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 Mapping patterns of long-term settlement in
 Northern Mesopotamia at a large scale
 Bjoern H. Menzeab1 and Jason A. Ur3
 a Department of Anthropology, Harvard University, Cambridge, MA 02138; and bComputer Science and Artificial Intelligence Laboratory, Massachusetts
 Institute of Technology, Cambridge, MA 02139

 Fig. P1. Mapping anthrosols and settlement mounds. An anthrosol probability map (>4) and
 results from archaeological ground survey (3) ( B ) for Tell Brak, the largest settlement mound in
 jMorthern Mesopotamia. The mound is visible in the center from the isolines indicating height.
 Areas of high anthrosol probability nearly correlate with areas of high sherd density at pixel level.

 AUTHOR SUMMARY

 The scale and

 spatial distribution
 of human
 communities in

 past societies are
 of high interest in
 archaeological
 research. The first

 settlements and,
 hence, the longest
 paths of
 development of
 settlement systems
 can be found in

 the Near East, on
 the territories of

 modern Iran, Iraq,
 Turkey, Syria,
 Jordan, and Israel.
 A characteristic

 property of these
 settlement sites is

 mounding, which is
 a result of

 millennia of continuing settlement activity at especially
 meaningful places (1). So far, however, mounding has not
 received much attention or even been the subject of systematic
 evaluation. In this study, we demonstrate the use of mounding
 in mapping patterns of a past human settlement. To this end,
 we develop a satellite remote sensing approach that identifies
 soils influenced by human activity, which allows us to map
 archaeological sites with an accuracy similar to that of
 intensive archaeological surveys but at a much broader
 geographic scale. We measure the volume of each recorded
 site in a digital elevation model and search systematically for
 factors that shaped the spatial patterns of the long-term
 settlement distribution we observe. We find that site volume,
 an underappreciated feature of ancient Near Eastern
 settlements, has great significance for describing generalized
 long-term patterns of human settlement and land use, and we
 illustrate its particular relevance as an indicator of past
 populations in spatial analysis.

 Settlement mounds can be identified under ideal conditions

 through the multispectral signature of anthrosols, which are
 soils that have been heavily modified through the addition of
 materials from collapsed mud-brick architecture and
 household wastes; anthrosols are often lighter and brighter
 than the soils of their surroundings (1, 2). To map these sites,
 we employ machine learning classifiers to find areas that
 display a signature similar to the one observed at known
 nearby archaeological sites in multispectral Advanced
 Spaceborne Thermal Emission and Reflection Radiometer
 (ASTER) images. We propose a multitemporal classification
 strategy - pooling information from all ASTER scenes
 available at a given location - which returns an anthrosol
 probability map that is largely free of noise from the short-

 term variation of

 the spectral signal
 (Fig. PL4). The
 map highlights
 only those
 locations that
 resemble known

 archaeological
 sites consistently
 over several years
 of observation. We
 test this
 classification

 strategy in the
 Upper Khabur
 Basin in

 northeastern Syria,
 a critical locus for

 the study of the
 origins and
 development of
 urbanism in the

 Near East, and
 obtain a

 23,000-km2 map showing the locations of anthrosols at a 10-m
 resolution (available from http://hdl.handle.net/1902.1/17731).
 A comparison of our results with the ground truth from large
 regional surveys shows that about 90-94% percent of the 750
 sites recorded around major settlement mounds in the Basin
 (Tells Brak, Leilan, Hamoukar, and Beydar) can be found in
 the anthrosol map. In the case of Tell Brak, the largest
 settlement mound in Northern Mesopotamia, areas of high
 surface sherd density and high probability of anthropogenic
 soils correlate almost precisely (3) (Fig. PI A and B).

 To identify those settlement sites that were occupied over
 longer time spans, we use the Shuttle Radar Topography
 Mission digital elevation model (4). In this stage of analysis,
 we estimate the volume of the 14,312 sites recorded from the
 anthrosol map. Of these sites, 9,529 are also significantly
 mounded, with a total volume of 700-940 million m3. As a
 comparison, the debris of a single-household mud-brick
 building occupied for one generation is estimated to be
 20-100 m3, providing a rough, indirect measure of the total

 Author contributions: B.H.M. and J.A.U. designed research; B.H.M. and J.A.U. performed
 research; B.H.M. contributed new reagents/analytic tools; B.H.M. and J.A.U. analyzed data;
 and B.H.M. and J.A.U. wrote the paper.

 The authors declare no conflict of interest.

 This article is a PNAS Direct Submission.

 Data deposition: Anthrosol map and derived data products can be downloaded from the
 Harvard Institute for Quantitative Social Sciences data repository via http://hdl.handle.net/
 1902.1/17731.

 'To whom correspondence should be addressed. E-mail: menze@csail.mit.edu.

 See full research article on page E778 of www.pnas.org.

 Cite this Author Summary as: PNAS 10.1073/pnas.1 115472109.

 5146-5147 | PNAS | April 3f 2012 | vol. 109 | no. 14 www.pnas.org/cgi/doi/10.1073/pnas.1115472109

This content downloaded from 
�������������202.47.36.85 on Tue, 26 Oct 2021 11:34:33 UTC�������������� 

All use subject to https://about.jstor.org/terms



 premodern sedentary population in the Basin, which would
 amount to 10-40 million households.

 The accumulated anthropogenic debris represents the
 aggregate of approximately 8,000 y of sedentary agricultural
 populations. Settlements evolved initially during the Neolithic
 period (ca. 7000 B.C.) and developed into the "landscape of
 tells" (1) we now find in the Upper Khabur Basin. Using
 volume as a proxy for continued occupation, we consider the
 factors that might have been significant in shaping the
 observed spatial patterns of this past population.

 We correlate the integral settlement volume per area - as a
 proxy for the total population over time - with soil types,
 current precipitation, and the catchment size of the largest
 runoff next to a settlement (as a measure for the long-term
 availability of surface water). Local water availability and
 volume, or long-term attractiveness of a site, are exponentially
 related. A strong relationship also exists between site volume
 and nodal location within a basin-wide exchange network that
 can be inferred from third millennium B.C. "hollow ways"
 (that is, broad and shallow linear depressions believed to be
 formed by the continual passage of human beings and
 animals); these landscape features have been visible on the
 ground until modern times and have been recorded in a
 previous study (5). Surprisingly, a site's absolute size, not its
 geographic centrality, determines the average number of visits
 the site receives from travelers between sites. This result

 suggests that interaction in the recorded settlement network
 had a stabilizing effect for those settlements whose growth
 exceeded the limit expected from local resources, helping to
 sustain such sites over centuries or millennia. From a wider

 perspective, this correlation of past routes and past
 populations also suggests that patterns of movement would
 have been as stable as the patterns of settlement recorded in
 this study.

 In sum, we present a remote sensing approach that
 systematically maps anthrosols accumulated over eight
 millennia, and establish the largest archaeological remote
 sensing record for a landscape in Mesopotamia. A critical
 element of our approach, the proposed multitemporal
 classification strategy, can be easily generalized for other
 detection tasks in archaeological remote sensing.

 Our results can be used in the integration of published
 findings, planning of surveys, and heritage management at an
 international scale. Moreover, we show that, by measuring site
 volume at a large scale, it may be possible to uncover long-
 term trends in human settlement activity and to reveal further
 environmental factors that influence long-term trends and
 sustainable settlement in the Near East.

 1 . Wilkinson TJ (2003) Archaeological Landscapes of the Near East (Univ of Arizona Press,
 Tucson, AZ).

 2. Altaweel M (2005) The Use of ASTER Satellite Imagery in Archaeological Contexts.
 Archaeol Prospec 12:151-166.

 3. Ur JA, Karsgaard P, Oates J (2007) Urban development in the ancient Near East. Science
 317:1188.

 4. Menze BH, Ur JA, Sherratt AG (2006) Detection of ancient settlement mounds - archae-

 ological survey based on the SRTM terrain model. Photogramm Eng Remote Sens
 72:321-327.

 5. Ur JA (2003) CORONA satellite photography and ancient road networks: A northern
 Mesopotamian case study. Antiquity 77:102-115.

 >■

 i
 S
 |
 <

 u 5 | s 5
 I s
 I/) >.

 1
 s 2
 s §

 <

 Menze and Ur PNAS | April 3, 2012 | vol. 109 | no. 14 | 5147

This content downloaded from 
�������������202.47.36.85 on Tue, 26 Oct 2021 11:34:33 UTC�������������� 

All use subject to https://about.jstor.org/terms


	Contents
	p. [5146]
	p. 5147

	Issue Table of Contents
	Proceedings of the National Academy of Sciences of the United States of America, Vol. 109, No. 14 (April 3, 2012) pp. i-viii, 5135-5548, ix
	Front Matter
	QnAs
	QnAs with Michael S. Gazzaniga [pp. 5137-5137]

	COMMENTARIES
	A perfect (geochemical) storm yielded exceptional fossils in the early ocean [pp. 5138-5139]
	Designing orthogonal signaling pathways: How to fit in with the surroundings [pp. 5140-5141]
	Second genesis of a plastid organelle [pp. 5142-5143]
	Battle of the sexes: Conflict over dosage-sensitive genes and the origin of X chromosome inactivation [pp. 5144-5145]

	PNAS PLUS (AUTHOR SUMMARIES)
	Mapping patterns of long-term settlement in Northern Mesopotamia at a large scale [pp. 5146-5147]
	Mesoamerican origin of the common bean (Phaseolus vulgaris L.) is revealed by sequence data [pp. 5148-5149]
	Lipid-derived nanoparticles for immunostimulatory RNA adjuvant delivery [pp. 5150-5151]
	Self-assembly of functional, amphipathic amyloid monolayers by the fungal hydrophobin EAS [pp. 5152-5153]
	Wnt/ß-catenin signaling requires interaction of the Dishevelled DEP domain and C terminus with a discontinuous motif in Frizzled [pp. 5154-5155]
	Origin of first cells at terrestrial, anoxic geothermal fields [pp. 5156-5157]
	Protein misinteraction avoidance causes highly expressed proteins to evolve slowly [pp. 5158-5159]
	䕮摯瑨敬楡氠數灲敳獩潮⁯映桹灯硩愭楮摵捩扬攠晡捴潲‱⁰牯瑥捴猠瑨攠浵物湥⁨敡牴⁡湤⁡潲瑡⁦牯洠灲敳獵牥⁯癥牬潡搠批⁳異灲敳獩潮⁯映呇䘭β⁳楧湡汩湧⁛灰⸠㔱㘰ⴵㄶㅝ
	Brain structure in healthy adults is related to serum transferrin and the H63D polymorphism in the HFE gene [pp. 5162-5163]
	The Williams syndrome chromosome 7q11.23 hemideletion confers hypersocial, anxious personality coupled with altered insula structure and function [pp. 5164-5165]

	Finessing the fracture energy barrier in ballistic seed dispersal [pp. 5166-5169]
	Locating binding poses in protein-ligand systems using reconnaissance metadynamics [pp. 5170-5175]
	þÿ�þ�ÿ���þ���ÿ�������P�������a�������r�������t�������i�������a�������l�������l�������y������� �������c�������o�������l�������l�������a�������p�������s�������e�������d������� �������c�������r�������i�������s�������t�������o�������b�������a�������l�������i�������t�������e������� �������s�������t�������r�������u�������c�������t�������u�������r�������e������� �������i�������n������� �������t�������h�������e������� �������n�������o�������n������� �������m�������o�������l�������e�������c�������u�������l�������a�������r������� �������p�������h�������a�������s�������e������� �������V������� �������i�������n������� �������C�������O��� ����������� �������[�������p�������p�������.������� �������5�������1�������7�������6�������-�������5�������1�������7�������9�������]
	Mechanism for Burgess Shale-type preservation [pp. 5180-5184]
	Lifetime of carbon capture and storage as a climate-change mitigation technology [pp. 5185-5189]
	Phosphorus-31 MRI of hard and soft solids using quadratic echo line-narrowing [pp. 5190-5195]
	Using sketch-map coordinates to analyze and bias molecular dynamics simulations [pp. 5196-5201]
	Morphology of nematic and smectic vesicles [pp. 5202-5206]
	Ultrafast large-amplitude relocation of electronic charge in ionic crystals [pp. 5207-5212]
	Persistence and uncertainty in the academic career [pp. 5213-5218]
	Comanagement of coral reef social-ecological systems [pp. 5219-5222]
	Structure of a hepatitis C virus RNA domain in complex with a translation inhibitor reveals a binding mode reminiscent of riboswitches [pp. 5223-5228]
	Structural basis for lack of toxicity of the diphtheria toxin mutant CRM197 [pp. 5229-5234]
	Redox-dependent complex formation by an ATP-dependent activator of the corrinoid/iron-sulfur protein [pp. 5235-5240]
	Lantibiotics from Geobacillus thermodenitrificans [pp. 5241-5246]
	Effect of channel mutations on the uptake and release of the retinal ligand in opsin [pp. 5247-5252]
	Implications for collagen I chain registry from the structure of the collagen von Willebrand factor A3 domain complex [pp. 5253-5258]
	þÿ�þ�ÿ���þ���ÿ�������E�������x�������p�������l�������o�������r�������i�������n�������g������� �������t�������h�������e������� �������p�������r�������o�������t�������o�������n������� �������p�������u�������m�������p������� �������a�������n�������d������� �������e�������x�������i�������t������� �������p�������a�������t�������h�������w�������a�������y������� �������f�������o�������r������� �������p�������u�������m�������p�������e�������d������� �������p�������r�������o�������t�������o�������n�������s������� �������i�������n������� �������c�������y�������t�������o�������c�������h�������r�������o�������m�������e������� �������b�������a��� ����������� �������f�������r�������o�������m������� �������T�������h�������e�������r�������m�������u�������s������� �������t�������h�������e�������r�������m�������o�������p�������h�������i�������l�������u�������s������� �������[�������p�������p�������.������� �������5�������2�������5�������9�������-�������5�������2�������6�������4�������]
	Dissecting the substrate recognition of 3-O-sulfotransferase for the biosynthesis of anticoagulant heparin [pp. 5265-5270]
	Long-distance correlations of rhinovirus capsid dynamics contribute to uncoating and antiviral activity [pp. 5271-5276]
	Control of protein signaling using a computationally designed GTPase/GEF orthogonal pair [pp. 5277-5282]
	Direct observation of multiple misfolding pathways in a single prion protein molecule [pp. 5283-5288]
	Two independent switches regulate cytoplasmic dynein's processivity and directionality [pp. 5289-5293]
	Fluorescence microscopy for simultaneous observation of 3D orientation and movement and its application to quantum rod-tagged myosin V [pp. 5294-5298]
	Small-molecule ligands bind to a distinct pocket in Ras and inhibit SOS-mediated nucleotide exchange activity [pp. 5299-5304]
	þÿ�þ�ÿ���þ���ÿ�������X�������-�������r�������a�������y������� �������c�������r�������y�������s�������t�������a�������l�������l�������o�������g�������r�������a�������p�������h�������i�������c������� �������a�������n�������d������� �������c�������o�������m�������p�������u�������t�������a�������t�������i�������o�������n�������a�������l������� �������s�������t�������u�������d�������i�������e�������s������� �������o�������f������� �������t�������h�������e������� �������O��� �����������-�������t�������o�������l�������e�������r�������a�������n�������t������� �������[�������N�������i�������F�������e�������]�������-�������h�������y�������d�������r�������o�������g�������e�������n�������a�������s�������e������� �������1������� �������f�������r�������o�������m������� �������E�������s�������c�������h�������e�������r�������i�������c�������h�������i�������a������� �������c�������o�������l�������i������� �������[�������p�������p�������.������� �������5�������3�������0�������5�������-�������5�������3�������1�������0�������]
	Time-lapse two-color 3D imaging of live cells with doubled resolution using structured illumination [pp. 5311-5315]
	MicroRNAs/TP53 feedback circuitry in glioblastoma multiforme [pp. 5316-5321]
	Mixed lineage kinase domain-like is a key receptor interacting protein 3 downstream component of TNF-induced necrosis [pp. 5322-5327]
	Cells test substrate rigidity by local contractions on submicrometer pillars [pp. 5328-5333]
	Pantropic retroviruses as a transduction tool for sea urchin embryos [pp. 5334-5339]
	Trafficking of protein into the recently established photosynthetic organelles of Paulinella chromatophora [pp. 5340-5345]
	Mammalian X chromosome inactivation evolved as a dosage-compensation mechanism for dosage-sensitive genes on the X chromosome [pp. 5346-5351]
	Spatial and temporal arrival patterns of Madagascar's vertebrate fauna explained by distance, ocean currents, and ancestor type [pp. 5352-5357]
	Vertebrate time-tree elucidates the biogeographic pattern of a major biotic change around the K-T boundary in Madagascar [pp. 5358-5363]
	Chromatin-targeting small molecules cause class-specific transcriptional changes in pancreatic endocrine cells [pp. 5364-5369]
	Genome-wide analysis of histone H3.1 and H3.3 variants in Arabidopsis thaliana [pp. 5370-5375]
	Riboswitch control of Rho-dependent transcription termination [pp. 5376-5381]
	Antigen-specific antibody responses in B-1a and their relationship to natural immunity [pp. 5382-5387]
	Antigen-specific memory in B-1a and its relationship to natural immunity [pp. 5388-5393]
	Distinct B-cell lineage commitment distinguishes adult bone marrow hematopoietic stem cells [pp. 5394-5398]
	Structure of TIGIT immunoreceptor bound to poliovirus receptor reveals a cell-cell adhesion and signaling mechanism that requires cis-trans receptor clustering [pp. 5399-5404]
	Crystal structure of a complete ternary complex of T-cell receptor, peptide-MHC, and CD4 [pp. 5405-5410]
	卯汵扬攠晡捴潲猠晲潭⁔⁣敬汳⁩湨楢楴楮朠場⁳瑲慩湳⁯映䡉嘠慲攠愠浩硴畲攠潦 눠捨敭潫楮敳⁡湤⁒乡獥猠孰瀮‵㐱ㄭ㔴ㄶ�
	Targeted deletion of thioesterase superfamily member 1 promotes energy expenditure and protects against obesity and insulin resistance [pp. 5417-5422]
	High-throughput genotoxicity assay identifies antioxidants as inducers of DNA damage response and cell death [pp. 5423-5428]
	Plasmodium falciparum merozoite surface protein 1 blocks the proinflammatory protein S100P [pp. 5429-5434]
	Feline morbillivirus, a previously undescribed paramyxovirus associated with tubulointerstitial nephritis in domestic cats [pp. 5435-5440]
	Structure of components of an intercellular channel complex in sporulating Bacillus subtilis [pp. 5441-5445]
	Structure of the basal components of a bacterial transporter [pp. 5446-5451]
	Insights into the bovine rumen plasmidome [pp. 5452-5457]
	Comparative genomics of Ceriporiopsis subvermispora and Phanerochaete chrysosporium provide insight into selective ligninolysis [pp. 5458-5463]
	Electroconvulsive therapy reduces frontal cortical connectivity in severe depressive disorder [pp. 5464-5468]
	Autism gene variant causes hyperserotonemia, serotonin receptor hypersensitivity, social impairment and repetitive behavior [pp. 5469-5474]
	Prokineticin 2 is an endangering mediator of cerebral ischemic injury [pp. 5475-5480]
	Distributed representation of chemical features and tunotopic organization of glomeruli in the mouse olfactory bulb [pp. 5481-5486]
	Whole-brain, time-locked activation with simple tasks revealed using massive averaging and model-free analysis [pp. 5487-5492]
	Serotonin transporter polyadenylation polymorphism modulates the retention of fear extinction memory [pp. 5493-5498]
	TWIK1, a unique background channel with variable ion selectivity [pp. 5499-5504]
	Localization of a toxic form of superoxide dismutase 1 protein to pathologically affected tissues in familial ALS [pp. 5505-5510]
	Origin of excitation underlying locomotion in the spinal circuit of zebrafish [pp. 5511-5516]
	þÿ�þ�ÿ���S���t���r���u���c���t���u���r���e���-���b���a���s���e���d��� ���l���i���g���a���n���d��� ���d���i���s���c���o���v���e���r���y��� ���f���o���r��� ���t���h���e��� ���p���r���o���t���e���i���n�������p���r���o���t���e���i���n��� ���i���n���t���e���r���f���a���c���e��� ���o���f��� ���c���h���e���m���o���k���i���n���e��� ���r���e���c���e���p���t���o���r��� ���C���X���C���R���4��� ���[���p���p���.��� ���5���5���1���7���-���5���5���2���2���]
	Mitofusin 2 (Mfn2) links mitochondrial and endoplasmic reticulum function with insulin signaling and is essential for normal glucose homeostasis [pp. 5523-5528]
	Maternal siRNAs as regulators of parental genome imbalance and gene expression in endosperm of Arabidopsis seeds [pp. 5529-5534]
	Carotenoid oxidation products are stress signals that mediate gene responses to singlet oxygen in plants [pp. 5535-5540]
	Coordination of the transcriptome and metabolome by the circadian clock [pp. 5541-5546]
	CORRECTIONS: Genomic epidemiology of the Escherichia coli O104:H4 outbreaks in Europe, 2011 [pp. 5547-5547]
	CORRECTIONS: Solute carrier family 3 member 2 (Slc3a2) controls yolk syncytial layer (YSL) formation by regulating microtubule networks in the zebrafish embryo [pp. 5548-5548]
	CORRECTIONS: Wounding enhances epidermal tumorigenesis by recruiting hair follicle keratinocytes [pp. 5548-5548]
	CORRECTIONS: The Antibody Zalutumumab Inhibits Epidermal Growth Factor Receptor Signaling by Limiting Intra- and Intermolecular Flexibility [pp. 5548-5548]
	Back Matter



