka. Rock fall deposits around the archaelogical findings indicate,
that mass movements have to be expected also in the most recent past.

Fluvial dynamics and eolian dynamics are the factors controlling present day shaping of the
landscape in the Wadi Awatib and around the Naga excavation site, including the dissection of the
footzone of the escarpment. Dunes occur predominantly as lee-dunes at the Gebel Naga. Sand-back
fillings of the memorials at Naga excavation site attest strong eolian dynamics in most recent time.

Keywords: dryland geomorphology, palaeoenvironment, chronostratigraphy, geoarchaeology, OSL
dating

The original Publication is available at :

http://dx.doi.org/10.1127/0372-8854/2011/005553-0049

If you can’t get access, you can contact me for a copy: Jonas.Berking@Fu-Berlin.de



_ 2.1 Methods and Materials

Geoarchaeological Methods for Landscape Reconstruction at the Excavation

Site of Naga, Central Sudan

Berking, 1.3 Meister, J.}, Ullrich, B.2, Schott, M.}, Kaufmann, G.?, Schitt, B.:

'Freie Universitit Berlin, Department of Earth Sciences, Physical Geography, Malteserstralle 74-100, 12249
Berlin, Germany
*Freie Universitat Berlin, Department of Earth Sciences, Institute of Geological Sciences, Geophysics Section,
Malteserstr. 74 — 100; 12249 Berlin, Germany
*Leibniz Institute for Applied Geosciences, Section S3: Geochronology and Isotope Hydrology, Stilleweg 2,

30655 Hannover, Germany

With 11 figures & 3 tables

Abstract

The archaeological excavation site of Naga, remains of a Meroitic city, is located in the semi-arid
region along the fringe of the north-eastern Sahel and the south-eastern Sahara desert, in central
Sudan, 150 km north of Khartoum and 40 km south of the Nile. During its heyday (from about 300
BCE to 300 CE) the city was a highly developed central place, with a large population and an
economic culmination. Naga has been the object of archaeological research for several decades and
of geoscientific investigations since 2008.

The first step for the investigation was to select adequate methods that combine the advantages of
various subdisciplines and approaches. The study presented employs techniques from terrain
modelling, geophysics and environmental analytics to evaluate field data with the aim of a
comprehensive landscape reconstruction.

Keywords: Geophysical prospection, terrain modelling, 3-D visualization, arid environment, flood
water harvesting

The original Publication will be available at :

http://die-erde.de/html/erde online.html

If you can’t get access, you can contact me for a copy: Jonas.Berking @ Fu-Berlin.de
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Runoff in two semi-arid watersheds in a geoarchaeological context — a case

study of Naga, Sudan and Resafa, Syria

Berking, J., Beckers, B., Schiitt, B.
Freie Universitat Berlin, Department of Earth Sciences, Physical Geography,
Malteserstralle 74-100, 12249 Berlin, Germany

Abstract

This study is a geoarchaeological approach to compare two ancient cities, focusing on the relation of
their present water availability to their past water-storage volumes. The first is the Meroitic city of
Naga in the dry savanna of Sudan, where around the turn from BCE to CE the citizens built the “Great
Hafir” with a capacity of 45 x 10* m® to collect surface runoff. The second city is Resafa in the desert
steppe of Syria where, around 300 years CE, the Romans built large cisterns with a total capacity of
21 x 10°> m® to store surface water. We aim to evaluate the physical catchment characters of two
semi-arid watersheds and their present-day water availability by applying the rainfall-runoff model
HEC HMS. The main input is contemporary rainfall data, classified through a magnitude-frequency
analysis to determine rainfall intensity of 1-hour events. This analysis suggests that the water
reservoirs of each now long-abandoned city would be completely filled by a 35.9 mm h™ rain event in
the Resafa Basin and a 39.1 mm h™ rain event in the Basin of the Great Hafir. Such events occur
nearly annually, which in turn implies that water harvesting in the two semi-arid regions would still
be feasible today.

Keywords: HEC HMS, rainfall-runoff modelling, magnitude-frequency analysis, Mini Disk
infiltrometer, water harvesting techniques

The original Publication is available at :

http://dx.doi.org/10.1002/gea.20333

If you can’t get access, you can contact me for a copy: Jonas.Berking @ Fu-Berlin.de
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Geoarcheology and Chronostratigraphy in the Vicinity of Meroitic Naga in northern

Sudan - a Review

Jonas Berking* & Brigitta Schutt

'Freie Universitat Berlin, Department of Earth Sciences, Physical Geography, MalteserstraRe 74-100, 12249
Berlin, Germany
’Leibniz Institute for Applied Geosciences, Section S3: Geochronology and Isotope Hydrology, Stilleweg 2,
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3 Synthesis

The presented thesis is compiled of four publications all adding to a comprehensive
understanding about the palaeoenvironmental situation in the area of Naga in central Sudan.
The synthesis attempts to condense the results from different perspectives and gives an outlook
beyond this integrated work. Several authors contributed to it.

The study in the vicinity of Naga presented in this dissertation were undertaken to understand

the geoarchaeological setting, including the investigations on the:

e history of the climate

e availability of water

e environmental history

e dynamic of the landscape and its archives

e ancient city and its facilities (mainly the Great Hafir)

Due to these various fields of activity which require multiple methods and approaches, different

perspectives in the following are presented to summarize and synthesize them.

The climatic perspective
Through the conducted investigations the characterization of the present and past climatic

situation is of outstanding importance. This has three major reasons:

e Numerous authors state more humid and favorable climatic conditions throughout the
Sahara and its neighboring areas, especially for Mid-Holocene times.

e The location of Naga directly at the fringe between the hyper-arid Sahara and the semi-
arid Sahel-zone.

e The remote location of Naga about 40 km south of the Nile River without any perennial

water source.

The present day climate is characterized by an annual average temperature of 29°C and annual

rainfall amounts of ~95mm a™’, with 95% of the rainfall occurring between June and August.
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The main trigger for the appearance of the summery rainy season is the maximum northward
extent of the ITCZ, which in due course is mainly triggered by orbital parameters (c.f. Milankovic-
theory on millennial timescale). The maximum latitudinal extent of this low pressure zone is
assumed to have influenced regions up to 17°N during Mid-Holocene times; whereas today, it
influences the areas until about 15°N — the latitude of Naga (Berking et al., submitted).

The most pressing question prevailed whether such low annual precipitation amounts can form
a sufficient basis for any agriculture- or domestic needs, where available water is a prerequisite
for any settlement. Herein one of the main results of the conducted research is that not the
annual sum of precipitation but rather its event-character is crucial. This is due to the fact that
single high-intensity precipitation events may lead to runoff, which can then be used for water
harvesting purposes. Through a broad analysis covering most of the weather data available for
the region and by incorporating this data into a rainfall-runoff model, we concluded that the
rainfall character at Naga is indeed dominated by erratic and probably high-intensity rainfall
events with small spatial extensions.

This rainfall-runoff model was conducted not only for the study site of Naga, but also at the
excavation site of Resafa in Syria, where similar climatic conditions prevail. One of the main
assumptions herein is that surface runoff only occurs when the rainfall intensity surpasses a
certain threshold. This threshold mainly depends on the infiltration capacity of the soils and the
rainfall intensity. The excess of this threshold and, hence, the generation of runoff leads to the
so-called Hortonian overland flow (Yair & Lavee, 1985). In this first approach modern weather
data were used to feed the rainfall-runoff model for Naga and Resafa, revealing the fact that, still
today, water harvesting-measures in both regions could be feasible. Whether the climatic
conditions during the Meroitic period were also suitable for water harvesting measures can be
answered in two ways. First of all, the climatic setting in the region was more humid during Mid-
Holocene and the humidity slowly declined to the prevailing conditions. In consequence, higher
or at least similar climatic conditions can be assumed for the Meroitic and modern times. In
addition, comparison of the runoff as calculated by the application of the rainfall-runoff model
with the storage volume of the “Great Hafir” confirms that this amount of collectable runoff was
presumably also envisaged by the Meroitic engineers.

Ongoing work incorporates paleoclimatic model data, suggesting that the frequency of rainfall-
events that exceed the aforementioned threshold changed significantly since the Mid-Holocene.
Combining data of simulated and observed atmospheric conditions the probability of rainfall
events has been estimated. The resulting main hypothesis is that the Meroitic city of Naga was

founded in the hinterland of the middle Nile valley during a time when the interannual rainfall
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availability was more stable and reliable than at present. Beyond that, model data confirm that
the regional precipitation character has probably changed particularly since the time when the
ancient and now-abandoned settlement of Naga was founded and the Meroitic engineers coped
with the rare annually runoff events by building the “Great Hafir of Naga”.

Our results indicate that the abandonment of the city during the first centuries CE coincided with
the reduced availability of surface runoff as a response to orbital forces, at least as one of the
causes. Moreover, the regular summer rainy season does not consecutively imply sufficient
rainfall for (agri-)cultural needs, because the intensity of rainfall is more crucial than its total
amount. Effective precipitation and runoff are only available in such arid environments when a
low pressure cell produces a convective storm with short and heavy rainfall.

Consequently, the Meroitic city of Naga was founded during a time when annual rainfall as well
as storm events appeared more reliable and therefore flood water harvesting was more feasible

(Berking et al., submitted).

The geomorphological perspective
For the overall aim of landscape reconstruction, the geomorphological investigations

contributed in three major ways:

e The relief analysis - including implications from the geomorphological mapping and the
assessment of the geomorphometric conditions and
e the assessment of the stability or instability of the conceived surface morphology and

e the lithostratigraphy and its chronology.

The relief of the study site can be characterized by typical landforms of the Saharan landscape.
Dominating elements are contrasting steep slopes of the cretaceous escarpment areas,
accompanied by some outliers, rising several decameters above the valley bottoms. Eolian
deposits cover most parts of the escarpments’ footslopes.

These deposits are frequently incised by channels, which show at least marks of ephemeral
runoff . The major receiving stream, the Wadi Awatib, can be characterized by an anatomizing
and slightly incised wadi-system; the alluvial plain of the Wadi Awatib is locally up to 5 km wide,
building a vast undulated plain with a distinct micro-relief. The channels are between several
centimeters up to 6 m deep incised into the alluvial plain and are often followed by a riverine

forest. The general orientation and dipping of the catchment towards the Nile is documented by
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the innumerable headwater incisions and flow paths from the escarpment to the wadi system
and its tributaries and finally into the Wadi Awatib. The characterizing sediments relocated and
accumulated in this system are either flood deposits or eolian sands accumulated during times of
accelerated sand-availability or -movement. Nearly all investigated sediment-archives show
several hiatus, sometimes event-layers and discontinuous sedimentation.

One of the main results of the geomorphological research enhanced by chronostratigraphical
analysis proves a continuous relief shaping dynamic in the area at least since the late Pleistocene
ages. Sediments from the tube drillings and the analyzed dune sediments show several
Pleistocene ages (MIS 4-2). Many dune sediments point to hyperarid presumably LGM conditions
(MIS 2-1). Conclusively, adding to our idea of the post-Meroitic phases, are the late Holocene age
determinations, undertaken in the slack water deposits of the Hafir and the eolian sands
covering the Amun-Temple - all pointing to post-Meroitic processes after the abandonment of

the city.

The environmental perspective
The environmental reconstructions are literally the sum or combination of all approaches

focusing on the landscape history, including various archives and palaeoenvionmental proxies:

e The biological, geomorphological, physical and chemical parameters (mainly of the

sediments samples)

The study site is located in the drylands, which are - due to their high temperature and unsteady
precipitation regime - fragile regions, where, despite their unfavorable conditions, permanent
settlements have existed since prehistoric times. It is agreed with Aktar-Schuster & Mensching
(1993) that the natural environment of the region around Naga has been degraded, which is not
only caused by the harsh exogenic conditions, but mainly due to human impact. The raising of
sheep and goats as well as tree chopping and irrigation measures lead to the destabilization (or
reactivation) of dunes or inhibits soil development, most likely also in the alluvium.

The application and interpretation of the various obtained proxies in terms of landscape change
has proven to be rather complicated. This is mainly due to the fact that the geoarchaeological
timeframe is hardly distinguishable in the sediment archives.

However, most of the obtained proxies from the sediment- archives point to an initial soil

development, with low organic matter, sometimes high concentrations of alkaline (earth) metals
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and hardly any stratification. Moreover, highly compacted layers were identified, which are
affected by the ascending translocation of soil water and finally its evaporation. Residue of soil-
water solutes leading to widespread formation of sub-surface incrustations with silcretes
predominating in the area of Naga. These crusts have an effect on the vegetation, inhibiting a
healthy grow, they can enhance the runoff (and interflow) by acting as a water aquiclude and the
detorate the tilling possibilities. Whether these incrustations are relictic or still active was
analyzed through an analysis of geochemical approaches (including amorphous silica and

pedogenic iron), but could not be conclusively answered.

The ephemeral character of the moisture- and water availability and the equivocal location of
Naga between the desert (without any rain) and the Sahel-zone (where rain-fed agriculture is
possible) is crucial for the environmental history. The entire area is nowadays characterized by
sparse drought-resistant vegetation, which is intensively modified by land use. While in the
middle and lower course of Wadi Awatib the distribution of vegetation shows the typical
contracted pattern of drylands, a dense savannah-vegetation cover occurs in its headwater
areas.

This leads to the hypotheses that the environmental conditions in Naga changed throughout the
last 2000 years primarily by human activity and impact and only secondarily due to climatic

shifts.

The geoarchaeological perspective

At least since the middle of the 20" century geoarchaeological approaches, in the sense of
archaeological issues analyzed and investigated by geoscientists, have become increasingly
important for archaeological excavations. Various geoscientific methods are applied to answer
the manifold specific questions at the particular study and excavation sites (Gladfelter 1977). In
this sense, the presented thesis analyzes the palaeoenvironmental situation through the
application of high resolved, spatially differentiated modeling approaches and analyses. The
incorporation of the recorded terrain data as well as the analysis of terrestrial archives and their
chronology enables us to reconstruct the paleoenvironment.

Crucial and widely acknowledged factors of landscape evolution such as climate variability,
tectonic activities and surface shaping processes as well as direct and indirect human impact

were recorded and evaluated. In order to enable a contextualization with the archaeological
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timeframes and to analyze the landscape history it was essential to establish a robust
chronology.

The most prominent feature evolving throughout the investigations was the “Great Hafir” of
Naga. This water harvesting facility proved to be of high value and during its investigation
various methods including hydrological modeling, climatic reconstruction, geomorphological
analysis, geophysical measures and archaeological connotation were combined. It is herein the
paramount geoarchaeological object that helped to get an idea of the advanced knowledge of
the Meroitic engineers; it helped to evolve different techniques in terms of surface modeling and
subsurface geophysical investigations —the implementation of the morphological- and physical

catchment character and finally its combination with climatic reconstructions.

Retrospection
For the future it should be pointed out, that for palaeoenvironmental research in dryland areas,

the investigations should mostly focus on the (paleo-)climate and (paleo-)hydrology of the
respective study sites, rather than on other environmental features. This is mainly due to the
fragmentary or inhibited evolution and succession of soils and vegetation. When, as it is the case
for Naga, the environment is characterized by high dynamics and, moreover, the presence of
continuous sediment archives is limited, a comprehensive environmental reconstruction is a
challenging process. One way to cope with this problem is to aspire to a high quantity of samples

rather than to a high quality, as, for example, by gaining many age-determinations.
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Geoarchaeological Investigations around Naga, Central-Sudan

BERKING Jonas, SCHUTT Brigitta

Freie Universitat Berlin, Department of Earth Sciences, Physical Geography, Malteserstralle 74-100, Haus H,
12249 Berlin, Germany, Jonas.Berking@FU-Berlin.de

The remains of a Meroitic city called Naga, are located in central Sudan, 150 km north of
Karthoum and 50 km south of the Nile. The archaeological excavation site is located in this semi-
arid region along the fringe of the north-eastern Sahel and the eastern Sahara desert. During its
heydays the city has been a highly developed central place, with a high population and an
economic culmination from 300 BCE to 300 CE. Naga is the target of archaeological research
since several decades and since 2008 of geoscientific investigations.

The recent climate is characterised by an insufficient precipitation/runoff ratio for a perennial
discharge in ambient wadis. One goal of the project is therefore to answer the questions: How
was the water supply of the city organised? Was there a higher water availability in ancient
times due to a different climatic setting in the region - or were the inhabitants able to
compensat the water deficit by using high sophisticated water harvesting techniques?

To distinguish between these possibilities different geomorphological and hydrological methods,
coupled with geophysical- as well as high precision terrain data were applied and moreover the
analysis of sedimentary records and a broad analysis of modern climate and hydrological data
was performed. The results are used as input for high resolution modelling of the (palaeo-
)drainage and landscape-evolution. We will present first results of geomorphic evidence of the
investigated archives, as well as geomorphic processes.

Altogether palaeoenvironmental reconstructions provide crucial information for archaeological
purposes, as they play a key role for answering questions about living conditions and natural
resources.
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Comparison of two ancient central places in Syria and Sudan in a geoarchaeological
context

Beckers, B., Berking, J., Schiitt, B:

Freie Universitat Berlin, Department of Earth Sciences, Physical Geography,
MalteserstralRe 74-100, 12249 Berlin, Germany

Jonas.Berking@Fu-Berlin.de

Two ancient cities, Resafa in Syria and Naga in Sudan, are part of geoarchaeological
investigations.
Both are located in a semi-arid environment next to a major wadi which has been the main
source of water supply and both are within the vicinity of two big rivers: the Euphrates and the
Nile. The cities have been highly developed central places, with a high population and economic
culmination about 2000 years ago at Naga and 1500 years ago at Resafa they both had central
importance concerning religion and trade.
In both cases, the modern precipitation/runoff ratio leads to insufficient and sparse water
availability.
Higher water availability in ancient times might be due to climatic change in the regions, or
might have also been compensated by ancient water harvesting techniques, which both, the
Romans in Resafa and the Meroitics in Naga seem to have been sophistically engineered.
Therefore for both sites the following questions arise:

e How were the environmental conditions during the settlement of the cities

e Why did they settle at such remote places?

e How did the population cope with their environment?
A comparison in climatic history as well as an analysis of past water balance is required. The
information will be derived from palaeoenvironmental proxies as provided by landforms and
geoarchives. Due to the long tradition of water harvesting in these areas, also an inventory of
past water harvesting techniques is necessary, to integrate these data into the analysis.
High resolution modelling focusing the (palaeo-)drainage - and landscape-evolution should than
be applied to show if distinct similarities for both sites are also reflected in numeric applications.
The problems of different scales are the main focus of our comparison, concerning the utilized
datasets. These are especially characterized by the resolution and quality of the remote sensing
datasets and the herefrom derived geometric catchment-characteristics. The finally identified
problems are hopefully leading to a compromising and representative research.
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Geoarchaeological Survey in Naga, Central-Sudan

Berking, J. & Schiitt, B.

Freie Universitat Berlin, Department of Earth Sciences, Physical Geography,
MalteserstraBe 74-100, 12249 Berlin, Germany
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The ancient Meroitic city of Naga in central Sudan is the target of archaeological and since 2008
of geoscientific investigations. The city is located 150 km north of Karthoum in 50 km distance to
the River Nile. The city has been a highly developed central place, with a high population and an
economic culmination from about 300 BC to 300 AD.

The surrounding Wadi Awatib is located in the semi-arid region along the fringe of the north-
eastern Sahel and the eastern Sahara desert, recently characterised by an insufficient
precipitation/runoff ratio for a perennial discharge in the wadi. One goal of the project is to
answer the question: How the water supply of the city was organised. Was there a higher water
availability in ancient times due to a different climatic setting in the region - or were the
inhabitants able to compensated the water deficit by using high sophisticated water harvesting
techniques?

To distinguish between these possibilities different geomorphological and hydrological methods
were applied: including the mapping of geomorphology, channel geometry and topology as well
as the analysis of sedimentary records and a broad analysis of modern climate and hydrological
data.

The results are used as input for high resolution modelling of the (palaeo-)drainage and
landscape-evolution. We will present first results of geomorphic evidence of the investigated
archives, as well as geomorphic processes.

Altogether palaeoenvironmental reconstructions provide crucial information for archeological
purposes, as they play a key role for answering questions about living conditions and natural
resources.



I 5 Appendix

LAC, Amsterdam 2010, Poster.

Geoarchaeological Survey in Naga, Central-Sudan with special focus on the
Reconstruction of the Great Hafir

Meister, Julia; Berking, Jonas; Schitt, Brigitta

The Meroitic city of Naga in central Sudan is the target of archaeological and since 2008 of
geoscientific investigations. The remains of the city are located 150 km north of Karthoum and
50 km south to the River Nile. During its heydays the city has been a highly developed central
place, with a high population and an economic culmination from about 300 BCE to 300 CE. The
surrounding Wadi Awatib is located in the semi-arid region along the fringe of the north-eastern
Sahel and the eastern Sahara desert, recently characterized by an insufficient
precipitation/runoff ratio for any perennial discharge in the wadi.

One aim of the palaeoenvironmental and geoarchaeological investigations is to answer the
qguestion, how the water supply of the city was organized: Was there a higher water availability
in former times - due to a different climatic setting in the region? Or were the inhabitants able to
compensate the water deficit by using high sophisticated water harvesting techniques? To
distinguish between these possibilities this study is focused on the “Great Hafir”, the main water
reservoir of Meroitic Naga, which was built to collect surface runoff and to store surface water.
Different geophysical and geomorphological methods were applied to reconstruct the today
silted up basin: including geoelectrics, ground penetrating radar, relief-analysis as well as the
analysis of sedimentary records. Here we present first results, about the size, volume, position
and hydrologic setting of the Great Hafir.

This palaeoenvironmental reconstruction provides crucial information for archeological
purposes, as it plays a key role for answering questions about living conditions and the use of
water resources in Naga.
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A comparative approach to estimate the (palaeo-)runoff of two semi-arid
watersheds in a geoarchaeological context —case studies of Naga (Sudan) and
Resafa (Syria)

Beckers, Brian; Berking, Jonas; Schiitt, Brigitta

Two ancient cities, late Roman-early Islamic Resafa in the desert steppe of Syria and Meroitic
Naga in the dry savanna of Sudan, have been under archaeological investigation for several
decades. Both are located in a semi-arid environment next to major wadi systems which have
been the main source of water supply and both are within the vicinity of two big streams: the
Euphrates and the Nile.

Since 2008 archaeological research has broadened to include geoarchaeological objectives
concerning the palaeoenvironment and landscape history. This study is an approach to compare
the two ancient cities, focusing on the relation of their present water availability to their past
water storage capacity and constructions. In Meroitic Naga, around the turn from BCE to CE the
citizens built the “Great Hafir” to collect surface runoff; in Resafa, around 500 years CE, the
Romans built large cisterns to store surface water. We aim to evaluate present-day water
availability by a rainfall-runoff model, mainly utilizing HEC HMS. The main input is modern
rainfall data, which is filtered through a magnitude-frequency analysis to determine rainfall
intensity as input for event-based rainfall-runoff model.

Work on hydrological and climatological questions in the two regions involves typical problems
of drylands: the catchments of the wadis are ungauged, climate data are spatially and temporally
fragmentary, and information on the physical characteristics of the catchments is either scant or
coarsely resolved. Moreover, rainfall and runoff are spatially and temporally highly variable in
semi-arid and arid areas, so that quantitative estimations of present and, to an even greater
extent, past climatological and hydrological processes are problematic. The contribution aims to
present the concept, background and first results of an approach to cope with these challenges
and to model the catchments' rainfall-runoff relationships including the behaviour of the water
supply systems of the two ancient cities of Resafa and Naga.
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Geoarchaeological Survey in Naga, Central-Sudan

Freie Universitat Berlin, Department of Earth Sciences, Physical Geography, Malteserstralle 74-100, Haus H,
12249 Berlin, Germany

In the semi-arid region along the fringe of the north-eastern Sahel and the eastern Sahara
desert, the archaeological excavation site of Naga is located. The remains of this Meroitic city are
located in central Sudan, 150 km north of Karthoum and 50 km south of the Nile. During its
heydays the city has been a highly developed central place, with a high population and an
economic culmination from about 300 BCE to 300 CE. Naga is the target of archaeological
research since several decades and since 2008 of geoscientific investigations.

The recent climate is characterised by an insufficient precipitation/runoff ratio for a perennial
discharge in the wadi. One goal of the project is therefore to answer the question: How the
water supply of the city was organised. Was there a higher water availability in ancient times due
to a different climatic setting in the region - or were the inhabitants able to compensated the
water deficit by using high sophisticated water harvesting techniques?

To distinguish between these possibilities different geomorphological and hydrological methods,
coupled with geophysical- as well as high precision terrain data, were applied and moreover the
analysis of sedimentary records and a broad analysis of modern climate and hydrological data
was performed. The results are used as input for high resolution modelling of the (palaeo-
)drainage and landscape-evolution. We will present first results of geomorphic evidence of the
investigated archives, as well as geomorphic processes.

Altogether palaeoenvironmental reconstructions provide crucial information for archaeological
purposes, as they play a key role for answering questions about living conditions and natural
resources.
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Statistical downscaling of precipitation of two transient Holocene AOGCM
simulations for central Sudan

Sebastian Wagner1'4, Janina Koerper2'4, Jonas Berking3'4

'GKSS Research Center, Institute for Coastal Research, Geeshacht, Germany, e-mail: sebastian.wagner@gkss.de
*Free University of Berlin, Department of Meteorology, Berlin, Germany
*Free University of Berlin, Department of Physical Geography, Berlin, Germany
“TOPOI Excellence Cluster, Free University of Berlin, Germany

In the present analysis a statistical downscaling of the large scale circulation of two transient
simulations of the global coupled climate model ECHO-G for the Holocene for a region in central
Sudan [ Naga, Nubic desert ] is carried out to assess precipitation. Results will help colleagues
from historical sciences investigating the rise and fall of ancient cultures in this region.

In the first part of the presentation the basic climatological features of the region under
investigation and the calibration and validation of the statistical downscaling models are
presented. An important part forms the physical plausibility of the statistical downscaling models
calibrated with recent observational data. It will be shown that using principal component
regression it is possible to investigate physical processes in the climate-circulation ship that are
implicitly used by the statistical model.

The second part will present results based on these models for precipitation. An interesting
result pertains to the added value of the application of statistical downscaling compared to the
raw model precipitation output on centennial-to-millennial timescales. For instance, the
downscaled model results show a non-linear decrease in precipitation in the Nubian desert
during July in the course of the Holocene. This decrease, also evident in many proxy data time
series and with climate models using interactive vegetation, can be reproduced by the
downscaling model despite i) constant vegetation patterns used in the transient Holocene
simulations and ii) the absence of the decline in precipitation in the raw model output.

Finally potential driving mechanisms controlling precipitation variability in the Nubian desert
during the Holocene based on changes in external forcings [ orbital, solar, greenhouse gases ]
are discussed.
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Geoarchaeological Survey in Naga, Central-Sudan

Jonas BERKING & Brigitta SCHUTT

Freie Universitat Berlin, Department of Earth Sciences, Physical Geography, Malteserstralle 74-100, Haus H,
12249 Berlin, Germany, JonasBerking@FU-Berlin.de

Keywords: Palaeoenvironment, Hafirs, Chronology, East Africa

In the semi-arid region along the fringe of the north-eastern Sahel and the eastern Sahara
desert, the archeological excavation site Naga is located. 150 km north of Karthoum and in 50
km distance from the River Nile around 2000 years ago the Meroitic civilization which had an
own language and script developed settled here in cities, including large temple- and palace
complexes. Supplementary geoarchaeological investigation started in winter 2008.
Geoarchaeological investigations are aiming on a reconstruction of the Holocene
palaeonvironment, focussing the palaeohydrology and water balance in this at present only
sparsely settled area where availability of water is the limiting factor for settlement.
Palaeoenvironmental reconstructions provide crucial information for archeological purposes,
where they play the key role for answering questions about living conditions, natural resources
and mainly water availability for ancient cultures. Hence geomorphic evidence and information
of the investigated archives, as well as geomorphic process measurements of morphometry,
channel geometry and topology might help to answer these questions.

Fieldwork included intensive geomorphologic mapping of the site. Additional detailed geodetic
survey was necessary to generate a high resolution Digital Elevation Model. At geomorphological
key sites sediments were sampled at outcrops and by probing. Special interest was also given to
the traditional water harvesting techniques of collecting surface water in so-called Hafirs, which
are partly used also at present and have most likely a history going back to the ancient times.
Here we present first results from the field work, focusing on the geomorphology and the water
harvesting.
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Application of paleoclimatic simulations in a geoarchaeological framework — two
case studies along the Nile

Janina Kérperl, Jonas Berkingz, Wiebke Bebermeierz, Maria Slabyl, Sebastian Wagner3, Ulrich Cubasch® Nicole
Alexanian® & Stephan Seidlmayer4
"Institute for Meteorology, Freie Universitat Berlin, Germany
’Institute of Physical Geography, Freie Universitat Berlin, Germany
*Helmholtz Zentrum Geesthacht, , Germany
*German Archaeological Institut, Cairo and Freie Universitat Berlin

Within the framework of an interdisciplinary research cluster focusing on space and knowledge
of ancient civilizations the interactions of man and environment are investigated using a
multimethodological approach including archaeological and geographical field work as well as
modeling of environmental processes. Goals of the research cluster are to gain knowledge of
how civilizations reacted to changing environmental conditions and to explain the processes
leading to environmental changes. Two case studies from the arid to hyperarid Eastern Saharan
landscapes of Egypt and Sudan will be presented. The first case study deals with environmental
changes in Egypt. The agriculture of the Ancient Egyptian civilization depended almost entirely
on the Nile waters and floods and therefore on the climatic conditions in the Ethiopian
highlands, where the Nile floods mainly origin. In the late Old Kingdom and after the Old
Kingdom (approx. 4,300-4,000 BP) agricultural land and settlements were covered by meter thick
eolian sand sheets, pointing to changing environmental conditions, affecting the local
population. A transient simulation of the last 6000 years with the coupled ocean-atmosphere
model ECHO-G provides the basis for the comparative analysis of mid to late Holocene drought
conditions in the Memphitic region and the Ethiopian highlands. Drought indices based on
simulated monthly mean precipitation and potential evaporation reveal a trend towards drier
conditions in the whole catchment area of the Nile. This trend is more pronounced in the
Ethiopian Highland than in the Memphite region and explained by less moisture availability in
the respective rainy seasons due to geographical shifts of the main precipitation regimes.

The second case study deals with environmental changes in central Sudan. The ancient Meroitic
city of Naga is located 40 km south of the river Nile. The global general circulation model
ECHAMS is employed to investigate climatic shifts that may affect the rainwater availability.
Time-slice experiments with a spectral horizontal resolution of T106, corresponding to a
1.1°x1.1° longitudinal and latitudinal grid, were implemented to investigate the statistics of the
intensity of rainfall events. Here, the reoccurrence times of rainfall events passing a certain
threshold derived from a rainfall-runoff model is investigated. The results show that the
frequency of the reoccurrence of rainfall events sufficient for water harvesting and irrigation
purposes was significantly higher 3000 years ago than for the last 2000 years. These case studies
show that especially the investigation of changes in the seasonal cycle or daily rainfall statistics
based on paleoclimatic model simulations provides an added value for geoarchaeological
projects.
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Geoarchaeological and Chronostratigraphical Targets around Naga, Central-Sudan
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In the semi-arid region along the fringe of the north-eastern Sahel and the eastern Sahara
desert, about 150 km north of Karthoum and 40 km south of the Nile, the remains of this
Meroitic city Naga are located,. During its heydays the city has been a highly developed central
place, with a high population and an economic culmination from about 300 BCE to 300 CE. Naga
is the target of archaeological research since several decades and since 2008 of geoscientific
investigations.

The present day climate of the region is characterised by the ephemeral character of available
precipitation due to an insufficient precipitation-runoff-ratio for perennial discharge in the wadi.
One goal of the project is therefore to answer the questions: How the water supply of the city
was organised? Was there a higher water availability in ancient times due to a different climatic
setting in the region - or were the inhabitants able to compensated the water deficit by using
high sophisticated water harvesting techniques?

To distinguish between these possibilities different geomorphological and hydrological methods,
coupled with geophysical- and high precision terrain data, were applied. The analysis of
sedimentary records and the upset of a chronostratigraphy revealed new insights into the
environmental-evolution during Holocene. This chronology enables for a contextualization with
the archaeological targets. We will present final results of geomorphic evidence of the
investigated archives, as well as geomorphic processes.

Altogether palaeoenvironmental reconstructions provide crucial information for archaeological
purposes, as they play a key role for answering questions about living conditions and natural
resources.
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