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ABSTRACT 

The Madaba Plains Project has long been interested in the cyclic pattern of 

settlement intensification and abatement in Jordan. A relationship between these cycles 

and the environment was assumed, but making tangible connections between them has 

proven difficult. This study uses Femand Braudel's temporal hierarchy, particularly his 

longue duree. as a theoretical framework for approaching the relationship between 

ancient humans and their environment; and utilizes geographic information systems 

(CIS) technology to establish the relationship. Archaeological data, supplied by the 

regional survey in the hinterland of Tell al-'Umeiri, Jordan, is placed in the context of 

environmental data managed by the CIS. Three analyses are carried out. Logistic 

regression models were constructed to discover environmental signatures for sites from 

different periods. Erosion models are used to discover whether or not terrace agriculture 

was utilized during these same periods. Finally, visibility analysis is used to document 

socio/cultural factors in settlement location strategies. 
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CHAPTER 1 
IN PURSUIT OF THE LONGUE DUR^E: ARCHAEOLOGY ON 

THE MADABA PLAIN, JORDAN 

The longue duree is the endless, inexhaustible history of structures and 
groups of structures. For the historian a structure is not just a thing buih, 
put together; it also means permanence, sometimes for more than centuries 
... this great structure travels through vast tracts of time without changing: 
if it deteriorates during the long journey, it simply restores itself as it goes 
along and regains its health, and in the final analysis its characteristics 
alter only very slowly. (Braudel 1980: 75) 

As science has developed over the past century, time has expanded from six 

thousand to six billion years. This expansion of time, really the expansion of our concept 

of time, has forced us to think about history in a different way. What was once accepted 

as the total lifespan of earth is now seen as only the smallest fraction of the real history of 

our planet. As our concept of time has changed so too has our understanding of the part 

played by humans in the history of the earth. Once thought to be the totality of that 

history, it is now viewed as a moment in that history. Somewhat remarkably, as natural 

science has pushed back the boundaries of time, historians and histories have remained 

relatively untouched. History remains primarily interested in the shortest spans of time, 

concerned with individuals and events rather than with the place of those events within 

the much longer history of the natural world. 

The discipline of archaeology, as it is practiced today, was bom out of the 

scientific age. This relationship to the natural sciences is clear in archaeology's 

dependence on such things as geology's law of superposition, and the emphasis on 

scientific analysis of material culture. In spite of the importance we place on physical 

science and scientific method, the histories that we write are often no different from that 

of our colleagues in the history department. Reports on archaeological excavations and 
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surveys easily slip into the comfortable world of describing data without discussing its 

place in a larger temporal context. This is especially true in the Near East, where 

archaeological interests have a long tradition of attempting to connect artifactual data to 

text-based histories. 

A significant portion of this bias toward short-term history can be explained by an 

inability to control the data necessary to integrate artifactual and environmental histories. 

This inability is completely understandable. As social scientists, archaeologists usually 

have an inadequate grasp of the mechanics of the natural world. Consequently, we often 

feel uncomfortably out of our element when trying to control the vast amounts of data 

provided by the natural world, especially at resolutions high enough to make serious 

analysis possible. 

In this dissertation, four research targets have been selected. The following 

chapter, will attempt to: I) place data used in this study within the framework of 

Braudel's temporal hierarchy; 2) control environmental data from the 'Umeiri hinterland; 

3) make connections between these data and archaeological sites in the region; and 4) use 

the temporal hierarchy to explain cycles of settlement history in the 'Umeiri region. 

The Setting 

Archaeological data for this dissertation was supplied by the Tell el-'^Umeiri 

regional survey, part of the Madaba Plains Project (MPP). The MPP has been carrying 

out research in the Hashemite Kingdom of Jordan, between Amman to the northeast and 

Madaba to the southwest, since 1968. Figure l.I shows the location of the Madaba 

Plains Project's current survey regions in relation to the major cities of Jordan. To the 

north of the project area is the heaviest population zone of the country, to the south 

population becomes increasingly sparse. This shift from high to low population mirrors a 

change in the environment, which becomes increasingly marginal to the south. This zone 



18 

of transition between Amman and Madaba has proven an excellent location in which to 

examine the relationship between archaeological sites and changing environmental zones. 

The Hashemite Kingdom of Jordan: 
With MPP Hinterland Project Areas 

ferash 

Azraq 

Kenk 

Petra 
Ma'an 

Aqaba 
100 

Kilometers 
Gory L Christopherson 

Figure 1.1: The Hashemite Kingdom of Jordan, showing the location of 
hinterland project areas. 

The Madaba Plains Project has carried out major archaeological excavations and 

surveys at Tell Hesban, Tell el-'Umeiri, and Tell Jalul. A five-kilometer radius around 

each excavation site defined the survey areas. Figure 1.2 shows the relationship of the 

three survey areas. Each area represented a different environmental zone. Tell Hesban 

sits on the edge of the steep slopes dropping to the Dead Sea on the west and the Madaba 

Plain stretching to the south and east; Tell Jalul is located in the midst of the Madaba 

Plain, with relatively little relief; and Tell el-'Umeiri is found in the foothills just outside 
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of Amman. These hills flatten out to become the Madaba Plain as one travels to the 

south. 
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Figure 1.2: Madaba Plains Project hinterland survey areas. 

The 'Umeiri territory is the northernmost of the three hinterland surveys. Figure 

1.3 is a shaded relief map of this region, allowing examination the survey area's 

topography. This map indicates an area of moderate relief, with wadis cutting valleys and 

forming steep slopes. With a general orientation running northwest to southeast, these 

wadis channel runoff toward the Madaba Plain. The lone exception is in the extreme 
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northwest, where the land slopes to the west and north, beginning its steep descent into 

the Rift Valley. As expected with this drainage pattern, elevations tend to be highest in 

the nonhwest and lowest in the southeast. Additionally, relief tends to be greater and 

slopes steeper in the north and west than in the south and east. Two relatively flat areas 

are found in the 'Umeiri survey region. In the southeast, the foothills give way to the 

plain stretching to Madaba and beyond. In the north a large flat area, that appears to be 

the remains of an ancient lake bed (Boling 1989: 182), is presently the home of a number 

of radio communication towers. 

Within this area, the 'Umeiri regional survey recorded 133 archaeological sites. 

Although most were small collections of agricultural features, there were also two tells, 

three fortified tower sites, roads, a variety of industrial features and a large Paleolithic 

site. As seen in Figure 1.3, these sites were found throughout the region, although they 

seemed to prefer areas of relief to the plains. Lithic and ceramic remains collected from 

these sites indicate that the region was settled from the lower Paleolithic until modem 

times (Boling 1989, Christopherson 1997a, Christopherson 1997c, Cole 1989b). This 

dissertation will concentrate on the Iron Age I through Umayyad periods. 
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Figure 1.3: Shaded relief map of the Tell el-Umeiri hinterland survey 
region. 

The Problem 

The Madaba Plains Project has taken a multi-disciplinary approach to its research, 

employing a wide variety of specialists in order to explain the ancient history of the 

region. This approach has led to the collection of a wide variety of data. Everything 

from typical archaeological materials, to environmental data, to ethnographic data, to 

modem cultural features, to palaeobotanical samples, to geological and soils data, to a 
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study of dental enamel defects among modem inhabitants of the region. Attempts to 

integrate these diverse data have primarily employed a food systems model (Chapter 2). 

Although this model has been very successful, it has had problems integrating data that 

of>erate on different time scales. For example, geographic change is much slower than 

changes in settlement patterns, which in turn are slower than the introduction of a new 

pottery form or technology. Each of these can be explained within the food systems 

model, but understanding relationships between them has proven difficult. This is 

especially true of data that operates on the longest time scales. As we've already noted, 

attempts to make these connections have tended to founder because of an inability to 

control the amount of data produced over geographic time scales. 

New technologies, specifically geographic information systems (GIS), can help 

make connections between data operating at different temporal scales. One point where a 

wide variety of data meet is in the extensively documented cycles of settlement 

intensification and abatement. These cycles appear in both excavated and hinterland 

survey data for all MPP sites (Boling 1989, 187-8, LaBianca 1990, 235). Perhaps best 

seen in the ceramic record from the 'Umeiri random and site surveys (Figure 1.4), these 

alternating periods of settlement change are clearly visible in the archaeological record, 

but the mechanisms driving the oscillations remain elusive. This cyclic pattern suggests 

that the driving force may be something operating on a longer time scale and a 

relationship between settlement and the environment has long been suspected. Making 

tangible connections between them has proven difficult. Using these cycles as a point of 

reference, this dissertation will attack the problem by relating these settlement patterns to 

data representing both long-term and short-term history. Long-term history in the region 

will be represented by environmental and socio-cultural material, and short-term history 
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by artifactual evidence. A geographic information system (GIS) will be employed to 

examine the data and make connections between environmental and archaeological data. 
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Figure 1.4: The ceramic record from the 'Umeiri hinterland survey, 
including both archaeological site and random samples. This record 
clearly documents cycles of settlement intensification and abatement in the 
region.' 

Key Concepts and Terms 

Before beginning, there are a few concepts and terms that are important to the 

discussion. Although these will also be deflned in detail in subsequent chapters, the 

central role that each plays in the research requires that they be mentioned before they are 

fully defined. Consequently, introductory definitions will be provided here. 

' Abbreviations used in this chart correspond to the various periods represented by material culture in the region. EB = 
Early Bronze Age; EB IV = Early Bronze Age IV; MB = Middle Bronze Age; LB = Late Bronze Age; IR 1 = Iron 
Age I; IR 2 = Iron Age II; PER = Persian; HEL = Hellenistic; ROM = Roman; BZ = Byzantine; UM = Umayyad; 
ABB = Abbasid; AY/MAM = Ayyubid/Mamluk; OTT = Ottoman; MOD = Modem. 
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Temporal Hierarchy 

Historical processes often operate on different time scales. For instance, although 

the environmental history of a region may remain virtually unchanged over millennia, 

patterns of archaeological sites may change more often as they are inhabited, abandoned, 

and re-inhabited from century to century. Additionally, individuals and events operate on 

an even shorter time scale, stretching from the instantaneous to a few years. Viewed as a 

temporal hierarchy of long-term, middle-term, and short-term history, these different time 

scales also appear in the archaeological record, but separating them out, and discerning 

relationships between them can be difficult. 

How to make real connections between different temporal scales is at the crux of 

the dissertation. As a framework for examining relationships between the different time 

scales, the temporal hierarchy of Femand Braudel will be utilized. Discussed more fully 

in Chapter 2, Braudel divides history into three time scales: the longue duree, 

conjonctures, and eventements. More than providing terms to define, BraudePs hierarchy 

provides a way of unifying diverse archaeological data into a single schema. 

Intensification and Abatement 

Already mentioned above, intensification and abatement are the terms coined by 

LaBianca to describe the cycles seen in Figure 1.4 (LaBianca 1990). These terms have 

proven highly flexible and have consequently been used to describe a number of different 

components of the archaeological record that appear to follow these cycles. Three 

interrelated factors, settlement, population, and subsistence, are particularly important to 

this dissertation. Of the three, settlement is the most easily understood. As seen in 

Figure 1.4, the cycles are based on the presence or absence of ceramics from particular 

periods found at archaeological sites. Since some periods are represented at many 
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archaeological sites, and others at very few, it can be assumed that intensity of settlement 

in the region went up and down. 

Closely related to this is population. Logically, it can be argued that an increase 

in settlement signals an increase in population. If this assumption is accepted, then it is 

clear in 'Umeiri region that there were more people during the Byzantine period (110 

sites with Byzantine pottery) than there were during the Late Bronze Age (one site with 

Late Bronze pottery). Thus it is possible to use the cycles of settlement intensification 

and abatement in the 'Umeiri region as a relative measure of population growth and 

decline. 

Further, as LaBianca has demonstrated, the rise and fall of settlement is also 

evidence of food system, or subsistence intensification and abatement (LaBianca 1990). 

It is in this context that LaBianca defines intensification and abatement. Intensification 

for LaBianca is "when, within a given locality, there is a measurable increase in the 

totality of energy expended on producing and transforming foodstuffs into nutriments for 

humans and their animals." Abatement is "when, within a given locality, there is a 

measurable decrease in the totality of energy expended on producing and transforming 

foodstuffs into nutriments for humans and their animals." (LaBianca 1990: 13) 

GIS 

As a way of examining data operating on different time scales, this dissertation 

will use geographic information systems (GIS) technology. While almost everybody 

agrees that environmental factors played a role in determining the shape and flow of 

human social systems in the ancient world, creating a valid model for testing this role has 

been virtually impossible because of the huge number of mathematical calculations 

necessary to control environmental data. This hurdle can be cleared using the relatively 

new technology of geographic information systems. These systems first began appearing 
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in workable form in the I970's and because of their facility for organizing and controlling 

spatial data have become increasingly common in government, industrial, and academic 

settings. 

A geographic information system can be defmed as a system of computer 

hardware and software designed around digital databases that can store, manipulate, 

capture, analyze, create, and display spatially referenced data (Christopherson 1997b). 

The spatial component of these systems make them readily applicable to archaeological 

research, where locational information for everything from individual artifacts in an 

excavation to sites in a regional survey are important to archaeologists. In addition, many 

projects record environmental data, and modem features, such as roads, and villages. All 

of these data are spatially referenced and often best understood when stored as maps, an 

easy and relatively inexpensive task for a GIS. 

Unlike paper maps that store multiple data themes on a single sheet, GIS store 

data themes in individual layers: a layer for roads, a layer for elevation, and a layer for 

Iron Age sites. Since these map layers are referenced to a common coordinate system, 

the GIS can then overlay, query, manipulate, and combine the various layers to create 

maps aimed at a specific purpose (Figure 1.5). The advantages of this type of system are 

obvious. Maps can be quickly and easily revised as new data becomes available, without 

the expense of traditional cartography. 
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Figure 1.5: In a geographic information system, map data are stored 
electronically in individual layers that can be queried and "overlaid" to 
create specialized maps illustrating a particular point, or analyzing specific 
data. 

Organization and Content 

The remainder of this study will be organized according the following 

components: theoretical framework, data, methodology and results, and 

summary/synthesis. The following is a chapter-by-chapter preview. 

Chapter 2 

Chapter 2 will introduce Femand BraudePs temporal hierarchy as a theoretical 

framework into which archaeological and environmental data can be fit. As noted above, 

the 'Umeiri survey has produced data operating at three types different temporal scales. 

These three, environmental, socio-demographic, and artifactual data, correspond roughly 

to long-term, mid-term, and short-term time scales. Because Braudel's approach also 

utilized a three-tiered temporal hierarchy, the point of departure for discussion in this 
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chapter will be his work. Beginning with the historical antecedents of Braudel and the 

Annates School of history, this chapter will examine how Braudel's temporal hierarchy of 

longue duree, conjonctures, and eventements have been employed by historians, and 

archaeologists (mostly unsuccessfully). It will also examine several projects that are not 

explicitly Braudelian, but where the idea of temporal hierarchy and Braudel's longue 

duree find a ready home. The chapter will conclude with a discussion of how this 

temporal hierarchy will be applied to the 'Umeiri data. 

Chapter 3 

In Chapter 3, the discussion will turn from the theoretical to the material as the 

data for the dissertation is introduced. In the dissertation, both environmental and 

archaeological data play major roles. The emphasis in this chapter will be on how both 

kinds of data were incorporated into the 'Umeiri GIS. 

Chapter 4 

This is the first of three chapters that are concerned with methodology and results. 

The goal of each chapter will be to make connections between the various time scales of 

Braudell's temporal hierarchy. Chapter 4 concentrates on using probability models based 

on a variety of environmental variables to make connections between the long-term 

history of the environment and the mid-term history represented by cycles of settlement 

intensification and abatement. Using a variety of statistical analyses, environmental 

signatures for various archaeological periods are established. These signatures provide 

insight into the changing relationship between archaeological sites and the environment. 

Chapter 5 

Chapter 5 continues the section on methodology and results, introducing short-

term history represented by artifacts. The artifacts to be used in the analysis are 
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agricultural terraces. For a variety of reasons, establishing a temporal context for ancient 

terraces is highly problematic. In this chapter, this context will be established by placing 

sites from various periods into an erosion model. If located in areas of high erosion 

potential, it can be assumed that terraces would have been necessary for field agriculture 

to be successful. Identifying these moments within the context of environmental and 

socio-demographic history will allow them to act as a window through which settlement 

and subsistence strategies, specifically agricultural intensification in the 'Umeiri region 

can be better understood. 

Chapter 6 

In this chapter, the focus shifts from the emphasis on connections between 

humans and their environment to how socio-cultural aspects affect settlement. Termed 

mentalites by Braudel, socio-cultural factors are resistant to detection in the material 

record, difficult to define, and almost impossible to quantify. Approaching these aspects 

of settlement history from a GIS perspective provides new avenues for discovery. In this 

chapter, a viewshed analysis will be carried out to determine what role visibility played in 

settlement decisions. 

Chapter 7 

Chapter 7 will present a discussion of the four research aims listed at the 

beginning of this chapter; 1) place data used in this study within the framework of 

Braudel's temporal hierarchy; 2) control environmental data from the 'Umeiri hinterland; 

3) make connections between these data and archaeological sites in the region; and 4) use 

the temporal hierarchy to explain cycles of settlement history in the 'Umeiri region. 
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CHAPTER 2 
ESTABLISHING A TEMPORAL HIERARCHY 

In an age when it is generally agreed that the history of the earth covers great 

spans of time, it is easy to forget this was not always the case. In the past two hundred 

years, the history of the universe has expanded from Bishop Ussher's six thousand years, 

to today's six billion. This expansion of time has led to a reinvention of science and 

humanities, moving from what was essentially the study of the present, to a long-term 

perspective. It is now as important to discover the past of a subject as to describe its 

present state. Driven by the natural sciences, which by the early 1800's had broadened 

their approach to "embrace historical arguments" (Toulmin and Goodfield 1965: 18), the 

perspective of the long-term would seem to be a natural avenue of exploration for those 

disciplines, such as history and archaeology, traditionally interested in the past. If anyone 

should appreciate the importance of long-term reconstruction of past social organization 

it should be Near Eastern archaeologists and historians, whose data often cover millennia. 

What could be more logical than seeking a larger framework within which to place the 

time spans represented in a tell based excavation? 

Instead, archaeologists and historians rush to place the life of King X within the 

confines of some newly constructed chronology, overlooking the nature of the 

chronology itself, the span of time upon which it has been imposed and the nameless 

people who populated it. To a large extent, the fault lies with the traditionally strong bias 

in Near Eastern archaeology for preferring textual evidence to artifactual evidence in 

historical reconstructions. Near Eastern archaeologists do have texts, something which 

most new world archaeologists can only dream about, and it is not surprising that this line 

of evidence has often become the driving force of their research. In the Levant, 

archaeological goals, such as finding Joshua's destruction, locating David's city, or 
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discovering the fate of Masada's defenders, are essentially attempts to settle conflicts 

between comp>eting text-based histories. Not to discount the importance of textual data, 

but an overemphasis on textual/historical approaches has skewed our understanding of 

the ancient world. This has caused Near Eastern archaeologists to concentrate on the 

individuals and the dramatic events of literary sources while ignoring social and 

environmental structures, the mundane lives of ancient citizens, and even sites or whole 

regions when they have no literary connections. 

Beyond this textual bias, ignorance of the long-term in Near Eastern archaeology 

may be explained by an inability to recognize and control the different time scales at 

which data operates. For instance, at many sites in the Near East, settlement has been 

more-or-less continuous from the Bronze through the Iron Ages, and often into the 

Classical periods. Habitation of this duration means the researcher will need to integrate 

data operating on different timescales: from the instantaneous, such as an earthquake, to 

longer-term continuities in material culture that may stretch from the genesis to the 

denouement of the site. Add into this mix the truly long-term processes of the natural 

world, processes which probably explain the existence and duration of a site at a given 

location, and real integration becomes even more problematic. In order to make 

connections between various types of data, researchers need to understand the different 

time scales in which they operate and have a methodology that allows for their 

integration. This necessitates the construction of a temporal hierarchy that fits the data, 

and a methodology for controlling the data that is consistent with the hierarchy. The 

latter of these is essentially a mechanical problem and will be dealt with in Chapter 3. On 

the other hand, questions of temporal hierarchy lie at the core of this study and will be 

discussed here. 
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The goal of this chapter is to introduce a temporal hierarchy into which the 

'Umeiri survey data can be fit. The 'Umeiri survey has produced data operating at least 

three different temporal scales. These data, environmental, socio-demographic, and 

artifactual, correspond roughly to long-term, mid-term, and short-term time scales. Since 

his approach also utilized a three-tiered temporal hierarchy, the point of departure for this 

discussion will be Femand Braudel's work. Once BraudePs hierarchy has been 

described, this chapter will examine how historians, and archaeologists have employed 

his ideas. The chapter will conclude with a brief discussion of how Braudel's temporal 

hierarchy will be applied to the 'Umeiri data. 

Fernand Braudel's Temporal Hierarchy 

Dissatisfaction with traditional historical approaches led French historians during 

the first half of this century to explore new approaches to historical research. One such 

line of exploration came to be known as the Annates school, and was first championed by 

Lucien Febvre and Marcel Bloch, founders of the journal. Annates: Economies, Societes, 

Civitizations. Although the Annates school, based on the range of eclectic subject matter 

found in its journal, often seems to lack both coherence and self understanding (Bulliet 

1992a: 131-132, Lucas 1985: 3), two principal themes of special importance to 

archaeologists are found throughout the writings of annalistes. From the beginning, a 

dedication to multidisciplinary research, and recognition of a temporal hierarchy, 

especially the long time spans represented in geography, have characterized the Annates 

approach. 

The dedication to multi-discipline research was an attempt to break away from 

traditional historical investigation. Bloch and Febvre sought to widen the view of 

historians to include related disciplines, including archaeology, and thereby move beyond 
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strictly political to social and economic histories (Bintliff 1991b: 5, Febvre 1973a, Febvre 

1973b: 34, Febvre 1973c, Knapp 1992a:5). Febvre went so far as to argue that documents 

were not necessary for the writing of history: 

History is fashioned on the basis of written documents, of course. When 
there are any. But it can and must be fashioned even without written 
documents if none is available. Then it can be made out of anything that 
the historian's ingenuity may lead him to employ, in order to make his 
honey, supposing he finds none of the usual flowers. Words, signs, 
landscapes, titles, the layout of fields, weeds, eclipses of the moon, bridles, 
analysis of stones by geologists and of metal swords by chemists, in a 
word, anything which belonging to man, depends on man, serves him, 
expresses him, and signifies his presence, activity, tastes and forms of 
existence. Does not one entire portion of our work, the most fascinating 
probably for historians, consist of a constant endeavor to make mute 
things talk, to make them say things about men, which of themselves they 
do not say, or about the societies which produced them, in order finally to 
build up between them that vast network of mutually supporting 
relationships which makes up for the absence of the written document? 
(Febvre 1973b: 34) 

Sounding strangely like a precursor to proponents of the new archaeology, Bloch dubbed 

this approach nouvelle histoire (Bintliff 1991b: 5). It was a largely successful attempt to 

make history less the story of social elites and more a story of the masses by moving 

away from a strict reliance on written documents to include related disciplines and lines 

of data in the writing of history. 

One of the related disciplines championed early on by annalistes as an appropriate 

partner for this new history was archaeology. Attacking the traditional separation 

between history and prehistory, Febvre wrote: "the concept of prehistory is one of the 

most ridiculous that can be imagined. A man who studies the period in which a certain 

type of Neolithic pottery was widespread is doing history in exactly the same way as a 

man who draws a map of the distribution of telephones in the Far East in 1948" (Febvre 

1973b: 35). In spite of this call for cooperation between archaeologists and historians, 

collaborative efforts have been few and far between. This is especially surprising 
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considering the heavy emphasis in Near Eastern archaeology on the use of texts in social 

reconstruction. In many respects. Near Eastern archaeologists have long been practicing 

a kind of Annales approach without realizing it. 

The second major theme in the Annales approach with special relevance to 

archaeologists is the introduction of a temporal hierarchy, especially the longue duree, 

which was championed by Braudel in the late 40's. Braudel, however, was not the first 

of the Annalistes to touch on the long lime spans necessary when discussing archaeology 

or natural history. French historians traditionally have had close connections with 

geography (Burke 1973: xv, Le Roy Ladurie 1985: 91), and thus a familiarity with the 

environment and the longer time scales of geology and natural history have often been 

implicit in their work. One of Febvre's earliest works was his 1925 book, A 

Geographical Introduction to History. In this book he sees a symbiotic relationship 

between man and the environment, arguing that the environment had a strong and direct 

influence on the evolution of human society (Febvre 1925: 87). At the same time he 

argues that while the environment may place limits, social development is not determined 

by these constraints. "Men can never entirely rid themselves, whatever they do, of the 

hold their environment has on them. Taking this into consideration, they utilize their 

geographical circumstances, more or less, according to what they are, and take advantage 

more or less completely of their geographical possibilities. But here, as elsewhere, there 

is no action of necessity" (Febvre 1925; 315). Implicit in this statement is Febvre's belief 

that the environment was essential for understanding human history. 

With Braudel, consideration of these longer time spans became explicit in 

historical analyses. In his 1949 work. The Mediterranean and the Mediterranean World 

in the Age of Philip II, Braudel outlined three time scales that he saw as elemental to 

historical research: the longue duree, conjonctures, and eventements. For Braudel, the 
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longue duree is principally, though not exclusively, geographical history, "a history 

whose passage is almost imperceptible, that of man in his relationship to the environment, 

a history in which all change is slow, a history of constant repetition, ever-recurring 

cycles" (Braudei 1972: 20). Seeing this as the foundation of true historical research, 

Braudei devoted a major portion of his study of the Mediterranean world to explicating 

its geography, viewing it as a kind of slow-motion history in which he believed could be 

discovered "those local, permanent, unchanging and much repeated features which are 

constants of Mediterranean history;" concluding that "antiquity lives on round today's 

Mediterranean shores" (Braudei 1974: 1239). 

These constant, ever recurring cycles were labeled structures by Braudei. For him 

structures were seen as impediments to change: 

For historians, a structure certainly means something that holds together or 

something that is architectural; but beyond that it means a reality that can 

distort the effect of time, changing its scope and speed. Certain structures 

live on for so long that they become stable elements for an indefmite 

number of generations: they encumber history, they impede and thus 

control its flow. (Braudei 1958: 17-18) 

With regard to the longue duree, Braudei saw these impediments as largely 

environmental. "For centuries man has remained the prisoner of climate, vegetation, 

animal population, farming potential and a slowly constructed balance from which he 

cannot depart without the risk of throwing everything into the melting-pot." (Braudei 

1958: 18) Braudei offers the persistence of vertical transhumance of animal flocks, the 

stubbornness of marine life as it clings to particular spots along the coast, despite the 

wishes of humans that it move to some more easily accessed area, and the continuity of 
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towns, roads, and trade networks in a particular landscape, as examples of "the surprising 

rigidity of the geographical framework of civilization." (Braudel 1958; 18) 

In addition to these environmental structures, Braudel and the Annales School 

also include the more ambiguous area of mentalites in the longue duree. Mentalites are 

generally those aspects of history not easily definable, such things as worldview and 

traditional aspects of life. Those "everyday automatisms ... which [are] a society's way 

of reproducing itself mentally" (Le Goff 1985: 169-170). As examples, Braudel offers 

the long life of cultural norms in France, and scientific worldviews. He points out that 

the "Aristotelian universe remained practically uncontested until Galileo, Oescartes and 

Newton; then faded in the face of a profoundly geometrized universe, which in turn 

crumbled, much later, in the face of the Einsteinian revolution." (Braudel 1958: 19). 

Braudel's second time scale is the conjoncture. Conjonctures are structures that 

operate over the span of several generations, or centuries, and include economic cycles, 

rates and intensity of industrialization, wars, broad demographic movements, social 

mobility, and the changing boundaries of empires and states (Braudel 1972: 899). As 

examples of social structures that changed little over the period of his study of the 

Mediterranean world, Braudel cites the "quadrilateral cities" (Genoa, Milan, Venice, 

Florence), that formed the economic center of the Mediterranean, as well as distance 

between them and the time it took to cover these distances (Braudel 1972: 369). In 

addition, given the rather broad definition of mentalites in the preceding paragraph, it is 

not surprising that these mental aspects of life also appear as conjonctures throughout 

annaliste writings. 

Braudel's final time scale, the eventement, corresponds to what might be 

described as traditional history. The study of individuals and events rather than the study 

of mankind in general. For Braudel this is the least interesting aspect of the temporal 
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hierarchy he developed. As he puts it, alongside the longer time spans of the longue 

duree and conjoncture, "the role of the individual and the event necessarily dwindles; it is 

a mere matter of perspective ... Under the formal pageant of events which we have been 

dignified by our interest, the land changes very little, and the structure of the basic self of 

man hardly at all (Braudel 1974: 1242-1243). For Braudel, the individual's life is largely 

a product of the longer time scales, a life of constraints imposed on his existence by the 

environment and its attendant structural realities. 

So when I think of the individual, I am always inclined to see him 

imprisoned within a destiny in which he himself has little hand, fixed in a 

landscape in which the infinite perspectives of the long term stretch into 

the distance both behind him and before. In historical analysis as I see it, 

rightly or wrongly, the long run always wins in the end. Annihilating 

innumerable events—all those which cannot be accommodated in the 

main. (Braudel 1974: 1244) 

For Braudel, then, the role of the event was to illuminate the more important longue 

duree and conjoncture, to act as a window "through which one may perceive, however 

darkly, some of the strands in the bundle of systems and see them in the process of 

interaction." (Lucas 1985: 6) 

It is the interaction of these three time scales that constituted history for Braudel. 

In spite of the fact that he sees the event as insignificant beside the long-term, he 

recognized that history is composed of all three. A sort of diachronic assemblage in 

which the shorter terms are built on the longer, superimposed one upon the other until the 

building is complete. But it is a building that is founded ultimately on geographic 

observations of history's slowest processes (Braudel 1972: 102). 
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Historians and the Ijon^ue Puree 

With the archetype of Braudel's work to guide them, annalistes set out to rewrite 

history; unfortunately, they have proven less than successful at integrating Braudel's 

longue duree into their work. As succeeding generations of historians have worked with 

Braudel's temporal hierarchy, the tendency has been to modify it in order to fit their 

purposes. These modifications have continued to the point that now there is almost no 

agreement on what is meant by the terms coined by Braudel to designate the three 

components of his temporal hierarchy. This is especially true of his longue duree. Thus, 

while Braudel saw the long-term as almost motionless, Ladurie saw it as a matter of 

centuries (Le Roy Ladurie 1974: 289), a span of time more closely resembling Braudel's 

conjoncture than his longue duree. Butzer, has sought to lengthen the longue duree 

(Butzer 1982: 290), but he is the exception. The trend among annalistes has been toward 

shorter time periods and greater specialization (Fletcher 1992: 39). In many respects, this 

rearranging of Braudel's temporal hierarchy seems to contradict the desire for an 

integrated approach to history writing anticipated by the founders of the Annales School. 

It has been argued, in fact, that Braudel's La Mediterranee has been the only attempt by 

an annaliste to write such a history (Fletcher 1992: 39, Lucas 1985: 8). 

This slide toward ever shorter time periods and more narrowly focused topics of 

study is not particularly surprising given the difficulties of controlling the vast stretches 

of time and multiple lines of data that Braudel envisioned. Fletcher sees this as a failure 

of the Annales school to develop a "standard theoretical framework," especially for the 

different temporal scales proposed by Braudel and his successors, arguing that even 

Braudel had to remain vague when explaining the relationship between longue duree and 

conjoncture (Fletcher 1992: 38-39). In fact, Braudel, whose divisions seem so clear in 

The Mediterranean and the Mediterranean World in the Age of Philip II, can be found in 
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later works shortening his own time-scale so that conjonctures fit "ten-, twenty- or fifty-

year periods" (Braudel 1958: 13) with the longue duree "embracing hundreds of years" 

(Braudel 1958: 14) instead of the geographic time scales more commonly associated with 

Braudel. Again the problem seems to lie with the difficulty in reducing the environment 

to a dialect that is understandable in the world of structure and event. It is not enough to 

say that the environment is the "deep bone structure of the Mediterranean" (Braudel 

1974: 1240), rather, it is essential that this structure be exposed and restated in a language 

common to the other components of an integrated history. 

This is not to say that all attempts to include the longue duree by historians have 

been failures. One of the more successful has been Chaudhuri's Trade and Civilization in 

the Indian Ocean: An Economic History from the Rise of Islam to 1750. Explicitly 

Braudelian in its outlook, Chaudhuri began this book after meeting Braudel (Chaudhuri 

1985: xi), and the title is admittedly an "acknowledgment of a profound intellectual debt 

owed to Femand Braudel and a recognition of the trend in social and economic history set 

in motion by the publication in 1949 of La Mediterranee et le monde mediterraneen a 

I'epoque de Philippe 11" (Chaudhuri 1985: 1). 

Like Braudel, Chaudhuri arranges his history around a body of water and a 

temporal hierarchy. The body of water is the Indian Ocean and the hierarchy is derived 

from the four categories of time used by mathematicians: the stationary, the long-term, 

the cyclical, and the random. For Chaudhuri, "the stationary component of time is seen 

as the unchanging nature of the sea, its area and its depth, salinity, [and] temperature" 

(Chaudhuri 1985: 21). Long-term history is composed of slow moving natural change, 

things such as the silting up of river deltas and the growth of coral (Chaudhuri 1985: 21-

23). For the cyclical, Chaudhuri turns to the Monsoons. 'The solar year was the period 

of the single cycle, and the two equinoxes in March and September respectively separated 
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the trough from the ridge." (Chaudhuri 1985: 23) His final, and shortest time period, the 

random, appears usually as catastrophic change. 'The random events of famines, wars, 

and storms at sea appeared unpredictable in the short-term view of the living witnesses." 

(Chaudhuri 1985: 32) 

Using this temporal hierarchy as the framework for his history, Chaudhuri sets 

about telling the story of trade and civilization around the Indian Ocean in the pre-

steamship era. He discusses the great trading nations, the relationship between 

individuals, towns, and the sea, the overland trade routes, the relationship between trade 

goods and markets, and the pervasiveness of trade in the region. He is even able to make 

connections between his stationary time and the shorter periods of his hierarchy. For 

instance, from the mountains of shipping records he examined, Chaudhuri divides trade 

into three types, based on what he saw as a correlation between the types of goods traded 

and distance traveled. The first of these divisions is local trade of daily necessities. 

These were shipped no more than a day's journey by foot or cart. Beyond this there was 

inter-regional trade, which moved by a variety of means, including land, rivers, and sea, 

over a variety of distances, supplying wholesale markets with foodstuffs, industrial 

goods, raw materials, and "specialized products limited by the local climate and 

geography." Finally, there was what Chaudhuri characterizes as true long-distance, 

intercontinental trade. The items exchanged were the "great products of civilization: 

silks, brocades, the fabulous superfine cotton fabrics, porcelain, jewelry, spices, and 

thoroughbred horses." (Chaudhuri 1985: 189) Chaudhuri's book, like Braudel's own 

work in La Mediterranee, does a remarkable job of organizing history around the solidity 

of a great sea. This fact takes his work beyond simple data collection and recitation, 

transforming it into the best kind of history, explanatory history. In the end, not only do 

we know the who, what, and where, of trade in the Indian Ocean, but also the why. 
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Another historian whose work incorporates what can only be described as the 

longue duree is Alfred Crosby. In his 1986 book. Ecological Imperialism: The 

Biological Expansion of Europe, Crosby posits an environmental/biological explanation 

for the success of Europeans in settling the Americas and Australia. Although not 

explicitly Braudelian, Crosby's basic premise, with its emphasis on the natural world, fits 

easily into an Annales perspective. Crosby saw three factors, each one environmental, as 

essential to the success of European expansion into the New World, and the creation of 

what he terms Neo-Europes: 

"The lands had to have temperate climates; the migrants wanted to go 

where they could be more comfortably European in life style than at home, 

not less. Second, to attract Europeans in great numbers, a country had to 

produce or show a clear potentiality for producing commodities in demand 

back home in Europe — beef, wheat, wool, hides, coffee — and its 

resident population had to be too small to supply that demand." and 

finally, new land had to protect them from hunger. In North America, 

famine was unknown except in the first years of settlement or in times of 

war or extraordinary natural disaster." (Crosby 1986:288-289) 

In those parts of the world not meeting these criteria, places such as equatorial Africa or 

South America for example, European settlement was decidedly less successful. The 

flora and fauna of Europe never prospered in these regions, and the settlers were unable 

to adapt to their new environment in large enough numbers to bring about substantive 

change. 

In addition to the favorable climate, European settlers had the advantages of their 

own imported flora, fauna, and pathogens in taming the wild landscapes of their adopted 
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lands. The plants, especially the weeds they brought with them came to serve as essential 

food for livestock, and saved the soil laid bare by the settlers from wind and water 

erosion. (Crosby 1986: 170) In addition, the animals they brought with them, mainly 

small and large cattle, served an important role in transforming a wild landscape into a 

Neo-Europe. (Crosby 1986: 172) Certainly the reputation of goats and cows for 

stripping a land of vegetation, thereby getting it ready for the plow, is well deserved. 

Finally, the introduction of pathogens, or germs, with which Europeans had long 

contended, and in the process built up tolerances and immunities, served to clear the new 

lands of indigenous people who were hostile to the idea of new people moving into the 

neighborhood. On the success of the Spaniards in Mexico, Crosby points out that "the 

miraculous triumphs of [Pizarro], and of Cortes, whom he so successfully emulated, are 

in large part the triumphs of the virus smallpox." (Crosby 1986: 200) On the opposite 

side of the coin, with the possible exception of syphilis, no pathogens of serious 

consequence to European plants, animals, or humans find their origin in North America 

or Australia, giving the Europeans a tremendous advantage over the native peoples of 

both these regions. 

By placing the history of the settlement of the Neo-Europes within the context of 

the environment of both the Old and New Worlds, Crosby has clearly taken an approach 

to history that would rest easily and naturally on the shelf next to that of Braudel. 

Archaeologists and the Longue Puree 

In spite of their successful integration of longue duree, works like Crosby's and 

Chaudhurie's are in the minority and most histories written today remain strongly event 

based. Given the apparent inability, or unwillingness of historians to deal with the long 

stretches of time necessary for the longue duree, it seems natural that archaeology should 

become an integral component of the Annate approach to history. Braudel himself 
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seemed to recognize this, calling archaeology one of the "saviors of our profession" 

(Braudel 1980: 29). Although most archaeologists would prefer to think of themselves in 

less messianic terms, as historians in their own right, there are obvious advantages to a 

dialogue between artifact and text based historians. Instead, archaeologists, who deal 

with vast stretches of time but generally have no theoretical peg upon which to hang their 

histories, and annalistes, seemingly incapable of handling the long-term but with the peg 

of a temporal hierarchy, have generally ignored each other (Duke 1992: 111, Peebles 

1991: 100). Moreland argues that at its root, this problem of non-communication can be 

traced to a general distrust between historians and archaeologists. The "objectivization of 

the archaeologist's craft in the form of a spade and the characterization of the latter as an 

instrumentum mutum has been a persistent theme of many historians who deal with 

archaeological data." On the other hand, "archaeologists point to the text as elite product, 

as 'distorted' ideology, and as saying nothing about the base majority of the population. 

Only archaeology, they argue can give history back to the people." (Moreland 1992: 113-

114). Moreland asserts that the solution for this impasse of beliefs is to "construct a 

theory of material culture, to transform the spade into an instrumentum vocale, to give 

artifact and document equal voice." (Moreland 1992: 126) 

Two recent collections influenced by the Annates school can be seen as first 

attempts to overcome these biases. The Annates School and Archaeology (Bintliff 1991a), 

and Archaeology, Annates, and Et/mohistory (Knapp 1992b). Unfortunately, most of the 

authors fail to utilize the tongue duree, offering little more than a (re) introduction of 

textual studies to archaeology, something which already has a long history in the ancient 

Near East. The only true difference is in their recognition that text and artifact often 

represent different time scales; however, even this is not satisfactory since artifacts by 

themselves are often essentially symbols for events and seldom, if ever, reach as far as the 
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longue duree. This leads to an approach that is essentially a comparison of text-based 

eventements and conjonctures with artifact based eventements and conjonctures. For 

example, Jones in his treatment of the limits of the Roman Empire claims to have a topic 

useful for the "application of the three planes of historical time put forward by Femand 

Braudel" (Jones 1991: 93). However, when it comes time to apply his study to the 

longue duree, he abandons ship, claiming that long-term structures are "too broad" to 

help with the specific problem of his study (Jones 1991: 100). Others, like Peebles, echo 

this difficulty: "If space permitted, there would be many more central Annaliste themes 

... explored: e.g. the interaction of structural constraints and possibilities with contingent 

events" (Peebles 1991: 118). Snodgrass struggles with the longue duree in his discussion 

of classical archaeology and Annates. At one point he argues the dubious point that the 

history of slavery in the Greek world when viewed consecutively with medieval serfdom 

and slavery in the American south converges on the longue duree. 

If this is not the study of the longue duree in its primary sense of the 

timeless physical constants of Mediterranean life, it certainly approximates 

to it in being the investigation of one of the unchanging realities, the 

unquestioned preconditions of many centuries of Mediterranean social 

history. (Snodgrass 1991: 62) 

These examples demonstrate the difficulty of integrating long-term structures into 

archaeological reconstructions of past societies. 

In the face of these difficulties, many archaeologists simply ignore the longue 

duree, concentrating on conjonctures and eventements. Bulliet in his insightful analysis 

of the relationship between pottery styles and social status concentrates on a small, 

solvable problem, never even broaching the long-term. (Bulliet 1992b) Knapp and Smith 
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sidestep the whole issue by following Ladurie, speaking of the longue duree in terms of 

centuries, rather than Braudel's geographical time scales (Knapp 1992c: 85, Smith 1992: 

68). From this departure point, Knapp compares his pottery sedation, i.e. his long-term 

structures, with the Amama texts, i.e. his short-term events. This approach to writing 

history is little different from approaches in Near Eastern archaeology that seek to 

interpret artifacts in light of texts. For example, Yoffee's 1979 examination of social 

change in Mesopotamia (Yoffee 1979) uses identical types of data in an attempt to wed 

texts to the rise and fall of social groupings apparent in the archaeological record. The 

sole difference between Knapp and Yoffee being Knapp's attempt to put his enterprise in 

an Annaliste framework, but by truncating long-term structures to fit into the span of 

Braudel's conjoncture there is little in his approach that is new for Near Eastern 

archaeology. 

Archaeological studies that include the longue duree are more difficult to find, 

indicating that the long-term is proving as difficult for archaeologists to handle as it has 

been for historians. One attempt to include the long-term in social reconstruction is 

Duke's analysis of Blackfoot Indians. Duke restricts his examination to long-term 

structure (the environment of southern Alberta) and events (changes in projectile points 

and the adoption of {lottery), leaving out conjonctures altogether. Still, about all that 

Duke can muster conceming environmental structures is that there were short-term 

climatic changes in North America" and that there "is a high probability that at least some 

of these episodes affected southem Alberta" (Duke 1992: 102). 

More successful at including the longue duree is Graeme Barker's Bifemo valley 

survey. As he states in his chapter on The Annates School and Archaeology (Bintliff 

1991a), his interests in this valley were "the relationship of human settlement to the 

natural landscape, and ... the relationship of human settlement in the valley to the outside 
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world." (Barker 1991: 38) He engaged in traditional archaeological survey and 

excavation to trace the settlement history as well as in studies aimed at elucidating the 

palaeoenvironment of the valley, in hopes of demonstrating the importance of the local 

environment to the region's settlement history (Barker 1991: 45-46, 54). Still, perhaps 

because of its brevity, this chapter never moves beyond a general discussion of the 

environment, and therefore barely approaches the longue duree. 

A better treatment is found in his book. Landscape and Society: Prehistoric 

Central Italy (Barker 1981), where, although not stated in Annaliste terms, he goes into 

greater depth. Here, Barker goes out of his way to make connections between the 

environment and prehistoric settlement patterns. He begins the book by describing 

various aspects of the environment, geology and landforms, climate, soils, and 

vegetation. He goes on the describe the framework of central Italian prehistory, namely, 

the Upper Pleistocene, Neolithic, Eneolithic, and Bronze Age settlement, and discusses 

the prevailing theories of culture change in the region. He then subjects these theories to 

examination in light of the archaeological data, arguing for continuity in population and 

culture rather than a series of invasions/migrations. He concludes the book by examining 

the roles played by technology, subsistence, communication, and society, in the 

development of prehistoric central Italy. 

Most important to this discussion is Barker's section on subsistence. He 

approaches subsistence on three levels: ecofacts (i.e. animal bones and plant remains), 

artifacts, and site catchment analysis (Barker 1981: 123). His site catchments were 

delineated by a two-hour walking limit, and were broken down into resource zones based 

on topography, geology, and soil distribution. Looking at these three components. Barker 

concludes that there was a three-stage development in subsistence strategy between the 

mid-fourth and late second millennium BC. These were "a first stage of Neolithic inland 
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settlements and lowland temporary camps; a second stage of lowland and upland 

settlements, using alternative seasonal pastures; and perhaps a third stage at the end of the 

Bronze Age with peripheral settlements ... on the edge of traditional preferred areas of 

habitation ... a 'filling out' of the landscape and an intensification in the systems 

utilizing it between 3000 and 1000 BC." (Barker 1981: 155). 

It is here that Barker makes a connection between the environment and 

settlement/subsistence strategies. As he sees it, during periods with lower population the 

strategy was to settle in those areas best suited to agriculture, while in periods of higher 

population settlement extends into increasingly marginal environmental zones. In the 

Bifemo valley, he plots 

"the gradual extension of agricultural settlement up the valley between 

about 4000 BC and the mid first millennium BC. By the end of the 

prehistoric period, agricultural settlement in the valley had extended from 

the optimal zones selected by the first farmers to very marginal situations 

— to very high elevation, for example, where cereal cultivation would 

have been very precarious, and to valley-bottom sites in lowland areas 

where drainage was poor and the soil very heavy to work" (Barker 1981: 

214). 

Given the dale of his research (the 1970's) Barker's work is remarkably 

sophisticated, but today it would be judged crude on many levels. He does utilize 

environmental data, but his descriptions are given in very general terms. For example, 

his description of the geology and geomorphology in the region takes up a single page 

while a total of just 12 pages are devoted to the describing the totality of the Bifemo 

Valley environment. Given the complexity of the natural world, his treatment of the 

environment must be characterized as general rather than comprehensive. Further, his 
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division of catchment basins into resource zones is less than ideal. Although they 

represent topography, geology and soil distributions, it is difficult to determine from 

Barker's text exactly how these interact to create the zones. In fact, these zones appear to 

be based more on elevation than any combination of features. Hence his division of the 

sites into lowland and upland. These may indeed represent different environmental 

zones, but from Barker's study it is difficult to determine just what they might be. These 

criticisms are less a result of poor work on Barker's part than they are a product of his 

times, and on the whole his study of the Bifemo valley is exemplary in its attempt to 

make the connection between the environment and ancient settlement patterns. 

Similar to Barker's study, and of special interest to Near Eastern archaeologists, is 

Leon Marfoe's 1979 examination of social organization in the Beq'a Valley (Marfoe 

1979). Although not stated in Annaliste terms, Marfoe deals with each of the time scales 

in Braudel's temporal hierarchy. For the longue duree, Marfoe constructs a primitive, 

mechanical GIS, dividing the valley into 11 ecological categories that he calls 

microenvironments (Marfoe 1979: 3). Atop these long-term structures, Marfoe places his 

conjonctures, principally the settlement patterns of the region (Marfoe 1979: 11, 24), 

concluding that the differences in settlement patterns from period to period and from 

highland to lowland reflect the environment in which they were located. Settlement in 

the highlands exhibited the stability necessitated by the environmental imperatives of 

highlands agriculture, especially the substantial investment in terraces and orchards 

(Marfoe 1979:21). During the same periods, the more disjointed lowland ecology led to 

social organization characterized by "regional fragmentation and the basic instability of 

localized polities" (Marfoe 1979: 17). Marfoe also includes the evenment throughout his 

work, introducing modem ethnographic work and comparing the development of the 

Hebrew kingdom to the rise of the Emirate in Lebanon (Marfoe 1979: 28-34). His 
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conclusion, is that "political unification in southern Syria has depended less on 

administrative institutions than we have assumed and more on ecological relationships" 

(Marfoe 1979: 32). 

Also touching on the longue duree, without being explicitly Braudelian, are 

Hodges and Whitehouse in their 1983 book, Mohammed, Charlemagne & the origins of 

Europe: Archaeology and the Pirenne Thesis. They apply archaeological evidence to 

Henri Pirrene's thesis that the so-called dark ages, the centuries between the Classical 

and Medieval periods, were really not as dark as everybody had assumed. The two major 

assumptions of Pirrene's thesis were, that the Germanic invasions didn't destroy either 

the unity of the ancient world or the essential features of Roman culture; and that the 

break with the past was instead brought about the by the "rapid and unexpected advance 

of Islam" (Hodges and Whitehouse 1983: 20). The authors examine many lines of data, 

especially settlement patterns, in an attempt to provide definitive answers to questions 

raised by Pirrene's assumptions. They point out that settlement patterns for a market 

economy, like thai of the Romans, will differ from those based on land and agriculture. 

The former will be founded on "ranked tiers of markets," while the latter will be 

organized along political and environmental lines (Hodges and Whitehouse 1983: 17-18). 

Based on archaeological evidence from a number of different sites and surveys around the 

Mediterranean, evidence that shows a market-based economy, their conclusions support 

Pirrene's first assumption, that the Germanic invasions did not destroy Roman culture. 

Instead, these invasions were part of a series of events in a long and complex process, a 

slow weakening of the system that eventually led to its collapse. This leads to the second 

point, where Hodges and Whitehouse disagree with Pirenne concerning the role of Islam 

in the collapse of the West. They argue that the end of Roman culture and economy can 
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be found in the sixth century, with the "Arab advance after 630 as the consequence rather 

than the cause of the catastrophe." (Hodges and Whitehouse 1983: 52) 

Unfortunately, Hodges and Whitehouse never adequately pursue the second half 

of their assumption regarding settlement patterns. They make a good case for the 

continuance of a market economy, based on ranked tiers of markets, but don't adequately 

explore the relationship of these sites to the environment. It is as if they assume that the 

environment would have no impact on settlement patterns for sites in a market-based 

economy, and this is a missed opportunity on their part. There is always some 

relationship between a site and its local environment, and had they been able to make 

connections between their sites and the environment, they could have traced the changes, 

the relative strength or weakness of these connections from the beginning to the end of 

the Roman collapse. If changes in settlement patterns showed an increasing strength, or 

focus in the connection between sites and a particular environment it would have 

dramatically strengthened their argument for the long-term, gradual collapse of Classical 

civilization. 

The Hesban Project and Annates 

The final example to be examined here is the excavation and survey at Tell 

Hesban. This particular example is especially important because it is the ancestor of the 

Madaba Plains Project, the 'Umeiri regional survey, and, thus, of this research as well. 

Perhaps more than any other archaeological undertaking in the Near East, the Madaba 

Plains Project, with a research design rooted in food systems theory, has consistently 

attempted to include the long-term structures of the environment in its research. A 

baseline for this emphasis was established with the first three Hesban report volumes, 

Sedentarization and Nomadization; Environmental Foundations; and Historical 

Foundations (Geraty and Running 1989, LaBianca 1990, LaBianca and Lacelle 1986). 
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Although not stated in Annaliste terms, these titles allow us a glimpse of Braudefs 

temporal hierarchy. In spite of the Madaba Plains Project's emphasis on the environment 

and food systems, making the jump from theory to facts has, as the following brief 

history will show, proven difficult. 

Excavation was completed at Tell Hesban in 1979, but the nucleus of 

investigators has continued to work in region with current excavations at Tell el-'Umeiri 

and Tell Jalul. Hinterland surveys have been carried out in conjunction with each 

excavation, and a number of excavations and soundings have been completed at a variety 

of sites discovered by the hinterland surveys. Beginning at Tell Hesban, the project was 

directed by Siegfried H. Horn during the 1968, 1971, and 1973 field seasons. In 1974, 

Lawrence T. Geraty became project director, a position he retains today although a 

number of other directors and specialists now pursue individual research under the 

umbrella of what has become the Madaba Plains Project. 

Like many projects of its era, the Hesban excavation grew out of the desire of 

clergymen and church related scholars to make connections between the Bible and 

archaeology, especially connections with the conquest narratives of Joshua and Judges. 

Etymologically Hesban equates to the Hebrew (Heshbon), and since 1805 when 

Seetzen made his visit to the site, visiting explorers and scholars had identified the Tell 

with the Biblical site (LaBianca 1990, 24, Vyhmeister 1989a). Hesban is mentioned 37 

times in the Hebrew Bible and once in the apocryphal book of Judith (Num. 21:25, 26, 

27, 28, 30, 34; 32:3, 37; Deut. 1:4; 2:24, 26, 30; 3:2, 6; 4:46, 29:7; Josh. 9:10; 12:2, 5; 

13:10, 17, 21, 26, 27; 21:39; Judg. 11:19, 26; IChr. 6:81; Neh. 9:22; Song 7:4; Isa. 15:4; 

16:8, 9; Jer. 48:2, 34, 45; 49:3; Jdt. 5:15). Thirty of these refer in some way to the 

capture and destruction of the city, and its King, Sihon, by Moses and the Israelites. Only 

the references in Isaiah and Jeremiah, where Heshbon occurs in the context of poems 
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concerning the fate of Judah's neighbors, and in Song of Songs, where the poet is 

comparing his lovers eyes to the pools of Heshbon, is the site referenced apart from these 

events. Not surprisingly, one of the principal goals of the excavators as they undertook 

the project was to document archaeologically the destruction of Hesban as recorded in the 

Bible. More specifically, they sought support for a supposed 15th century BC date for 

these events (LaBianca 1990, 24, Vyhmeister 1989b, 6). 

THE HESBAN EXCAVATION 

Like the majority of archaeological projects looking for Biblical connections, the 

Hesban excavation found very few, and those they did find did not speak to their 

principal objective. Already by the second season, it had become clear that there would 

be no significant archaeological remains before the 12th century BC, thus precluding any 

material related to the Biblical stories of an Israelite destruction of Hesban. In the 

preliminary report of their second season the excavators noted the following: 

the major and certainly unexpected result of the excavations was that Tell 

Hesban did not seem to contain remains of a period preceding the 7th cent. 

BC. ... This surprising revelation means that all evidence thus far 

encountered indicates that Tell Hesban, identified since at least the time of 

Eusebius with OT Hesban, cannot be King Sihon's capital of Moses' time. 

(Boraas and Horn 1973, 15) 

The ideological difficulty that this lack of evidence posed for the excavators is revealed in 

the second half of this quotation. When the results they expected were not forthcoming, 

they questioned the identity of Tell Hesban, but not the accuracy of the Biblical 

narratives. It is somewhat ironic that for a project looking for Israelite destruction layers, 

the clearest connection to the Bible discovered during the excavation at Hesban was a 
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large reservoir from the Iron Age that seems a likely candidate for the pool mentioned in 

Song of Songs. 

Unlike numerous other projects in the Middle East with similar ideological aims 

and a lack of data to support them, the Hesban excavation and hinterland studies did not 

fall prey to the syndrome of self-fulfilling prophesy. When no evidence for an Israelite 

destruction presented itself, rather than denying the problem or manufacturing the 

evidence, they noted the lack of Biblical connections, changed their focus and moved on 

to other concerns. This change in direction was made possible by a growing acceptance 

of the New Archaeology, which at that time really was new to the Middle East With its 

emphasis on multidisciplinary approaches and anthropological methodology (Dever 

1980), and its de-emphasis of Biblical studies^, the New Archaeology spread from the 

New World to the Middle East, principally through the excavation at Tell Gezer, arriving 

at Tell Hesban during its inaugural season. With its introduction of anthropological 

approaches to archaeology, especially such things as the attention paid to bones recovered 

during excavation and the use of computer technology, the Hesban project is in many 

ways the matriarch of all subsequent excavations in Jordan. 

A major portion of the new focus for the Hesban Project began to revolve around 

the cycles of settlement history detected in the ceramic and architectural evidence being 

produced by the excavation and survey. The Tell Hesban excavation was carried out over 

five seasons with workers digging in four main areas on the acropolis. Fields A, B, C, and 

D, with additional small soundings (called Field G) scattered around the site. 

Additionally, excavations in Fields E and F were carried out in nearby classical period 

cemeteries. Preliminary reports from the main excavation fields all agree that Hesban's 

^ For a recent evaluation of the relationship between archaeology and the Bible, see W. G. Dever's Recent 
Archaeological Discoveries and Biblical Research {Oever. 1990 #259) . 
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settlement history was characterized by discontinuity. That is, it exhibited several gaps 

and/or settlement declines in its occupational history (Figure 2.1). The first of these 

declines followed the Iron II horizon and lasted from ca. 500 BC until the Late Hellenistic 

Period when settlement began to increase. This period of intensification lasted through 

the Roman, Byzantine, and Umayyad periods. Following the Umayyad period, the site 

again went into decline until a strong revival of human activity began in the 

Ayyubid/Mamluk period. The final decline lasted from the i5th century A.D. until the 

present village of Hesban was founded during the 20th century AD^ (Boraas and Geraty 

1976, 7-15, Boraas and Geraty 1978, 15-16, Boraas and Horn 1973, 15, Boraas and Horn 

1975, 106-115, Geraty 1975, 51-55, Geraty 1976, 42-47, Geraty, et al. 1989, 3-4, Geraty 

and LaBianca 1985, 323, LaBianca 1984, 270). 

THE HESBAN SURVEYS 

In addition to excavation, the Hesban project carried out hinterland investigations 

of various kinds. Of particular interest to this study were the archaeological and 

environmental surveys. These surveys were to be carried out within a ten-kilometer 

radius of Tell Hesban, and were intended to locate the site within its environmental and 

archaeological contexts. 

In many respects both surveys were successful. The initial goal of the 

archaeological survey was to trace the remains of the Roman road running between 

Jerusalem and the Via Nova from Livias (Tell er-Rameh^ in the Jordan Valley to Hesban 

(Waterhouse and Jr. 1973, p. 217). In 1974 its mission was expanded to 

include all archaeological sites within a ten-kilometer radius of the Tell (Ibach 1976, 

^ To this point, only preliminary reports of the Hesban excavation have been published, but the picture of settlement 
oscillations has been firmly established and will not change substantially in the fmal reports. 
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119). Finally, in 1976 the survey expanded eastward to the Amman Madaba road (Ibach 

1978). In the end, the Hesban survey located 148 sites, both large and small, producing a 

wealth of archaeological data that allowed Tell Hesban to be viewed in a regional context. 

The settlement oscillations noted on the Tell were also found in the hinterland. 

An important difference between the survey and the excavation was that the Umayyad 

period seemed less robust in the hinterland than it had on the Tell. The survey also 

provided evidence for settlement intensification and abatement during archaeological 

periods not represented in Tell Hesban's stratigraphy. For example, there were many 

sites with Early Bronze Age pottery in the hinterland, but almost none with Middle 

Bronze Age or Late Bronze Age pottery. This left the investigators with settlement 

intensification during the Early Bronze Age, Iron Age, Late Hellenistic through 

Byzantine/Umayyad periods, the Ayyubid/Mamluk period, and the post World War I 

years. These periods of intensification were interrupted by periods of settlement decline 

during the Middle through Late Bronze Ages, the Early Hellenistic period, the Abbasid 

period, and from the end of the Ayyubid/Mamluk period until the years following the 

First World War when the site was resettled (Geraty, et al. 1989, 4, Geraty and LaBianca 

1985, 323, Ibach 1978, 212-213, Ibach 1987, 199-200, LaBianca 1984, 269). This 

oscillating pattern of settlement intensification and abatement can be seen in Figure 2.1. 
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Figure 2.1: Cycles of settlement intensification and abatement, based on 
the Hesban excavation and survey. (Adapted from LaBianca 1990, 236) 

HESBAN'S FOOD SYSTEM AS A RESEARCH DESIGN 

Having shifted the focus of research away from the search for Biblical 

connections toward an examination of the cyclical pattern of settlement in the region, a 

new theoretical engine was sought to drive the research. This engine was eventually 

found in food systems theory, and LaBianca, in his work, Sedentarization and 

Nomadization: Food System Cycles at Hesban and Vicinity in Transjordan, explores the 

relationship between these cycles and the region's food system. Drawing on numerous 

predecessors, most notably Goody and Hatch (Goody 1982, Hatch 1973), LaBianca 

defined a food system as "a complex unity consisting of all the purposive, patterned 

(institutionalized), and interconnected activities carried out by a group of individuals in 

order to procure, process, distribute, prepare or consume food, and dispose of food 
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remains" (LaBianca 1990, 9). LaBianca saw several advantages to this approach, 

pointing out that the food system concept 'includes all institutions and processes 

providing and transforming foodstuffs; focuses on daily activities; examines interaction 

between populations and their environments; avoids the sedentary [urban] bias; focuses 

on hunting and gathering; focuses on feeding relationships; and provides a framework 

using varied lines of research" G^aBianca 1990, 10). By concentrating on the most basic 

of human needs, the food systems approach allowed for broad, almost inclusive study of 

the ancient world within the parameters of a single research design. 

Further, this approach was especially appropriate for the Madaba Plains Project 

because of its multidisciplinary approach. In addition to the stratigraphic, architectural, 

and ceramic data collected by the excavation and survey, the Hesban team explored 

numerous other information sources. These included registered small finds (such as 

coins, metal and bone tools and artwork, and grinding stones), animal bones, carbonized 

seeds, an ecological survey, explorer accounts, and secondary literary sources (LaBianca 

1990, 25-27). Finally, in addition to the more traditional archaeological data listed above, 

LaBianca carried out an ethnoarchaeological survey of the region (LaBianca 1984, 

LaBianca 1990, 27). Food systems theory provided an organizing framework broad 

enough to include all these lines of data, allowing an opportunity for empirical testing of 

the theory on several different levels. As with any group of data sources, however, some 

were more important than others and LaBianca lists the relative importance of the Hesban 

data as follows: 

Extensively studied and utilized were the ethnoarchaeological flnds, 

animal bones, and archaeological survey flnds. Moderately utilized were 

the ecological survey findings, archaeological stratum findings, explorers' 

accounts, and secondary sources. Least utilized were the ceramic artifact 
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information (largely because very little except pottery readings was on 

hand), the registered small finds information (due to time limitations), and 

the palaeobotanical information (because of scarcity of available data). 

(LaBianca 1990, 131) 

Two of these additional sources of data are particularly important to an 

understanding of the longue duree in the region, namely the ecological and 

ethnoarchaeological surveys. These surveys were carried out within a ten-kilometer 

radius around Tell Hesban in an effort to build a database of the environment and of 

modem-day landuse and settlement patterns that corresponded to the archaeological 

survey area. Having corresponding sample areas would "permit comparisons within a 

singular unit of present-day landuse and settlement patterns with those of previous 

centuries" (LaBianca 1990, 28), and it was hoped that this would help to explicate the 

processes of settlement intensification and abatement found in the archaeological record. 

Unfortunately, while there are numerous references to a ten kilometer radius for the 

survey area (Boraas and Geraty 1976, 5, Boraas and Geraty 1978, 13, Boraas and Horn 

1975, 115, Geraty 1975, 49, Geraty 1976, 50, Ibach 1976, 119, Ibach 1978, 201, 

LaBianca 1984, 269, 273, LaBianca 1990, 27), the archaeological survey was not actually 

contained in the stated area (Ibach 1978, 201, Ibach 1987, 5) and, as we shall see below, 

this limits the validity of the comparisons. 

In essence, what LaBianca sought to measure was the degree of human 

intervention, or energy expended on the region's food system. He focused on five 

parameters of the food system: environment, settlement patterns, landuse patterns, 

operational facilities, and diet (LaBianca 1990, 11-12), which he saw as "directly 

traceable" in the archaeological record. Additionally, with the ethnoarchaeological 

survey, he sought to supplement the archaeological record by examining the same types 
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of data from the modem, agricultural village of Hesban. He saw this as providing a 

baseline against which archaeologists could compare and contrast past conditions with 

present conditions (LaBianca 1990, 12). By measuring the energy expenditure for each 

of the five parameters it would be possible to see if the cycles of settlement 

intensification and abatement documented by the Hesban excavation and survey had 

parallel cycles in the region's food system. The greater the intervention, the more 

intensively the food system was being exploited. For example, operational facilities 

might oscillate between low energy expenditure situations "involving a few readily 

transportable facilities such as tents, storage skins, and light arms for protection and 

hunting," and relatively high-energy expenditure situations "involving massive public 

works such as regional water management systems, terraces, public granaries, and 

fortifications" (LaBianca 1990, 12). 

Being able to identify the level of energy expenditure for the various components 

of a food system is only part of the challenge. Beyond this, identification of the forces 

driving the system into periods of intensification or periods of abatement is also 

important, and LaBianca recognized this as well. Once again drawing on the work of 

predecessors, he provides lists of factors that have been linked to food system 

intensification and abatement. LaBianca identifies seven factors that he sees as linked to 

intensification: innovation, population growth, new opportunities, centralization, craft 

specialization, state formation and bureaucratization, and delocalization of diet. 

Conversely, he lists six factors linked to food system abatement: accumulating hazards, 

lost opportunities, hyperintegration, myopic policies, underdevelopment, food shortages 

and epidemics. (LaBianca 1990, 13-20) 

Having constructed this theoretical framework, LaBianca proceeded to draw links 

between the region's environment and cyclic patterns of food system intensification and 



60 

abatement from the archaeological record. He began by making a connection between 

these cycles and the dynamic processes of sedentarization and nomadization throughout 

the Middle East (LaBianca 1990, 33). Following this, LaBianca described the changing 

food system of Hesban from the early I9th century until the present, identifying in the 

process three basic configurations of the five food system parameters noted above. He 

called these configurations, transhumant pastoralism, village cereal farming, and urban-

oriented intensive agriculture, or alternatively, low. medium, and high intensity 

configurations (LaBianca 1990). The characteristics of each configuration are listed in 

Table 2.1. 
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Table 2.1: LaBianca's three hypothesized configurations of food system 
conditions (LaBianca 1990, 132). 

A low intensity configuration is characterized by: 
• high diversity of naturally occurring plant and animal species; 
• high seasonal variation in location and intensity of human population due 

to migration; 
• prevalence of pastoral pursuits and minimal disturbance of soils due to 

cultivation; 
• prevalence of portable or seasonally abandoned operational facilities; 
• prevalence of a subsistence diet derived from animal by-products, fruits, 

and grains in season, hunting, and gathering. 

A medium intensity configuration is characterized by: 
• moderate diversity of naturally occurring plant and animal species; 
• moderate seasonal variation in location and intensity of human population 

due to an increased number of permanently settled households; 
• prevalence of field crop pursuits and a moderate disturbance of soils due to 

cultivation, especially in fertile plains and valleys; 
• prevalence of small-scale water and soil management technologies, 

fortified farmsteads and villages and extensive utilization of cattle for 
plowing; 

• prevalence of a subsistence diet derived primarily from field crops , but 
supplemented by produce resulting from limited gardening, orcharding, 
and flocks of sheep, goats, and poultry. 

A high intensity configuration is characterized by: 
• low diversity of naturally occurring plant and animal species; 
• minimal seasonal variation in location and intensity of human population 

due to large numbers of permanently settled households; 
• prevalence of field crop pursuits in combination with gardening and 

orcharding, the latter being especially important in hilly terrain; 
• prevalence of large-scale water and soil management technologies, food 

processing and storage installations, transportation facilities, markets and 
urban centers, and extensive utilization of mules and horses for plowing; 

• prevalence, especially in urban areas and to a lesser degree in rural areas, 
of a diet consisting of greater variety and quantity of exotic items, fruits, 
and vegetables due to delocalization of food supply by means of long
distance trade. 

Having established these configurations, LaBianca began examining the 

archaeological data collected by the Hesban project for similar configurations. Not 

surprisingly, he found these three configurations occurring in a more or less regular 
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pattern throughout the archaeological history of the Hesban region. Low intensity 

configurations followed by medium intensity configurations followed by high intensity 

configurations followed by medium and low intensity configurations. He identified three 

major cycles of landuse and settlement pattern change during antiquity in the region with 

high intensity configurations occurring during the Iron II, Byzantine, and 

Ayyubid/Mamluk periods, each followed by low intensity, or extensive configurations. 

Not surprisingly, these cycles matched the cyclic ceramic evidence summarized above 

and in Figure 2.1. 

HESBAN: AN EVALUATION 

As with all research designs there are both successes and failures with the Hesban 

food system approach to the cycles of settlement intensification and extensification. In 

the first place, the excavators are to be commended for developing a scientifically based 

research design and then actually adhering to it. While this may seem like an obvious 

component of any archaeological endeavor, the history of Near Eastern archaeology has 

been characterized by projects that have either failed to stick to their research design or 

never had one to begin with. An additional problem in the Middle East is the 

substitution, by many projects, of political or religious ideology for a scientific research 

design. As already noted, the Hesban project began with definite religious goals, but, in 

contrast to other projects, was able to make the switch when the evidence was not 

forthcoming for a 15th century Israelite destruction of Tell Hesban. Further, the food 

system perspective has proved to be an excellent heuristic device for integrating various 

lines of seemingly disparate data. By trenching down to the basic human need for food, 

LaBianca's theoretical foundation is broad enough to integrate all ten lines of data 

collected by the project and it is clear that it could have included many other lines of data 

had they been collected. 
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Most important to this study, is the food system's natural emphasis on the 

relationship between the environment and settlement patterns. Of the many lines of 

environmental data collected by the Hesban excavation and survey, the most important to 

LaBianca's study were the bone collections and the ecological survey. Numerous 

environmental maps of the region grew out of the ecological survey and the bone 

collection, with over 100,000 animal bones and bone fragments from the Hesban project, 

is legendary in the Middle East (Boessneck and von den Driesch 1978, Boessneck and 

von den Driesch 1981, LaBianca 1990). Drawing principally on these sources, with some 

additional data from the seed collections and palaeobotanical remains, the project's 

consistent attempts to make a connection between the cyclic pattern of settlement history 

in the Hesban region and the environment is commendable. 

It is not, however, without problems. The most serious problem has to do with 

mismatched sample areas. As noted above, the stated area of the survey was a ten-

kilometer radius around Tell Hesban. However the archaeological survey abandoned this 

restriction, finding the ten-kilometer boundary "impractical" and substituted "more 

appropriate boundaries" during the course of the survey. Essentially this meant following 

roads and wadis, extending the boundaries of the survey to include sites found outside the 

ten-kilometer radius and shrinking the boundary to exclude other areas which presented a 

greater challenge to survey teams (Ibach 1987: 5). Unfortunately, this change in 

boundaries went unnoticed by LaBianca who proceeded to collect environmental data 

within the original ten-kilometer radius (LaBianca 1990: 27, LaBianca and Lacelle 1986: 

3). This leaves us with two surveys, of essentially different, though partially coincidental 

regions (Figure 2.2). 
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Figure 2.2: Mismatched areas of Tell Hesban regional surveys. 

Standing by themselves each of these surveys is exemplary but because their 

boundaries do not match, using them in an attempt to integrate long-term environmental 

structures with settlement patterns in the Hesban region is problematic. For example, in 

their 1985 article, Geraty and LaBianca, divide the Hesban survey region into four 

environmental zones: the Northern Hills, the Madaba Plain, the Western Slopes, and the 

Edge (Geraty and LaBianca 1985). They then proceed to examine site density in each of 

these regions for the different archaeological periods; however, because the survey areas 

are non-coincidental, archaeological sites in the various zones will be either under- or 

over-represented. Figure 2.3 is a reproduction of one of a series of schematic maps from 

this article detailing site densities for different archaeological period in each 

environmental zone of the Hesban project area. A comparison of this map with the map 

in Figure 2.2 immediately raises questions about site densities on the Western Slopes. 
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Large portions of this region were not included in the archaeological survey, leaving it 

under-represented in Figure 2.3. Had the western slopes been surveyed in their entirety, 

the number of Byzantine sites in this region would certainly be greater and the dynamics 

of this map would change accordingly. 

Hesban Regional Survey 
Byzantine Sites 

per 
Environmental Zone 

40 or more 

30-34 

25-29 

5-9 

Nonhem 
Hills 

Western 
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Madaba 
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Figure 2.3: Schematic map of Hesban Survey region showing Byzantine 
sites in each of four environmental zones. Adapted from (Geraty and 
LaBianca 1985: 327) 

Fixing this problem is technically possible but ultimately unsatisfactory. The ten-

kilometer survey radius contained 31,247 hectares, while the archaeological survey 

covered 25,310 hectares, a substantial difference. If trimmed correctly, it would be 

possible to reshape the two surveys to manufacture complete coincidence, but this would 

reduce the area to 22,880 hectares, a substantial reduction in the environmental and 

archaeological databases, producing a region shaped more by ease of access than a desire 

for a representative sample. Short of a new survey in the Hesban region, the mismatched 

survey boundaries remain a serious problem for any attempt to connect archaeological 

sites in the region to their local environment. 
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A second deficiency has to do with the types and scope of environmental and 

archaeological data collected. This deficiency was more a matter of the limited 

technological capabilities of the I970's, than any fault of the investigators. The problem 

is essentially a mismatch of the resolutions at which the data were collected. The 

hinterland survey was interested in placing Tell Hesban in its total archaeological context. 

As such, it was interested in recording sites that represented a broad variety of types, 

sizes, and periods. They recorded not just the major tells of the region but also small, 

seemingly insignificant sites. If we think of this in terms of resolution, the archaeological 

survey collected data at a high resolution. 

Conversely, the environmental survey favored broad generalizations, that is, the 

collection of data at low resolution**. As we saw above, Geraty and LaBianca divided the 

region into just four environmental zones. This approach worked well for Marfoe, whose 

study was interested principally in larger sites, but it was the wrong approach for the 

Hesban survey. The Hesban survey region covers tens of thousands of hectares and could 

have thousands of microenvironments. While these microenvironments are less 

significant for the large sites of Marfoe's study, they would be vital to the kinds of small 

sites documented by the Hesban hinterland survey. For instance, in the region 

characterized by Geraty and LaBianca as the Western Slopes, large-scale wheat farming 

would be impossible, but there could be small areas where micro-environments would 

allow individual farmsteads to raise wheat. This low-resolution collection of 

environmental data creates serious difficulties for anyone attempting to make real 

connections between the longue duree and the archaeological data of the Hesban Survey. 

We speak here only of the regional material collected. The incredible amount of detailed environmental data collected 
during the excavation of the Tell is another issue altogether. 
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In some ways these criticisms, especially this final one are unfair, and it would be 

dishonest not to stress that the accomplishments of the Hesban excavation and Madaba 

Plains Project are nothing short of remarkable. As noted earlier, the initial research 

design at Hesban was not organized around food systems or cycles of sedentarization and 

nomadization, but around locating the city of King Sihon and a ISth century BC 

destruction stratum. Food systems as a research design at Hesban was developed to a 

large extent after the archaeological portion of the project had already been completed, 

making the high quality and quantity of research that has come out of the Madaba Plains 

Project all the more remarkable. The deficiencies pointed out have arisen largely because 

it was impossible in the 1970's to discern the questions that would interest subsequent 

generations of archaeologists, and even if they had been able to predict today's interests, 

they were without much of the technology necessary to satisfy these inquisitions. 

Summary of BraudePs Temporal Hierarchy 

While many historians and archaeologists have attempted to employ BraudePs 

temporal hierarchy in their work, few, if any, have completely succeeded. Connection 

between conjonctures and eventements are fairly common, but, aside from the limited 

success of a few, connections to the longue duree remain elusive. For most 

archaeologists, the longue duree is defined and discussed, but when fieldwork begins it is 

forgotien. To borrow a phrase from Mark Twain, everybody talks about the longue 

duree, but nobody ever does anything about it. Of the studies discussed above. Barker's 

Bifemo Valley study, Marfoe's work in Lebanon, and LaBianca's food systems theory 

are the best. Interestingly, none of these were stated in Annaliste terms, and perhaps the 

retrofitting of data to match Braudel's temporal hierarchy explains their limitations. 

More importantly, the failure to include the longue duree in archaeological 

reconstructions of the past forces the researcher to question whether or not Braudel's 
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temporal hierarchy can be successfully integrated with archaeological data. As Fletcher 

puts it: 

Without some theoretical means of linking the different time scales and 
divining the rates of process to which they refer, the notion of a time-
scaled hierarchy is liable to be overwhelmed both by trivial correlates and 
by consequent disconnection between differing scales of analysis. ... Over 
the past twenty years, the focus of Annaliste interest has shifted away from 
the "system of systems" towards definable problems in history. (Fletcher 
1992: 39-40) 

There are two important questions raised in this short passage from Fletcher's 

chapter in Archaeology, Annales, and Ethnohistory. First, is there a means by which 

these different time scales can be linked? Secondly, is it possible to step back from the 

definable problems of archaeo/historical research in order to view them within the totality 

of Braudel's temporal hierarchy? From the preceding review of difficulties faced by 

researchers, it is clear that their failure to come to grips with the longue duree has often 

been a failure to control the masses of data necessary to write history on an 

environmental scale. This puts researchers in the difficult position of knowing the 

environment was important to the history of a region, but, having inadequate control of 

the data, they are unable to make the necessary connections to demonstrate this 

importance. It is this lack of control that leads to the concentration on small, temporally 

definable problems noted by Fletcher. 

This study will argue that with the right data and the right methodology, both 

questions raised by Fletcher can be answered in the affirmative. It will call for a return to 

a kind of Braudelian orthodoxy, where the longue duree is spoken of in geographic terms. 

Using data from the Tell el-'Umeiri hinterland survey and a methodology based on GIS 

technology and spatial-statistics, it will write a history of the 'Umeiri region that 

integrates data representing Braudel's three temporal scales. The 'Umeiri survey takes its 

data primarily from three sources: environmental, archaeological, and ethnographic 
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surveys of the project region. Using CIS technology, this study will place these strands 

of data within Braudel's temporal hierarchy. Using this technology, the author has 

captured the necessary data from the 'Umeiri region to create models of the local 

environment. These models provide access to the long, slow moving processes of 

environmental history in the region, i.e. Braudel's longue duree. Conjonctures are found 

in the cycles of settlement intensification and extensification found in the archaeological 

record, ^ventements, such as the introduction of terrace agriculture, are well documented 

in the archaeological record from the survey region. 

The methodology, or means for making the connections between these data 

involves the use of spatial-statistics. The statistical manipulation the various data within 

the context of the GIS will provide new ways of viewing the history of the region. For 

example, in looking at the move toward greater intensification of settlement from Iron I 

to Iron II, logistic regression can be used to discover environmental signatures for these 

sites. As will be seen in Chapter 4, these signatures can be used to document the degree 

to which ancient people exploited the natural world, providing us with clues to the nature 

of their respective settlement histories. Taking this a step further, it is also possible to 

connect certain events, such as the introduction of terrace agriculture, to these long-term 

structures in order to better explain the intensification process. In short, the use of GIS to 

control environmental data will allow this study to overcome the primary obstacle to the 

inclusion of Braudel's longue duree in archaeological research. It provides us both the 

means to link the different time scales and the luxury of returning our focus to larger, 

more complex issues. 
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CHAPTER 3 
DATA ACQUISITION; BUILDING THE UMEIRIGIS 

Like most disciplines, archaeology is data driven, and without data the 

archaeologist has nothing to say. Also like many disciplines, the best archaeological data 

is spatially oriented. That is, the scientific value of an artifact from a known context is 

much greater than that of an artifact from an unknown context. This dependence on 

spatial data makes the merger of archaeology and geographic information systems a 

natural fit. In this particular study both environmental and archaeological data will play 

an essential role. Because these two categories of data are both spatially oriented, they 

can be combined in a geographic information system to create several different models 

that allow examination of the interaction between ancient man and his natural and 

cultural environments. This chapter will present both the environmental and the 

archaeological data available from the 'Umeiri region, with emphasis on how this data 

has been incorporated into a GIS. 

An Introduction to GIS 

Before examining the data, an introduction to geographic information systems, 

both general and specific, is necessary. GIS are computer hardware and software 

designed around digital databases that store, manipulate, capture, analyze, create, and 

display spatially referenced data. As a graphic interpretation of this definition. Figure 3.1 

is helpful for understanding the various components of a GIS. Central to these systems 

are digital databases that keep track of both spatial/geographic and feature attribute 

information. Depending on the particular software used, these two types of data may be 

stored either separately or in a unified database. Further, the sophistication of the 

databases can vary considerably from system to system, with some built around powerful 

relational databases and others requiring only a simple, spreadsheet-like data structure. 
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Arranged around the system's database are modules that facilitate the input, retrieval, 

analysis, and display of spatially referenced data. While not every system has exactly the 

components displayed in Figure 3.1, they must have at least some way to get data, usually 

paper maps, into the system, a module to perform database management tasks, a module 

to analyze the data, and another to display the data. Most systems also allow simple 

statistical procedures and many allow the import of satellite imagery. Additionally, if a 

particular GIS does not have all the components necessary for a particular project, a 

common situation, they generally allow data to be exported and imported. This capability 

is especially important for projects that require sophisticated statistical models or 

database manipulation. 

Statisticai 
j^^eports 

Statistics 
Tabular Data 

Image 

Maps 

Maps 

Figure 3.1: A GIS can be defined as computer hardware and software 
designed around digital databases that store, manipulate, capture, analyze, 
create, and display spatially referenced data. (Eastman 1992b) 
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Data for building a GIS can come from a number of sources. Remotely sensed 

data, such as satellite images, aerial photography, and global positioning systems (GPS), 

along with more traditional sources, such as paper maps and digital databases, can be 

used to construct a GIS database. These data are then stored as layers, also called data 

themes or coverages, all tied to a common coordinate system. As such they can be 

queried like a traditional database, the results manipulated, and then used to create new 

coverages that can be sent to a variety of output devices, including monitors, printers, 

plotters, and film recorders. 

Vector GIS 

Based on the way in which they store data, geographic information systems come 

in two basic types, vector and raster. Because of the differences in how they manage 

spatial data, each has its own particular strengths and weaknesses. Vector based GIS, are 

easily understood because, like paper maps, they store their data as points, lines, and 

polygons. These entities form the basic data units of a vector GIS, for which spatial 

information must be explicitly encoded (Christopherson 1997b, Kvamme 1989, Peuquet 

1984). For example, if a road network is put into a vector GIS as a series of lines, 

specific X, y coordinate data must be encoded for each line before the spatial relationships 

between the various road segments have meaning. 

The strengths of vector based systems lie principally in their familiar format, 

accuracy, precision, high quality cartographic output, the relatively small amount of 

computer storage space they require, and especially their connectivity to powerful 

databases. These strengths make vector based systems ideal for the management of data 

over large regions and the production of detailed and accurate maps. For example, 

cultural resource management on a state or national level would be an ideal application 

for a vector-based system, especially if publication quality maps were a requirement. The 
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weaknesses of a vector GIS stem primarily from the necessity to explicitly encode spatial 

data. This means that continuously changing surfaces, such as elevation and slope, must 

be generalized as elevation contours or polygons representing slope categories. These are 

ultimately unsatisfactory for many types of environmental modeling. 

Raster GIS 

In a raster based GIS, data are stored in a grid of columns and rows, much like a 

spreadsheet. The intersection of each row and column is known as a cell. Each cell 

corresponds to x and y coordinates in the real world and contains a z value, or number that 

can represent anything from elevation values, to archaeological sites, to soil types. 

Unlike vector systems, the basic data unit in a raster GIS is a spatial unit (the cell) for 

which entity information must be explicitly encoded (Christopherson i997b, Kvamme 

1989, Peuquet 1984). For example, if a road network is put into a raster GIS, the x. y 

coordinates are implicit because they are determined by their position in the grid, but z 

values corresponding to the various components of the network must be explicitly 

encoded in each cell for them to have meaning as roads. Figure 3.2 provides a graphic 

description of how a raster GIS stores data. 

The principal disadvantages of raster GIS are file size and cartographic output. 

Raster files use large amounts of computer storage space. Even rasters representing small 

areas contain tens of thousands of cells, and grids with millions of cells are not 

uncommon. This is a large overhead to carry, making it difficult to link raster maps to 

relational databases. Also, because of the raster structure, traditional cartographic output 

of points, lines and polygons is less accurate and of generally poorer quality. 

The strengths of raster systems are found principally in their ability to manage 

data that are continuous across a surface, their simple data structure, and their ability to 

use remotely sensed data, such as satellite images, that are stored in a raster format. The 
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data structure of raster GIS make possible the creation of complex mathematical models. 

Because maps in a raster GIS are really just a matrix of numbers, they can be subjected to 

mathematical manipulation to create new surfaces. With maps registered to a common 

coordinate system, the GIS goes to each cell in a map, adding, multiplying, dividing, etc., 

and writing the result to the corresponding target cell of a new raster map. 

Raster GIS Model 

Vegetation 

Roads 

Elevation 

Buildings 

Figure 3.2: Numbers placed in the cells of a series of spreadsheet like 
maps represent the world in a raster GIS. (ESRI 1995a) 
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These operations generally fall into one of two categories, cell based, or 

neighborhood based operations. In cell based operations (Figure 3.3), a value written into 

the target cell of a new map will be determined by operations carried out on the 

corresponding cell of the original map. In other words, the value found in the tenth cell 

of the derived data theme will be based on the value in the tenth cell of the original data 

theme, not on the fifth cell. This holds true for multiple, as well as single value 

operations. Thus if the operation is Mapl + Map2 + Map3 = Map4, the first cell in Map4 

will be the sum of only the first cells in Mapsl-3. 

Neighborhood based operations are more complex in that the value written to a 

target cell in a new map is based not on a single cell, but on a group of cells from the 

original map. Figure 3.4 illustrates both local and extended neighborhood operations. In 

a local neighborhood operation, the value written to the target cell in a new map is based 

on an operation carried out on the corresponding cell in the original map and its eight 

immediate neighbors. For example, differences in elevation values in the cells 

immediately surrounding the target cell can be used to determine both direction and 

degree of slope for that cell. As the name suggests, extended neighborhood operations 

are not restricted to the eight immediate neighbors of the target cell. Most typically, 

extended neighborhood operations are carried out within a user defined radius of the 

target cell, but this is not necessarily the case. These neighborhoods can also be 

determined by such things as ownership parcels, watersheds, viewsheds, etc. Further, 

although not illustrated in Figure 3.4, neighborhood operations are not limited to a single 

original data theme. As with ceil based operations, values in neighborhood operations 

may also be derived from more than one input map. 
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Cell Based Operations in a Raster GIS 

Original Data Theme • I • I 
' I • I 
' I » I 
» I » I 
• I 1 I 
( I ( I 

Target Cell 
< i I i • I f I I I * I I I * I • 11 I 

Derived Data Theme 

A. Single Value Opei^tions 

y.? -'2' -• •' ^ ^ -i n ̂  
Original Data Themes 

Target Cell 

bfcisfc 

Derived Data Theme 

B. Multiple Value Operations 
Figure 3.3: In ceil based operations in a raster GIS, a value written into the 
target ceil of a new map will be determined by operations carried out only 
on the corresponding ceil of the original map or maps. 



77 

Neighborhood Based Operations in a Raster GIS 

Original Data Theme ' I' I 
' I • I 
* I ( I 

I I I I 

Target Cell 
1 i I i • 11 I I 11 I < I > I 

Derived Data Theme 

A. Local Neighborhood Operations 

Original Data Theme • • • • 
* I I I 
I I > I 

• I « I 
I I I I 

Target Cell 
I I > i I I • I • I • I I 11 I 
• I • I 

Derived Data Theme 

B. Extended Neighborhood Operations 
Figure 3.4: In neighborhood operations, the value written to a target cell 
in a new map is based not on a single cell, but on a group of cells from the 
original map. These neighborhoods can be either local, the cells 
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immediately surrounding the target, or extended, corresponding to some 
other criteria. 

Directly related to this data structure, raster GIS are powerful tools for modeling 

the natural world. For example, rather than representing elevation as a series of 

topographic contours, each cell in a raster GIS, including those that would normally fall 

between contour lines, contains a z value corresponding to the elevation at that location. 

Thus, in a raster GIS, elevation is represented as constantly changing across the surface of 

the map, much the same as elevation in the real world changes constantly across the 

surface of the earth. Figure 3.5 illustrates how this works within the structure of a raster 

GIS. The dark and light squares, where row and column intersect, represent elevation at 

Tell Jalul, with each square corresponding to a 2 X 2 meter area of the Tell. This figure 

also details a significant difference between a raster GIS and more traditional maps. Here 

the lines are elevation contours. This ability to model elevation, and other data themes, 

continuously across the surface of a map makes a raster GIS the ideal tool for 

representing many kinds of environmental data. 
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Digital Elevation Model 

Low Elevations 

High Elevations 

Elevation Contours 

Tell Jalul 

Figure 3.5: In a raster GIS, elevation is represented by constantly changing 
values in grid cells. This is significantly different from the way maps have 
traditionally represented elevation change through the use if topographic 
contours. 

The 'Umeiri GIS 

Given the modular nature of GIS it is not surprising that several software 

packages were used to develop the 'Umeiri GIS, with ARC/INFO 7.0.3 (ESRI 1995a) 

running on a Sun workstation, forming the nucleus of the system. ARC/INFO takes an 

open, toolbox approach to GIS, with different modules handling different types and 

sources of data. Thus, ARC/INFO is able to integrate vector, raster, image, CAD, 

tabular, GPS, and video data in a single system. Additionally, because it is an open 

toolbox, new data sources can be incorporated as they become available. (ESRI 1995b: 

ARC/INFO employs a georelational approach to GIS. By georelational they 

mean "abstracting geographic information into a series of independently defined layers or 

coverages, each representing a selected set of geographic features (e.g., roads, streams 

6). 
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and forest stands)." (ESRI 1995b: 13) In a coverage, these features are represented 

graphically as vector objects, points, lines, or polygons, whose geographic information 

and feature attributes are managed by a relational database (Figure 3.6). These feature 

attributes are stored in tables known as point attribute tables (PAT), arc attribute tables 

(AAT) and polygon attribute tables (PAT). For the 'Umeiri GIS, polygon, line, and 

point, coverages were built for base data themes (below), such as soils, wadi channels and 

archaeological sites. 

Polygons 

Lines 

Points 

•I- + 

Arc 10 
Coordinate 

Data Left/Right Poly 
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Figure 3.6: The ARC/INFO georelational model represents real world 
objects with points, lines and polygons, whose geographic information and 
feature attributes are managed by a relational database. (ESRI 1995b: 13) 

In addition to these vector capabilities, ARC/INFO is also able to manage raster 

data in its GRID module. In this module, raster data is stored in grids, which are similar 

to coverages in ARC/INFO, in that each grid stores a separate data theme that is managed 

by a relational database. The principal difference is directly related to its cell based 
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structure. Since each cell describes a location in the real world, there is no need to store 

separate geographic information about each cell, only feature attribute data needs to be 

stored in the relational database. These attributes are stored in value attribute tables 

(VAT) that correspond to the feature attribute tables for vector coverages. (ESRI 1996: 6-

11) For the 'Umeiri GIS, grids were built to model many different elements of the 

environment, with GRID providing the principal analysis environment. 

In addition to ARC/INFO, several other software products were used in this 

research. AutoCAD 10.0 (Autodesk Inc. 1989) and PC ARC/INFO 3.4D (ESRI 1990), 

both vector based, were used to convert data from paper maps to digital data. IDRISI 4.0 

(Eastman 1992a), a PC based GIS was used in the creation of some of the data themes. A 

program written in "C" by George Ball and Kenneth L. Kvamme created one of the 

environmental themes. The 'Umeiri survey's archaeological database was created using 

FoxPro 2.6 for Macintosh (Microsoft Corporation 1993). Statistical analysis was done 

using two statistical packages, PC based STATA 3.0 (Computing Resource Center 

1992a), and Macintosh based DataDesk S.O. Additionally, figures and maps appearing in 

this document were created by a combination of software, including the packages listed 

above and three Macintosh based graphics packages, Adobe Illustrator 5.5, DeltaGraph 

Pro 4.0.1, and Aldus SuperPaint 3.0 (Adobe Systems Incorporated 1993, DeltaPoint 

1993, Silicon Beach Software 1991) 

Data for the 'Umeiri GIS 

Having all the components of the GIS in place, attention can be turned to the data 

used in this research. These data came principally from two sources: environmental data 

contained in paper maps, and archaeological data from the Madaba Plains Project 

regional survey in the vicinity of Tell el-'Umeiri, Jordan. Each data source will be dealt 

with in turn. 
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Base Environmental Data 

With its intent to make connections between ancient humans and the natural 

world, it is not surprising that the construction of the 'Umeiri GIS began with the capture 

of environmental data. This meant working with paper maps and using computer 

hardware and software to encode the data contained in the maps into something 

understandable in the digital world. Data for hypsography, hydrography, physical, and 

cultural features were digitized using AutoCAD 10.0 (Autodesk Inc. 1989) and PC 

ARC/INFO 3.4D (ESRI 1990). The basic map for the 'Umeiri Survey was the Jordan 

1:25,000 series of topographic maps. Data for elevation, roads, and wadi channels were 

taken from the following sheets: 

Amman: 1:25,000 topographical — Sheet 225/145 (D. Survey 1958a) 

Naur: 1:25,000 topographical — Sheet 225/135 (D. Survey 1958b) 

Additionally, geology and soil maps were created in 1992 by the MPP geologist, Douglas 

W. Schnurrenberger. Based on 1:10,000 aerial photographs and field samples, these 

maps were created specifically for the 'Umeiri GIS. 

The coordinates for all environmental and archaeological data were based on the 

Palestine Grid and Transverse Mercator projection of the Jordan 1:25,000 series maps. 

The unit of measure for this coordinate system is the meter, and the point of origin is 31° 

44' 02.749" N. latitude, 035° 12' 43.490" E. longitude. The grids utilized on the map 

sheets used in this study also had a false easting of 170,251.555 and a false northing of 

126,867.909. The digitized area was contained within the following coordinates: 

Minimum X = 228000 meters East Maximum X = 240000 meters East 

Minimum Y = 136000 meters North Maximum Y = 148000 meters North 

This represents an area of 12 kilometers square. Rasterization of this area, with a cell size 

of 20 X 20 meters, created a grid of 600 rows and 600 columns, or 360,000 cells. Of the 
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cells in the grid, 195,356 were contained within the five-kilometer radius of the 'Umeiri 

survey region. 

From the digitized data, several base data themes were built in the GIS. Most 

important for this project were a digital topographical map of the 'Umeiri region's 

hypsography, and digital topological maps of the area's hydrography, soils (Figure 3.7), 

surficial geology and roads. These primary themes provided data by themselves, but 

were also manipulated in the GIS to create derived themes that allow further definition of 

the environment. In all, fourteen environmental data themes were derived from these 

base maps. These are discussed below, and summarized in Table 3.1 

Derived Environmental Data 

Digital topological maps look very much like the paper maps from which they 

were digitized. Unlike traditional paper maps, however, these images can be digitally 

manipulated, quickly providing the researcher with additional information and new ways 

of looking at the data. Map themes derived from topological maps for the 'Umeiri survey 

region deal principally with area and distance. For example, using the soil map in Figure 

3.7, the GIS can quickly calculate the area for each of the three soil types in the region, 

discovering that 3445.75 hectares, or 44% of the survey area is of Type 3 soil. At the 

same time, it also reveals that 78% of all sites in the survey area are located in Type 3 soil 

suggesting a strong preference for this type of soil in site location strategies. 
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Tell El-'Umeiri 
Regional Survey 

Soil Map 

Type 1 Soils 

Type 2 Soils 

Type 3 Soils 

S km 

Figure 3.7: Soil map of the 'Umeiri survey region. 

More helpful for the models to be constructed in this work, a raster GIS can easily 

measure distance to specified features throughout a project area, creating continuous 

surface maps indicating these distances. If we use wadi channels as an example, the GIS 

begins by searching from the first cell in the raster, locating wadi channels and 

calculating the Euclidean distances from this target cell in order to determine which wadi 

is closest. Once the GIS has calculated the distance to nearest wadi channel, this distance 

is placed in the corresponding target cell of a new raster. The GIS then repeats this 

process until the distance to wadi channels has been calculated for all cells in the raster. 

The result of this operation for the 'Umeiri region can be seen in the map in Figure 3.8. 

For the 'Umeiri GIS, four distance maps were created in ARC/INFO. In addition 

to the map showing distance to wadi channels, one indicating distance to each of the three 

soil types in the survey area were created. These distance images are particularly helpful 

in documenting relationships between archaeological sites and the topological features 

they were based on. For example, querying distance to type 3 soils against all sites in the 
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survey region indicates that while distance from the sites to type 3 soils in the area range 

between 0 and 604 meters, over 90% lie within 75 meters. This again indicates a strong 

preference for this soil type when selecting site locations. 

Tell El-Umeiri 
Regional Survey: 
Distance to Wadi 

Shortest Distance 

Longest Distance 

/V Survey Boundary 

/'v' Wadi Channel 

S km 

Figure 3.8: GIS can easily and accurately determine distance to particular 
features across the surface of a project area. 

Even more important for describing the local environment are topographical 

maps. Once digitized, the data contained in these maps provided the basis for most of our 

analysis of the 'Umeiri environment. The processes for creating the various 

environmental themes based on topographical maps begin with the creation of a digital 

elevation model, or DEM. DEMs are created by algorithms that determine elevation 

values for each cell of unknown elevation by interpolation from cells of known elevation 

in the raster. Digitized elevation contours or points usually provide these known 

elevations. There are many different algorithms used to create DEMs, each with their 

own particular characteristics, strengths, and weaknesses. Using different algorithms, the 

same data can produce wildly divergent DEMs, a phenomenon that can seriously affect 
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derived themes as well as the results of analyses (Christopherson, et al. 1993, Kvamme 

1990a). Because of this, selection of an algorithm is an important step in the creation of 

an environmental GIS. 

For the 'Umeiri regional GIS, 

the TOPOGRID command in ARC/INFO 

(ESRI 1995a) was used to create the 

DEM. This command executes a 

program module based on algorithms 

developed by M. F. Hutchinson. These 

algorithms allow for the interpolation of 

a hydrologically correct DEM based on 

elevation contours or points, and 

hydrology vectors. Developed to avoid 

, ui r - J rir Figure 3.9: Linear interpolation involves 
the problem of spunous edge effects establishing one or more pairs of known 

inherent in most local algorithms while ^'^^^tion (1,5; 2,6; 3,7; 4,8) that can be used 
to interpolate elevation values at cells of 

lowering the processing overhead unknown elevation (?). 

necessary for global approaches, this 

algorithm takes an iterative approach, beginning with a coarse gird and interpolating 

successively finer grids until the user specified grid resolution is reached. Elevation 

values for the initial grid are based on average heights of all data points and each 

successively finer grid is interpolated linearly (Figure 3.9) from the preceding coarser 

grid. (ESRI 1995a, Hutchinson 1989: 214-215). 

Further refinement of the DEM involves the automatic removal of most sinks and 

the use of drainage vectors to improve the hydrological properties of the model. Since 

sinks generally do not occur naturally in the real world, the algorithm locates them in the 
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DEM and proceeds to remove them based on the evaluation of the neighboring cells. 

Using the algorithm's drainage enforcement rules, the sink is either raised or one of the 

surrounding cells is lowered to allow drainage (ESRI 1995a, Hutchinson 1989: 219-220). 

The algorithm also assumes that streams always flow down slope and uses drainage 

vectors to further improve the hydrological properties of the model. It does this by 

digitally laying the region's stream channels on top of the DEM to check for conflicts 

between the elevation values in the raster and the direction of streamflow. Individual 

cells in the model whose elevation conflicts with stream channel descent are either 

lowered or raised to allow correct drainage (ESRI 1995a, Hutchinson 1989: 223-224). 

The finished DEM can be seen in Figure 3.14a. 

Once the DEM has been built, it can be used to create new environmental data 

themes. These derived products include digital maps detailing traditional sorts of 

environmental data, such as slope, aspect, and relief, as well as environmental themes that 

are possible only with the aid of computers and GIS software. Based on topographical 

data themes introduced to archaeology by Kenneth L. Kvamme (Kvamme 1983, Kvamme 

1985, Kvamme 1988, Kvamme 1989, Kvamme 1990c, Kvamme 1992a, Kvamme 

1992b), most of the following maps were created by the author in ARC/INFO's GRID 

module, using existing functions and the Advanced Macro Language (AML) to create the 

various themes. Table 3.1 contains a brief description of each theme created for the 

'Umeiri survey area. 
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Table 3.1: Environmental data themes used in the creation of probability models 
for archaeological sites in the vicinity of Tell el-'Umeiri, Jordan. 

Map Theme Created In Data Source Comments 
Distance To 

Soil 1 
ARC/INFO 'Umeiri Soil 

Map 
Distance to type 1 soils in the 'Umeiri 
survey region. 

Distance To 
Soil 2 

ARC/INFO 'Umeiri Soil 
Map 

Distance to type 2 soils in the 'Umeiri 
survey region. 

Distance To 
Soil 3 

ARC/INFO 'Umeiri Soil 
Map 

Distance to type 3 soils in the 'Umeiri 
survey region. 

Distance To 
Wadi 

ARC/INFO 'Umeiri 
Hydrography 

Distance to wadi channels in the Umeiri 
Region. 

Digital 
Elevation 

Model 

ARC/INFO Digitized 
Hypsography 

And 
Hydrography 

Created in ARC/INFO using the 
command TOPOGRID. 

Aspect 
N-S 

ARC/INFO DEM Aspect in the Umeiri region (scaled to 
180 degrees, north-south orientation). 

Aspect 
E-W 

ARC/INFO DEM Aspect in the Umeiri region (scaled to 
180 degrees, east-west orientation). 

Slope ARC/INFO DEM Slope in the Umeiri Region. 
Relief Above ARC/INFO DEM Relief above locus in the Umeiri region, 

4 cell radius. 
Relief Below ARC/INFO DEM Relief below locus in the Umeiri region, 

4 cell radius. 
Maximum 

Relief 
ARC/INFO DEM Maximum relief in the Umeiri region, 4 

cell radius. 
Texture ARC/INFO DEM Standard deviation of elevation values 

within a 4-celI radius of the target cell. 
Ridge Index Terrain Pac DEM High scores indicate ridge conditions 

and low scores indicate drainage 
conditions. 

Shelter Index ARC/INFO DEM High scores indicate exposed areas and 
low scores indicate sheltered areas. 
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Siofje: Previous studies have 

shown steepness of slope to be an 

important factor in settlement 

locational strategies (Kvamme 1992a: 

29, Pilgram 1987: 36, Roper 1979: 77-

81, Western and Dunne 1979; 85-85), 

with an observed tendency to locate 

sites on level ground. ARC/INFO 

calculates slope by passing a 3-cell by 

3-cell window over each grid cell in the 

DEM, fitting a least-squares plane to 

this local neighborhood (Figure 3.10). A slope gradient is determined for this plane and 

then placed in the corresponding cell of the new grid (ESRI 1995a), creating the slope 

map in Figure 3.14a. 

Aspect: Aspect refers to the direction of exposure at a given location. Numerous 

archaeological studies, have demonstrated that a southern exposure was often an 

important factor in site selection processes, especially for New World prehistoric sites. In 

these studies, the extra warmth of south facing slopes were preferred both because 

warmer soil improves agriculture, and warmer structures make life more comfortable in 

cold weather (Kellogg 1987, Kvamme 1985). As with the slope algorithm, ARCTINFO 

again passes a window over the DEM, fitting a least-squares plane to the target cell and 

its local neighbors (Figure 3.10). It then computes the direction of maximum slope for 

this plane, yielding a score between 0 and 359, corresponding to the degrees of a 

compass, and places this score in the corresponding cell of the new raster grid (ESRI 

1995a). However, since both 1° and 359° indicate a northern exposure but quantitatively 

Figure 3.10: A least squares plane is used to 
calculate slope and aspect. (Kvamme 
1990c) 
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359 is much greater than 1, using the 360 degrees of a compass to describe aspect creates 

a statistical problem (Kvamme 1988). To overcome this problem, an AML program was 

written by the author that collapses the western half of the compass onto the eastern half, 

effectively reconfiguring aspect to fit a North-South, 180° scale. Thus a score of 0 

indicates due north, a score of 180° indicates due south, and values between these two 

scores can indicate either the western or eastern half of the compass. For instance, a 

score of 90 could indicate either due east or due west, and a score of 45 either northeast or 

northwest. Finally, because of the strong east-west orientation of many ancient Near 

Eastern cultures, a second map was created and scaled to model aspect along an east-west 

axis. Each of the aspect maps can be seen in Figure 3.14a. 

Relief; Change in elevation provides a good measure for the variability of a local 

surface and is an easily measured aspect of the environment. An AML program was 

written that passed a moving window with a radius of 5 grid cells, or 100 meters, over 

each cell in the DEM. From within this extended neighborhood, cells with the maximum 

and minimum elevation values were located. Using these two values, along with the 

elevation of the target cell, three different relief measurements were calculated (Figure 

3.11). Relief above locus was determined by subtracting the elevation at the target cell 

from the maximum elevation value in the neighborhood. Relief below locus was 

determined by subtracting the minimum elevation value in neighborhood from the 

elevation at the target cell. Finally, maximum relief was determined by subtracting 

maximum elevation from minimum elevation and writing the difference to the target cell 

in the new raster. Each of these three maps can be seen in Figure 3.14b. 
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Target 

Maximum Relief = Max -
Min. 

Relief Above = Max - Target 

Relief Below = Target - Min. 
810-780=30 

950-810=140 

Figure 3.11: Three different relief measures were calculated for the 
'Umeiri GIS. (Kvamme 1990c) 

Texture; Texture is the standard deviation all elevation values in the DEM, within 

a user-defined radius of the target cell. Increasing variation amongst elevation values in 

this extended neighborhood would create a larger standard deviation, while more uniform 

terrain would create a smaller standard deviation. Thus, smooth surfaces will yield low 

texture scores and rough terrain high scores (Kvamme 1988: 333). For the 'Umeiri GIS, 

a 100 meter radius was again used to define the extended neighborhood. The result of 

this operation can be seen in figure 3.14a. 

Ridge/Drainage Index: The algorithm that calculates this index is designed to 

measure the "angle of unobstructed horizontal view from a given location" (Kvamme 

1983: 28). First discussed by Brown (Brown 1979) as a way to measure view potential 

for Late Prehistoric sites in Kansas, the view, or ridge/drainage index is based on the 360 

degrees of a compass. Written in C by Kvamme and George Ball to work with 

ARC/INFO files, this algorithm passes a local neighborhood window over the surface of 

a DEM. At each cell, it uses the elevation of the center, or target cell, as the vertex of an 

elevation contour. Extending the contour to the edge of the 3 X 3 window, it calculates 

the angle of this contour and writes this value into the target cell of the new raster (Figure 
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3.12A). High scores indicate hilltop and ridge locations with their wide viewing angles, 

low scores correspond to drainages and their reduced viewing angles, and scores around 

180 are indicative of sites located mid-slope or in plains settings (Figure 3.12B) 

(Kvamme 1992b). The ridge/drainage map for the 'Umeiri region can be seen in Figure 

3.14b 

A. 
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^ r ̂  

A- rV c > 

B. 
Figure 3.12: Ridge index calculates view potential by interpolating a 
contour through the center point of a local neighborhood (A), with low 
values in drainage settings and high values in ridge settings (B). 
(Kvamme 1992b) 

Shelter Index: Shelter, from sun, wind, weather, etc., has long been recognized as 

an important factor for prehistoric site selection (Jochim 1976: 51, Kvamme 1992a: 29) 

but developing a usable measure for shelter has proven more difficult (Kvamme 1992a: 

26). Following Kvamme, an ARC/INFO AML was written that passed an imaginary 

cylinder with a radius of 100 meters over the DEM. The height of this cylinder was set at 

100 meters above the target cell, with the volume of the cylinder providing a relative 

index for shelter (Kvamme 1988: 335-336, Kvamme 1990c: 12, Kvamme 1992a: 26-27). 

For example, a site located on an exposed hilltop will increase the height of the cylinder, 

and in turn its volume, while a site located in a valley will decrease the height of the 
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cylinder and its volume providing a relative index for shelter in the region (Figure 3.13). 

The shelter map for the 'Umeiri region can be seen in Figure 3.14b. 

Sheltered Exposed 

Figure 3.13: Measuring the volume of an imaginary cylinder placed over 
the DEM gives a relative measure of shelter. (Kvamme 1990c) 
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Figure 3.14a: Five Geomorphological variables from the 'Umeiri GIS 
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Figure 3.14b: Five Geomorphoiogical variables from the 'Umeiri GIS 
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Limitations of the Environmental Data 

Before continuing, three important limitations of the environmental data need to 

be pointed out. The first of these is related to the data sources. Paper maps are only 

representations of the real world, and as such they depend on geometric generalization to 

enhance clarity. "A good map tells a multitude of little white lies; it suppresses truth to 

help the user see what needs to be seen. Reality is three-dimensional, rich in detail, and 

far too factual to allow a complete yet uncluttered two-dimensional graphic scale model." 

(Monmonier 1991: 25) The cartographer uses the lies of selection, simplification, 

displacement, smoothing, and enhancement in order to allow his map to tell the story it 

needs to tell. For example, at scales smaller than 1:25,000 it is impossible to symbolize 

most features at a true scale. In a 1:100,000 map, a line 0.5 millimeters thick, 

representing a road, would describe a corridor 50 meters wide, crowding out features 

which in reality lie beside the road. This forces the cartographer to generalize, by 

selecting which features to include and which to leave out, and by displacing those 

included in order for the map to convey the necessary information. Since the 

environmental component of the GIS is based on paper maps, this component will be 

limited by the skill of the cartographer and by the scale of the map. To minimize this 

problem, the 'Umeiri GIS has utilized the largest scale maps available without a security 

clearance from the government of Jordan. Like all good maps, these are still generalized, 

but the 1:25,000 scale makes this less of a problem than with smaller scale maps. An 

additional advantage is the age of the maps used. Published in 1958, these maps are not 

cluttered by the recent, rapid growth of Amman. On the 1958 map, this city takes up 

only four square kilometers, compared to the hundreds of kilometers it encompasses 

today. This means that generalizations by the cartographer needing to include important 
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urban features is a non-issue for the data collected by the 'Umeiri GIS, since Amman was 

still several kilometers from the survey region in 1958. 

The second limitation is related to the raster data model. While it is true that 

rasters are better at describing continuous surfaces than vector based products, they are 

limited by the resolution of the raster. For example, elevation can change a number of 

times in an area 100 X 100 meters, yet only a single elevation value will be allowed for 

this space in a raster GIS with a cell size of 100 X 100. This means that surface features 

smaller than the resolution of the grid being used will be lost, placing limits on the type 

of information that can be extracted. In order to minimize this problem, the 'Umeiri GIS 

has used the largest scale maps available, and a resolution of 20 X 20 meters grid cells. 

This raises the question of, "If 20 X 20 meter resolution is better than 100 X 100, why not 

use 10 X 10, or 1 X 1 meter resolution? While physically possible to decrease the cell 

size to 10 X 10 or 1 X 1, it would not improve the quality of the surfaces because of the 

scale of the maps that supplied the base data. At 1:25,000, the width of a contour line 

represents a line in the real world of approximately 6 meters in width. At this scale, 

decreasing the cell size would only make more cells, improving neither the accuracy nor 

the precision of the surface. 

The third, and potentially most serious, limitation is imposed by the mismatched 

time periods of the data and the archaeological periods being examined. This is 

especially important with regard to climate and topographical data. Since there are no 

maps contemporaneous with the archaeological sites of the area, the GIS was forced to 

rely on modem maps to describe the ancient environment. Erosion provides a good 

example of the kinds of problems this can create for the researcher. The large amounts of 

exposed bedrock are testament to extensive erosion in the region. Methods for tracing 

erosion history have been employed elsewhere (van Andel, et al. 1990), but little work 
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has been done in the 'Umeiri region (Schnurrenberger 1991) and what work has been 

done has proven unsuccessful at assigning dates to erosion events. Field work in 1997 

failed to identify erosion terraces that could be dated to particular archaeological periods. 

Without these types of data, reconstructing 'Umeiri's ancient soil regimes would be based 

on educated guesses and dead reckoning, not on empirical data. 

More problematic are estimates about ancient climate. The two main problems 

here are a lack of ancient data, and modem collected at too coarse a resolution. In the 

'Umeiri region virtually no ancient climate data exists. There are no lake sediment 

deposits later than the Neolithic/Calcolithic period ???? (Boling 1989, Schnurrenberger 

1991, Schnurrenberger 1997), leaving the researcher with little that can be said about 

climate in the region during the periods examined in this study. Our best guess about 

ancient climate in the region depends on data from other areas. It is generally agreed that 

these data indicate that the regional climate has changed little over the past XXX???? 

years ????XXX; however, resolution mismatch makes it impossible to use modem 

records to model the ancient climate. The high resolution of the archaeological data 

collected requires an equally high resolution of climate data. For example the 1:25,000 

maps discussed above allow topographical models to be built that map changing 

elevation every 20 meters across the project region, but there is no corresponding data for 

climate in the region. Rainfall records in the region extend only as far back as 19???. 

Abujaber compared these records to rainfall amounts in Jerusalem and created a 

regression model for rainfall in the 'Umeiri region. Still, this model only goes back as far 

as I???, the extent of the Jerusalem records(Abujaber 1989), and provides rainfall data for 

only a single site in the region, Yadudah. This single site doesn't allow us to construct 

microclimates across the project area, instead we have only a single rainfall zone for the 

region. 
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This places the archaeologist in a difficult position, a position where the best, and 

only realistic source of data is not contemporary with the archaeological material. In 

order to lessen the impact of this limitation, the environmental variables used in the 

'Umeiri GIS were chosen carefully to provide the best possible environmental surfaces. 

Although based on modem maps, the fourteen variables discussed above and summarized 

in Table 3.1, measure those things which, for the most part, have remained unchanged in 

any significant way for several thousand years. Wadis follow essentially the same 

courses and changes in geomorphology have remained minimal. Recent mechanical 

quarrying operations have caused some changes in the topography of the survey region, 

but these changes would not be reflected in data contained in maps published during the 

1950's. Left out of the analysis is climate data. With little change over the millennia, 

and with modem data developed at the coarsest of resolutions, it was not possible to 

include it in the models. Hopefully by recognizing the problems discussed here, and 

through careful selection of the variables that were used in the research, the models 

constructed below will represent the ancient environment by the most accurate and 

precise method possible. 

Archaeological Data 

The other principal source of data for the 'Umeiri GIS is the archaeological 

database. A large project with multiple excavations and surveys being carried out 

simultaneously, the Madaba Plains Project has long been interested in the standardized 

collection of excavation and survey data. These data have also been placed into digital 

databases to facilitate analyses and publication. Given the significance of this data to the 

'Umeiri GIS, discussion of its collection and storage and utilization is important. 
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EXCAVATION DATA 

Although excavation data is not a fundamental component of this research, a brief 

discussion of the 'Umeiri excavation is useful because the tradition of data collection 

instituted at this site provided the model for the survey database. Recognizing the 

obvious limitations of ex-post-facto research design, the Hesban team was anxious to 

begin work on a new site, in the same region, where they could introduce food system 

theory from the beginning. This desire led directly to the current excavations and surveys 

at Tell el-'Umeiri and Tell Jalul where a food system perspective was an integral 

component, not just an add-on to the research design (Geraty, et al. 1987, Geraty, et al. 

1986, Geraty, et al. 1989, LaBianca 1989). 

Tell el-'Umeiri was visited previously by a number of investigators, including 

Warren, Conder, the German team of Gese, Hentschke, Fohrer, and Reventlow, Ibach, 

and Franken (Geraty, et al. 1989; 4-5). Excavation at Tell el-'Umeiri began in 1984, with 

Lawrence T. Geraty serving as Project Director and Larry G. Herr as Director of the 

'Umeiri Excavation. Subsequent field seasons were conducted in 1987, 1989, 1992, 

1994, 1996, 1998, and 2000. To date, these excavations have revealed a substantial 

occupation during the Early Bronze Age, Iron Age I, and Iron Age IL Additionally, 

while exposure of Middle Bronze Age loci has been limited, the presence of impressive 

MB lie defensive structures indicates a significant presence during this period. (Herr, et 

al. 1994, Herr, et al. 1991b, Younker, et al. 1996). 

Data collection and recording procedures were in place from the inception of the 

'Umeiri excavation. With many of the leaders of the Madaba Plains Project having 

begun their careers with the Shechem and Gezer excavations, the locus based recording 

system employed at Tell el-'Umeiri can be seen as a descendant of the data collection and 

recording procedures of these projects, which were, in turn, also influenced by the 
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excavations of Sir Mortimer Wheeler and Kathleen Kenyon (Dever and Lance 1978: i, 

Herr 1987: 5). The 'Umeiri excavation uses a series of locus sheets to standardize data 

collection and record detailed, often quantifiable information about each locus. These 

sheets are specialized to collect data about soil, architectural, installation, and burial 

loci. As Herr puts it "Successful excavation demands precise observation and 

interpretation of the finds, leaving as little room for ambiguity as possible." (Herr 1987: 

I) These data are then transferred from each locus sheet to a digital database from which 

a variety of reports are generated for analysis and publication purposes (Brower 1989). 

SURVEY DATA 

More important to this research is the data collected by the 'Umeiri survey. In 

order to avoid some the problems with the Hesban survey discussed in the previous 

chapter, three corrective measures were taken by the 'Umeiri survey. First, the project 

area retained its five-kilometer radius throughout the different surveys and excavations, 

producing coincidental samples. Second, the archaeological survey used a random 

sampling technique to ensure a representative sample. Finally, the quantification of 

selected environmental variables, via the introduction of GIS technology, allows access to 

microenvironments and thus to a higher resolution of environmental data, matching the 

high resolution of the archaeological data collected. 

The 'Umeiri regional survey began in 1984 as a component of the Madaba Plains 

Project's excavation at Tell el-'Umeiri. Operating within a five-kilometer radius of the 

Tell, its stated objective was "to gather data pertinent to reconstructing changes over time 

in patterns of food production in the hinterlands" (LaBianca 1989: 23-24). In order to 

achieve this goal, the survey was divided into four main emphases: a random sample 

survey, a judgment sample survey, an environmental survey, and an ethnographic survey 

(LaBianca 1989: 24). 
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Figure 3.15: Random Survey Squares from the 'Umeiri regional survey. 

Of these four surveys, the random survey, environmental survey, and judgment 

survey, are most important to this discussion. The random sample survey was carried out 

during the first three field seasons and has provided a baseline, against which many of the 

results from the other surveys can be measured. This survey visited 100 randomly 

selected survey parcels, 200 x 200 meters in size, collected pottery and recorded various 

environmental data in an effort to collect a representative sample of the survey region's 

environment, ceramics, and antiquity sites (Figure 3.15). The random nature of the 

survey was designed to accomplish two main goals: first, to force investigators into areas 

that might otherwise be overlooked because of access difficulties, and second, to increase 

the validity of various statistical analyses concerning the environmental and 

archaeological characteristics of the region (Christopherson 1997a, Cole 1989b). In 

retrospect, each of these goals was met. 

The environmental survey concentrated on botany, phytogeography, hydrology, 

geology and soil studies (Cole 1989a, Cole and Cole 1989, Schnurrenberger 1991, 
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Younker 1989a). During the course of these studies, geology and soil maps were 

prepared, both of which are important components of the 'Umeiri GIS. Just as important, 

a large number of archaeological features used to alter the environment for agricultural 

intensification were discovered. The ephemeral remains of wadi embankments, dams, 

terraces, and stone piles are easily overlooked clues to ancient food system 

intensification, but with researchers sensitized to their existence by close examination of 

the local environment they quickly became one of the more common archaeological finds 

of the hinterland survey. 

The judgment survey was intended to provide the primary archaeological 

component to the survey data. Employing traditional survey methodology, the judgment 

survey followed roads and wadis to examine areas thought likely to produce antiquity 

sites. In addition, this survey team was responsible for recording sites discovered by the 

other components of the hinterland survey, principally the random and environmental 

surveys. Finally, it should be noted that although discussed separately here, all four 

components of the survey were highly integrated, often traveling and recording together. 

In fact, most of the sites recorded by the judgment survey were actually discovered by the 

random square and environmental surveys. 

Through the efforts of these survey components, the 'Umeiri regional survey 

recorded 133 sites over four field seasons. These sites ranged from small single feature 

sites to mid-sized urban centers, and from the Upper Palaeolithic to the Late Islamic 

periods. The final publication of these sites is in its early stages but brief descriptions can 

be found in several preliminary reports (Boling 1989, Christopherson 1991, 

Christopherson 1997c, Geraty, et al. 1986, Geraty, et al. 1990, Geraty, et al. 1991, Krug 

1991, Younker 1989b, Younker 1991a, Younker 1991b). 
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The data collection and recording methods used by the 'Umeiri regional survey 

were descendants of the locus sheet system used by the 'Umeiri excavation, reflecting 

both the nature of sites in the area and the stated goals of the Madaba Plains Project. A 

site was defined by the project as a collection of archaeological features that combined in 

a variety of ways to form a single integrated unit, or site (Christopherson and Herr 1992). 

As such, each site had two layers of data: the first layer was the site as a whole, and the 

second was the individual features that combined to form the site. The recording system 

was developed to mirror the two layer nature of the sites, with different forms for each 

layer of data. The first layer was recorded on the Survey Site Sheet. This form provided 

an overview of each site and acted as a cover sheet for the more detailed data collection 

forms developed for individual features. The site sheet covered the front and back sides 

of one sheet of paper (Figures 3.16a and 3.16b) and was divided into eleven sections: 

Survey Site Identification, Features, Environmental, Dimensions, Site type. Pottery 

Reading, Objects, Identification (a shortened version of the first section for the top of the 

second page). Photographs, Description, and Interpretation. The information contained 

in these eleven sections provided the bulk of the data used in this research. 
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Survey Site Sheet ^ p3 
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Figure 3.16a: Front side of 'Umeiri Survey Site Sheet. 
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8. Idantificalion: 

A. Site no. B. Season. C. Supervisor. 0. Date. E. Page. 

9. Photographs: 
A. B 

Dale Photo # 
C-

Subiect 
A. 

Date 
B. 

Photo # 
C 

Subject 

J. L 

10. Description: 

11. Interpretation: 

A. Function: 

8. Food System: 

Figure 3.16b: Back side of 'Umeiri Survey Site Sheet. 

Although they provide only a small portion of the data used in this dissertation, 

individual features are important components of the 'Umeiri survey database. While 

many surveys collect the type of data asked for by the Survey Site Sheet (Figures 3.16a 
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and 3.16b), few provide anything more that cursory descriptions of the most prominent 

individual features. This second layer of data was recorded on detailed Feature Sheets. 

Divided into eight feature types. Architectural, Caves, Cisterns, Environmental, Roads, 

Rock-cut, Scatters, and Tombs, these feature sheets served the same function as locus 

sheets in the 'Umeiri Excavation by forcing a detailed examination and recording of each 

individual feature or group of features associated with a particular site. (Christopherson 

and Herr 1992). In order to provide a direct, comparable point of contact between the 

survey and excavation data, much of the information collected on these sheets, especially 

the architectural and environmental feature sheets, closely parallels that collected on the 

'Umeiri excavation's locus sheets. 

With its ready made spatial component of Palestine Grid coordinates, the 

archaeological data collected by the hinterland surveys is a natural component of the 

'Umeiri GIS. After collection, the archaeological data was put into a digital database 

developed in FoxPro 2.6 (Microsoft Corporation 1993). Using this database, any search 

parameters that can be executed, given the limitations of the data collected, can be turned 

into a point map. For example, the database can be instructed to search for all sites with 

Iron Age II pottery, and cisterns, and rectilinear structures. After locating these sites, an 

ASCII file is output that contains Palestine Grid coordinates for these sites. These 

coordinates can then be put into the GIS, creating a point map of all survey sites that 

match the selection criteria. As will be seen in the following chapters, point maps of 

various groupings of archaeological sites will be used to query the environmental map 

layers of the GIS in order to discover the local environment for these sites. 

Some Problems with the 'Umeiri Survey Data 

Before continuing, some discussion of the problems associated with the survey 

data is necessary. When building a survey database, it quickly becomes apparent that 
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surface collection is both its greatest strength and weakness. Surface collection allows 

large areas to be covered in a relatively short period of time. This facilitates a relatively 

quick, inexpensive collection of publishable data. Further, surface collection of survey 

data facilitates a regional approach to material. Tell excavation produces large quantities 

of data from very small soundings, forcing the archaeologist to concentrate on a single 

site for extended periods of time. At large tells, this concentration is even more narrowly 

focused onto a small percentage of the site. Survey data, on the other hand, is collected 

over large areas, prompting questions about the relationship between archaeological sites 

and between sites and a region's environment, and, at the same time, producing exactly 

the types of data necessary for this project. 

On the other hand, surface collection, by its very nature, creates contextual 

problems. Without excavation, one can never be sure that a sherd collected from the 

surface of a site has any direct relationship to the structures at that site. Further, the 

extent of occupation for any particular period at a site can only be approximated. Just 

because Early Bronze Age sherds are found on the surface of a large tell, one cannot 

make the assumption that the total area of the tell was occupied during the Early Bronze 

Age. This means that estimations of site size and assignment of temporal ranges must be 

done with caution. 

In addition to the limitations inherent in the nature of surface collection, there are 

two data collection problems specific to the 'Umeiri survey. The first of these has to do 

with the recording system employed. Since 1984, the survey had three supervisors, each 

employing a different recording system. In 1984, Robert G. Boling was in charge of the 

archaeological survey. Randall W. Younker followed him in 1987. From 1989 to the 

present, the author has directed the archaeological portion of the MPP Hinterland Survey. 

In addition to these changes in leadership, the recording system discussed above was the 
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result of an evolutionary process stretching over four field seasons (nine years). During 

the 1984 season, the recording of archaeological sites involved taking notes as they were 

visited. At this point it appears that there was no standardized recording system in place 

(R. W. Younker, 1995, personal communication). Further, the untimely death of Boling 

in 1994 has likely closed the book on the 1984 season, leaving us only his preliminary 

report on the archaeological survey (Boling 1989), and a short, largely premature book 

based on this single season of field work (Boling 1988). Randall W. Younker headed the 

archaeological survey during the second field season (1987), when a simple recording 

sheet developed in the field by Younker and Christopherson was used. Although this 

allowed standardized data collection, it lacked the sophistication necessary for the kind of 

survey being carried out. Following the 1987 season, the author was charged with the 

development of a wholly new recording system. This system was field tested during the 

summer of 1989, and, with a few refinements, was fully implemented during the 1992 

field season. It remains the survey recording system for the Madaba Plains Project, 

having been employed in the 'Umeiri region (1989-1992, 2000), the Jalul region (1994), 

and in a re-visitation of the Hesban survey (1996-1998). 

This process of trial and error created obvious data problems for the 'Umeiri 

hinterland survey. It meant that over the course of four field seasons, three different 

individuals, using three different recording systems with varying levels of sophistication, 

headed the. Umeiri survey. Different kinds of data were collected in difTerent ways by 

different people, making unified publication difficult. Recognizing this problem, the 

principal emphasis of the 1992 season was to revisit and re-record all sites discovered 

during the first two field seasons of the 'Umeiri survey in order to standardize the 

database. This endeavor was largely successful with almost all sites recorded in 1984 and 

1987 brought up-to-date. Only a few sites, having been overtaken and destroyed by the 
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urban sprawl of Amman, were not brought on-line in 1992 with the new recording 

system. 

More problematic was the way in which ceramic data was recorded. As was 

typical of archaeological surveys in the Levant from the late 70's and early 80's, counts 

were made of diagnostic sherds and total sherds, but no counts or weights were taken of 

sherds from particular periods or forms. While this level of recording is generally 

sufficient for tell excavations where loci tend to be more homogenous, it creates problems 

when used to characterize sites from a survey. For example, a site may have 5 EB sherds 

and 150 Byzantine sherds; however, because the reading notes only that EB and 

Byzantine sherds were found here, the 5 EB sherds would carry a weight equal to that of 

the 150 Byzantine sherds. Further, because the processing of ceramic data involves its 

removal from the field, it was not possible to re-examine the data in the same way that the 

archaeological database was updated by revisiting sites recorded during previous seasons. 

At this point, all that can be done is to recognize the limitations inherent in the 

methodology employed to collect and record ceramic data, and carry on with the data that 

is available. 

Other Data 

Finally, there were two data themes created by the GIS without reference to the 

environment or to the archaeological database. First, a random sample of 250 non-site 

locations within the survey region was created in Idrisi and then exported to ARC/INFO. 

These non-site locations can also be queried against the environmental layers to discover 

the environment at a random sample of non-site locations, allowing for a comparison 

between these locations and the site locations. Secondly, a five-kilometer buffer around 

the coordinates for Tell el-'Umeiri was created in ARC/INFO. This buffer corresponds 

to the survey area and was used as a mask to exclude data from outside this region. This 
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is important because the sites recorded by the hinterland survey were all located within 

five kilometers of Tell el-'Umeiri and it is vital that our environmental samples coincide 

with this area. 

A Summary of the 'Umeiri GIS 

Given the archaeological and environmental data in hand, there is much in the 

'Umeiri GIS that lends itself to spatial analysis. The 'Umeiri archeological survey is 

unique in a couple of ways. First, as an intensive survey it recorded small, as well as 

large sites. Following the tradition set by the Hesban survey, it was carried out in a 

relatively small area, and at an intensity level that led to the discovery of many small sites 

that most surveys would simply have overlooked as unimportant, but which were the 

support base for the larger sites. Secondly, the random sample approach led to a sample 

of sites not biased by ease of access. It will be demonstrated below that the 'Umeiri 

survey sampled the entire region, not just those areas near roads. Contrast this with the 

Hesban survey, noted above, where they started with a similar proposal to survey an area 

contained within a radius around the principal excavation site but continually changed 

their boundaries to facilitate the more easily traveled roads and wadis of the region, as 

well as to include exciting sites outside the original scope of the survey (Ibach 1987: 5). 

While this led to the discovery and publication of many sites in the Hesban region, the 

'Umeiri survey provides a more accurate picture of ancient settlement patterns in the 

region. 

Not content with broad generalizations about the environment, the 'Umeiri GIS 

has captured environmental data at a resolution that makes it possible to draw concrete 

connections between the archaeological sites and the total environment of the project 

area. Rather than dividing the region into three or four very general environmental 

regions, the 195,355 raster cells in the project area allow every site to be placed within its 
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own local environment and allow for quantitative comparison of these environments with 

all other local environments in the region. Additionally, the surfaces derived from the 

base coverages contain both standard environmental measures, such as elevation and 

aspect, and innovative measures, such as the ridge and shelter indexes. This allows for 

new ways to describe the environment in ways that seem ideally suited for answering the 

questions of the archaeologist. 

To conclude, these data, combined in a GIS, create the proper environment for 

spatial analysis of the archaeology of the 'Umeiri region. As we shall see in the coming 

chapters, it is the spatial relationships between the archaeological and environmental data 

that allows for the creation of a number of models. These models will be used to measure 

everything from the environmental signature of archaeological sites, to the degree of 

social interaction between sites. As this dissertation moves on to the creation of models, 

let us not forget that ultimately it is the raw data, not the mathematical manipulations, 

that determine the final worth of these models. A model is only as good as its data. 
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CHAPTER 4 
ENVIRONMENTAL PROBABILITY MODELS AND THE 

LONGUE DUR^E 

Successful models consist of three components: data, methodology, and results. 

In the previous chapter the data to be used in this study were introduced. In the next three 

chapters, methodologies and results will be presented for a variety of models. The goal 

of each chapter will be to make connections between the various time scales of Braudell's 

temporal hierarchy: eventements, represented by archaeological artifacts or features, 

conjonctures, represented by the cycles of settlement intensification and abatement, and 

the longue duree of environmental structures and mentalites. This chapter will 

concentrate on using probability models to make connections between the longue duree 

of the environment and conjonctures represented by cycles of settlement intensification 

and extensification. In Chapter 5, erosion models will be used to discern connections 

between the evenment, seen in the introduction of terrace agriculture, and the longue 

duree of environmental degradation. Finally, Chapter 6 will use visibility analysis in 

order to attack the problem of social factors, or mentalites, in settlement strategies. Each 

of these three chapters will begin with a section on methodology and conclude with an 

application of that methodology to the data. 

In each chapter, the developed methodology will be applied to Iron Age I, Iron 

Age II, Byzantine, and Umayyad sites. These four periods were chosen for two reasons. 

First, these periods produced sites in sufficient quantity to provide adequate sample size. 

(It is necessary for n to be at least 1 greater than the number of variables in the 

regression.) Second, they provide windows to the up-and-down cycles of settlement, 

allowing examination of both settlement intensification and abatement. The transition 

from Iron Age I to Iron Age 11 is a transition from low to high settlement intensity, and 
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the move from the Byzantine to the Umayyad period is a transition from settlement 

intensification to settlement abatement (Figure 4.1). 

Random 
Sample 

—— Arch. Sites 

20-

Q J 5 N 5 CQ 5 
u W a OQ 5 

> OQ CQ 
- 5 - 3  

CQ 
UJ 

Archaeological Period 
Figure 4.1: Settlement cycles in the 'Umeiri region represented by 
percentage of random squares and sites with pottery from each period. 

Methodology: Building Environmental Probability Models 

Before beginning the discussion on the methodology to be employed, the purpose 

of the models to be built and their assumptions need to be understood. The models built 

in this chapter are designed to make the connection between BraudelPs longue duree and 

settlement pattems in the 'Umeiri region. They are founded on two assumptions. First, 

that ancient humans did not randomly choose the locations for their sites, but had a plan 

when locating them. Second, that part of this plan will be revealed in a set of 

environmental particulars common to a group of sites. These commonalties can be 

understood as an environmental signature for the sites in question. If environmental 

signatures can be discovered for 'Umeiri survey sites, and if these signatures are different 
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from that of the survey area as a whole, it can be concluded that they did have a plan in 

locating their sites and that the plan was rooted in the long-term structures of the 

environment, Braudel's longue duree. 

As the methodology is developed in the following pages, each step in building 

and testing the models will be illustrated with a real world example using all 

archaeological sites recorded by the 'Umeiri regional survey. There are both advantages 

and disadvantages to using the complete catalog of sites from the region to build the 

initial model. The principal disadvantage will be the relative weakness of the model. 

Focused groups of sites produce the strongest models, while those based on disparate 

groupings tend to be weaker. Because it is based on all sites, the initial model will reflect 

the diverse nature and the long history of human habitation in the region, producing a 

relatively weak model. The principal advantage of utilizing a model based on all 

archaeological sites is that it can serve as a baseline, against which other models can be 

compared. The relative strengths and weakness of the various models built in this chapter 

will reveal much about the processes of settlement intensification and abatement, and 

having a natural baseline against which to measure them will help to illustrate these 

cycles. 

Univariate Analysis 

To begin the process of developing a methodology for model construction, 

relationships between the environment of the survey region and the archaeological site 

locations were examined. To discern these connections, environmental variables in the 

'Umeiri GIS were queried first by 10,000 randomly located points, representing a 5% 

sample of the survey area, and secondly by the archaeological sites. These queries 

resulted in ASCII files, which were exported to DataDesk and STATA for statistical 

analyses. Statistics were computed and reported in Table 4.1. In this table, means. 
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medians, and standard deviations for each environmental variable are presented. These 

numbers indicate similarities and differences between the environment at archaeological 

sites and the S% sample. For example, the table indicates that relief below locus is 

significantly greater at archaeological sites than in the random sample. This difference 

indicates chat archaeological sites were more likely to be located above low-lying areas. 

This observation is supported by summary statistics for other variables, most notably the 

ridge and shelter indexes whose higher numbers indicate a preference for exposed, 

ridgelike conditions at archaeological sites. On the other hand, there were only slight 

differences between the samples for aspect N-S, aspect E-W and relief below locus, 

indicating that these components of the environment had little, if any role in the site 

selection process. This is particularly interesting in light of the importance noted in 

Chatper 3 of south facing slopes for archaeological sites in the Southwestern United 

States. Although the significance of these differences is difficult to determine from the 

numbers in Table 4.1, these summary statistics raise suspicions that the processes 

involved in selecting a location for an archaeological site were not random, but were 

arrived at with a particular set of environmental factors in mind. This provides the first, 

rather unfocused glimpse of an environmental signature for archaeological sites in the 

'Umeiri region. 
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Table 4.1: Summary statistics for the 5% sample and archaeological sites in the 
'Umeiri region. Bold values indicate significance at the 5% level for 
Kolmorov/Smimov test statistics. 

Kolmogorov/ 
Variable Mean Median Std. Dev. Smimov 

Dist. to Soil 1 1 i 1 0.2281 
5% Sample 271.604 180 297.819 

Sites 315.560 250.599 268.510 1 

OisL to Soil 2 i 
1 1 0.1387 

5% Sample 100.982 60 131.387 i 
Sites 101.231 82.4621 96.1313 

Dist. to Soil 3 0J259 
5% Sample 84.5252 20 149.362 ! 

Sites 20.1313 0 61.3793 ! 

DisL to Wadi i 0.1255 
5% Sample 223.388 181.lOS 177.319 

Sites 248.486 188.680 170.086 

Elevation ' 1 0.1612 
5% Sample 885.757 890.000 37.6816 

Sites 893.510 891.863 27.3445 

Aspect N-S i i i 0.0471 

5% Sample 102.041 108.776 51.3834 
Sites 104.662 112.208 50.7560 

Aspect E-W i 1 0.0807 

5% Sample 173.880 172.827 50.7466 
Sites 180.623 179.817 51.4721 

Slope 0.2190 
5% Sample 9.47748 7.75893 6.75981 

Sites 12.0437 11.3730 6.91644 

Relief Above 0.0694 

5% Sample 9.24105 8.17270 5.99723 
Sites 9.33434 8.56213 6.00822 

Relief Below 0J375 
5% Sample 8.42090 6.94501 5.89022 

Sites 12.4461 11.6309 5.88762 

Max. Relief 1 0.2366 
5% Sample 17.6619 16.6486 9.45945 

Sites 21.7805 21.5828 8.23842 

Texture 0.2388 
5% Sample 4.57301 4.19941 2.61689 

Sites 5.61752 5.48432 2.31137 

Ridge Index 0.1252 
5% Sample 174.247 177 37.1624 

Sites 183.368 179 47.8953 

Shelter 0.2301 
5% Sample 1619.97 1611.11 165.740 

Sites 1705.79 1673.18 203.150 

Suspecting that the site selection process was not random, an examination was 

begun to discover those variables that were significant components of the environmental 
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signature for archaeological sites in the 'Umeiri survey area. As part of this process, all 

variables were subjected to a Kolmogorov-Smimov test. The Kolmogcrov-Smimov test 

is a non-parametric statistical test that measures the difference between the cumulative 

proportions of two samples. This test is well suited to discovering the significance of 

individual environmental variables in the site selection process (Kvamme 1990b). Figure 

4.2 provides an example of how this works. In this graph, cumulative proportions of 

relief below locus for both archaeological sites and the 5% sample are displayed. The 

Kolmogorov-Smimov test locates the point at which the two samples are farthest apart. It 

then subtracts the lesser proportion from the greater proportion and returns this number as 

the test statistic. Significance at the 5% level is reached if the difference between the 
1.36 

samples is greater than d  = /»• . With the square root of the sample size ( n )  serving as 
Vn 

denominator, sample size greatly affects the point at which the difference between 

samples becomes significant. Large samples lessen the difference necessary for 

significance to be reached, while a small n increases it. For our sample of 133 

archaeological sites, significance at the 5% level is reached if the difference is greater 
1.36 

than d =-j== = 0.1179. If relief below locus is used as an example (Figure 4.2), the 

difference between the cumulative proportions for archaeological sites and survey area is 

0.3375, making this variable significant. 



119 

0.9 r 

0.8 r 

0.7-

£ 0.6-

2 0.5-

The Kolmogorov-Smimov test looks for 
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Figure 4.2: The Kolmogorov-Smimov goodness-of-fit test can be used to 
determine if the difference between two samples is significant. 

The graph in Figure 4.2 also provides details about the type of relief preferred by 

ancient humans when deciding where to locate their sites. If the cumulative proportion of 

sites is to the left of the 5% sample, then they preferred locations with values lower than 

would be expected given the surrounding environment. If the cumulative proportion of 

the site sample is to the right of the environmental sample, then the values will be higher 

than expected. In Figure 4.2 it is clear that they preferred areas of greater than expected 

relief. The significance of this preference can be seen by looking at the six-meter mark 

along the x-axis. Only about 22% of the archaeological site sample was found in areas 

with less than six meters of relief below their location. At the same time, about 56% of 

the survey region is located in these areas. Using these numbers, a simple model could be 

constructed by designating those areas with less than six meters of relief unlikely to 

produce archaeological sites, thereby eliminating 56% of the survey area from the model 
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while retaining 78% of the archaeological sites. In other words, concentration on 44% of 

the survey area would still yield 78% of the sites in the region. 

Results of Kolmogorov-Smimov tests for each environmental variable in the 

'Umeiri GIS can be seen in the last column of Table 4.1 and the graphs in Figure 4.3. In 

the table, the eleven variables with their Kolmogorov-Smimov scores printed in bold 

were found to be significant at the 5% level. These variables were distance to soil type 1, 

distance to soil type 2, distance to soil type 3, distance to wadi channels, elevation, slope, 

relief below locus, maximum relief, texture, ridge index, and shelter index. Looking at 

the cumulative proportion graphs for these variables (Figure 4.3), it can be deduced that 

when locating a archaeological site in the 'Umeiri region, ancient humans looked for 

exposed areas, near type 3 soils and away from type 1 soils, where variation in elevation 

was greater than normal, with at least six meters of relief below the site, in a very narrow 

band of elevation (clustered around 860 meters), and nearer to ridges than to drainages. 
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Figure 4.3: Cumulative distributions comparing the 5% sample with 
archaeological sites for the fourteen environmental variables in the 
'Umeiri GIS. 
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Multivariate Analysis: Logistic Regression Models 

At this point we are close to identifying an environmental signature for 

archaeological sites in the 'Umeiri region. Having moved beyond simple statistics, 

Kolmogorov-Smimov tests of the various GIS data themes have revealed the significance 

of individual variables. Using these tests and their attendant cumulative proportion 

graphs, it is possible to make general statements regarding the type of environment most 

suitable for ancient sites. It would even be possible to begin constructing models based 

on these results; however, models based on individual environmental factors provide 

insufficient explanation of the relationship between ancient humans and their 

environment. The natural world, with its dynamic interaction between a host of 

environmental components, is much more complex than a simple cause and effect 

relationship between archaeological sites and single environmental variables. The 

cumulative effect of a group of environmental variables in interaction is usually more 

important than the sum of their individual importance. Variables in interaction may 

cancel each other out, or their importance may increase geometrically. For this reason, it 

is necessary to move beyond the univariate types of analyses discussed above and begin 

examining multivariate models. 

There are a number of different multivariate statistical techniques that can be 

employed to discern connections between the environment and ancient humans (Kohler 

and Parker 1986, Kvamme 1988, Warren 1990a, Warren 1990b). In this study, 

probability models will be constructed using logistic regression. Logistic regression 

takes an inductive approach to the modeling process, in that it begins with what is known 

about individual cases and applies this knowledge to reach general conclusions. In terms 

of this study, a logistic regression model takes what is known about the location of 

individual archaeological sites in a sample and uses this knowledge to make statements 
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regarding the site selection processes for the 'Umeiri region as a whole. There are several 

advantages to this approach, not least of which is that by beginning from what is icnown 

there is a degree of confidence that the model will actually reflect choices made by 

ancient people rather than what we think they would choose (Kohler and Parker 1986). 

When attempting to answer questions about something as complex as the relationship 

between ancient humans and their environment, this is an important advantage. 

Regional archaeology lends itself particularly to logistic regression techniques. 

All regression models seek to discern the best fit between a dependent variable and a set 

of independent variables. The distinction between linear and logistic regression 

techniques is that for logistic regression, the dependent variable must be binary. That is, 

either "1" or "0," which can represent yes or no, on or off, living or dead, or, in the case 

of ancient settlement patterns, site present or site absent. Aside from this difference, the 

principles for logistic regression are identical to that for linear regression (Hosmer and 

Lemeshow 1989: 1). 

In this research, the ones were supplied by the archaeological site sample and the 

zeros by a sample of non-site locations. Idrisi was used to create a GIS data theme of 250 

randomly selected point locations. Two tests were carried out to ensure that sampling 

bias would not affect the models. The first test was designed to identify potential bias in 

the random sample. These 250 non-site locations were subjected to Kolmogorov-

Smimov tests to determine if there were significant differences between their local 

environment and the environment of the survey area. For all variables, there were no 

significant differences, indicating that these non-site locations were representative of the 

region's environment and suitable for comparison purposes. 

A second test was performed to ensure that a sampling bias had not been 

introduced during the survey's fieldwork. Like water running down a slope. 
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archaeologists have a recognized tendency to seek the path of least resistance, especially 

if that path allows them to avoid walking up and down hills. This can lead to surveys 

where the majority of sites discovered are near modem roads. As noted in the previous 

chapter, the 'Umeiri survey employed a random sampling technique, with one of its goals 

being to force the researchers out of their vehicles and into the less accessible portions of 

the survey region. To determine if this goal was met, a raster map detailing Euclidean 

distance to modem roads was queried by the 133 sites from the 'Umeiri survey and the 

5% sample of the region. The results of this query were subjected to a Kolmogorov-

Smimov test in order to determine if there was a relationship between the site sample and 

modem roads. The result of this was a test statistic of 0.1012 indicating that there were 

no significant differences, at the 5% level, between samples. Further, as can be seen in 

Figure 4.4, the differences that did exist between samples show that the sites were 

actually located slightly further from the roads than would be expected. The results of 

this test clearly indicate that there was no sample bias for modem roads in the 'Umeiri 

survey, leaving the way clear for the construction of logistic regression models. 

5% Sample 

All Sites 

0 100 200 300 400 SOO 600 700 800 
Distance in Meters 

Figure 4.4: Cumulative proportions, comparing the 5% random sample to 
archaeological sites for distance to modem roads. 
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The final consideration before moving on to the models was the construction of a 

correlation matrix for the variables used. A correlation matrix details the measure of 

dependency between variables. It is the ratio of the covariance between the layers 

divided by the product of their standard deviations. In ARC/INFO, this is accomplished 

using the STACKSTATS command. This command uses a stack of grids, and calculates 

both covariance and correlation measures for each pair of grids in the stack. Covariance 

is measured as Cov.. =— where Z is value of a cell, i, j are the 
"  N - I  

grided variables, is the mean value of a raster variable, N is the number of cells, and k 

denotes a particular cell. Correlation is the ratio of the covariance between the two layers 
Cov, 

divided by the product of their standard deviations, Corr,j = (ESRI 1998). 
O U 

' J 

Applying this to the variables used in this study, produced the Table 4.2. In this table, 

values higher than 0.7 are in bold showing groups of correlation clustered around 

measures for relief, distance to soil types, and slope. In the regressions that follow, 

variables in these groups are somewhat interchangeable. That is, in one regression 

distance above locus may be important while and in another distance below locus may be 

important. Since these are highly correlated, they show opposite sides of the same coin, 

it is important to remember that these kinds of shifts do not necessarily represent 

significant change from one model to the next 
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Table 4.2: Correlation matrix for all 'Umeiri G S environmental variables. Scores greater than 0.7 in bold 
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Aspcct N-S 1.000 0.074 -0.176 -0.095 -0.101 -0.117 -0.119 -0.013 -0.126 -0.073 -0.030 0.002 -0.110 -0.055 

Aspcct E-W 1.000 0.035 0.128 0.164 0.173 0.171 0.006 0.089 0.042 0.043 0.010 0.151 -0.109 
Elevation 1.000 0.061 0.268 0.195 0.185 0.100 -0.003 -0.226 -0.316 0.199 0.170 0.224 

Relief Above 1.000 0.421 0.843 0.823 -0.173 -0.048 -0.047 -0.118 -0.403 0.724 -0.275 

Relief Below 1.000 0.843 0.838 0.247 0.025 0.001 -0.087 0.456 0.749 -0.108 

Maximum Relief 1.000 0.985 0.044 -0.014 -0.027 -0.122 0.031 0.874 -0.227 

Texture 1.000 0.055 -0.018 -0.027 -0.120 0.045 0.914 -0.217 

Ridge Index 1.000 -0.008 -0.021 -0.031 0.522 0.082 0.101 

Soil 1 Dist 1.000 0.843 0.829 -0.085 -0.016 0.122 

Soil 2 Dist 1.000 0.949 -0.111 -0.029 0.075 

Soil 3 Dist 1.000 -0.120 -0.109 0.062 

Shelter 1.000 0.053 0.118 

Slope 1.000 -0.190 

Wadi Dist 1.000 
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The logistic regression process began by querying the environmental variables in 

the GIS by the archaeological site and non-site samples. This process was done using the 

SAMPLE command in ARC/lNFO's Grid module. SAMPLE used the locations for the 

archaeological site and the non-site samples to find values for each environmental 

variable at these locations. These values were written to an ASCII file which records 

these environmental data, along with a site designation and x and y coordinates (ESRI 

1998). This text file was then imported into STATA for statistical manipulation. Figure 

4.5 shows an example of a single record of the text file after it has been imported by 

STATA. In this figure, the variable site is the binary dependent variable that determines 

the status of the record. In this instance, the "1" indicates that it is an archaeological site. 

An identical process was carried out for the non-site sample. In the case of the non-site 

sample, the variable site would contain a "0." 

Observation 1 

site 1 xcoord 235717 ycoord 144218 aspew 161.8059 aspns 19.3166 
elev 898.7878 relfabv 3.4279 relfbei 13.7753 reifmax 17.2032 tex 
4.2854 ridge 225 sdl 111.8034 sd2 350 sd3 0 sheit 3252.8960 slope 
2.8084 wadist 111.8034 
Figure 4.5: An example of a single record in STATA. 

Having gathered the necessary data concerning the two samples, the next step in 

the process was to logistically regress the samples using STATA's logistic command 

(Computing Resource Center 1992b: 12). What this process does is to compare 

differences between site and non-site locations for all environmental variables, creating in 

the process a maximum likelihood model for predicting the outcome of each independent 

variable based on the value of the binary dependent variable (Computing Resource Center 

1992b: 12-28). The results of the regression are found in Table 4.3. 
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Table 4.3: Lxjgistic regression results for archaeological sites in the 'Umeiri 
region. 

"Noce: relfb dropped due to colinearicy. 

Logit Estimates Number of obs = 383 
chi2(13) = 53.88 
Prob ' chi2 = 0.0000 

Log Likelihood = -220 37417 Pseudo R2 = 0.1089 

site Coef. Std. Err. t P'|C| [95% Conf. Interval] 

aspew .0004698 .002341 0 201 0 .841 -.0041336 .0050731 
aspns .0021229 .0023099 0 919 0 .359 -.0024193 .006665 
elev -.0038272 .0042056 -0 910 0 .363 -.0120971 .0044428 

relfa -.1647048 .0695988 -2 366 0 .018 -.3015648 -.0278448 
relfm .2218111 .0720802 3 077 0 .002 .0800717 .3635505 

texture -.5435591 .2748572 -1 978 0 .049 -1.084042 - .0030762 
ridge .0014501 .0032384 0 448 0 .655 -.0049179 .0078182 

sdl .0001864 .0004607 0 405 0 .686 -.0007195 .0010924 
sd2 -.0001118 .0012555 -0 089 0 .929 -.0025806 .0023571 
sd3 -.0052209 .0021802 -2 395 0 .017 -.009508 -.0009337 

shelter -.0012764 .0015435 -0 827 0 .409 -.0043115 .0017587 
slope .0752924 .0386194 1 950 0 .052 -.0006493 .1512342 

wadist .0007286 .0007215 1 010 0 .313 -.0006902 .0021474 
_cons 3.439327 4.429328 0 776 0 .438 -5.270564 12.14922 

The corrected Y-incercept constant = 4.0704389 

The numbers in Table 4.3 reveal some important aspects of regression models. 

First, note that relief below was dropped from the regression because there was a problem 

with colinearity. This was not unexpected since relief below and relief above were 

inversely related to each other. Most important are what the t-scores listed in column 4, 

under the heading "t," reveal about multivariate analysis. These scores indicate the 

relative weight of the individual variables within the context of the logistic regression. 

The farther the r-score is from zero, either positive or negative, the more significant the 

variable is to the model. Probability for any given t-score is found in the next column, 

labeled P'|t|. The lower the number in this column, the lower the probability that the 

corresponding t-score occurred by chance. A quick look at these scores indicates that the 

relative significance of variables has changed from the results of the univariate analysis 

discussed previously. For example, when Kolmogorov-Smimov tests were performed on 

the variables, relief above had one of the lowest scores suggesting that it would not be an 

important factor in the site selection process, but in the logistic regression it is the third 
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most influential variable. Other surprises were aspect N-S, the lowest Kolmogorov-

Smimov score but the seventh highest /-score in the regression, and distance to wadi, 

which moved from the twelfth highest Kolmogorov-Smimov to sixth highest r-score. 

These changes are the result of the interrelationships between variables overcoming 

specific traits. In other words, relief above becomes a more important variable in the 

logistic regression because of its interactions with the other variables. 

The t-scores can also be used to provide a crude illustration of the environmental 

signature for archaeological sites, providing an easy way to compare signatures of sites 

that differ functionally or temporally. In Figure 4.6, the t-scores for all archaeological 

sites are compared to the t-scores for a subset of sites identified as farmsteads. Within 

each sample, longer bars indicate greater importance, while bars pointing up indicate that 

higher values of a particular variable were preferred, and bars pointing down that lower 

values were preferred.^ In this figure the bars for maximum relief and relief above 

indicate that sites in the 'Umeiri region had strong preferences for areas of high relief, but 

with little change in elevation above them. That is they preferred locations near the tops 

of slopes. The bars in this figure also reveal both similarities and differences between site 

samples. For example, distance to soil type 1 and elevation were both important 

components of the environmental signature for farmsteads but were less important in the 

signature for all sites, while slope was important to the all site signature but not to the 

signature for farmsteads. 

^ Comparison between samples requires a cautious approach, one that compares direction and relative length within a 
sample, not necessarily between samples. For example, in Figure 4.6, it is more important that the bars for 
Maximum Relief arc b^ pointed up. and relatively long, than that the bar representing All Sites is slightly longer 
than that representing Fannsteads. 
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Figure 4.6: The Environmental Signature for Archaeological sites. The t-
scores from the logistic regression can be used to illustrate the 
environmental signatures of archaeological sites. 

Using another product of the logistic regression, the regression coefficient, it is 

possible to create probability models in the GIS that reflect this environmental signature. 

These numbers, found in the second column of Table 4.4, represent the ideal for the 

model, with positive coefficients indicating that high values of the variable are favored 

and negative coefficients indicating a preference for low values. As noted in Chapter 3, 

raster maps are large matrices of numbers, and multiplying these numbers by their 

corresponding regression coefficients creates new maps that are weighted in favor of the 

areas most like the environmental signature of the site sample. These weighted variables 

can then be summed on a cell-by-cell basis to create a map that models the environmental 

signature of the sample, a process illustrated in Figure 4.7. 
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Making a Logistic Regression Probability Model 

Relief 
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Figure 4.7: Making a logistic regression probability model involves 
multiplying each variable in the GIS by its corresponding coefficient from 
the regression to create weighted variables. The weighted variables, along 
with the corrected Y intercept are then summed to create the model. 

Note the use of a corrected Y-intercept in the creation of the model (Figure 4.7). 

The Y-Intercept, also called the regression constant, indicates the point at which the 

regression intercepts the Y-axis. It must be corrected because samples of different sizes 

(i.e. the site and non-site samples) can bias results of the regression for the intercept 

constant. Following Warren (Warren 1990a), this bias was removed by adjusting the Y 

intercept constant with the equation 0*= <ar+ In^'^^ where a is the Y-intercept in the 

regression, a' the corrected intercept. In is a natural logarithm, ni the number of cases in 

the smaller sample (the site sample) and n2 the number of cases in the larger sample (the 

non-site sample). Following this, the equation used to correct the Y-intercept for this 

model was, 3.439327 + lnp^5f33)= 4.0704389 

Using the coefficients from Table 4.4 and the corrected Y-intercept, the equation 

for creating the model was: 
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D = 4.0704389+ (Aspect E-W * 0.0004698) + (Aspect N-S • 0.0021229) 
+ (Elevation * -0.0038272) + (Relief Abv. * -0.1647048) + (Max. Relief 
* 0.2218111) + (Texture * -0.5435591) + (Ridge * 0.0014501) + (Soil 1 
Dist. * 0.0001864) + (Soil 2 Dist. * -0.0001118) + (Soil 3 Dist. * -
0.0052209) + (Shelter * -0.0012764) + (Slope • 0.0752924) + (Wadi 
Dist. * 0.0007286), 

where D is the sum of the weighted variables. To clarify the results and facilitate 
comparisons, the model was logistically transformed by L + exp(-D))' effect 

of this equation is to re-scale the values in the model to a probability score between zero 

and one for each cell in the matrix (Kvamme 1992a). These scores indicate trends over 

the entire surface of the project area, with scores close to zero representing areas 

dissimilar to the environmental signature of archaeological sites and those close to one 

representing areas similar to the signature of archaeological sites. The resulting map can 

be seen in Figure 4.8, where dark areas represent high probability scores and light areas 

low scores. 

Tell El-'Umeiri 
Regional Survey 
All Sites Model 

• Lowest Probability 

m Highest Probability 

/V Survey Boundary 

« Site Location 

S km 

Figure 4.8: Probability model for Archaeological sites in the 'Umeiri 
Survey Area 
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Even a visual inspection of this map illustrates the correlation between the most 

important variables from the logistic regression and the GIS model. Looking at the four 

most influential variables from the regression, maximum relief, distance to soil type 3, 

relief above locus, and texture, it is possible to see how the areas in the model with high 

probability scores fit these variables. Clearest is distance to soil type 3. Because the soil 

map extended only 200 meters beyond the survey region, models with a dependency on 

distance to particular soil types will have a preponderance of high values either inside or 

outside of the survey region. In this example, where sites tend to locate near to type 3 

soils, there is sharp decline in high scores outside of the survey area.^ The logistic 

regression also discovered that archaeological sites preferred areas with greater than 

average relief but little change in elevation above the site. In other words, they preferred 

locations near the tops of slopes, away from drainages. It is not surprising, then, that in 

Figure 4.8 the drainages are clearly delineated as the lighter areas snaking through the 

map while the ridges appear dark. Finally, the model rewards those areas with higher 

than normal texture scores, that is areas with greater variability in elevation, indicating 

that they were avoiding flat plains when locating sites. The most obvious "flat" areas in 

the region are the wadi valleys, and the plains at the southeast edge of the survey area and 

just below the northern edge of the survey area, all of which are characterized by lighter 

shades of gray and lower probability scores. 

Having created the probability model, the next step in the process was to test its 

effectiveness at predicting those areas of the survey region most likely to contain 

archaeological sites. The best method involves the application of the model to 

unsurveyed portions of a project region (Kvamme 1992a), something the author and the 

^ While this lack of data outside the project area affected the appearance of the map. it did not affect the analyses 
bccause these were restricted to those cells contained within the project boundary. 
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Madaba Plains Project are involved in as part of regular field work, but which has not 

been completed^ In the meantime, simple numerical procedures for testing the efficiency 

of the model are available. By querying the model using our archaeological site and non-

site locations, it is possible to determine its effectiveness at predicting these known 

samples. 

The histogram in Figure 4.9 provides the distribution of the archaeological site 

and non-site samples within the model. These distributions are important with regard to 

the assumption that ancient humans did not randomly select their sites. If the site 

selection process had been random, the logistic regression would reflect this and 

distributions for both samples would approximate a normal curve. Conversely, if the site 

selection process were based on the environmental variables used in the regression, the 

distribution would reflect this and there would be a separation between the two samples. 

In Figure 4.9, there is a slight separation of the samples, with the site sample tending 

toward the right side of the x-axis and non-site sample toward the right, but clearly the 

distributions are approaching normality. This is not surprising given the diverse nature of 

the site sample. With sites representing a time span of thousands of years and a 

functional range from urban centers to cave dwellings, it is remarkable that the model 

was able to differentiate at all between the site and non-site samples. Since the model 

was based on environmental data from the survey region, it can be concluded, even with 

this unfocused sample, that ancient humans were selecting archaeological site locations 

based on an environmental signature. By discerning this signature, the model has made a 

^ The first stage of this proccss was completed during the Summer of 2000. The author used the Iron Age I probability 
model crcated for this study in an attempt to locate additional sites with Iron Age I sites in the 'Umeiri hinterland. 
Over six weeks, all areas in the region with probability scores above O.S were examined and an additional 13 Iron 
Age I sites were located. This boosts the total number of sites from this period to 29. 
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quantifiable connection between ancient humans and their environment. In effect, this 

model provides access to Braudel's tongue duree. 

Distribution of Site and Non-Site Samples 
14-1 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
Probability Score 

Figure 4.9: Distribution of probability scores from the probability model 
for archaeological site and non-site samples. 

The strength of this connection can also be measured, quantifying the level of 

improvement over chance provided by the model. This involves examining the 

probability scores assigned to both site and non-site samples. By using the midpoint of 

the probability scores as a cut point, placing all those with scores above 0.5 in the site 

predicted group and those below 0.5 in the non-site predicted group, it is possible to 

measure the improvement over chance provided by the model. Table 4.4 provides the 

results of this action. Here, selecting 0.5 as the cut point in the distribution yields a 

model that correctly predicts 67.67% (90/133) of the sites and 58.8% (147/250) of the 

non-sites. In other words, 67.67% of the archaeological site sample had probability 

scores greater than 0.5 while 58.8% of the non-site sample scored less than 0.5. The 

correct prediction rates also reflect levels of incorrect predictions. That is, if the model 
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correctly predicts 67.67% of the sites, it is also incorrectly predicting 32.33% of 

archaeological sites to be non-sites, and 41.2% of the non-site locations to be sites. It is 

this give-and-take between correct and incorrect prediction rates that allows a 

measurement of the model's improvement over chance. If archaeological site locations 

were selected at random, one would expect their predictive scores to mirror the non-site 

sample, meaning that only 41.2% of the archaeological sites would score higher than 0.5. 

The fact that 67.67% actually score higher than this, indicates that this model has a 

67.67%-41.2% = 26.47% improvement over chance.® 

Table 4A : Performance table for all site logistic regression probability model. 
Correct Predictions Incorrect I^edictions 

Cut Point 
Archaeological sites 
Number Percent 

Non-Sites 
Number Percem 

Archaeological sites 
Number Percent 

Non-Sites 
Number Percent 

0 133 100.00 0 0.00 0 0.00 250 1 100.00 
0.1 132 99.25 11 4.40 1 0.75 239 1 95.60 
0.2 131 98.50 39 15.60 2 1.50 211 i 84.40 
0.3 126 94.74 69 27.60 7 5.26 181 i 72.40 
0.4 115 86.47 114 45.60 18 13.53 136 ! 54.40 

0.5 90 67.67 147 58.80 43 32J3 103 1 41.20 
0.6 62 46.62 200 80.00 71 53.38 50 1 20.00 
0.7 30 22.56 234 93.60 103 77.44 16 1 6.40 
0.8 11 8.27 245 98.00 122 91.73 5 ! 2.00 
0.9 0 0.00 250 100.00 133 100.00 0 ! 0.00 
1 0 0.00 250 100.00 133 100.00 0 i 0.00 

Although this improvement is modest, it illustrates how probability models can be 

used to reach particular goals more efficiently. By understanding this connection 

between ancient humans and their environment, it is possible to focus energy on those 

areas most likely to produce archaeological sites and thereby to substantially reduce the 

amount of area that must be investigated. Using the model, archaeologists could 

concentrate their survey on the 41.2% of the region with probability scores above 0.5 and 

^ (i needs to be remembered that this figure representing improvement over chance is based on the same samples used 
to crcate the model. While this biases the result, likely making the model appear stronger than it would if 
improvement was based on a separate sample, it shouldn't affect the conclusions of this study. This study is 
primarily interested in settlement change from period to period. As such, the improvement over chance figure 
provides a legitimate measurement of relative differences between samples. 
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expect to discover 67.67% of the archaeological sites. Even with dwindling research 

dollars and rising costs, these kinds of models allow for increased quality in regional 

survey projects. 

Although this study will continue to use 0.5 as the cut-point for measuring 

improvement over chance, it may improve understanding of this process to examine the 

consequences of selecting other cut-points. Table 4.4 has several possible cut points 

between zero and one, along with the consequences for choosing each of them. Dividing 

the model at a cut point below 0.5 will increase the percentage of correct predictions for 

sites, but usually at the cost of lowering model efficiency. For example, dividing the 

model at 0.2 would correctly predict 98.5% of the archaeological site locations, but would 

require an incorrect prediction of 84.4% of the non-sites in order to reach this level. This 

is still an improvement over chance, but at 14.1% the improvement is considerably lower 

than when the cut point was 0.5. In some cases this decreased efficiency is a necessary 

trade off. These types of models are often used by archaeologists under contract to 

provide a certain percentage of sites in an area. While a cut point of 0.5 provides a greater 

improvement over chance, a cut point of 0.2 would be more appropriate if it were 

contractually necessary to locate and record 95% of the archaeological sites in the 

'Umeiri region. 

Methodology Summary 

The above discussion allows a number of conclusions to be drawn concerning the 

use of environmental probability models in the 'Umeiri region. First, the methodology 

employed in the model construction is well suited to the data available and to research 

questions concerning the relationship between archeological sites and the environment. 

All spatially referenced data exist within the context of a local environment. 

Archaeological sites are no exception to this rule and the statistical examination of these 
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local environments carried out within the context of model building allows the researcher 

to discover those aspects of the environment most important in the site location process. 

Additionally, logistic regression is particularly suited to archaeological data. Because 

any given location can be categorized as site-present or site-absent, the binary 

requirements of logistic models are easily filled. This allows for the construction of 

models based on the environment that predict either site-present or site-absent throughout 

the project area, exactly the question this study is interested in. Second, probability 

models are effective at predicting areas likely to have archaeological sites. Although the 

above model, based on all sites in the region, was understandably weak, it was able to 

differentiate between areas of high and low probability. As this methodology is applied 

to more focused groups of sites, the models will become stronger and improvement over 

chance greater. Finally, and most importantly, the model discussed above demonstrates 

that it is possible to make connections between ancient settlement patterns and the 

environment, that is Braudel's longue duree. Because the model was constructed from 

various aspects of the environment, and because it did show an improvement over 

chance, in can be concluded that the ancient inhabitants of the 'Umeiri region were 

selecting locations for their sites based on local environmental factors. This does not 

mean that the environment was the sole criteria for selection, only that it was an 

important aspect of the process. 

'Umeiri Region Probabiiitv Models 

Having demonstrated the methodology to be employed, it is important to revisit 

the goals of this chapter. As has already been noted, the data from the 'Umeiri regional 

survey falls into a temporal hierarchy that roughly approximates Braudell's longue duree, 

conjonctures, and eventements. The goal of this chapter is to make the connection 

between the long-term history of the environment, and the mid-term history, or 
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conjonctures, seen in the cycles of settlement intensification and abatement introduced in 

previous chapters. To accomplish this goal, probability models will be built for sites 

from each of the four different periods mentioned above: Iron Age I, Iron Age H, 

Byzantine, and Umayyad. 

Iron Age I Model 

Archaeological evidence suggests that Iron Age I was a period of transition in the 

'Umeiri region with a large well-fortified city, but modest settlement in the hinterland. 

Following an earthquake that can be dated to circa 1200 BC, Tell el-'Umeiri experienced 

a building boom, becoming one of the largest hill-country sites in the Levant (Younker, et 

al. 1996: 75). The excavation in Field B has revealed an extensive fortification system 

comprised of a reuse of the MB UC moat, a large retaining wall that supported a thick 

rampart leading to one of the earliest and best preserved Iron Age I casemate walls (Clark 

1991: 57-58, Geraty, et al. 1987: 192, Geraty, el al. 1986: 130-131, Herr, et al. 1991a: 

159, Herr, et al. 1994: 151-154, Younker, et al. 1996: 75). Inside the city a number of 

domestic buildings have been excavated, including a well preserved four-room house that 

used the casemate as a broad room across the back of three long rooms. In this casemate 

room, approximately 40 collared rim pithoi were found broken on the floor, along with 

six bronze weapons, several stone ballista, and the burnt remains of two humans 

(Younker, et al. 1996: 74-75)). Destruction of the Iron Age I city, given the quantities of 

uneaten food and the 1.5 -2.5 meters of burnt debris, was both sudden and violent, 

leaving 'Umeiri uninhabited for centuries (Herr, et al. 1994: 154, Younker, et al. 1996: 

75). 

Given the level of urban development at Tell el-'Umeiri during Iron Age I, the 

lack of sites in the hinterland is surprising. Iron Age I produced only sixteen sites in the 

'Umeiri survey region (Sites 0, 4, 10, 17, 19, 23, 26, 28, 29, 30, 43, 52, 55, 85, 88, 129), 
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fewest of the four periods examined in this study. Given the nature of survey 

archaeology, there would have been additional sites active during the period but the 

proportion of sites relative to other periods is likely correct. The sixteen sites comprise 

just over 12% of the total number of sites in the region. This compares favorably with 

the 9% of Random Squares producing Iron Age I pottery. 

Following the methodology discussed above, environmental variables for the 

region were queried by the Iron Age I sites, producing the summary statistics found in 

Table 4.5. The most significant differences can be seen in distance to type 2 soils, 

distance to type 3 soils, distance to wadi channels, aspect N-S, slope, relief below locus, 

maximum relief, and shelter. 

Table 4.5 also contains the Kolmogorov/Smimov test statistic for Iron Age I sites. 

In order to be statistically significant at the 5% level, this statistic must be larger than 
1.36 
^^ = 0.34. Only distance to type 3 soils, relief below locus, and shelter were 

significant at this level. Examination of cumulative proportions for these variables in 

Figure 4.10 indicates that settlement in the 'Umeiri region during Iron Age I preferred 

sites near soil type 3, in areas of significant relief below locus, and in exposed areas. 

These results are strikingly different from those when all sites in the region were tested 

(Table 4.1). In that case 11 out of 14 variables were significantly different at the 5% 

level. 
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Table 4.5: Summary statistics for the 5% sample and sites with Iron Age I pottery 
in the 'Umeiri region. Bold values indicate significance at the 5% level for 
Kolmogorov/Smimov test statistics 

Koimogorov/ 
Variable Mean Median Std. Dev. Smimov 

Dist. to Soil 1 0.3139 

5% Sample 271.604 180 297.819 
Iron Age I 271.540 211.931 181.008 

Dist. to Soil 2 0.3133 

5% Sample 100.982 60 131.387 
Iron Age I 97.1764 82.4621 82.3439 

Dist. to Soil 3 0.4934 
5% Sample 84.5252 20 149.362 
Iron Age I 5.15388 0 20.6155 

Dist. to Wadi 1 ! 0.2501 
5% Sample 223.388 181.108 177.319 
Iron Age I 314.470 261.798 197.744 

Elevation ! 0.2756 

5% Sample 885.757 890.000 37.6816 
Iron Age I 899.948 899.968 25.8136 

Aspect N-S I 0.2828 

5% Sample 102.041 108.776 51.3834 
Iron Age I 78.8562 67.9603 53.5386 

Aspect E-W 0.1752 

5% Sample 173.880 172.827 50.7466 
Iron Age I 187.169 172.311 49.6739 

Slope i i 0.3304 

5% Sample 9.47748 7.75893 6.75981 
Iron Age I 13.2248 12.1248 7.64444 

Relief Above i i 1 0.1601 
5% Sample 9.24105 8.17270 5.99723 
Iron Age I 7.88516 8.17261 5.18405 

Relief Below j | 0.4479 
5% Sample 8.42090 6.94501 5.89022 
Iron Age I 16.0757 15.3624 8.22880 

Max. Relief 1 0.3314 
5% Sample 17.6619 16.6486 9.45945 
Iron Age I 23.9608 22.7778 9.90617 

Texture i 0.3104 

5% Sample 4.57301 4.19941 2.61689 
Iron Age I 6.31779 6.03814 2.75343 

Ridge Index i 0.2749 

5% Sample 174.247 177 37.1624 
Iron Age I 193.812 180.500 42.2141 

Shelter i 0.4262 
5% Sample 1619.97 1611.11 165.740 

Iron Age I 1826.09 1749.73 226.597 
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Figure 4.10: Comparison of cumulative distributions between the 5% 
sample and sites with Iron Age I pottery for the fourteen environmental 
variables in the 'Umeiri GIS. 
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Logistic regression of the fourteen environmental variables for Iron Age I sites 

produced the results in Table 4.6. Based on the t- scores, distance to wadi channels was 

the most significant variable in the regression. This is a significant change from the 

results of the Kolmogorov-Smimov test in Table 4.5, where distance to wadi channels 

was not significant. Once again it is clear that interaction between variables is often more 

important than individual variables. Distance to wadis was followed in the regression by 

relief above locus, maximum relief, distance to type 3 soils, and slope. The importance 

of the remaining variables in the regression drops off significantly, most of them having 

t-scores with probability above 0.5. 

Table 4.6: Logistic regression results for Iron Age I sites in the 'Umeiri region. 
"Logic Estimates Number of obs = 266 

chi2(13) = 29.44 
Prob • chi2 = 0.0057 

"Log Likelihood = -45.764049 Pseudo R2 = 0.2434 

site Coef. Std. Err. t P' I t l  (95% Conf. Interval] 

aspew .0045185 .0060466 0 .747 0. 456 -.0073897 .0164268 
aspns -.0039725 .0057534 -0 .690 0 . 491 -.0153035 .0073584 
elev -.0012035 .0108705 -0 .111 0. 912 -.0226121 .0202051 

relfa -.2181531 .1624291 -1 .343 0. 180 -.5380446 .1017383 
relfm .205696 .1709819 1 .203 0. 230 -.1310395 .5424316 

texture -.3855971 .6176693 -0 .624 0 . 533 -1.602049 .8308545 
ridge -.0001124 .0081713 -0 014 0. 989 -.0162052 .0159805 
sdl - .0008646 .0014634 -0 .591 0. 555 -.0037467 .0020176 
sd2 -.0022177 .0037742 -0 .588 0. 557 -.0096508 .0052153 
sd3 -.019222 .0166866 -1 152 0. 250 -.052085 .013641 

shelter -.0002777 .0037084 -0 075 0. 940 -.0075812 . 0070257 
slope .0831471 .0875911 0 949 0. 343 -.0893568 .2556509 

wadist .0028456 .0017532 1 .623 0. 106 -.0006072 .0062984 
_cons -2.835488 11.15506 -0 254 0. 800 -24.80452 19.13354 

The corrected Y-intercept constant = -.08661531 

The t-scores from this regression provide points of comparison between the model 

for sites with Iron Age I pottery and all sites in the region. Figure 4.11 provides both 

similarities and differences between the two samples. With a few exceptions, the pairs in 

this graph point the same direction, and there is a general agreement between relative 

importance of the variables within their separate regressions. The main differences seem 

to be in the areas of Distance to Wadis, more important for Iron Age I, Maximum Relief, 
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less important for Iron Age I, Aspect N-S and Soil I Dist., with bars going opposite 

directions. 
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Figure 4.11: Environmental signature of Iron Age I sites compared to all 
sites. 

Regression coefficients were used to construct a probability model for sites with 

Iron Age I pottery. After correcting the intercept constant, the equation for this model 

was: 

D = -0.08661531 + (Aspect E-W * 0.0045185) + (Aspect N-S • -
0.0039725) + (Elevation * -0.0012035) + (Relief Abv. • -0.2181531) + 
(Max. Relief * 0.205696) + (Texture * -0.3855971) + (Ridge * -
0.0001124) + (Soil 1 Dist. * -0.0008646) + (Soil 2 Dist. • -0.0022177) + 
(Soil 3 Dist. * -0.019222) + (Shelter * -0.0002777) + (Slope * 0.0831471) 
+ (Wadi Dist. * 0.0028456). 

This equation yielded the model in Figure 4.12 with dark areas representing high 

probability scores and the light areas low probability scores. 
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Figure 4.12: Lx>gistic Regression Model for Sites with Iron Age I Pottery. 

As with the model based on all sites, it is possible to visually discern the effect of 

individual variables on this model. Most clearly seen in Figure 4.12 are the variables 

describing relief and distance to wadi channels. The combination of these variables in the 

regression indicated that Iron Age 1 inhabitants in the 'Umeiri region preferred sites near 

the tops of slopes and away from wadi channels. In the model, these preferences can be 

seen in the low probability scores along the drainages, and high scores near the ridges. 

The distribution of samples in Figure 4.13, make it clear that the model for sites 

with Iron Age I pottery represented a more focused environmental signature than the 

model for all archaeological sites seen in Figure 4.9. The distributions in Figure 4.13 no 

longer approach normality. Instead, the separation between the non-site sample and the 

Iron Age I sample is clear, with non-sites found to the left and sites to the right of 0.5. 

This indicates that in the 'Umeiri region during the Iron Age I period, the site selection 

process was not random. Instead, the inhabitants of the region were selecting locations 

for their sites based on the region's environment. 
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Figure 4.13: Distribution of probability scores from the probability model 
for sites with Iron Age I pottery. 

Given the separation of samples in Figure 4.13, it is not surprising that the 

improvement over chance for the Iron I model is greater than that for the all site model. 

Using 0.5 as the cut-point. Table 4.7 indicates that this model correctly predicted 81.25% 

of the archaeological sites, while incorrectly predicting 27.20% of the non-sites. This 

leaves an improvement over chance of 54.05%. This is more than double the 26.47% 

improvement over chance of the all site model, indicating that the site selection process 

during the Iron Age I period was based on a more focused environmental signature. 
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Table 4.7: Performance table for Iron Age I logistic regression probability model. 
Correct Predictions Incorrect Predictions 

Archaeological sites Non-Sites Archaeological sites Non-Sites 
Cut Point Number Percent Number Percent Number Percent Number Percent 

0 16 100.00 0 0.00 0 0.00 250 ! 100.00 
0.1 16 100.00 81 32.40 0 0.00 169 67.60 
0.2 15 i 93.75 109 43.60 1 6.25 141 56.40 
0.3 14 87.50 129 51.60 •) 12.50 121 i 48.40 
0.4 14 i 87.50 156 1 62.40 2 12.50 94 1 37.60 

0.5 13 81  ̂ 182 72.80 3 18.75 68 27.20 
0.6 11 i 68.75 204 81.60 5 31.25 46 i 18.40 
0.7 10 62.50 225 90.00 6 37.50 25 10.00 
0.8 5 1 31.25 237 94.80 11 68.75 13 i 5.20 
0.9 3 i 18.75 250 100.00 13 81.25 0 0.00 
1 0 1 0.00 250 i 100.00 16 100.00 0 i 0.00 

Iron Age II Model 

Following the destruction of the Iron Age I city. Tell el-'Umeiri was abandoned 

for approximately 300 years. Architecture from the ninth/eighth century strata at the site 

has been found, but large-scale occupation did not reappear until Late Iron Age n. 

Impressive structures from this period have been found in Fields A, H, and F. Basement 

and foundation walls for a large administrative complex were found in adjacent Fields A 

and H. Located at the western edge of the Tell, this complex of buildings had massive 

stone walls almost 2 meters thick (Geraty, et al. 1990: 73-77, Herr, et al. 1991a: 156-159, 

Herr, et al. 1994: 149-151, Lawler 1989, Lawler 1991, Younker, et al. 1996: 77-79). On 

the Eastern edge of the Tell, the comer of a similar Iron Age II structure was discovered 

in Field F. Again, the building superstructure had disappeared, leaving the excavators 

with massive basement walls. There are suggestions that this structure may have been 

built on a four-room house plan, but since the building walls disappear into the balks on 

the west and north, it remains conjecture (Herr, et al. 1994: 156-157, Low 1991). 

In the hinterland, the archaeological record indicates that the change from Iron 

Age 1 to Iron Age II brought with it a significant intensification of settlement. Of the 133 

sites recorded by the 'Umeiri survey, 101 (0, 1, 3,4, 6, 7, 8, 10, 12, 13, 14, 16, 17, 18, 19, 
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22, 23, 24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 40, 42, 43, 44, 45, 46, 47, 48, 

49, 51, 52, 54, 55, 56, 58, 59, 60, 61, 65, 66, 68, 69, 70, 71, 73, 74, 75, 78, 79, 80, 83, 84, 

85, 88, 91, 92, 93, 94, 98, 100, 101, 102, 103, 106, 109, 112, 115, 116, 116A, 116B, 

116D, 116G, 116H, 116K, 116L, 116M, 116P, 118, 120, 122, 123, 124, 125, 126, 128, 

129, 130, 132, 133, 134), or 75.9% of them had Iron Age II pottery. This was a 

substantial increase from the 16 sites with Iron Age I pottery and it signals many 

important changes for the region including a population increase and likely an attendant 

change in subsistence strategy. 

These changes are seen in the summary statistics and the probability model for 

sites with Iron Age II Pottery. Summary statistics (Table 4.8) show a marked change 

from the statistics for Iron Age I sites (Table 4.5), especially in the number of variables 

found to be significant by the Kolmogorov-Smimov test. With a site sample size of 101, 
1 36 

differences between cumulative proportions had to reach d - = 0.1353 to be 

significant at the 5% level. The test statistics of the ten variables that reached this level of 

significance for sites with Iron Age II pottery are noted by bold type in Table 4.8. 
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Table 4.8: Summary statistics for the 5% sample and sites with Iron Age II 
pottery in the 'Umeiri region. Bold values indicate significance at the 5% level for 
Kolmorov/Smimov test statistics. 

1 Kolmogorov/ 
Variable Mean Median Std. Dev. Smimov 

Dist. to Soil 1 1 0J289 
5% Sample 271.604 180 297.819 

Iron Age II 311.390 215.407 283.221 1 
Dist. to Soil 2 0.1642 

5% Sample 100.982 60 131.387 
Iron Age II 104.886 82.4621 98.7571 

Dist. to Soil 3 0.3282 
5% Sample 84.5252 20 149.362 

Iron Age II 23.0131 0 69.1166 
Dist. to Wadi i 1 0.1298 

5% Sample 223.388 181.108 177.319 
Iron Age II 248.840 188.680 172.960 

Elevation 0.1445 
5% Sample 885.757 890.000 37.6816 
Iron Age II 891.239 889.977 27.3973 

Aspect N-S ! ! 0.0613 

5% Sample 102.041 108.776 51.3834 
Iron Age II 104.353 114.302 51.6446 

Aspect E-W 1 1 i 0.0810 
5% Sample 173.880 172.827 50.7466 

Iron Age II 177.164 1 179.671 49.6593 
Slope t 0.2414 

5% Sample 9.47748 i 7.75893 6.75981 ! 
Iron Age II 11.9548 i 10.6804 7.02907 

Relief Above ' I i 0.0684 

5% Sample 9.24105 j 8.17270 5.99723 
Iron Age II 9.31500 i 8.92279 6.20037 

Relief Below j ! 0JS20 
5% Sample 8.42090 1 6.94501 5.89022 i 

Iron Age II 12.5793 i 11.6251 6.09389 i 

Max. Relief j i 0.2276 
5% Sample 17.6619 1 16.6486 9.45945 

Iron Age II 21.8943 1 21.2881 8.56397 
Texture | j 0.2357 

5% Sample 4.57301 i 4.19941 2.61689 

Iron Age II 5.58975 i 5.31073 2.39286 
Ridge Index 1 0.1548 

5% Sample 174.247 i 177 37.1624 
Iron Age II 186.198 1 180 48.1849 

Shelter | i i 0.2595 
5% Sample 1619.97 j 1611.11 165.740 
Iron Age II 1711.15 1 1676.17 202.358 

These test statistics are also instructive for how sample size affects the 

Kolmogorov-Smimov test. With a larger sample size, the difference necessary to reach 
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statistical significance for the sites with Iron Age II pottery is less than it was for sites 

with Iron Age I pottery. A comparison of the test statistics in Tables 4.5 and 4.8 reveals 

that for each variable the difference between samples was greater for sites with Iron Age I 

pottery than for sites with Iron Age II pottery, yet there were only three variables in the 

Iron Age I sample where these differences were considered significant. This interplay 

between sample size and significance indicates that the increased number of significant 

variables during the Iron Age 11 period should not be taken as an indication that the model 

for these sites will be stronger. Instead, the increased number of significant variables 

may actually indicate greater diversity and a lack of environmental focus in the sites from 

this period. 

Although not necessarily an indication of a stronger model, these test statistics can 

be used to gain general understanding of the types of environment preferred during Iron 

Age II. Using the graphs in Figure 4.14 for the five variables with the highest 

Kolmogorov-Smimov scores, relief below, distance to type 3 soils, shelter, slope, and 

texture, it is possible to began describing an environmental signature for sites with Iron 

Age II pottery. Based on these variables. Iron Age II sites preferred locations near type 3 

soils, towards the top of slopes, where exposure was high, and relief was greater than 

normal. 
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Figure 4.14; Comparison of cumulative distributions between the 5% 
sample and sites with Iron Age I pottery for the fourteen environmental 
variables in the 'Umeiri GIS. 
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Logistic regression of the fourteen variables for sites with Iron Age II pottery 

produced the results in Table 4.9. The five most significant variables in the regression 

were maximum relief, texture, relief above, slope, and distance to type 3 soils. Although 

slightly different, these five variables indicate an environmental signature not much 

changed from that suggested by the Kolmogorov-Smimov test results. They were 

interested in locating near type three soils, in areas of greater than normal relief, near the 

tops of slopes. 

Table 4.9: Logistic Regression results for sites with Iron Age II pottery. 
"Note: relfb dropped due Co co linearity. 

Logit Estimates Number of obs = 351 
chi2(13) = 48.77 
Prob ' chi2 = 0.0000 

Log Likelihood = -186 .25691 Pseudo R2 = 0.1158 

site Coef. Std. Err. t P' |t| [95% Conf. Interval] 

aspew -.0009918 .0026126 -0 .380 0. 704 -.0061308 .0041472 
aspns .0025198 .0025552 0 986 0. 325 -.0025064 .0075459 
elev -.0066173 .0046166 -1 433 0 153 -.0156984 .0024637 

relfa -.1581944 .0748552 -2 113 0. 035 -.3054367 -.0109521 
relfm .2909085 .0798046 3 645 0. 000 .1339306 .4478864 

texture -.8401339 .3060033 -2 746 0. 006 -1.442051 -.2382168 
ridge .0031077 .0037961 0 819 0 . 414 -.0043594 .0105748 

sdl .0002885 .0005045 0 572 0. 568 -.0007039 .001281 
sd2 .0001395 .0013344 0 105 0. 917 -.0024852 .0027643 
sd3 -.0042409 .0021347 -1 987 0 . 048 -.0084398 -.0000419 

shelter -.000949 .0016964 -0 559 0. 576 -.0042858 .0023878 
slope .0905302 .0434613 2 083 0. 038 .0050406 . 1760198 

wadiSt .0007452 .0007911 0 942 0. 347 -.0008109 .0023013 
_cons 4.833381 4.881109 0 990 0. 323 -4.767898 14 .43466 

The corrected Y-intercept constant = 5.7397215 

The environmental signature for sites with Iron Age II pottery can be seen in 

Figure 4.15. Although comparison across samples must be made with great caution, it is 

interesting that in most instances the signature for sites with Iron Age II pottery is closer 

to that of all sites in the 'Umeiri region than to the sites with Iron Age I pottery. This 

indicates that the mode! for Iron Age 11 sites will be weaker than that for sites with Iron 

Age I pottery. Of particular interest in this figure are the cluster of longer bars around 

measures of relief, slope, distance to type 3 soils, and distance to wadi channels. These 
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clusters suggest that while the focus and strength of environmental signatures vary from 

period to period, there may have been a core signature recognized by inhabitants 

throughout the history of the 'Umeiri region. 
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Figure 4.15: Comparison of environmental signatures for sites with Iron 
Age I and sites with Iron Age II pottery. Signatures based on t-scores 
from logistic regressions. 

Using the corrected intercept constant and the coefficients from the logistic 

regression (Table 4.9) the following equation was used to create a probability model for 

sites with Iron Age II pottery: 

D = 5.7397215+ (Aspect E-W * -0.(X)09918) + (Aspect N-S • 0.(X)25198) 
+ (Elevation * -0.(X)66173) + (Relief Abv. • -0.1581944) + (Max. Relief 
* 0.2909085) + (Texture • -0.8401339) + (Ridge * 0.0031077) + (Soil 1 
Dist. * 0.0002885) + (Soil 2 Dist. * 0.0001395) + (Soil 3 Dist. • -
0.0042409) + (Shelter • -0.000949) + (Slope * 0.0905302) + (Wadi Dist. 
* 0.0007452). 
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This model is seen in Figure 4.16, where the dark areas again indicate high probability 

and the light areas low probability for sites with Iron Age II pottery. Although linear 

scaling of the images for display purposes makes it difficult to visually discern true 

differences between models, a comparison of the maps in Figures 4.12 and 4.16 indicates 

that the Iron Age II model had less contrast between high and low scores, indicative of a 

less focused model. 

Tell El-'Umeiri 
Regional Survey 

Iron Age II Model 

• Lowest Probability 

Highest Probability 

Survey Boundary 

^ Site Location 

S km 

Figure 4.16: Logistic Regression Model for Sites with Iron Age II pottery. 

This visual impression of decreased focus was supported by the distribution of the 

site and non-site samples within the Iron Age II model. While there was a clear 

separation of samples in the Iron Age I model (Figure 4.13), both samples in the Iron Age 

II model approximated normal distributions (Figure 4.17). This indicates that the 

environmental signature for sites with Iron Age II pottery was closer to the region as a 

whole, and thereby less focused. 
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Figure 4.17: Distribution of probability scores from the logistic regression 
model for sites with Iron Age II pottery. 

This lack of focus is also seen in a decreased improvement over chance for the 

Iron Age II model. Using 0.5 as the cut-point. Table 4.10 reveals that the model correctly 

predicted just 66.34% of the site sample, a drop of almost 15 percentage points from the 

Iron Age I model (Table 4.8). Additionally, the number of incorrect predictions for non-

sites increased by 10 points from 27.20% for the Iron Age I model (Table 4.8) to 37.20% 

for the Iron Age II model. This means that the Iron Age II model had an improvement 

over chance of just 29.14%, much closer to the 26.47% of the all site model than to the 

54.05% improvement of the Iron Age I model. 

Comparison of the Iron Age I and Iron Age II models suggests that there was a 

relationship between the environment and cycles of settlement intensification and 

abatement in the 'Umeiri region. Changes in settlement seen in Figure 4.1 certainly 

represent changes in both population and social complexity as well. 
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Table 4.10: Performance table for the Iron Age II logistic regression model. 
Correct Predictions Incorrect Predictions 

Archaeological sites Non-Sites Archaeological sites Non-Sites 
Cut Point Number Percent Number Percent Number Percent Number Percent 

0 101 100.00 0 : 0.00 0 0.00 250 ! 100.00 
0.1 100 99.01 8 ) 3.20 1 0.99 242 ! 96.80 
0.2 100 99.01 36 14.40 1 0.99 214 85.60 
0.3 96 95.05 79 31.60 5 4.95 171 ! 68.40 
0.4 85 84.16 117 46.80 16 15.84 133 1 53.20 

0.5 67 6634 157 62.80 34 33.66 93 37.20 
0.6 47 46.53 205 82.00 54 53.47 45 18.00 
0.7 27 26.73 232 92.80 74 73.27 18 7.20 
0.8 12 11.88 247 98.80 89 88.12 3 i 1.20 
0.9 0 0.00 250 100.00 101 100.00 0 1 0.00 
1 0 0.00 250 i 100.00 101 100.00 0 ! 0.00 

The movement of population and complexity from low to high during the 

transition from Iron Age I to Iron Age II witnessed an inverse movement of model 

strength from high to low. This inverse relationship between settlement cycles and model 

strength is logically consistent. During periods of low population inhabitants of the 

'Umeiri region could concentrate their subsistence efforts on the best land, creating a 

focused environmental signature. Conversely, during periods when population was high 

they would be forced into increasingly marginal zones, creating a less focused signature. 

In addition, a less focused signature would be characteristic during times of more 

complex social organization, times when not everyone was involved in agriculture. The 

effect of this on the model would be one of growing confusion as it tried to include all 

elements of a more diverse economic and social structure. This confusion would 

manifest itself in a less focused environmental signature and a weaker model. 

Byzantine Model 

The next two models to be examined, Byzantine and Umayyad, characterize the 

other side of the population cycle, moving from a period of high settlement activity to 

one of low activity. Based on ceramic evidence, the Byzantine period was the most 

intensively settled period in the 'Umeiri region. Of the 133 sites recorded by the 'Umeiri 
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survey, 110 (sites 1, 2, 3, 4, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18, 19, 20, 22, 23, 24, 26, 

27, 28, 29, 30, 31, 32, 33, 35, 36, 37, 38, 40, 41, 42, 43, 44, 45, 46, 47, 48, 50, 51, 52, 54, 

55, 56, 57, 58, 59, 60, 61, 63, 65, 66, 68, 69, 70, 71, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 

83, 85, 88, 90, 91, 92. 93, 95, 97, 98, 100, 101, 102, 105, 106, 109, 112, 114, 116, 116A, 

1I6B, 116C, 116D, 116G, 116H, 116K, 116L, 116M, 116P, 118, 122, 123, 124, 125, 

128, 129, 130, 131, 132, 133, and 134), or 82.7% had Byzantine pottery. This percentage 

was mirrored by the pottery collected from Random Squares, 78% of which produced 

Byzantine pottery. 

During the Byzantine period. Tell el-'Umeiri was no longer inhabited, the city 

having moved east, to the hill across the wadi from Iron Age 'Umeiri . In addition to this 

new 'Umeiri, survey site 57 was important during this period. Remains of this site have 

been obscured by more recent activities, primarily farming and sheep herding, but the 

remains of six large towers, dozens of cisterns, a possible "city" wall, and numerous 

architectural elements of finely worked limestone and marble indicate it was an important 

site during Byzantine times . In addition, intensive survey work was carried out on the 

slopes of the valley north of Site 57, revealing an extensive system of terraces, and check 

dams (Younker 1991b). All evidence from the 'Umeiri region indicates an extensive and 

prosperous presence in the region during the Byzantine period, supported by intensive 

agricultural practices. 

Table 4.11 provides summary statistics for sites with Byzantine pottery. These 

statistics show a high degree of similarity between the sites with Byzantine pottery and 

those with Iron Age II pottery (Table 4.8). This similarity is not surprising since 91 

(82.7%) of the sites had both Iron Age II and Byzantine pottery. This overlap suggests 

that during these two periods, people may have sought similar environmental signatures, 

employed similar strategies for subsistence, and will have similar models as well. 
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Table 4.11: Summary statistics for the 5% sample and sites with Byzantine 
pottery in the 'Umeiri region. Bold values indicate significance at the 5% level 
for Kolmorov/Smimov test statistics. 

Kolmogorov/ 
Variable Mean Median Std. Dev. Smirnov 

Dist. to Soil 1 0.2412 
5':?'Sample i 271.604 180 297.819 

Byzantine 334.368 260.768 269.593 
Dist. to Soil 2 0.1564 

5% Sample 100.982 60 131.387 

Byzantine 101.545 82.4621 96.6477 

Dist. to Soil 3 0J287 
5% Sample 84.5252 20 149.362 

Byzantine 20.7354 0 65.2099 
Dist. to Wadi 0.1257 

5% Sample 223.388 181.108 177.319 
Byzantine 249.067 189.208 169.441 

Elevation 1 0.1684 
5% Sample 885.757 890.000 37.6816 

Byzantine 892.303 889.988 26.3355 
Aspect N-S 0.0804 

5% Sample 102.041 108.776 51.3834 
Byzantine 108.091 115.531 51.4086 

Aspect E-W 0.1107 
5% Sample 173.880 172.827 50.7466 

Byzantine 180.584 182.066 50.1815 
Slope 0.2252 

5% Sample 9.47748 7.75893 6.75981 
Byzantine 11.9196 11.3908 6.67055 

Relief Above 0.0859 
5% Sample 9.24105 8.17270 5.99723 

Byzantine 9.20734 8.95627 6.04503 
Relief Below ! ; 1 03468 

5% Sample 8.42090 6.94501 5.89022 
Byzantine 12.5468 11.6390 5.90862 

Max. Relief 1 1 0.2537 
5% Sample 17.6619 16.6486 9.45945 

Byzantine 21.7541 21.6086 8.17253 
Texture 0.2477 

5% Sample 4.57301 4.19941 2.61689 
Byzantine 5.58325 5.48516 2.26599 

Ridge Index i 0.1495 
5% Sample 174.247 177 37.1624 

Byzantine 185.673 180 49.7465 
Shelter 1 1 0.2382 

5% Sample 1619.97 1611.11 165.740 
Byzantine 1711.54 1674.45 203.826 

Similarities were also evident in the results of the Kolmogorov-Smimov tests. 

For the 110 sites with Byzantine pottery, significance at the 5% level was reached when 
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1.36 
differences between cumulative proportions reached d = =0.1297. The ten 

variables found to be significant for sites with Byzantine pottery were identical to the ten 

significant variables for sites with Iron Age II pottery. Of the five variables with the 

highest Kolmogorov-Smimov scores, relief below, distance to type 3 soils, maximum 

relief, texture, and distance to type 1 soils, three, relief below, distance to type 3 soils, and 

texture were also among the five highest scores for sites with Iron Age 11 pottery. Clearly 

interaction with the environment was similar during the Byzantine and Iron Age n 

periods. 

Cumulative distributions in Figure 4.18 illustrate Byzantine preferences for each 

variable. Graphs for the five variables with the highest Kolmogorov-Smimov scores 

indicate they were interested in settling in areas toward the tops of slopes with significant 

changes in elevation, near type 3 soils, and away from type 1 soils. Although not 

identical, this description of the Byzantine environment is similar to that preferred by 

sites with Iron Age II pottery. 
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Figure 4.18: Comparison of cumulative distributions between the 5% 
sample and sites with Byzantine pottery for the fourteen environmental 
variables in the 'Umeiri GIS. 
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Similarities between the sites with Byzantine pottery and sites with Iron Age II 

pottery continue to appear in the results of the logistic regression. The five most 

important variables in the logistic regression of sites with Byzantine pottery were 

maximum relief, relief above locus, texture, distance to type 3 soils, and slope (Table 

4:12). Although in a different order, these were the same five variables found to be most 

significant in the Iron Age II regression, again suggesting that the two periods had similar 

environmental signatures. 

Table 4.12: Logistic regression results for sites with Byzantine pottery. 
"Note: relfb dropped due to co linearity. 

'Logit Estimates Number of obs = 360 
chi2 (p) = 52.99 
Prob ' chi2 = 0.0000 

Log Likelihood = -195 08384 Pseudo R2 = 0.1196 

site Coef. Std. Err. t P'|C| [95% Conf. Interval] 

aspew .0002776 .0025369 0 109 0.913 -.0047121 .0052673 
aspns .0035466 .0024877 1 426 0.155 -.0013462 .0084395 
elev - .0060152 .0045035 -1 336 0.183 -.0148729 .0028425 

relfa -.1742555 .0736706 -2 365 0 .019 -.3191541 -.029357 
relfm .2527132 .076441 3 306 0.001 .1023657 .4030606 

texture -.6289743 .2905299 -2 165 0.031 -1.200401 -.0575475 
ridge .0029641 .0034483 0 860 0.391 -.0038182 .0097463 
sdl .0005402 .0004886 1 106 0 .270 -.0004208 .0015012 
sd2 -.0000298 .0013488 -0 022 0.982 -.0026827 .0026231 
sd3 -.0047298 .0022262 -2 125 0.034 -.0091084 -.0003512 

shelter -.0012674 .0016317 -0. 777 0 .438 -.0044767 .001942 
slope .0762327 .0410066 1. 859 0.064 -.0044209 .1568864 

wadist .0006827 .0007712 0. 885 0.377 -.0008341 .0021994 
_cons 4.551406 4.724554 0. 963 0.336 -4.741054 13 .84387 

'The corrected Y-intercept constant = 5.3723869 

Similarities between the Iron II and Byzantine models are illustrated in Figure 

4.19. Once again the strongest variables are those dealing with relief and soil types. In all 

three samples bars are closely matched for direction and relative length, indicating that all 

three shared similar environmental signatures and that the Byzantine model would be 

similarly unfocused. 
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Figure 4.19: Environmental signature of sites with Byzantine pottery 
compared to all sites in the 'Umeiri region. Signatures based on t-scores 
from the logistic regression. 

Using the regression coefficients provided by Table 4.12, the equation for creating 

the probability model for sites with Byzantine pottery was 

D = 5.3723869+ (Aspect E-W * 0.0002776) + (Aspect N-S • 0.0035466) 
+ (Elevation » -0.0060152) + (Relief Abv. • -0.1742555) + (Max. Relief 
* 0.2527132) + (Texture • -0.6289743) + (Ridge * 0.0029641) + (Soil 1 
Dist. * 0.0005402) + (Soil 2 Dist. • -0.0000298) + (Soil 3 Dist. * -
0.0047298) + (Shelter * -0.0012674) + (Slope • 0.0762327) + (Wadi 
Dist. * 0.0006827). 

This equation produced the map in Figure 4.20. Once again the dark areas have high 

probability scores and the light areas low scores. 
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Figure 4.20; Logistic regression model for sites with Byzantine pottery. 

The distribution of site and non-site samples for the Byzantine model can be seen 

in Figure 4.21. Given the similarities between the Iron Age II and Byzantine signatures, 

it is not surprising that the distribution of site and non-site samples for these two models 

was also similar. The distributions of both approached normality, and visually there was 

little difference between the two (Figures 4.17 and 4.21), indicating that the Byzantine 

model would also be less focused than that for sites with Iron Age I pottery. This is 

confirmed by examining the figures in Table 4.13. Using 0.5 as the cut-point, the model 

correctly predicted 70% of the sites and incorrectly predicted 39.6% of the non-site 

sample for an improvement over chance of 30.4%. Comparing the two, the Byzantine 

model was better at predicting the site sample but worse at predicting the non-site sample, 

giving it an overall improvement nearly identical to the 29.14% for the Iron Age II 

model. 
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Figure 4.21: Distribution of probability scores from the logistic regression 
model for sites with Byzantine pottery. 

Table 4.13: Performance table for the Byzantine site logistic regression model. 
Correct Predictions Incorrect E*redictions 

Archaeological sites Non-Sites Archaeological sites Non-Sites 
Cut Point Number Percent Number Percent Number Percent Number Percent 

0 110 lOO.OC 0 0.00 0 0.00 250 100.00 
0.1 109 99.09 11 4.40 1 0.91 239 95.60 
0.2 108 98.18 43 17.20 2 1.82 207 82.80 
0.3 103 93.64 81 32.40 7 6.36 169 67.60 
0.4 93 84.55 115 46.00 17 15.45 135 54.00 
0.5 77 70.00 151 60.40 33 30.00 99 39.60 
0.6 54 49.09 198 79.20 56 50.91 52 20.80 
0.7 28 25.45 232 92.80 82 74.55 18 7.20 
0.8 12 10.91 246 98.40 98 89.09 4 1.60 
0.9 0 0.00 250 100.00 110 100.00 0 0.00 
1 0 0.00 250 100.00 110 100.00 0 0.00 

Umayyad Model 

The final, and in many ways the most interesting model in this study was that for 

sites with Umayyad pottery. Sandwiched between the 110 sites with Byzantine pottery 

and the Abbasid period, with no sites, the 43 sites with Umayyad pottery (sites 1, 2, 3, 4, 

6, 7, 12, 13, 15, 16, 17, 20, 22, 24, 28, 29, 34, 40, 42, 44, 47, 50, 54, 56, 57, 58, 65, 69, 
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73, 74, 77, 78, 88, 90, 91, 95, 102, 105, 106, 112, 120, 123, and 129) represent a 

transition from high to low settlement intensity in the region. This sudden drop in the 

number of sites indicates that substantial changes were taking place in the area, changes 

that would have affected subsistence strategies. One hint of what these changes might 

reflect is the higher percentage of sites with caves during this period. While not restricted 

to pastoral lifestyles, caves are especially important to the herding of sheep and goats. Of 

the sites with Umayyad pottery, 63% (27/43) had caves in their feature assemblage. This 

is a significant increase from the 42% (46/110) of Byzantine sites with caves and may 

indicate an increasing role for pastoralism during this period. 

Summary statistics and results of the Kolmogorov-Smimov tests are found in 

Table 4.14. With a sample size of 43, the difference between cumulative proportions of 
1 2^ 

the site and 5% samples must reach d =0.2074 to be significant. Significance 

was reached in eight out of 14 variables, and once again those describing relief and 

distance to type 3 soils were highly significant. Figure 4.22 indicates that the Umayyad 

inhabitants of the 'Umeiri region preferred areas with greater than average relief, slope, 

and exposure. They preferred type 3 soils and avoided both type 1 soils and wadi 

channels. 
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Table 4.14: Summary statistics for the 5% sample and sites with Umayyad 
pottery in the 'Umeiri region. Bold values indicate significance at the 5% level 
for Kolmorov/Smimov test statistics. 

Kolmogorov/ 
Variable Mean Median Std. Dev. Smirnov 

Dist. to Soil 1 0.2674 
5% Sample 271.604 180 297.819 

Umayyad i 335.813 256.125 292.122 
Dist. to Soil 2 0.1665 

5% Sample 100.982 60 131.387 
Umayyad 104.056 72.1110 100.097 

Dist. to Soil 3 0J234 
5% Sample 84.5252 20 149.362 

Umayyad 30.3253 0 92.7434 
Dist. to Wadi 0.2232 

5% Sample 223.388 181.108 177.319 
Umayyad i 248.943 189.737 144.484 

Elevation 0.1441 
5% Sample 885.757 890.000 37.6816 

Umayyad 890.197 893.122 26.4854 
Aspect N-S 0.0987 

5% Sample 102.041 108.776 51.3834 
Umayyad 109.256 112.195 49.0142 

Aspect E-W 0.0982 
5% Sample 173.880 172.827 50.7466 

Umayyad 172.177 174.064 52.9465 
Slope 0.2434 

5% Sample 9.47748 7.75893 6.75981 
Umayyad 11.4228 9.87278 6.36166 

Relief Above 0.1381 
5% Sample 9.24105 8.17270 5.99723 

Umayyad 9.02948 10.0003 6.23575 
Relief Below 0.4083 

5% Sample 8.42090 6.94501 5.89022 
Umayyad 13.5916 13.0098 6.49008 

Max. Relief i i 0.2891 
5% Sample 17.6619 16.6486 9.45945 i 

Umayyad 22.6211 22.4495 7.97371 1 

Texture 1 

1 0.2838 
5% Sample 4.57301 4.19941 2.61689 

Umayyad 5.74592 5.43034 2.19356 
Ridpe Index 1 

t 0.1776 

5% Sample 174.247 177 37.1624 
Umayyad 179.535 179 55.6128 

Shelter 1 j 0.3202 
5% Sample 1619.97 1611.11 165.740 

Umayyad 1760.34 1717.40 243.589 
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Figure 4.22: Cumulative distributions for 5% sample and sites with 
Umayyad pottery for the fourteen environmental variables. 
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The results of the logistic regression carried out on sites with Umayyad pottery 

can be seen in Table 4.15. There were a number of surprises in this regression, including 

the importance of elevation. Having one of the lowest Kolmogorov-Smimov scores in 

Table 4.14, elevation was the second most important variable in the regression. Another 

surprise was the relative unimportance of distance to type 3 soils. In previous 

regressions, t-scores for this variable were always in the top five, but for sites with 

Umayyad pottery it placed tenth. Similarly, relief above locus dropped in importance. 

Always in the top 3 in previous regressions, relief above locus was the ninth most 

important variable in the regression for sites with Umayyad pottery. This indicates that 

while relief was important for these sites, it mattered little whether that relief was above 

or below locus. Taken together, these changes indicated that this model would be 

significantly different than others examined in this study. 

Table 4.15: Logistic regression results for sites with Umayyad pottery. 
"Note: relfb dropped due to co linearity. 

"Logit Estimates Number of obs = 293 
chi2(13) = 36.89 
Prob ' chi2 = 0.0004 

"Log Likelihood = -103.74745 Pseudo R2 = 0.1510 

site Coef. Std. Err. t P' I t l  [95% Conf. Interval} 

aspew -.0034342 .0037434 -0 .917 0. 360 -.0108031 .0039346 
aspns .0040731 .0037349 1 .091 0. 276 -.0032791 .0114252 
elev -.0114158 .0066167 -1 .725 0. 086 -.0244408 .0016091 

relfa -.0831684 .109347 -0 .761 0. 448 -.2984183 .1320815 
relfm .2763671 .1146378 2 .411 0 017 .0507023 .5020319 

texture -.6508691 .4198974 -1 .550 0. 122 -1.477438 .1757003 
ridge -.0053747 .0048353 -1 .112 0. 267 -.014893 .0041436 
sdl .0011472 .0007069 1 .623 0. 106 -.0002443 .0025388 
sd2 -.0008629 .0019378 -0 .445 0. 656 -.0046775 .0029517 
sd3 -.0010946 .0023812 -0 .460 0. 646 -.0057819 .0035927 

shelter .0025821 .002377 1 .086 0. 278 -.002097 .0072612 
slope .0169304 .0582457 0 .291 0. 772 -.0977265 .1315873 

wadist .0002608 .0011906 0 .219 0 . 827 -.0020828 .0026045 
_cons 3.236242 6.969609 0 .464 0. 643 -10.48345 16.95594 

~The corrected Y-intercept constant = 4.9965024 
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Figure 4.23; Environmental signature for sites with Umayyad pottery, 
compared to sites with Byzantine pottery and all sites from the 'Umeiri 
survey region. Signature based on t-scores in the logistic regression. 

The t-scores from the regression are found in Figure 4.23, where the surprises 

discussed in the previous paragraph can be seen graphically. Most notably aspect E-W, 

ridge index, and shelter. In these instances the preferred environment was opposite to 

what it had been during the Byzantine period. Also of interest was the relative lack of 

importance for distance to wadi channels. Already of little importance in the Iron Age II 

and Byzantine models, this variable was even less important to the construction of the 

Umayyad model. Taken together, these differences between environmental signatures for 

sites with Umayyad pottery and the sites with Byzantine pottery indicate that a transition 

in the relationship between humans and the environment was taking place along with the 

transition from Byzantine to Islamic social structures. 
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Using the regression coefficients and the corrected Y-intercept from the logistic 

regression of sites with Umayyad p>ottery, the following equation was used to construct 

the model seen in Figure 4.24: 

D = 4.9965024+ (Aspect E-W * -0.0034342) + (Aspect N-S * 0.0040731) 
+ (Elevation * -0.0114158) + (Relief Abv. • -0.0831684) + (Max. Relief 
* 0.2763671) + (Texture * -0.6508691) + (Ridge * -0.0053747) + (Soil 1 
Dist. * 0.0011472) + (Soil 2 Dist. * -0.0008629) + (Soil 3 Dist. * -
0.0010946) + (Shelter * 0.0025821) + (Slope * 0.0169304) + (Wadi Dist. 
• 0.0002608). 

In this map, the dark areas represent high probability and the light areas low probability 

for sites with Umayyad pottery. 

.  . . .  

" • ; r . ,  
, - S. 

\ 

t 
r.--$ V 

Tell El-'Umeiri 
Regional Survey 
Umayyad Model 

) 
a • Lowest Probability 

H Highest Probability 

/V Survey Boundary 

« Site Location 

5 km 

Figure 4.24; Logistic regression model for sites with Umayyad pottery. 

To this point in the study, the strength of models has been tied to sample size, the 

smaller the sample the more focused the model, but with the Umayyad model this pattern 

has been broken. As expected, the majority of the non-site sample fell below the 0.5 

mark, but the distribution of the site sample was bi-modal (Figure 4.25). With 19 sites 
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below the 0.5 mark and 24 above it, this distribution was nearly evenly split. 

Consequently the strength of this model was seriously compromised, as seen in Table 

4.16. Using 0.5 as the cut-point, this table indicates that only 55.81% of the site sample 

was correctly predicted by the model. At the same time, the model incorrectly placed 

30% of the non-site sample in the site predicted category, providing an improvement over 

chance of 55.81% - 30% = 25.81%. 

15 

I Umayyad Sites 

B Non-Sites 

Probability Score 
Figure 4.25: Distribution of probability scores from the logistic regression 
model for sites with Umayyad pottery. 

The bi-modal distribution of Figure 4.25, and the anemic improvement over 

chance seen in Table 4.16 indicate that inhabitants of the 'Umeiri region during the 

Umayyad period were not focused on a single environmental signature, but were instead 

dividing into two wholly separate signatures. There are a number of possible 

explanations for this phenomenon, two of which seem most likely. First the division 

could be artitlcial, an artifact of the way sites were assigned to this period. As noted in 

the previous chapter, division of sites based on surface sherding is fraught with 
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difficulties. Since the sherds were collected from the surface and not from stratified loci, 

their presence may indicate anything from true habitation to a stray sherd carried to a new 

location by sheet wash. 

Table 4.16: Performance table for Umayyad sites logistic regression model. 
Correct Predictions Incorrect Predictions 

Archaeological sites Non-Sites Archaeological sites Non-Sites 
Cut Point Number Percent Number Percent Number Percent Number Percent 

0 43 100.00 0 0.00 0 0.00 250 100.00 
0.1 43 100.00 7 2.80 0 0.00 243 97.20 
0.2 43 100.00 49 19.60 0 0.00 201 80.40 
0.3 41 95.35 97 38.80 2 4.65 153 61.20 
0.4 34 79.07 140 56.00 9 20.93 110 44.00 

0.5 24 55.81 175 70.00 19 44.19 75 30.00 
0.6 22 51.16 210 84.00 21 48.84 40 16.00 
0.7 18 41.86 225 90.00 25 58.14 25 10.00 
0.8 11 25.58 242 96.80 32 74.42 8 3.20 
0.9 2 4.65 249 99.60 41 95.35 1 0.40 
I 0 0.00 250 100.00 43 100.00 0 0.00 

Great care was taken in order to eliminate problems with ceramics as the cause of 

the bi-modal distribution of sites within this model. As with all models examined in this 

study, sites with pottery calls that were uncertain were removed from the sample. This 

left the following readings: 1 (one), F (few), X (present) and D (dominant). These calls 

can be seen as a kind of probability scale, with / being lowest probability and D being 

highest probability that a site was functional during the Umayyad period. Nine of the 

sites identified as Umayyad fall in the lower probability range with five /'s and four F's. 

With four of these sites falling below O.S and five above, it seemed unlikely that these 

nine sites would affect the model. In order to test this assumption, a second model was 

constructed for sites with Umayyad pottery. In this model, only the 34 sites with X or D 

readings for Umayyad pottery were used. Figure 4.26 illustrates the distribution of sites 

and non-sites in this model. This distribution is little different from that of the model 

which used all sites with Umayyad pottery (Figure 4.25. This visual similarity is 

supported by an improvement over chance of 29.62% for this model. Compared to the 
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25.81% improvement for the earlier Umayyad model, removing the sites with 1 or few 

sherds had little effect on the model, indicating that problems with period designations 

based on ceramic collections does not explain the bi-modal distribution and weak 

performance of this model. 

16 
I Umayyad Sites 
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Probability Score 

Figure 4.26: Distribution of probability scores from the logistic regression 
model for sites with Umayyad pottery, minus those sites with low pottery 
counts. 

The second possibility is that the local economy during the Umayyad period was 

dimorphic, producing a model split between two environmental signatures. To test this, 

the Umayyad site sample was divided into two groups. The 19 sites that scored below 

0.5 in the Umayyad model were designated as Group 1, and the 24 sites above 0.5 as 

Group 2. This kind of deck-stacking (i.e. dividing the sample into groups based on high 

and low probability scores) does not construct the most honest models, but when there are 

clear groups within a model it can help to explain the reasons for their presence. The 

ideal situation would be for the split to produce two models, equally strong but with 

different signatures. This would be clear evidence for a dimorphic economy. Short of 
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this, one strong model and one weak would at least indicate that a change in subsistence 

strategy was in process. 

These two groups were subjected to logistic regression. Results of the regressions 

can be seen in Tables 4.17 and 4.18. The summary statistics in the headers of these tables 

indicates that the Group I regression was much weaker than that of Group 2. Note 
•> 

especially the difference between the ^ scores in the regressions. This score for Group 

I was very low, indicating little or no connection between these sites and the 

environmental variables used in this study. Conversely, the for Group 2 was 

considerably higher, arguing for a stronger relationship between this group of sites and 

the environment. 

Table 4.17: Logistic regression results for Umayyad Group 1 sites. 
"Note: relfb dropped due to co linearity. 

"Logit Estimates Number of obs = 269 
chi2(13) = 5.51 
Prob ' chi2 = 0.9623 

"Log Likelihood = -65.914893 Pseudo R2 = 0.0401 

site I Coef. Scd. Err. t P'l^l [95% Conf. Interval] 

aspew -.0002401 .0049273 -0 .049 0 .961 -.0099435 .0094633 
aspns -.0027024 .0049378 -0 .547 0 .585 -.0124265 .0070218 
elev -.0049955 .008389 -0 .595 0 .552 -.021516 .011525 

relfa -.0439905 .1512108 -0 .291 0 .771 -.3417716 .2537905 
relfm .0859513 .1608891 0 .534 0 .594 -.2308893 .4027919 

texture -.2349392 .6048544 -0 .388 0 .698 -1.426085 .9562069 
ridge .0032523 .0084418 0 .385 0 .700 -.0133722 .0198768 

sdl .0005526 .0008177 0 .676 0 .500 -.0010577 .0021629 
sd2 -.0044881 .0033664 -1 .333 0 .184 -.0111175 .0021414 
sd3 -.0008618 .0027347 -0 .315 0 .753 -.0062473 .0045237 

shelter -.0016351 .0034764 -0 .470 0 .639 -.0084811 .005211 
slope -.0186924 .0886801 -0 .211 0 .833 -.1933312 .1559463 

wadist -.0011633 .0015279 -0 .761 0 .447 -.0041723 .0018456 
_cons 4.82818 9.206828 0 .524 0 .600 -13 .30292 22.95928 

"The corrected Y-intercept constant = 7.4052022 
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Table 4.18: Logistic regression results for Umayyad Group 2 sites. 
"Noce: relfb dropped due Co co linearicy. 

"Logic Escimaces Number of obs = 274 
chi2(13) = 79.27 
Prob ' chi2 = 0.0000 

"Log Likelihood = -41.72137 Pseudo R2 = 0.4872 

sice Coef. Scd. Err. c P' I t l  [95% Conf. Incerval] 

aspew -.0066019 .006711 -0 .984 0. 326 -.0198167 .0066129 
aspns .0157861 .0066545 2 .372 0. 018 .0026825 .0288898 
elev -.0220706 .0111871 -1 .973 0. 050 -.0440995 -.0000417 
relfa -.1346382 .187204 -0 .719 0. 473 -.5032672 .2339907 
relfm .4530106 .1879455 2 .410 0. 017 .0829216 .8230996 

cexcure -.8672215 .6394377 -1 .356 0. 176 -2.126357 .3919143 
ridge -.0083716 .0074554 -1 .123 0. 263 -.0230521 .006309 
sdl .0025337 .001458 1 .738 0. 083 -.0003373 .0054046 
sd2 .000675 .0034286 0 .197 0. 844 -.0060764 .0074263 
sd3 -.0507681 .0366392 -1 .386 0. 167 -.1229155 .0213792 

shelcer .0057252 .0041591 1 .377 0. 170 -.0024645 .013915 
slope .0294435 .0861637 0 .342 0. 733 -.140224 .199111 
wadisc .0040683 .0022445 1 .813 0. 071 -.0003514 .008488 
_cons 2.14426 11.51009 0 .186 0. 852 -20.5206 24.80912 

"The correcced Y-inCercepc constanc = 4.487667 

The t-scores also indicated differences between the two groups. This was 

especially clear in Figure 4.27. This graph indicated that while Group 2 sites had many 

similarities with the initial Umayyad and Byzantine regressions, Group 1 had little in 

common with either. Note especially the difference between regressions for the variable 

distance to wadi channel. While Group 2 had a strong preference to locate away from 

these channels. Group 1 preferred to locate near wadis. It is possible to view the scores 

reflected in this graph as an indication that Group 2 sites represented the remnants of 

Byzantine agricultural life, now withdrawn to the most favorable environmental zones. 

With few exceptions, such as ridge index and shelter, the Group 2 signature more closely 

resembled the Byzantine signature than Group 1 sites did. In instances where the 

importance of a particular variable differed between Group 2 and Byzantine sites, such as 

distance to wadi or slope, this difference can be seen as a move to more favorable 

environments (i.e. away from wadi channels and to areas of less extreme slope). 
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Figure 4.27; Comparison of environmental signatures for Group 1, Group 
2, ail Umayyad sites, and Byzantine sites in the 'Umeiri region. 
Signatures based on t-scores from logistic regressions. 

If true that the Group 2 sites were withdrawing into the best agricultural areas, this 

interpretation is logically consistent with a collapsing system. As the Byzantine 

agricultural system collapsed, the first areas to be abandoned would have been the most 

marginal, with agricultural practices persisting only in the more favorable zones. 

Pastoralists, because of their greater mobility, would not need to tie themselves as closely 

to particular environmental signature and could settle wherever there was sufficient 

shelter for their flocks. Using deserted Byzantine structures as campsites and animal 

shelters, much like modem Bedouin use abandoned Ottoman structures. Group 1 
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settlement patterns may represent the availability of recently rejected man-made 

structures rather than optimal environments. 

Models were created for both groups of Umayyad sites, using the regression 

coefficients for each group: 

Group I = 7.4052022+ (Aspect E-W • -0.0002401) + (Aspect N-S • -
0.0027024) + (Elevation • -0.0049955) + (Relief Abv. * -0.0439905) + 
(Max. Relief » 0.0859513) + (Texture • -0.2349392) + (Ridge * 
0.0032523) + (Soil 1 Dist. * 0.0005526) + (Soil 2 Dist. * -0.0044881) + 
(Soil 3 Dist. * -0.0008618) + (Shelter • -0.0016351) + (Slope • -
0.0186924) + (Wadi Dist. * -0.0011633) 

Group 2 = 4.487667+ (Aspect E-W • -0.(X)66019) + (Aspect N-S * 
0.0157861) + (Elevation * -0.0220706) + (Relief Abv. » -0.1346382) + 
(Max. Relief * 0.4530106 ) + (Texture • -0.8672215 ) + (Ridge * -
0.0083716) + (Soil 1 Dist. • 0.0025337) + (Soil 2 Dist. • 0.000675) + 
(Soil 3 Dist. * -0.0507681) + (Shelter • 0.0057252) + (Slope • 0.0294435) 
+ (Wadi Dist. » 0.0040683). 

These equations produced the models in Figure 4.28. Although it is problematic to base 

conclusions about models on visual comparisons, it is clear from this figure that the two 

models were very different. 
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Figure 4.28: Probability models for Group I and Group 2 sites with 
Umayyad pottery. 

The extent of this difference becomes clear when the distributions of sites and 

non-sites for each are compared. Figure 4.29 described a model whose environmental 

signature was not very focused. The distribution of the site sample was slightly bi-modal. 
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although the separation was not as clear as it was for the model based on all Umayyad 

sites (Figure 4.25). The non-site sample formed a normal distribution, not focused on any 

particular environment. 

25-

Umayyad Group I 

Non-Sites 

P 

Probability Score 
Figure 4.29: Distribution of probability scores from the probability model 
for Group I Umayyad sites. 

In sharp contrast to this was the distribution of sites and non-sites in the Group 2 

model, (Figure 4.30) where the separation between site and non-site samples was 

unequivocal. In this model, 82.8% of the non-site sample had scores between 0.0 and 

0.05, while 100% of the site sample had scores of 0.5 and above reflecting a very focused 

environmental signature. 
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Figure 4.30; Distribution of probability scores from the logistic regression 
model for Group 2 Umayyad sites. 

Not surprisingly, the performance of these two models was equally at odds. 

Tables 4.19 and 4.20 provide performance results using a variety of cut-points. Using 0.5 

as the point at which the model is divided into site likely and site unlikely, the Group 1 

model correctly predicted 57.89% of the sites and incorrectly predicted 44.4% of the non-

sites. This left an improvement over chance of 57.89 - 44.4 = 13.49%. This low 

improvement score indicated that this model was only slightly better than a random 

sample of the region. As suggested at each step of the model building process, the model 

for Group 2 Umayyad sites was more focused. Using the figures in Table 4.20, with a 

cut-point of 0.5, this model provided an improvement over chance of 100% - 17.2% = 

82.8%. Clearly, this model was focused on a particular environment. 
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Table 4.19: Performance table for Group 1 Umayyad sites model. 
Correct E^edictions Incorrect Predictions 

Archaeological sites Non-Sites Archaeological sites Non-Sites 
Cut Point Number Percent Number Percent Number Percent Number Percent 

0 19 100.00 0 0.00 0 0.00 250 1 100.00 
0.1 19 100.00 2 0.80 0 0.00 248 ! 99.20 
0.2 19 100.00 12 4.80 0 0.00 238 i 95.20 
0.3 19 100.00 36 14.40 0 0.00 214 i 85.60 
0.4 17 i 89.47 78 31.20 2 10.53 172 i 68.80 

0.5 11 57.89 139 55.60 8 42.11 111 44.40 
0.6 6 31.58 208 83.20 13 68.42 42 i 16.80 
0.7 2 ! 10.53 239 95.60 17 89.47 11 4.40 
0.8 0 i 0.00 250 100.00 19 100.00 0 0.00 
0.9 0 1 0.00 250 100.00 19 100.00 0 1 0.00 
1 0 1 0.00 250 100.00 19 100.00 0 1 0.00 

Table 4.20: Performance table for Group 2 Umayyad sites model. 
Correct Predictions Incorrect I^edictions 

Archaeological sites Non-Sites Archaeological sites Non-Sites 
Cut Point Number Percent Number Percent Number Percent Number Percent 

0 24 100.00 0 0.00 0 0.00 250 100.00 
O.l 24 100.00 154 61.60 0 0.00 96 38.40 
0.2 24 100.00 174 69.60 0 0.00 76 30.40 
0.3 24 100.00 194 77.60 0 0.00 56 22.40 
0.4 24 100.00 200 80.00 0 0.00 50 20.00 
0.5 24 100.00 207 82.80 0 0.00 43 17.20 
0.6 20 83.33 218 87.20 4 16.67 32 12.80 
0.7 17 70.83 229 91.60 7 29.17 21 8.40 
0.8 15 62.50 239 95.60 9 37.50 11 4.40 
0.9 13 54.17 243 97.20 11 45.83 7 2.80 
1 0 0.00 250 100.00 24 100.00 0 0.00 

To summarize the results of the Umayyad models, it seems clear that at least two 

subsistence strategies were in operation during this period. Seen in the bi-modal 

distribution of the site sample in the initial model (Figure 4.25), this split was large 

enough that separate models could be constructed for each group. The environmental 

signature for Group 2 sites had many of the same elements as the Byzantine sample 

(Figure 4.27) and most differences could be viewed as a concentration of efforts into the 

most favorable microenvironments as population dwindled. This concentration lead to 

the highest improvement over chance (82.8%) of any model in this study, and likely 

reflected a continuation of Byzantine agricultural practices during the Umayyad period. 
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In contrast to this, almost everything about the Group 1 sites was different from 

the Byzantine model. In Figure 4.27, Group 1 bars are short when the Byzantine bars are 

long, and long when Byzantine bars are short. The result was a probability model whose 

poor improvement over chance (13.49%) makes the Byzantine model's weak 

improvement (30.4%) appear stellar. This poor performance and the near normal 

distribution of sites and non-sites in Figure 4.29 suggests that the selection of locations 

for these sites was based on something other than the variables used to create the model. 

That is, they were selected either for environmental variables not included in the 'Umeiri 

GIS, or for reasons not connected to the environment at all. Knowing that pastoralism 

became increasingly important during subsequent Islamic periods, it is tempting to 

suggest that Group 1 sites herald the beginning of the shift from the intensive agriculture 

of the Byzantine period to the pastoralism of the Islamic periods. The mobile nature of 

this form of subsistence would allow for settlement with less regard to local environment. 

But it needs to be pointed out that no real evidence exists for this interpretation, and at 

this point all that can be said with confidence about these sites is that they represent a 

sharp break with everything that had gone before them. 

Conclusion; Probability Models and the Lon^ue Puree 

The stated goal of this chapter was to make connections between BraudePs longue 

duree of the environment, and his conjonctures, represented in this study by cycles of 

settlement intensification and abatement (Figure 4.1). As discussed in Chapter 2, most 

attempts to include the environment in socio/cultural reconstructions of the ancient world 

have failed because archaeologists and other historians were unable to control the 

environmental data. The models presented in this chapter demonstrate that this difficulty 

can be overcome through the application of GIS technology to the problem. As the 

models were constructed, it became clear that settlement patterns during each period were 
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connected to the local environment. These connections were seen most clearly in the 

unique environmental signatures for each period, illustrated by the t-scores from the 

regressions (Figure 4.31). These scores showed that while there were general preferences 

linking settlement in the region across archaeological periods, especially the importance 

of relief, slope, and distance to type 3 soils, the relative importance of individual 

variables working in combination with other variables gave each period a unique 

environmental signature for its sites. The singularity of each signature demonstrated that 

the connection between each group of sites and the environment was both genuine and 

quantifiable. The ancient inhabitants had a plan when locating their sites, a plan rooted in 

the long-term structures of the environment. 
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Figure 4.31; Environmental signatures for all models. Signatures based 
on t-scores in logistic regressions. 
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The relationship between the environment and the cycles of settlement 

intensification and abatement was essentially an inverse relationship. The strength of the 

probability models decreased as settlement increased in the region, and increased as 

settlement decreased. This relationship can be seen in Figure 4.32. In this graph, model 

strength (measured as percent improvement over chance) is compared to settlement 

intensity (sites from each period as a percent of the total number of sites). With the 

exception of Group 1 Umayyad sites, bars in this graph are inversely related. Iron Age II 

and Byzantine pottery was recovered from a high percentage of sites in the 'Umeiri 

region but the models based on these sites were relatively weak, not much different from 

the model based on all sites in the region. Conversely, there were few Group 2 Umayyad 

and Iron Age I sites but models based on these sites were strongly focused, with high 

levels of improvement over chance. The exception to this are the Group 1 Umayyad 

sites. Although the data discussed above suggests that these sites may represent a 

subsistence strategy dependent on pastoralism, evidence for this hypothesis is scant. 

Short of excavation to determine the use periods and function of the 19 sites that fall into 

this category, it is unlikely that a completely satisfactory explanation will be forthcoming. 

This inverse relationship between the long term history of the local environment 

and the cycles of settlement intensification and abatement in the region can be seen as 

reflective of two closely related factors, population and social complexity. During 

periods of low population, inhabitants of the region could concentrate in those areas most 

favorable to agriculture. This concentration on superior environmental zones would lead 

to focused signatures and strong probability models. Conversely, rising population levels 

in the region would eventually force farmers to begin utilizing marginal environmental 

zones. This dispersion into less desirable areas would bring about unfocused 

environmental signatures and weak probability models. 
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Figure 4.32: Relationship between settlement intensity and model 
strength. Settlement intensity was measured as percentage of total sites 
with pottery from each period and model strength as percent improvement 
over chance. 

This is exactly the situation found in this study. Models from periods of intense 

settlement, those based on sites with Iron Age II and Byzantine pottery, provided weak 

improvement over chance and environmental signatures that were only slightly different 

from the signature for all sites in the region. Conversely, models based on sites with Iron 

Age I and Umayyad pottery provided a different picture of settlement in the region. Sites 

with Iron Age I pottery had strong models, indicative of focused environmental 

signatures. The picture during the Umayyad period was more complicated, indicative of 

a dimorphic economy, almost evenly split between the 43 sites. Once separated, the 
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Group 2 Umayyad sites had a focused signature and strong model, but the Group 1 sites 

had the weakest model of any tested. The model supports the suggestion that Group 2 

sites represent the remnants of the Byzantine subsistence strategy, withdrawing into the 

best agricultural lands as population decreased. The weak model based on the Group 1 

sites is more difficult to explain. These sites had almost no connection to the 

environmental factors used to make the models in this study, suggesting a subsistence 

strategy not based on field agriculture. If nothing else, these sites are indicative of 

widespread social change during the transition from Byzantine to Islamic society. 

The second factor affecting the models is social complexity. Although difficult to 

measure, it must be assumed that increasing numbers of sites represent increased social 

complexity. Complex societies offer a greater diversity in subsistence opportunities, 

leaving a smaller percentage of the population engaged directly in agriculture. This 

economic diversification would likely create a less focused environmental signature, 

since optimal environmental conditions would be different for each subsistence niche, 

exactly the case for sites with Iron Age II and Byzantine pottery. On the other hand, 

during periods of low population, social organization would be less complex with more 

people involved directly in agricultural pursuits. The results of this should be focused 

environmental signatures and strong models during periods of simpler socio/economic 

organization, precisely the situation for Iron Age I and Umayyad Group 2 sites. 

Although questions remain about Group I Umayyad sites, the models built in this 

chapter made concrete, quantifiable connections between Braudel's longue duree and 

conjonctures. These connections, rooted in logistic regression, allowed the identification 

of optimal environments for sites with pottery from four different periods. Iron Age I, 

Iron Age II, Byzantine, and Umayyad. Comparisons between models indicated that 

inhabitants of the region sought very specific environmental signatures during the Iron 
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Age I and by the Group 2 Umayyad inhabitants, indicative of a focused subsistence 

strategy based on field agriculture. During Iron Age II and the Byzantine period, 

environmental signatures were less specific, probably indicative of increased population 

and social complexity. Finally, Group 1 Umayyad sites fit no discernible pattern, but 

serve notice that subsistence changes were taking place in the transition from Byzantine 

to Islamic social structures. 

Finally, a note about the strong environmental emphasis of the analyses presented 

in this chapter. The models presented here are deterministic by nature, but this is not all 

there is to say about ancient humans and how their settlement patterns are determined. 

These kinds of environmental models have proven beneficial to survey archaeologists, 

but they have also created problems. If we assume that ancient humans lived and worked 

within the constraints of their environment, but were not determined by it, we should 

expect that a variety of socio-cultural factors would also have been important 

considerations in site location strategies. Unfortunately, these factors can be difficult to 

define, and almost impossible to quantify. Since GIS are essentially quantitative, there 

has been a tendency to avoid the problem by ignoring cultural factors and concentrating 

on a more determinist ecological systems approach to settlement patterns. There has been 

much criticism of this approach to settlement patterns (Gaffney and Leusen 1995), and 

recently a number of GIS based studies that include socio-cultural factors in settlement 

strategies have appeared (Boaz and Uleberg 1995, Gaffney and Stancic 1991, Gaffney, et 

al. 1995, Stead 1995, Wheatley 1992, Wheatley 1995) The value of environmental 

models remains, but recognizing that they are incomplete, social factors in ancient 

settlement will be examined in Chapter 6. 
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CHAPTER 5 
EROSION MODELS AND TERRACES: ^V^NTEMENTS IN THE 

ARCHAEOLOGICAL RECORD 

Introduction 

To this point, this study has emphasized the importance of the longue duree and 

conjonctures in writing history, but the role of eventements cannot be overlooked. 

Braudel characterized individuals and events as unimportant when compared to the 

geographic scale of history's longue duree (Braudel 1974: 1242), but even he recognized 

the essential contribution of eventements to writing a complete history. As noted in 

Chapter 2 of this study, the Annates School saw the importance of eventements in their 

ability to illuminate the longue duree and conjoncture; to act as a window through which 

these more important systemic interactions could be viewed (Lucas 1985: 6). The goal of 

this chapter is to integrate short-term history with the longer terms, thereby providing this 

window on the 'Umeiri region. 

With few exceptions, events in the archaeological record are difficult to discern, 

and are usually presented not as moments in time but placed as a range of time. For 

example, the appearance of Mycenaean IIIC IB pottery on the Levantine coastal plain, in 

real and symbolic terms, heralds the arrival of the Philistines and other Sea Peoples in the 

region. Even without the contemporary records of the Egyptians and later writings of the 

Bible, the sudden appearance of this distinctive pottery tells the story of new arrivals. In 

this chapter, short-term history, represented by artifacts, specifically agricultural terraces, 

will be added to the longue duree (i.e. the environment) and conjonctures (i.e. cycles of 

settlement intensification and abatement) discussed in Chapter 4. It is hoped that 

identifying these moments within the context of the longer terms will act as a window 
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through which settlement and subsistence strategies in the 'Umeiri region can be better 

understood. 

The Role of Agricultural Terraces in Settlement Theories 

Agricultural terraces are one of the most ubiquitous features of the Levantine hill 

country, but discovering the temporal context of ancient terrace walls has proven 

difficult. The nature of these artifacts of agricultural intensification is such that terraces 

built recently may be identical in form to those built thousands of years ago, precluding 

most attempts at typological sedation. Further, in the life of a terrace, construction, 

destruction, and reconstruction, is a cycle that may be repeated many times. In the 

'Umeiri region, for example, terraces are currently being built atop the remains of their 

more ancient forebears, making a determination of their origins difficult. The principal 

problem is that terraces defy traditional archaeological methods for dating. They exhibit 

little or no stratigraphy, and artifacts associated with them are generally of uncertain 

context. On a large terraced slop)e every wall will likely be a composite of original and 

reconstructed components, and, stratigraphically, an excavator can never be sure of 

anything beyond the portion of wall they have sectioned. Additionally, artifacts, such as 

pottery or coins, found in the walls may have as much to do with gravity induced 

percolation of water, soil, rocks, etc., down the slopes as they do with construction dates. 

About the only success at assigning a temporal context to terrace walls have been those 

few instances when they have been identified as complete units, associated with single 

period settlements or farmsteads (Edelstein and Gat 1980-81, Edelstein and Gibson 1982, 

Edelstein and Kislev 1981). Unfortunately, most terrace walls do not arrive at the 

archaeologist's doorstep in such a neat package. 

This difficulty in establishing a temporal context for agricultural terraces leaves 

plenty of room for theories about the role they played in the settlement of the Levant. In 
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the hill country of Judea, where most of the interest in terraces has been concentrated, 

they have been portrayed by many as the minimum technological requirement for the 

establishment of settlements during Iron Age I, yet few terraces can be securely dated to 

this period. Certainly the single most influential terrace wall in the region is the Iron Age 

I terrace from Site G of Calloway's excavation of 'Ai. One of the few terraces of the 

ancient world from a relatively secure stratigraphic context, this wall has become the 

foundation for many who see terracing as necessary for opening the hill country to 

settlement. 

Stager has most forcefully argued this position. Based on terraces at 'Ai and 

Radanna, Stager asserts: 

Of all the technologies and techniques available to the Iron Age settlers, 
none served them better than agricultural terracing, which helped to open 
up the highland frontier to the Iron Age farmers. This technological 
advance dramatically altered the attractiveness of the Hill Country to the 
incoming agriculturists and increased its carrying capacity as never before. 
(Stager 1985: 5) 

Further, he maintains that this was a technology employed from the beginning by the new 

arrivals, stating, 'The highland villagers were already well advanced in techniques of 

terrace agriculture when they established their settlements de novo on hilltops and laid 

out their terraced plots on the slopes below" (Stager 1985: 6). Stager sees terrace farming 

as one of the hallmarks of Iron Age I in the Judean highlands, extending the influence of 

the 'Ai terrace to the "nearly LOO settlements founded in the hills at this time" (Stager 

1982: 116). Only the most forceful of many. Stager's assumption that terraces were 

necessary for penetration into the hill country during the Iron Age I is echoed by a host of 

scholars. In one form or another and at various points in their careers, Ahlstrom, 

Calloway, De Geus, Dever, Gottwald, Meyers, and Thompson have all written that the 

Iron Age I economy of the Judean highlands was based in some measure on terrace 
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agriculture (Ahlstrom 1982; 183-184, Calloway 1985: 41, De Geus 1975: 70, Dever 

1990: 78, Gottwald 1979: 658-659, Meyers 1978: 95, Thompson 1979: 66). 

Although fewer in number, there are those who are not convinced that the terraces 

at 'Ai and Radanna are enough to posit an Iron Age I date for extensive terracing in the 

Judean hill-country. Hopkins in his work. The Highlands of Canaan, pursues an 

argument that terraces were not used extensively during the initial stages of Iron Age 

settlement. Following Boserup, he contends that agricultural intensification occurs only 

when a growing population creates enough stress to make the extra effort necessary 

(Boserup 1965; 41, Boserup 1981: 31). Hopkins cites the tremendous amount of labor 

necessary to construct and maintain terraces (Hopkins 1985: 177-178), the need for 

surplus labor and a level of community organization to carry out terracing projects 

(Hopkins 1985; 178-179), and the fact that crops can be grown on slopes of up to 30 

degrees without the aid of terraces (Hopkins 1985: 180), to conclude that agricultural 

terraces were a "response of the Highland communities to exigencies encountered as the 

duration of their settlement progressed" (Hopkins 1985: 181). 

This position gains support from Israel Finkelstein in his attack on 

socio/agro/technological explanations for Israelite settlement in Palestine. In his view, 

proponents of these positions, especially those who argue that a knowledge of terrace 

building allowed settlement in the hill country, "founder on their estrangement from the 

land and its finds" (Finkelstein 1988: 21). Finkelstein calls terrace building "simply a 

function of topography and population growth" and asserts that "the earliest Israelite 

settlements turned out to be located in the very areas where terraces were less essential, 

while the classic terraced regions were practically devoid of settlement sites" (Finkelstein 

1988: 309, Finkelstein 1996). 
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Although he provides little beyond this assertion in support of his position, 

Finkelstein has pointed out an important shortcoming of most treatments of Levantine 

terraces. By concentrating on the artifact/event of the terrace, most discussions ignore the 

importance of environmental reasons for their introduction. In this sense, Finkelstein is 

correct when he asserts that many of the proponents of agrarian technological theories of 

Israelite settlement are "in need of a direct familiarity with environmental data" 

(Finkelstein 1988: 21). 

Erosion Models and Terraces 

This chapter is proposing a new methodological approach to the question of when 

terrace agriculture was introduced. Based on the assumption that if archaeological sites 

were located in areas with low erosion potential terracing would have been both 

unnecessary and improbable, the methodology proposed here attacks the question not by 

conducting a new examination of terraces but by discovering erosion potential in the 

'Umeiri region. The vehicle by which these probabilities will be determined is a 

commonly used equation for determining soil loss, the Universal Soil Loss Equation 

(USLE), developed by the United States Department of Agriculture (USDA). Using this 

equation, in conjunction with the 'Umeiri GIS, a series of models detailing erosion 

potential under a variety of conditions were built for the 'Umeiri survey region. 

Archaeological sites from the region were introduced into the models in order to discover 

the erosion potential for each site. It should be stated here, that the results of this chapter 

are specific to the 'Umeiri region, and do not apply to the Judean Highlands, or to other 

areas in the Near East; however, the methodology can be employed anywhere. 
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What is Erosion 

There are three types of soil erosion: channel, surface, and soil mass movement. 

All three of these can be important in any given region, but the models built in this 

chapter concentrate on surface erosion by water. Surface erosion is caused principally by 

rainfall dislodging soil particles from a surface. Once dislodged, these particles are 

transported downslope by overland flow. The energy of a single large rainstorm is 

enough to "splash over 200 metric tons of soil into the air on a single hectare of bare and 

loose soil. Individual particles can be splashed more than 0.5 m in height and l.S m 

sideways" (Brooks, et al. 1991: 131). This concussive soil movement does not become a 

problem until the rate of rainfall exceeds the rate of infiltration into the soil. Once this 

rate is exceeded, water begins flowing across the surface, picking up the loosened soil 

particles and transporting them down slope. The sediment in the runoff acts as an 

abrasive, tearing up additional sediment, forming rills, or gullies as it goes. Steep slopes 

and soils with low infiltration rates accelerate the process, making these two factors 

critical to the erosion process. 

How Erosion Potential is Measured 

First used in 1965, the USDA developed the USLE as an aid to help farmers 

predict the amount of surface erosion under a variety of land management practices 

(Wischmeier and Smith 1978). The USDA established soil plots which were 2 X 22 

meters (6 X 72.6 feet) with a uniform 9% slope, and measured erosion from these plots 

under a variety of circumstances (Brooks, et al. 1991: 140). The equation in its original 

form was based on data collected from 10,(X)0 plot years under natural rainfall. 

Subsequent modiflcations in 1978 to better describe soil erodibility and the consequences 

of certain control practices were based partly on smaller plots with simulated rainfall 

(Brooks, et al. 1991: 141). Based on the data collected, the equation developed was: 
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A = R K (LS) C P 

Where A is soil loss in Mg (metric tons)/ha (hectare)/year, R is the rainfall erosivity 

factor; K is the soil erodibility factor for particular soil types; LS is a combined factor for 

slope length and slope gradient; C is a crop management factor; and P is an erosion 

control practices factor (e.g. contour plowing, strip cropping, terracing, etc.) (Wischmeier 

and Smith 1978). 

Measuring Erosion in the 'Umeiri Region 

In order to determine potential erosion in the 'Umeiri region, appropriate values 

were determined for the various components of the USLE, and maps representing these 

values were constructed in the 'Umeiri GIS as follows. 

RAINFALL EROSIVITY FACTOR (R) 

The rainfall factor is the number of erosion-index units for a given period of time 

in a given geographical area (Brooks, et al. 1991: 3, United States Department of 

Agriculture 1976: 142-143). This value can either be calculated for an individual rainfall 

event, based on duration and intensity, or as a value based on average rainfall over a 

specified time period, usually one year. This latter can be expressed as: 

tsi. 
R = -' 

n 

Where the erosion index (EI), as measured over a period of time is averaged over a 

number C/I) of these periods. For this study, an R value of 75 was assigned to the 'Umeiri 

region, based on data developed by the United Nations Food and Agriculture 

Organization (Food and Agriculture Organization of the United Nations (FAO) 1979). 
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SOIL ERODIBILITY FACTOR (K) 

The K factor in the USLE is a calculation of the susceptibility of a particular soil 

for erosion. It is based on measurement of soil loss per standard USDA soil plot 

"maintained in a continuous fallow, with tillage when necessary to break surface crusts 

and to control weeds" (Brooks, et al. 1991: 143). Factors affecting K include "texture, 

organic matter, structure, permeability, and clay management. 

K values for the 'Umeiri region were assigned based on descriptions of the soils 

by Douglas W. Schnurrenberger, project geologist. The three soil types, referred to in 

this study as wadi, slope, and ridge soils, were all varieties of Red Mediterranean Soils 

common in the Levant. More detailed descriptions of these calcareous soils can be found 

in studies by Schnurrenberger, Lacelle, and Moorman (Lacelle 1986, Moorman 1959, 

Schnurrenberger 1991, Schnurrenberger 1997). Based on Schnurrenberger's description, 

and general characteristics of Red Mediterranean Soils, D. Phillip Guertin' assigned the 

following values to the various components in order to determine the K values for these 

soils. 

Wadi soils were described as having a silty clay texture with less than 20% gravel 

and rock fragments (Schnurrenberger, personal communication). Guertin assigned the 

following values to this soil: 

6% Sand 

48% Silt 

1 % Organic Matter (assumed) 

4 Structure 

5 Permeability (slow) 

Based on these numbers, a K value of 0.38 was calculated for this soil. (Amoldus 1977) 

^ These values were assigned by D. Phillip Guertin. associate professor of watershed management in the School of 
Renewable Natural Resources. The University of Arizona. 
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The slope soils were typically found on slopes and in small tributary wadis. They 

were a silty clay loam with a gravel or rock fragment content between 30% and 50% 

(Schnurrenberger, personal communication). Guertin assigned the following values to 

this soil: 

10% Sand 

57% Silt 

1 % Organic Matter (assumed) 

4 Structure 

5 Permeability (slow) 

Based on these numbers, a K value of 0.52 was calculated for this soil. (Amoldus 

1977) 

The ridge soils had a silt loam texture and a gravel and rock fragment content 

between 30% and 70% (Schnurrenberger, personal communication). The following 

values were assigned to this soil by Guertin: 

20% Sand 

65% Silt 

1 % Organic Matter (assumed) 

4 Structure 

5 Permeability (slow) 

Based on these numbers, a K value of 0.69 was assigned to this soil (Amoldus 1977). 

Of the three soils in the 'Umeiri region, the ridge soils had superior water 

infiltration characteristics and would have been the best agricultural soils in antiquity. 

Unfortunately, they are highly susceptible to erosion and through a combination of 

deforestation and intermittent terrace maintenance, ridge soils today are shallow with 

significant amounts of exposed bedrock. The erosion models developed here assume that 

this soil was deeper and had a lower percentage of gravel in antiquity than it does today. 

If values for this soil had been based on present conditions, permeability would have been 

6, and K would have been 0.72. 
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A soil erodibility factor (K) map for use in calculating the USLE potential erosion 

was created in the 'Umeiri GIS by a reclassification of the original soil map to reflect the 

values stated above. 

SLOPE LENGTH AND SLOPE GRAORENT FACTOR (LS) 

The LS factor is a combination of slope length and slope gradient. The creation of 

the map describing this feature for the 'Umeiri region was the most complex map created 

for this study. Particularly difficult was calculating slope length. In the USLE, slope 

length is measured from the point where runoff begins until it reaches a channel, or until 

deposition begins. In the USLE, L is defined as: 

L =  {H22y  

Where I is slope length in meters and x is a constant, 0.5% for slopes > 4%, 0.4 for slopes 

= 4%, and 0.3 for slopes < 3%. (Schwab, et al. 1981: 106) 

In order to model slope length for the USLE, a triangulated irregular network 

(TIN) was created in ARC/INFO to model the region's terrain. Raster models have 

difficulty modeling the length of slopes because in a raster DEM this length is effectively 

limited to the size of the cells in the grid. For the 'Umeiri GIS, this would restrict the 

length of slopes to 20 meters. TINs model real world surfaces as "a set of adjacent, non 

overlapping triangles computed from irregularly spaced points with x,y coordinates and z 

values." (ESRI 1996: II) For this study, these triangular facets will be used to model 

slope fields. 

In ARC/INFO, data from a number of sources can be utilized to create a TIN. 

The creation of the 'Umeiri region TIN utilized three components: points selected from 

the DEM with ARC/INFO's Very Important Points (VIP) command provided a stratified 

5% sample of x, y, z values; arcs representing ridge lines were extracted from the ridge 

index grid (see Chapter 3 for a discussion of this grid). These arcs provided breaklines 
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along ridges; finally, the wadi coverage provided breaklines in the drainages. Using these 

three components, ARC's CREATETIN command (ESRI 1995a), created a TIN of the 

'Umeiri region (Figure 5.1). Each point in the TIN had x,y and z values attached to them. 

Since no three points had the same z value, each triangle had a slope and a slope length 

enabling the calculation of LS for each facet of the TIN. 

Triangulated Irregular Network (TIN) 
of the Tell el-Umeiri region. The network 
is composed of points with x.y. and z 
values. These points conncct to form 
triangular shaped facets which describe 
elevalion^slogc,_and_asgectjnjhcj2gioi^ 

Figure 5.1: TIN of the 'Umeiri region. Each Triangular facet functioned 
as a slope field for calculating the LS factor of the USLE. 

Kilomeiers 
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Creation of the map describing slope length, based on TIN facets, was carried out 

by a variety of ARC and GRID operations. Based on previous work by Cowen and Potter 

(Cowen 1993, Kunzman, et al. 1994), a computer program was written by the author in 

ARC'S programming language (Appendix A). This program used the triangular facets of 

the TIN to delineate the areas of individual slope fields. These were then rasterized by 

the command TINGRID (ESRI 1995a), creating a raster map in which cell values carried 

the ID of the corresponding triangle from the TIN. Using GRID'S zonal functions, the 

program then processed each slope field in the raster map in turn. For each slope field, 

the program would first determine the point of lowest elevation. Then using the 

PATHDISTANCE command it calculated the distance from each cell in the slope field to the 

point of lowest elevation. PATHDISTANCE utilizes both horizontal and vertical change to 

calculate distance between points (ESRI 199Sa), giving an accurate, real world distance 

measurement. These values were then averaged for each slope field to create mean length 

of slope for that field. Using the equation noted above, this average slope length was 

used to calculate L for each slope field. 

Slope gradient was also based on the facets of the TIN. Using the command 

TINARC, percent slope values were calculated for each triangular facet. These facets were 

then gridded, creating a raster map of percent slope for each slope field. This map was 

then used to calculate S for the 'Umeiri region using the following equation: 

where s is percent slope. (Brooks, et al. 1991: 145) 

For uniform slopes, these two components are combined to create the LS factor as 

follows (Brooks, et al. 1991: 145): 

0.43 + 0.30s+0.043r 
6.613 
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The map resulting from this equation can be seen in Figure 5.2, where light areas 

represent low LS values and dark areas high LS values. 

Tell El-'Umeiri 
Regional Survey: 

LS Factor for 
Erosion Model 

• Lowest LS Value 

Highest LS Value 

/V Survey Boundary 

5 km 

Figure 5.2: Slope Length/Slope Gradient (LS) Factor for the 'Umeiri 
Survey Region. 

CROPPING MANAGEMENT FACTOR (C) 

The cropping management factor modifies the USLE through vegetation 

characteristics and crop management practices. It is based on several aspects of 

vegetation as they affect surface erosion, including "vegetation cover, plant litter, soil 

surface, and land management." (Brooks, et al. 1991:) Values for C have been 

determined for a number of conditions, and can be obtained from standard tables. For 

this study, three different conditions for the region, climax vegetation, deforested 

pastureland, and grain cultivation were modeled. In antiquity, the climax vegetation in 

the region was most likely maquis forest, with Quercus calliprinos the dominant specie 

(Younker 1989a: 36). This forest is similar to the Chaparral forests of the American 

Southwest and the C value for the region was calculated as 0.01 (United States 
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Department of Agriculture 1976: Table 7). Under conditions of deforested pastureland, 

the region was assumed to have no canopy and 40% ground cover. Based on standard C 

values for pasture, rangeland, and idle land, a value of 0.10 was assigned to the 'Umeiri 

region for these conditions (United States Department of Agriculture 1976: Table 6). 

Finally, under farming conditions, a C value of 0.3 was assigned to the region based on 

an assumed crop of small grains (United States Department of Agriculture 1976: Table 

5). 

CONTROL PRACTICES FACTOR RP) 

The final factor in the USLE equation is P, control practices. Control practices 

are human initiated operations meant to slow or eliminate surface erosion. These include 

such things as contour plowing, strip cropping and terracing. These practices, 

individually or in combination, affect surface erosion by slowing water runoff, allowing 

moisture to be retained by the soil. Since this study is attempting to determine where 

terraces would be necessary for farming to be successful, control practices have been left 

out of the model. 

Making the Model 

Having constructed the necessary components for the USLE, creating the models 

was simply a matter of multiplying these components to construct the maps of potential 

erosion. This equation, R*K*LS*C produced the models for the project area under the 

three different vegetation regimes discussed above: natural vegetation intact, deforested 

pastureland, and small grain cultivation. Figure S.3 is the map of the region showing 

potential erosion in the area when it is under cultivation for small grains. 
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Tell El-'Umeiri 
Regional Survey 

Potential Erosion 
Model 

(Based on the USLE) 

• Lowest Potential 

H Highest Potential 

5 km 

Figure 5.3: Model based on USLE depicting potential erosion in the 
'Umeiri region with the cultivation of small grains. 

Summary statistics for these models can be found in Table 5.1. In this table, the 

importance of C, the cropping management factor, to the models can be seen. With 

natural vegetation intact, potential erosion in the region was negligible. When this was 

replaced by a deforested pastureland, erosion potential increased by a factor of ten. When 

cultivation for the purpose of raising small grains was introduced to the model, potential 

erosion increased by a factor of 30. Based on these statistics, the introduction of 

cultivation would have had a profound affect on erosion in the 'Umeiri region. 

Table 5.1: Summary statistics for three erosion potential models. 

Model 1 Mean Median Stand. Dev. Minimum Maximum 

Natural Veg. | 0.76 0.45 1.31 0.04 47.86 

Pastureland | 7.64 4.47 13.14 0.38 478.59 

Small Grain | 22.92 13.42 39.43 1.14 1435.77 
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To gain a better understanding of this affect, the models were divided into three 

classes based on potential erosion; areas with potential erosion less than 10 Mg/ha/year, 

those with potential erosion between 10 and 30 Mg/ha/year, and those with an erosion 

potential greater than 30 Mg/ha/year. A soil loss between 4.5 and 11 Mg/ha/year is 

considered the maximum rate of soil erosion that will still allow high crop yields for an 

indefinite period of time. (Schwab, el al. 1981: 108) At this rate, moisture retention is 

excellent and new soil forms fast enough to replenish that lost to erosion. At 10 to 30 

Mg/ha/year, soil depletion occurs at relatively low rates, often slow enough that soil loss 

would not necessarily be apparent to the farmer. In the long-term however, this level of 

erosion would affect both crop yield and soil depth. Erosion of 30 Mg/ha/year would 

mean soil loss at the following rate; 

Given 

30yVf^ = 30 * 10'' 

and 

\ha = \ cm' 

Soil loss can be calculated as 

30Mglha * 10^glMg * liajcm' = 0.3glha 

Given a soil bulk density of 

1.3^/ cm^ 

Soil loss depth per year is 

0.3g/cm' *cm^ll.3g = Q.23cmlyear 

This translates to soil loss of 2.3 cm every 10 years, and 23 cm every 100 years. Since 

soil loss does not occur at uniform rates across the surface, but tends to be concentrated 

into rills and gullies running down a slope, erosion at this rate would be a noticeable and 
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serious problem for the farmer, and remedial steps would be necessary for agriculture to 

be successful in these regions. 

Once broken down into these categories, differences between models become 

clear. Modeling erosion in the region with climax vegetation intact shows very little 

potential for erosion (Figure 5.4). In this model, 99.76% of the region loses less than 10 

Mg/ha/year, 0.19% 10-30 Mg/ha/year, and only 0.05% loses more than 30 Mg/ha/year 

(Table 5.2). This demonstrates that left in its natural state, the 'Umeiri survey area would 

not experience significant erosion problems. 

V. 

Tell El-'^Umeiri 
Regional Survey: 
Erosion Potential 
With Climax Veg. 

•  < 1 0  M g / h e c t a r e / y e a r  

10-30 Mg/hectare/year 

> 30 Mg/hectare/year 

' Tt ' S km 

Figure 5.4: Erosion potential in the 'Umeiri region when climax 
vegetation is intact. Measured as Mg/ha/year. 

If climax vegetation were removed from the region, erosion potential changes for 

the worse, with an increase in areas of higher erosion at the expense of the low erosion 

zones (Figure 5.5). The area with less than 10 Mg/ha/year of erosion dropped from 

99.76% to 78.03%, while the area with 10-30 Mg/ha/year rose from 0.19% to 19.39%. 

Additionally, there was now a portion of the region, 2.58%, losing more than 30 
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Mg/ha/year (Table 5.2). Over the long run, deforested pastureiands would cause serious 

problems for the region, and may be primarily responsible for the large areas of exposed 

bedrock found today. 

7 

Tell El-'Umeiri 
Regional Survey: 
Erosion Potential 

After Deforestation 

• < 10 Mg/hectare/year 

10-30 Mg/hectare/year 

H > 30 Mg/hectare/year 

5 km 

Figure 5.5: Erosion potential in the 'Umeiri region when climax 
vegetation is replaced by deforested pastureland. Measured as Mg/ha/year. 

Table 5.2: Summary of potential erosion in the Tell el-'Umeiri region under three 
model conditions. 

Model < 10 Mg/ha/year 
Potential Erosion 
10-30 Mg/ha/year ' 30 Mg/ha/year 

Natural Vegetation 99.75% 0.19% 0.05% 

Deforested Pastureland 
! 

78.02% 1 19.40% 2.58% 

Cultivated Land 
j 

40.53% 37.49% 21.98% 

A more serious change occurs if it is assumed that once the land is cleared it is 

being tilled for agricultural purposes. This causes the percentage of high erosion zones to 

increase dramatically, with large portions of the area exhibiting serious erosion potential 

(Figure 5.6). The numbers in Table 5.2 now show that 21.98% of the region is losing 
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more than 30 Mg/ha/year, and the areas losing less than 10 Mg/ha/year has further 

decreased, now comprising just 40.53% of the region. Clearly, the coming of agriculture 

to the region would have had a dramatic impact on the landscape and it was likely a 

learning process for the farmers as they sought to open new areas to cultivation. It is 

clear from this model that there were substantial portions of the landscape where control 

practices such as terraces would have been necessary for field agriculture to be 

successful. 

Tell El-'Umeiri 
Regional Survey; 
Erosion Potential 

With Farming 

• < 10 Mg/hcctare/year 

H 10-30 Mg/hectare/year 

m > 30 Mg/hectare/year 

5 km 

Figure 5.6: Erosion potential in the 'Umeiri region when climax 
vegetation is replaced by cultivation of grain. Measured as Mg/ha/year. 

Erosion Models and Archaeological Sites 

Having built the erosion models, it was possible to establish the nature of the 

relationship between archaeological sites and the area's erosion potential. Wanting an 

accurate picture of conditions in the immediate vicinity of the sites, where agricultural 

activity would have been concentrated. Iron 1, Iron 2, Byzantine, and Umayyad sites were 

buffered 100 meters in all directions, providing an area for examination of just over 3 
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hectares per site. These buffered sites were then used to query erosion potential in the 

'Umeiri region under conditions of cultivation. 

The results of these queries, found in Table 5.3, were surprising. It was expected 

that they would show a tendency to locate in areas of lesser erosion during periods of low 

population, thereby saving the labor and expense of instituting erosion control practices. 

Instead, compared to a 5% random sample, there was a tendency during all periods to 

locate in areas of higher potential erosion. Moreover, there were virtually no differences 

in erosion potential between sites from the different periods. Note also that the mean in 

all cases was above 30 Mg/ha/year, indicating that if agriculture were practiced at these 

sites terracing would have been necessary. 

Table 5.3: Summary statistics of potential erosion in vicinity of archaeological 
sites in the 'Umeiri region. Based on model for cultivation of small grain. 

Model 
I 1 i 1 

Mean j Median i Std. Dev. { Minimum I Maximum 

5% Sample 22.9237 13.4175 39.4279 1.13629 1435.77 

Iron Age I 35.0123 20.7496 67.1212 1.13629 797.553 

Iron Age II 35.9078 22.0980 
! 

62.5306 1.13629 1533.06 

Byzantine 35.5986 22.8683 59.9880 1.13629 1533.06 

Umayyad 36.8929 29.4361 35.9419 1.92413 619.756 

Um. Group 1 32.2201 21.5828 36.8788 1.98548 619.756 

Um. Group 2 40.6251 31.7052 34.7369 1.92413 494.913 

In order to better understand these surprising results, an additional model was 

built. This new model reclassed the erosion model into areas whose erosion potential was 

below 30 Mg/ha/year, labeled acceptable, and those above 30 Mg/ha/year, labeled 

unacceptable. Although erosion between 10 and 30 Mg/ha/year would eventually prove 
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problematic for farmers, this danger would likely not be apparent to the fanner for several 

years, or perhaps decades, and thus have little impact on the initial site selection process. 

Additionally, a soil component was added to the model because of its basic importance to 

agriculture, and because of the importance of a soil's K factor to erosion. With three soil 

types and two erosion classes in the 'Umeiri region, the new model had six categories: 

acceptable erosion and wadi soils, acceptable erosion and slope soils, acceptable erosion 

and ridge soils, unacceptable erosion and wadi soils, unacceptable erosion and slope soils, 

unacceptable erosion and ridge soils. These categories were used to create the model 

seen in the map in Figure 5.7. 
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1 0  1 2  3  4  5  

Kilometers 

I I Acceptable Erosion/Type I Soil UnaccepCabel Erosion/Type 1 Soil 

I : | Acceptable Erosion/Type 2 Soil Unacceptable Erosion/Type 2 Soil 

IH Acceptable Erosion/Type 3 Soil Unacceptable Erosion/Type 3 Soil 

Figure 5.7: Combined erosion potential and soil type model for the 
'Umeiri region. Acceptable erosion < 30 Mg/ha/year. 

Viewing site location strategy from the perspective of the farmer, it was expected 

that ancient farmers would prefer ridge soils in areas of low erosion potential. As 

discussed above, of the three soils in the project region, ridge soils have the best moisture 

retention characteristics, maicing them the best agricultural soils. The main problem with 

this soil is its higher K value, and thereby greater susceptibility to erosion. In order to 

take best advantage of these soils, farmers would not only need to locate in areas with a 

high proportion of ridge soils, but also in areas where the potential erosion of these soils 
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was low. It was assumed that this would be especially true during Iron Age I and the 

Umayyad period, times of relatively low population in the region, and less true during 

Iron Age II and the Byzantine period when population was greater. 

An examination of the proportional differences between these six categories 

within the 'Umeiri project region shows ample possibility for this scenario. Table 5.4 

shows the size in percent of total area for each category, and will serve as a baseline 

against which comparisons will be made. There are three numbers in this table that are 

particularly important. First, 28.34% of the region would be considered optimal for 

agriculture, having both acceptable erosion levels and ridge soils. The second important 

number is the total for unacceptable erosion potential. With only 21.97% of the region 

falling into this category, it is clear that there was adequate room for the practice of field 

agriculture in areas with low potential erosion. The final number to note is the total area 

taken up by ridge soils. At 44%, these soils constitute the best, but not the majority of 

soil in the region. 

Table 5.4: Cross-tabulation of soils and erosion potential in the 'Umeiri region. 

Erosion Level 
1 

Ridge Soils | Slope Soils Wadi Soils total 

Acceptable 28.34% 26.59% 23.10% 78.03% 

Unacceptable 15.66% 4.64% 1.67% 21.97% 

total 44.00% 31.23% 24.77% 100.00% 

EROSION MODELS AND IRON AGE I SITES 

When these numbers were compared to the percentages for Iron Age I sites (Table 

5.5), clear differences emerged. As expected a large percentage of the landscape 

surrounding these sites had both acceptable erosion levels and ridge soils. While this 

optimal agricultural zone was found in just 28.34% of the total project area, it constituted 
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nearly 47.70% of the land in the vicinity of Iron Age I sites, making it the largest of the 

six possible categories. The second thing to notice is that 84% of the area surrounding 

Iron Age I sites is made up of ridge soils, substantially more than the 44% in the project 

area as a whole. Finally, note the difference between the totals for unacceptable erosion 

levels. While the region as a whole had only 23.8% in unacceptable zones, the area 

surrounding Iron Age I sites is 37.47% and all but 1.17% of this is from areas with ridge 

soils. Based on these comparisons, the most important factor for Iron Age I settlers was 

ridge soils, regardless of erosion potential. 

Table 5.5: Cross-tabulation of soils and erosion potential in the 'Umeiri region for 
sites with Iron Age I pottery. 

Erosion Level 
1 

Ridge Soils 
! 

Slope Soils Wadi Soils total 

Acceptable 
1 

47.70% i 

1 

13.80% i 
1 

1.09% 62.59% 

Unacceptable 36.30% i 0.70% i 

! 

0.47% i 37.47% 

total 84.00% 
i 

14.5% 1.56% 100.00% 

Clearly there were differences between the project area as a whole and the 

immediate vicinity of the sites with Iron Age I pottery. The significance of this 

difference was determined by calculation of a x' goodness of fit test. This test measures 

the difference between expected and observed frequencies. For example, since 28.34% of 

the project area consisted of ridge soils and acceptable erosion levels, and it would be 

expected that this same proportion would apply to the 100m buffer around sites with Iron 

Age I pottery. These buffered areas contained a total of 1280 raster cells, and if there 

were no difference between distributions, 362.752 of the cells would have ridge soils and 

acceptable erosion. Observation shows that there were 610 cells in the vicinity of Iron 

Age I sites that matched these conditions, for a difference between the expected and the 



212 

observed of 247.248. Determining the differences between the observed and expected for 

ail six categories in the tables, a x' statistic can be calculated by the following equation; 
y "  A ( 0 , - £ , ) '  

 ̂ £, 

where O is observed frequency, and E is expected frequency (Hays 1988: 770). 

Although it seems straightforward to use the number of cells to determine this 

statistic, problems can occur when the number of observations is large (personal 

communication, D. Phillip Guertin). Because we are using a raster to model the area 

around our sites, the number of observations, based on the cells in the raster, is large. To 

overcome this problem, it was decided to limit the number of observations for each time 

period to the number of sites representing each period. To do this, proportions were 

calculated for each combination of soil type and erosion potential. These proportions 

were then multiplied by the number of sites for the period being examined to return a site-

based/r^^we/icy. Returning to our example of ridge soils and acceptable erosion in the 

area surrounding Iron Age I sites. There were 610 cells that fell into this category. As a 

proportion, these 610 cells represented 0.476563 of the total of 1280 cells. Multiplying 

this by the 16 Iron Age I sites produces an observed frequency total of 7.625. The 

number of cells expected to fall into this category was 362.75, or 0.283398 of the total. 

Multiplying this by the 16 sites gives an expected frequency of 4.534375. The effect of 

these operations is to reduce the number of observed and expected frequencies to the 

number of sites rather than the number of cells, removing problems due to large numbers 

of observations. Plugging these numbers into the test yields, 

2 (7.625-4.534375)' ^ ^ ...... 
y = — or 2.106567. In Table 5.6, observed, expected and y values 
^ 4.534735 ^ ^ 

for all 6 categories can be seen. 
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Table 5.6: The %' goodness-of-fit test calculates the test statistic based on 
differences between observed and expected frequencies. In this example buffered 
areas around Iron Age I sites provided the observed frequencies, while expected 

Category Observed Expected 
1 

X' 

Ridge Soil/Acceptable Erosion 7.625 i 4.534375 2.106567 

Slope Soils/Acceptable Erosion 2.2125 i 4.254375 0.979992 

Wadi Soils/Acceptable Erosion 0.175 1 3.696 3.354286 

Ridge Soils/Unacceptable Erosion 
1 1 

5.8 j 2.505625 4.331417 

Slope Soils/Unacceptable Erosion 
1 

0.1125 0.742375 0.534423 

Wadi Soils/Unacceptable Erosion 
1 

0.075 1 0.26725 0.138298 

Sum of = Test Statistic 11.44498 

Continuing with the Iron Age I example. Table 5.6 lists the observed frequency, 

expected frequency, and x' statistic for each category. For six categories (five degrees 

of freedom), x' niust be greater than 11.0705 to be significant at the 5% level. The test 

statistic of 11.44498 indicates that the distribution of sites with Iron Age I pottery in the 

'Umeiri region is significantly different than would be expected. This table also indicates 

the areas of greatest significance. The most significant difference was found in areas of 

ridge soils and unacceptable erosion. The greater than expected proportion of raster cells 

in this zone indicates that Iron Age I farmers, contrary to predictions, were actively 

seeking this environmental zone. Clearly, the most important factor in the selection 

process was the presence of ridge soils, whether they were located in areas of acceptable 

erosion potential or not. The relatively high proportion of ridge soils in areas of 

unacceptable erosion supports the idea that terrace-agriculture was probably being 

utilized by farmers during Iron Age I. 
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EROSION MODELS AND IRON AGE n SITES 

This conclusion was supported by the results for Iron Age n sites in the 'Umeiri 

region (Table 5.7). It is generally accepted that terrace agriculture played a significant 

role in the Iron Age II Levantine economy (Borowski 1987, Hopkins 1985). If 

subsistence strategies were significantly different from Iron Age I to Iron Age n, this 

would be reflected by differences between the samples. Instead, the numbers indicate 

more similarity than dissimilarity. In Table 5.7, there was a shift to the right during the 

Iron Age II period, as other soil types were utilized more frequently, but the most 

important factor for Iron Age 11 sites remained ridge soils which comprised 72.3% of the 

soils in the buffered zones. Further, the totals for Iron Age II potential erosion are nearly 

identical to that for the Iron Age I sites, with 38.4% of the area surrounding Iron Age II 

sites in unacceptable zones, compared to the 37.47% during Iron Age I. These relatively 

small differences indicate that the same agricultural zones were being utilized during Iron 

Age I and Iron Age II. Presumably, they were facing similar problems and utilizing 

similar strategies to solve these problems. 

Table 5.7: Cross-tabulation of soils and erosion potential in the 'Umeiri region for 
sites with Iron Age II pottery. 

Erosion Level Ridge Soils Slope Soils Wadi Soils total 

Acceptable 41.10% 15.60% 4.98% 61.60% 

Unacceptable 31.20% 5.49% 1.64% 38.40% 

total 1 72.30% i 21.10% 6.62% 100.00% 

The %' test statistic for these sites also indicated a high degree of significance for 

the distribution of sites within the model. Again, for five degrees of freedom, the test 

statistic must be greater than 11.0705 to be significant at the 5% level. With a score of 

40.55927, (Table 5.8) it is clear that differences between the site sample and the 
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environment as a whole were highly significant. The most significant difference in an 

individual category was again ridge soils with unacceptable erosion. In fact, while the 

test statistics in each category are different, (correlated to sample size) when ranked in 

order of significance, there is no difference between the Iron Age I and Iron Age II site 

samples. This suggests that agricultural practices between Iron Age I and Iron Age 11, 

including terrace agriculture, were continuous rather than discontinuous. 

Table 5.8: x' goodness-of-fit test for erosion potential and soil type in the 
vicinity of sites with Iron Age II pottery. 

Category 
1 

Observed j Expected X' 

Ridge Soil/Acceptable Erosion 
i 

41.48075 I 28.62344 5.775353 

Slope Soils/Acceptable Erosion 
i 

15.73185 1 26.85587 4.607708 

Wadi Soils/Acceptable Erosion 
i 

5.02797 1 23.33098 14.3586 

Ridge Soils/Unacceptable Erosion 31.5544 ! 15.81662 15.65935 

Slope SoilsAJnacceptable Erosion 
1 

5.546318 1 4.686385 0.157794 

Wadi Soils/Unacceptable Erosion | 1.658712 1.686705 0.000465 

Sum of X' - Test Statistic 40^5927 

EROSION MODELS AND BYZANTINE SITES 

In many ways, terrace agriculture was a hallmark of the Roman/Byzantine period 

in the Levant. Farming manuals of the day gave instructions on their construction, 

maintenance, and function (Cato 1933). This was also true of the 'Umeiri region, where 

whole wadi systems were terraced during the Byzantine period for farming 

(Christopherson 1997c). Given the importance of terraces to Byzantine agriculture, it is 

not surprising that the cross-tabulation results found in Table 5.9 closely mirrored those 

of Iron Age II sites. Again, the most important factor indicated by the cross-tabulation. 
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was ridge soils at 72.9%, and the split between acceptable and unacceptable levels of 

erosion stayed at roughly 60-40. The similarity between all samples seen to this point 

indicates that similar agricultural practices were carried out during each period. 

Table 5.9: Cross-tabulation of soils and erosion potential in the 'Umeiri region for 
sites with Byzantine pottery. 

Erosion Level Ridge Soils Slope Soils Wadi Soils total 

Acceptable 39.80% 
: 

16.60% 1 4.42% 60.90% 

Unacceptable 33.10% 
i 

4.66% i 1.41% 39.1% 

total 72.90% 21.30% 5.83% 100.00% 

These similarities extended to the x' scores for sites with Byzantine pottery. In 

Table 5.10, the test statistic of 47.21956 again indicates a high level of significance, and 

the ranking of individual categories was nearly identical to the earlier periods. Ridge 

soils with unacceptable erosion once again had the largest individual . The only 

difference between samples was the reversal of ranking for the final two categories in the 

Byzantine sample, the categories of least significance to the test. 
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Table 5.10: x' goodness-of-fit test for erosion potential and soil type in the 
vicinity of sites with Byzantine pottery. 

Category 
I 

Observed Expected Z' 

Ridge Soil/Acceptable Erosion 
1 I 

43.80704! 31.17402 5.119432 

Slope Soils/Acceptable Erosion 
i 1 

18.26597 1 29.24899 4.124131 

Wadi Soils/Acceptable Erosion 4.863103 25.41001 1 16.61453 

Ridge Soils/Unacceptable Erosion 36.38853 17.22592 21.31702 

Slope Soils/Unacceptable Erosion 5.123859 5.104036 0.00008 

Wadi Soils/Unacceptable Erosion 1.551499 1.837025 0.044379 

Sum of X' = Test Statistic 47.21956 

EROSION MODELS AND UMAYYAD SITES 

Results of the cross-tabulation for all Umayyad sites (Table 5.11) highlights some 

interesting differences between this and earlier periods. Although the total percentage of 

ridge soils was similar to earlier periods, its distribution with regard to erosion levels was 

strikingly different. Sites from the Umayyad period had only 29.3% of their ridge soils in 

acceptable erosion zones, and 41.9% in unacceptable erosion zones. This distribution 

was nearly a mirror image of earlier periods (Tables 5.5, 5.7, and 5.9), all of which had a 

greater percentage of ridge soils located in acceptable erosion zones. Given the change in 

erosion levels amongst ridge soils, it was not surprising that there was also a change in 

erosion level totals for this period. During the Umayyad period, the area surrounding 

sites was evenly split between acceptable and unacceptable erosion potential, different 

from the earlier periods that had a higher proportion of land falling in acceptable erosion 

zones. 
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Table 5.11: Cross-tabulation of soils and erosion potential in the 'Umeiri region 
for all sites with Umayyad pottery. 

Erosion Level Ridge Soils 
! 

Slope Soils ! 
1 

Wadi Soils total 

Acceptable 29.30% 
i 

18.10% 1 2.61% 50.10% 

Unacceptable 41.90% 
! 

5.71% i 2.28% 1 49.90% 

total 71.30% 
i 

23.90% 4.88% i 100.00% 

The ;jf" test statistic in Table 5.12 shows that once again the distribution of the 

site sample within the model was significantly different from the region as a whole. The 

main differences were again found in the categories of ridge soils with unacceptable 

erosion, and the wadi soils with acceptable erosion. The ranking of the other categories 

has changed somewhat, and their significance in the statistical test is generally lower. 

These differences indicate that the Umayyad period continues to buck the trends 

established in the earlier periods, suggesting again that this was a period when the 

'Umeiri region was undergoing significant change. 

Table 5.12: x' goodness-of-fit test for erosion potential and soil type in the 
vicinity of all sites with Umayyad pottery. 

Category Observed Expected j x' 

Ridge Soil/Acceptable Erosion 12.61486 12.18626 0.015074 

Slope Soils/Acceptable Erosion 7.803138 11.4337 1.152817 

Wadi Soils/Acceptable Erosion 1.120189 9.933025 7.818975 

Ridge Soils/Unacceptable Erosion 18.02487 6.133139 18.93295 

Slope Soils/Unacceptable Erosion 2.456779 1.99521 0.106779 

Wadi SoilsAJnacceptable Erosion 0.980166 0.718067 0.095668 

Sum of Statistic 28.12227 
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EROSION MODELS AND GROUP i UMAYYAD SITES 

It was suggested in the previous chapter that the Umayyad probability model 

reflected a dimorphic subsistence pattern, possibly consisting of the remnants of 

Byzantine agricultural economy and a newer, more mobile pastoral economy. In order to 

test this hypothesis, the Umayyad model was split into two groups, based on differences 

in environmental signatures. To explore the possibility of dimorphic economy further, 

these same groups were also examined for erosion potential and soil type. Table 5.13 

contains the results of this examination for Group 1 Umayyad sites. In this table, some 

notable differences from the other periods are seen. Although the totals for erosion 

potential have moved closer to the 60-40 split found in earlier periods, there has been a 

significant shift away from ridge soils, down to 54.4%, and toward slope soils, up to 

36.8%. Note also that this increase in slope soils took place in both acceptable and 

unacceptable erosion areas. Clearly this is a very different distribution, and may be 

suggestive of a movement away from field agriculture and its preference for ridge soils. 

Table 5.13: Cross-tabulation of soils and erosion potential in the 'Umeiri region 
for Group 1 Umayyad Sites. 

Erosion Level Ridge Soils Slope Soils Wadi Soils total 

Acceptable 26.80% 25.40% 4.01% 56.20% 

Unacceptable 27.70% 11.40% 4.67% 43.80% 

total 54.50% 36.80% 8.68% 100.00% 

Differences continue to appear in Table 5.14, where the x' test statistic for Group 

1 Umayyad sites shows little significance. Additionally, there is a shift in the importance 

of individual categories. Slope soils with unacceptable erosion, typically one of the least 

important categories in the test, is second in a ranking of all categories. This reflects the 
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new importance of slope soils to these sites, seen in the cross-tabulation of soils and 

erosion potential (Table 5.13). 

Table 5.14: x' goodness-of-fit test for erosion potential and soil type in the 

Category Observed Expected X' 

Ridge Soil/Acceptable Erosion 5.0875 5.384625 0.016395 

Slope Soils/Acceptable Erosion 4.825 5.052125 0.010211 

Wadi Soils/Acceptable Erosion 0.7625 4.389 2.996469 

Ridge Soils/Unacceptable Erosion 5.2625 2.975375 1.758078 

Slope Soils/Unacceptable Erosion 2.175 0.881625 1.897427 

Wadi Soils/Unacceptable Erosion 0.8875 0.31725 1.025012 

Sum of X' = Test Statistic 7.703592 

EROSION MODELS AND GROUP 2 UMAYYAD SITES 

The distribution of soil and erosion classes for buffered areas for Group 2 

Umayyad sites (Table 5.15) represented a return to the pattern established during earlier 

periods, with one notable exception. This exception was seen in the relative percentages 

of acceptable and unacceptable erosion potential. For these sites, 54.9% of the area 

contained in the buffers had erosion potentials above 30 Mg/ha/year. This is a substantial 

change from earlier models that ranged between 37.47% for Iron Age I sites and 39.1 for 

Byzantine sites. Like the earlier periods, ridge soils dominated the buffered areas 

surrounding Group 2 Umayyad sites. At 85%, this group of sites had the highest 

percentage of ridge soils of any group examined. The near complete reliance on ridge 

soils indicates that farming was a priority for these sites, while the high proportion of 

soils in unacceptable erosion zones indicates a necessity for remediation measures, such 
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as terraces, to enable farming in these zones. It seems most likely that these sites were 

heavily invested in terrace agriculture. 

If true, this lends support to the suggestion made in Chapter 4 that Group 2 

Umayyad sites represent a continuation of Byzantine agricultural practices. Given the 

similar environmental signatures for Byzantine and Group 2 Umayyad sites (Figure 4.27), 

and what appears to be a reliance on terrace agriculture during both periods, it is an easy 

step to assert that similar agricultural strategies were being employed. 

Table 5.15: Cross-tabulation of soils and erosion potential in the 'Umeiri region 
for Group 2 Umayyad Sites. 

Erosion Level Ridge Soils Slope Soils ! 
1 

Wadi Soils 1 total 

Acceptable 31.40% 
1 

12.20% 
1 

1.45% i 45.10% 

Unacceptable 53.60% 1.02% 
t 

0.32% i 54.90% 

total 85.00% 13.20% 1.78% ! 100.00% 

This conclusion is supported by the results of the x' test in Table 5.16. As with 

earlier models, the test statistic in this table, 29.15615, was highly significant. 

Additionally, the ranking of each category more closely approximated the earlier periods,. 

Especially important to this analysis was the return of ridge soils with unacceptable 

erosion potential as the top ranked category. If previous assumptions about the 

importance of this soil type to agriculture in the region are correct, then it seems likely 

that Group 2 Umayyad sites represent a remnant of the Byzantine agricultural economy in 

the 'Umeiri region. 
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Table 5.16: x' goodness-of-fit lest for erosion potential and soil type in the 
vicinity of Group 2 Umayyad Sites. 

Category 

1 

Observed | Expected X' 

Ridge Soil/Acceptable Erosion 7.543595 i 6.801636 0.080937 

Slope Soils/Acceptable Erosion 
1 

2.932185 6.381572 

Wadi Soils/Acceptable Erosion 0.348762 1 5.544026 4.868441 

Ridge Soils/Unacceptable Erosion 12.85253 i 3.758364 22.00528 

Slope Soils/Unacceptable Erosion 

1 
0.245425 1.113584 0.676824 

Wadi Soils/Unacceptable Erosion 
j 

0.077503 1 0.400818 0.260799 

Sum of X' = Test Statistic 29.15615 

Summary; Erosion Models and ^ventements 

Although physical terraces played no role in either the construction or analysis of 

the models presented here, they did play a central role in the story told in this chapter. As 

artifacts they symbolize Braudel's eventements in the 'Umeiri region, providing a 

window overlooking the introduction and use of what was clearly the archetypal 

subsistence strategy for much of antiquity. Using questions about these artifacts/events 

as a framework, the models constructed in this chapter demonstrated that it was possible 

to make connections between longue duree, conjonctures, and archaeological 

eventements. 

Examination of the relationship between potential erosion and site location 

indicated that sites were located in areas of higher than average erosion during all periods. 

Prior to the construction of the models, the author had assumed that the high cost of labor 

for the construction of terraces would have limited settlement in areas of unacceptable 

erosion to those periods when population pressures were highest; namely, during the Iron 
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Age II and Byzantine periods. Instead, with mean potential erosion ranging between 

32.22 and 40.625 mg/ha/year (Table 5.3), sites were located in zones of higher erosion 

during all periods. 

Of particular interest was the high percentage of unacceptable erosion in the 

vicinity of Iron Age I sites. Given the small number of sites with pottery from this 

period, and that only 21.97% of the 'Umeiri region had unacceptable levels of erosion, it 

was assumed that sites from this period would be able to concentrate in areas with low 

erosion potential. Instead 37.47% of the area surrounding these sites had unacceptable 

erosion levels. With virtually no settlement in the region during the Middle and Late 

Bronze ages, and the location of Iron Age I sites in areas with erosion potential above 30 

mg/ha/year, it seems certain that terrace agriculture made a debut in the 'Umeiri region 

during this period, and continued through Iron Age II. 

Also of interest were the settlement patterns during the Umayyad period. As with 

the previous chapter, results here suggest a dimorphic economy that may be indicative of 

mid-transition from the Byzantine agricultural system to the more pastoral economy of 

the later Islamic periods. Sites with Umayyad pottery were separated into the same two 

groups suggested by the logistic regression models in Chapter 4. In that chapter, it was 

discovered that the environmental signature for Group 2 Umayyad sites was similar to the 

Byzantine signature, while the signature for Group I Umayyad sites was significantly 

different. This pattern continued in the erosion models, with the two groups having 

markedly different patterns with regard to soil type and erosion potential. The preference 

in the earlier periods for ridge soils was continued in the Group 2 Umayyad sites. These 

soils comprised 85% of the soil around the Group 2 sites, compared to 54.5% of the soils 

around Group 1 sites. It was also remarkable that Group 2 sites, of all the groups studied, 

had the highest proportion of land falling into unacceptable erosion zones. Taken 
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together, these data suggest that the Group 2 sites were a continuation/concentration of 

the terrace based agricultural traditions of the Byzantine period, while the Group 1 sites 

were engaged in new subsistence strategies, representing a shift away from terrace 

agriculture. If true, the decline of terrace agriculture in the 'Umeiri region began during 

the Umayyad period. 

That sites from all {}eriods were located in areas where potential erosion was high, 

while areas with little or no erosion problem were left without sites, indicates that 

something other than erosion was the deciding factor in settlement location. The two 

factors that seem most likely are soil chemistry, and moisture retention. As noted above, 

ridge soils are agriculturally superior and it is not surprising that they make up the bulk of 

soils surrounding archaeological sites in the region. Ridge soils comprised 44% of all 

soils in the 'Umeiri region, but they made up 84.0% of the soils around Iron Age I sites, 

72.3% of Iron Age II sites, 72.9% of Byzantine sites, and 71.3% of Umayyad sites. 

Added to this, dominant Mediterranean precipitation patterns place a premium on 

water conservation. With virtually no precipitation during the summer months, the very 

time when crops are in the field, moisture retention would be extremely important in a 

pre-mechanical age. Because of this, the obvious logic of theories that high labor costs to 

build and maintain terrace systems would preclude their construction until population 

pressures forced the issue may be moot. Indeed it seems likely that in the 'Umeiri region 

terraces were the most effective and natural agricultural strategy available, and in many 

ways terraces, and the intensive agriculture they represent, were the minimum 

requirement for field agriculture. 
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CHAPTER6 
MENTALITES AND THE UMEIRI REGION: VISIBILITY 

ANALYSIS 

Introduction 

Until now, this dissertation has concentrated on environmental factors when 

examining settlement patterns. The results of these analyses have been encouraging, but 

explaining human behavior strictly as a result of human-environmentai interaction is 

dangerous. If we assume that ancient humans lived and worked within the constraints of 

their environment, but were not determined by it, we can also assume that a variety of 

socio-cultural factors would have been important considerations in site location 

strategies. 

Although Braudel was primarily interested in the relationship between humans 

and their environment, his longue duree also included the less tangible mentalites. As 

discussed in Chapter 2 of this study, mentalites are those aspects of history not easily 

definable, such things as worldview and traditional aspects of life. Those "everyday 

automatisms ... which [are] a society's way of reproducing itself mentally" (Le Goff 

1985: 169-170). As examples, Braudel offers the long life of scientific worldviews. He 

points out that the "Aristotelian universe remained practically uncontested until Galileo, 

Descartes and Newton; then faded in the face of a profoundly geometrized universe, 

which in turn crumbled, much later, in the face of the Einsteinian revolution." (Braudel 

1958: 19). 

An example from ancient Palestine would be the persistence of the fertility cult, a 

cult that lasted for millennia in spite of changing political, cultural, ethnic, and economic 

realities. It was virtually unchanged over millennia, and in many ways was the defining 

aspect of life in the region. For example, although the transition from the Late Bronze 

Age to the Iron Age in western Palestine witnessed significant social, political, economic. 
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and perhaps ethnic changes, the Canaanite fertility cuh persisted. This in spite of the best 

efforts of the Israelite religious elite to discredit and eliminate it. Everything from 

theological disparagement to direct, physical attack was used to eliminate the gods and 

goddesses of Canaan. "He brought out the image of Asherah from the house of the Lord, 

outside Jerusalem, to the Wadi Kidron, bumed it at the Wadi Kidron, beat it to dust and 

threw the dust of it upon the graves of the common people." (11 Kings 23:6) Even so, the 

number and variety of cultic artifacts recovered from Iron Age archaeological contexts in 

Palestine make it clear that the cult persisted in Israelite contexts and that "there was very 

little distinction between Canaanite and Israelite religion, at least in practice. The rituals 

were virtually identical." (Dever 1990: 166) It was only when the social structure of the 

region was shattered by the large-scale migrations and deportations introduced by the 

Assyrians and Babylonians that this cult lost its importance in Syria-Palestine. 

Most aspects of life that fit the category of mentalites are more difficult to 

discover in an archaeological context than these examples. Socio/cultural factors are 

typically resistant to detection in the material record, when discovered they can be 

difficult to defme and almost impossible to quantify. Since GIS is, at its heart, 

quantitative, there has been a tendency in GIS circles to avoid the problem by ignoring 

cultural factors and concentrating on a more determinist ecological systems approach to 

archaeological settlement patterns (Gaffney and Leusen 1995). This has lead to a general 

belief that the strength of GIS, with regard to archaeology, is limited to a kind of 

environmental determinism. Recently, however, a number of GIS approaches to 

archaeology that examine socio-cultural factors in settlement strategies have begun to 

appear (Boaz and Uleberg 1995, Gaffney and Leusen 1995, Gaffney and Stancic 1991, 

Gaffney, et al. 1995, Stead 1995, Wheatley 1992, Wheatley 1995). These approaches 

utilize such things as logistic trend surfaces, cost surfaces and visibility, or viewshed 
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analysis to explain cultural factors in settlement patterns. Of these, visibility analysis has 

particular application to the 'Umeiri material and will be employed in this chapter to 

demonstrate the importance of social connectivity in the region's settlement patterns. 

From a CIS perspective, visibility analysis uses a DEM to determine what can and 

what cannot be seen from selected points within that model. Popular in the modem 

world, visibility analysis has become an important tool for planners of all types. Its use 

can range from simple questions, such as, "Can the landfill be seen from city hall?" to the 

construction of complex models that can be used to select optimal locations for such 

things as microwave relay towers in a communication network. 

At first glance visibility analysis seems like one more example of environmental 

modeling. Because it is based on a region's geomorphology, it might be perceived as 

nothing more than another environmental variable for site location. But visibility 

represents human interaction on a variety of levels, especially in antiquity. In an age of 

nearly instantaneous electronic transmission of everything from sounds to words to 

pictures, it is often forgotten that visibility was an important aspect of communication in 

the pre-modem world. During the Iron Age in Palestine, both signal fires and flags were 

used as part of the defensive system for walled cities (Isaiah 30:17, Lachish Ostracon IV), 

and it is easy to imagine that visual signals would also have been an important 

consideration in the everyday lives of people throughout antiquity. Visibility can be an 

indicator of human interaction, of humans working together to overcome the limits of 

their environment, and it is in this sense that it can be found under the umbrella of 

Braudel's mentalites. 

In the remainder of this chapter, visibility in the 'Umeiri region will be examined. 

Following a discussion of the creation of visibility models in a CIS and their application 

to archaeological research, two visibility related questions in the region of Tell el-'Umeiri 
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will be tackled. The first of these concerns the limited viewshed of Tell el-'Umeiri, and 

the second, more important question involves the importance of intervisibility in the 

region across millennia. 

Creating Viewsheds 

Visibility can be approached in a number of ways, from the simple to the 

complex. Simplest would be line of site visibility; that is, can two locations see each 

other. In an archaeological context, this is no more difficult that physically visiting a site 

in order to determine whether the neighboring site can be seen. More difficult is 

calculating the viewshed for a location. In the same way that watersheds go beyond 

individual drainage channels, viewsheds go beyond individual points to include 

everything that can be seen from a given location. Even more complex, viewshed 

systems can be built by combining individual viewsheds. These combined viewsheds 

reveal what can be seen from a series of viewpoints. As the complexity of these systems 

increase, so too does the cost of calculating them. Viewshed maps can be created by 

careful interpretation of topographic maps, but constructing them in this way is time 

consuming and few archaeological projects have been interested in pursuing this line of 

investigation. 

Applying raster based GIS to questions of visibility analysis can eliminate much 

of the cost inherent in their calculation, making their use in archaeological research 

realistically possible. In a GIS, creating a viewshed map involves a digital elevation 

model (DEM) and the point location, or locations from which the viewshed will be 

calculated. Using the DEM, the GIS draws a straight line from the viewpoint to each cell 

in the raster. It then checks the elevation of each cell that this line passes through in order 

to determine if any of the elevations are great enough to block the line of site between the 

point of origin and the target cell (Figure 6.1). If the target cell is visible, the GIS places 
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a "1" in that ceil of the viewshed map. If it is not visible, the GIS places a "0" in the cell. 

The result is a map of zeros and ones, with the ones designating the viewshed of the 

viewpoint. In addition, factors such as vegetation or the use of towers can be accounted 

for in order to accurately model real world situations. 

Figure 6.1: When calculating viewsheds, a raster GIS draws a line from a 
view point to each cell in the raster. It then checks the elevation of each 
cell that this line passes through in order to determine if any of them block 
the line of site. (Adapted from Wheatley, 1995) 

Although the first attempts to apply this technology to archaeological questions 

were limited by hardware and software deficiencies (Ruggles, et al. 1992), recent work 

has proven more successful. Three examples of visibility analysis in archaeology will be 

presented here. In their study of the island of Hvar, Gaffney and Stancic used viewshed 

analysis to establish line of site visibility between Greek watchtowers. (Gaffney and 

Stancic 1991) During the Hellenistic period, the main settlement on the Island was 

located at the port town of Pharos. The question Gaffney and Stancic were examining 

was whether or not line of sight communication could be established between Pharos and 

two Hellenistic watchtowers to the east. In this simple analysis, they used a GIS to 

establish that the tower at "Maslinovik would have been in a position to see the tower ... 
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at Tor and be in a position to pass any warning to the inhabitants at Pharos" (Gaffney and 

Stancic 1991: 79). 

In a more sophisticated study, Gaffney and Stancic, were joined by Watson to 

argue that archaeologists need to concentrate less on environmental models and more on 

non-determinist studies. (Gaffney, et al. 1995) In this article, 76 monuments in Kilmartin 

region of Argyll, Scotland were separated into five different types: cists and other burials, 

chambered cairns, surface rock art, standing stones, and the henge at Ballymeanoch. In 

an attempt to discover relationships between monument types, viewsheds were calculated 

for each monument, and then combined to determine intervisibility between monuments. 

Analysis of the cumulative viewsheds indicated that rock art and chambered cairns had 

low values of intervisibility, suggesting that they were not integrated with the other 

monument types. Conversely, there were high levels of intervisibility for the other 

monument types, especially with the Ballymeanoch Henge. The authors concluded that 

the strong visibility between these monuments indicated that the standing stones and cists 

were "deliberately sited to be in visual contact with the henge, emphasizing its special 

position within the area." (Gaffney, et al. 1995: 224) 

Finally, Wheatly also explored intervisibility between sites, in this case between 

long barrows (Neolithic funerary monuments) in the Stonehenge area. By combining the 

viewsheds of all long barrows in the project region, Wheatly was able to determine that 

these monuments were sited in such a way to ensure that a high number of other barrows 

would be visible. Taking his analysis a step further than Gaffney, Stancic, and Watson, 

Wheatly used a Kolmogorov-Smimov test to demonstrate that this intervisibility was 

statistically significant at the 0.05 level, and suggested that long barrows may have been 

sited in this way to give added status to the builder. (Wheatley 1995). 
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Although these examples were not explicit attempts to make the connection 

between settlement patterns and BraudePs mentalites, it is possible to discern in them 

elements by which a society may reproduce itself mentally. This is most clear in the final 

two examples. In both, ritual sites and monuments were situated in such a way to ensure 

visible communication with other ritual sites and monuments. By reinforcing the 

importance of earlier monuments, and thereby people, their intervisibility reflects the 

importance of maintaining, or reproducing the socio-cultural norms of the past. 

Viewsheds in the 'Umeiri Region 

In the remainder of this chapter, two applications of visibility analysis to the 

'Umeiri archaeological material will be conducted. These analyses are both attempting to 

discover evidence of mentalites operating in the region. Since mentalites are social 

structures that serve to define a people, the emphasis of the analyses will be to search for 

evidence that visibility was a socio-cultural factor in site location strategies. The first 

analysis is a straightforward application of visibility analysis to the viewshed of Tell el-

'Umeiri. It will propose a system of watchtowers to expand the viewshed of 'Umeiri to 

include more of the local terrain. Although similar to the example presented by Gaffney 

and Stancic on the island of Hvar, the 'Umeiri example goes beyond simple line of site 

analysis to examine combined viewsheds as a social construction used to modify the 

circumstances of a restrictive environment. The second exercise creates cumulative 

viewsheds in order to understand the importance of site intervisibility in hinterland 

settlement strategies. Unlike the intervisibility studies presented above, whose interest 

was in ritual monuments, this study will concentrate on establishing intervisibility models 

from different archaeological periods to suggest that visual communication played an 

important role in hinterland settlement strategies across millennia. 



232 

The 'Umeiri Viewshed and Watchtowers 

One of the most obvious applications of visibility analysis to Near Eastern 

archaeological material is the establishment of viewsheds for fortified sites. Built for 

defense, these sites had a special interest in maintaining visible communication within 

their immediate vicinity. Viewshed maps allow archaeologists to identify problem areas 

in the region enabling them to focus on likely solutions. As an example of this type of 

analysis, a viewshed map was created for Tell el-'Umeiri. 

Located in the hills above the Madaba Plain, Tell el-'Umeiri is nearly surrounded 

by peaks and ridges. As seen in Figure 6.2, a long ridge running north-south lies just west 

of Tell el-'Umeiri. Now the home of the Amman National Park, this ridge effectively 

blocks visibility from 'Umeiri to the south, west, and north. In addition, there are a 

number of hills and ridges to the east, leaving the site with a limited view of the 

surrounding landscape. In order to test the topographical limits of 'Umeiri's view, a 

viewshed was calculated for the site. When calculating this viewshed, it was estimated 

that the combined height of an observer atop the city wall would be at least six meters and 

the elevation was set accordingly in the GIS. The 'Umeiri viewshed can be seen in 

Figure 6.3, where black represents what could be seen from the Tell, and white what 

could not be seen. Even suspecting that the viewshed would be limited, it was surprising 

to find that only 8.5% of the 'Umeiri survey region was visible from the Tell. Compare 

this with the other sites excavated by the Madaba Plains Project, Hesban and Jalul, and 

this percentage looks even smaller. The viewshed for Tell Hesban contained 27% of its 

survey area, and Tell Jalul 44% of its region. 
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Figure 6.2: Lx>cal topography for Tell el-"^Umeiri. Topographic contours 
on this map indicate that 'Umeiri has a lower elevation than many of the 
surrounding hills, and suggests that the viewshed for this site will be 
limited. 

This restricted visibility would have been a serious problem for the inhabitants of 

'Umeiri. Since the site persisted in spite of this limitation, it must be assumed that they 
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were able to overcome the constraints placed on them by local topography. Of the 

possibilities open to them, the most obvious strategy would have been a system of 

watchtowers, whose combined viewshed would allow 'Umeiri to visibly control a greater 

percentage of the land in the region. 
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-igure 6.3: Viewshed of Tell el-'Umeiri. Black represents areas that can 
be seen from the Tell, and white represents areas outside of 'Umeiri's 
viewshed. 



235 

Identifying the most likely candidates in a system of watchtowers is a task well 

suited to visibility analysis. The first step was to identify the main sites in the region. 

The size and strength of the fortifications at Tell Jawa and 'Umeiri Survey Site 126 

indicate that, along with Tell 'Umeiri, they would have played prominent roles in any 

regional system. The second step was to identify likely watchtowers that could have been 

used to increase the viewing area of the three larger sites. The 'Umeiri survey recorded 

42 sites with rectilinear or circular structures. Although the survey designated most of 

these sites as farmsteads, the structures could have functioned as watchtowers. 

Overlaying these 42 sites on the 'Umeiri viewshed identifled three sites (Sites 2, 40, and 

60) that had visual communication with Tell 'Umeiri. Finally, although not in the 

'Umeiri viewshed. Site 54 was included because its location on the ridge between Jawa to 

east and Site 126 to the west would have provided a communication link between these 

two sites. In Figure 6.3, the position of the proposed watchtowers can be seen in relation 

to each other and to the 'Umeiri viewshed. Of these proposed watchtowers, the most 

important to the inhabitants of 'Umeiri would have been Site 2, the tower atop the ridge 

just west of the Tell (Figure 6.2). This site was within shouting distance of 'Umeiri's 

walls, and provided direct visual communication with each of the other sites in the 

proposed system. 

Combining these sites into a viewshed system would provide a social solution to 

the limits placed on 'Umeiri by its local topography. In order to calculate the viewsheds 

of the sites the proposed system, the estimated combined height of the walls and the 

observer was set at 6 meters for Tell el-'Umeiri and Tell Jawa, at 5 meters for Site 126, 

and at four meters for the watchtower sites. The change in viewsheds when these sites 

were added was dramatic, increasing from 8.5% of the survey region for 'Umeiri alone to 

over 57% for the combined system of watchtowers (Figure 6.4). If employed, this system 
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of watchtowers and fortified sites would have provided 'Umeiri with nearly complete 

visual access to activities in the eastern part of the region, as well as increased visual 

control to the west. In fact, there were probably more watchtowers on the ridges to the 

west of 'Umeiri, but reforestation has left them all but invisible to surface survey.'" 

Combined 
Viewshed: 

Tell el-'Umeiri 
And Proposed 
Watchtowers 

• Out of Viewshed 

In Viewshed 

/V Sur.-cy Boundary 

• Proposed Watchtower 

3 km 

Figure 6.4: Combined viewshed of Tell el-'Umeiri, Tell Jalul, Site 126, 
and 4 proposed watchtowers. 

In future field seasons, a more thorough examination of these ridges, using the viewshed of Site 2 as a guide, will be 
undertaken in an effort to locate additional towers. 
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Admittedly, the connection between this analysis and Braudel's mentalites rests 

on assumptions rather than material evidence. The primary assumption is that a system of 

watchtowers was a necessary social construction to increase the viewshed of Tell el-

'Umeiri; however, it seems likely that such a system had to exist. The limited viewshed 

of 'Umeiri would have been a problem to the survival of the site, both militarily and 

economically. Yet the site persisted from the Early Bronze Age through the Persian 

period, indicating that some system was used to overcome this deficit. Lacking any other 

viable explanation, this system was most likely watchtowers. The tower sites suggested 

above model the possibilities for such a system. If these assumptions are accepted, it is 

clear that the ancient inhabitants of the 'Umeiri region were not passive components of 

their ecosystem, but took an active role in modifying the circumstances of their 

environment. As such, these towers can be seen as a social construction designed to help 

maintain socio/economic control of the region and assure the survival of the society and 

its institutions. It is in this sense that these sites and the system of watchtowers they 

represent can be viewed as mentalites. 

Cumulative Viewsheds 

More directly related to the notion of mentalites is the question of intervisibility 

for small hinterland sites. It can be assumed that communication between hinterland sites 

in the region would have been important for a number of reasons, including economic 

concerns, safety concerns, and social interaction, but the visual component of this 

communication has seldom, if ever, been examined on a regional basis in the Near East. 

Again, the principal reason for this can be found in the high cost, principally in time, of 

carrying out the research. Ground testing the importance of visual communication 

between small sites in a region like 'Umeiri would be an extremely difficult and tedious 

task. Simply finding a small, often obscure site can be difficult, and to check its visibility 
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with all the other, equally small and obscure sites in the region makes for a huge job with 

no guarantee of success. To further complicate the procedure, determining statistical 

significance of any perceived visual relationship between sites necessitates the collection 

of a comparative set of data. Without comparative data, the archaeologist could never be 

certain whether a perceived relationship was real, or simply a product of the local 

Iandscaf>e. Collecting a comparative sample would involve additional time-consuming 

calculations, further decreasing the probability that this type of research would be 

undertaken. 

Wheatly's work with the long barrows of Stonehenge, adapted to fit the data from 

the 'Umeiri region, provided the methodology to overcome these problems. Determining 

the importance of intervisibility in the 'Umeiri region was accomplished in three steps: 

first, the creation of a cumulative viewshed for each group of sites; second, the querying 

of this viewshed by the sites used in its creation and by a sample of non-site points 

located randomly throughout the region; and third, a statistical test to determine the 

significance of the differences between samples. 

Step One; As their name suggests, cumulative viewsheds are constructed from a 

number of individual viewsheds (ESRI, 1995: on-line documentation; Wheatley, 1995). 

The first task in creating cumulative viewsheds for the 'Umeiri region was to create 

viewshed maps for each Iron Age I, Iron Age 11, Byzantine, Umayyad, Umayyad Group 1, 

and Umayyad Group 2 sites in the 'Umeiri region. The only difference between the 

creation of these viewshed maps and those discussed earlier was the decision to leave the 

height of towers and walls out of the viewshed calculation. Viewpoints were calculated 

at 1.5 meters above the surface, approximately eye-level for someone walking the fields 

around their house or tent. 
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Creating a Cumulative Viewshed 

Viewshedl 

Viewshed 5^ 

Figure 6.5: Cumulative viewsheds are created by summing a series of geo-
referenced viewsheds. By this process the cumulative viewshed reveals 
how often each cell appears in the original viewsheds. 

Summing the viewsheds for each site from each period created cumulative 

viewsheds. Since viewshed maps are matrices of zeros and ones, summing a series of 

geo-referenced viewsheds on a cell-by-cell basis has the effect of increasing the value, by 

one, for each cell, whenever that particular cell is in a viewshed (Figure 6.5). For 

example, if the 41st cell was in the viewshed in three out of five rasters, then the value 

placed in the 41st cell of the cumulative viewshed would be 3. Using this simple 

equation to construct a cumulative viewshed for archaeological sites, the value in each 

cell would correspond to the number of sites that could be seen from that cell. The maps 

produced by this process can be seen in Figure 6.6, where each shade of gray represents 

the number of viewsheds that share that cell in the raster. 
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igure 6.6: In this map, each cell in the raster has of shade of gray 
representing the number of Byzantine sites that have that particular 
location in their viewshed. For Byzantine sites, the number of viewsheds 
sharing particular cells ranged from zero to 48. 

Step Two: Site intervisibility was obtained by querying the cumulative viewshed 

for the values contained in cells at site locations. For example, in Figure 6.6 Byzantine 

sites can be seen overlaid on the cumulative viewshed map for Byzantine sites. Values 
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from each of these locations were written to an ASCII file. Because these values 

represent the number of individual viewsheds that included that site, they also represent 

the number of Byzantine sites visible from that point in the model. Since each site would 

be included in its own viewshed, one was subtracted from the cumulative viewshed value 

for each site. The resulting numbers represented other sites visible from each site in the 

model, or site intervisibility. 

The cumulative viewsheds for each period were queried by 10,000 randomly 

located points, a 5% sample, providing the comparative data necessary for testing the 

statistical significance of site intervisibility in the 'Umeiri region. Summary statistics for 

the viewsheds and comparative sample can be seen in Table 6.1. In all but one case the 

mean number of sites visible for the site sample was higher than that for the random 

sample. This suggests that sites were located to increase intervisibility between sites. 

The one exception to this was the Umayyad Group 1 sample. Here the means were nearly 

identical, providing further proof that this group of sites represented settlement strategies 

separate from that followed by other groups in this study. 
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Table 6.1: Summary statistics for site intervisibility in the region of Tell el-
'Umeiri. 

Archaeological Number of Sites Visible Kolmogorov-Smimov 
Period Min. Max. Mean Statistic/Probability 

Iron Age. I 0.1937/0.479 
5% Random Sample 0 10 0.860 ! 

Site Sample 0 10 2.000 ! 

Iron Age II 1 i 0.2557 / 0.000 
5% Random Sample 0 37 4.096 

Site Sample 0 38 6.535 

Byzantine 1 
t I 0.2456 / 0.000 

5% Random Sample 0 43 4.55 
Site Sample 0 44 7.100 

Umayyad ! 0.2617/0.003 
5% Random Sample 0 20 2.262 

Site Sample 0 18 4.000 
Umayyad Group 1 1 0.2228 / 0.220 
5% Random Sample 0 7 0.692 

Site Sample 0 2 0.684 
Umayyad Group 2 0.2431/0.078 
5% Random Sample 0 13 1.562 

Site Sample 0 12 2.583 

Step Three: Each pair of queried samples were subjected to a Kolmogorov-

Smimov test to determine if the differences noted between them were significant. Results 

for these tests can be found in the last column of Table 6.1 Significance at the 0.05 level 

was achieved by the Iron Age D, Byzantine, and Umayyad samples, with the Iron Age I, 

and Umayyad Group 1 and Group 2 samples failing to achieve this level of significance. 

The failure of these three groups to meet the 0.05 level of significance was partially a 

function of small sample size, but other factors also played a role. Small sample size is 

especially notable for the Iron Age I. Although there was a marked difference in the 

mean for this group, with only 16 sites it required a large difference between cumulative 

proportions to reach significance at the 0.05 level. More problematic were the results of 
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the two Umayyad groups. Group 2 Umayyad sites, at 0.078, very nearly made the 0.05 

level, but the Group 1 Umayyad sites could only muster a score at the 0.220 level. 

More revealing was the graphical comparison of cumulative proportions for each 

model. The graphs in Figure 6.7 indicate a clear preference for visual communication 

between sites in all instances except the Group I Umayyad sites. Aside from this 

exception, the site sample lies to the right of the random sample, making it clear that 

inhabitants from all periods preferred a higher level of intervisibility, and presumably 

social interaction than was found in the random sample. They clearly wanted to be able 

to see their neighbors. As in the previous models, the Umayyad Group 1 sites were 

conspicuous by their variance from the pattern established by the other groups. Here the 

site sample was conflned to a narrow band between zero and one while the random 

sample described a more normal distribution. This may indicate a desire for isolation, 

rather than interaction, by the inhabitants of this group. 

Based on the graphs in Figure 6.7, it could be argued that intervisibility was an 

important component of site location decisions across millennia. Although statistical 

significance was not always reached, it is clear that for each period the inhabitants of the 

'Umeiri region wanted to see their neighbors. From the perspective of mentalites, it is 

particularly interesting that the same pattern was discernible for all but one sample. Not 

only was intervisibility important, but this importance spans the history of the region. In 

this sense, intervisibility can be seen as one way that the people living in the 'Umeiri 

region mentally reproduced themselves. This isn't surprising for a society based on field 

agriculture, where risk spreading and cooperation during times of seasonally increased 

labor would make communication and cooperation of great importance to all. It didn't 

matter that social and economic structures were changing, they remained agriculturists 

interested in seeing their neighbors. 
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Figure 6.7; Cumulative proportions for number of sites visible in viewshed 
models from the 'Umeiri survey region. 

The lone exception to this rule, the Umayyad Group I sample, may be indicative 

of a different subsistence strategy. In each model presented in this dissertation, the 

Umayyad Group I sample consistently set itself apart, and site intervisibility was not an 

exception. Previous models suggested that these sites represented an alternative 

subsistence strategy, and this model may be indicative of a different social strategy as 

well. One of social isolation rather than social connection. 
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Summary of Visibility Models 

In summary, there are three points raised by these analyses that seem most 

pertinent to this dissertation. First, GIS makes visibility analysis realistically possible. 

Although it is always better to carry out research in the real world, the difficulties of 

creating and checking viewshed maps manually make the virtual world of digital 

viewsheds an attractive alternative. These difficulties are especially great for questions of 

intersite visibility. In the 'Umeiri region, checking intersite visibility involved the 

creation of 133 viewshed maps, one for each site in the region. A daunting task if done 

manually, this calculation took approximately 20 minutes for the GIS. Interesting 

phenomena or special problems raised by the GIS analysis can always be field checked 

after the fact. 

Second, both visibility analyses in the 'Umeiri region demonstrated that the 

inhabitants were able to live and work within the constraints of their environment, but 

were not determined by it. The first visibility analysis discovered that Tell el-'Umeiri had 

a severely restricted viewshed, limiting its ability to visually control the surrounding area. 

In spite of this, the site was inhabited from the Early Bronze Age through the Persian 

periods. This long occupation of the Tell suggests that the residents were somehow able 

to overcome their restrictive environment. Although there was no direct evidence, 

visibility analysis demonstrated that this would have been possible with the judicious 

placement of watchtowers. Using structures known from the survey, the system of 

watchtowers used to construct the model increased the viewshed of 'Umeiri from 8.5% to 

57.0%. It is important to note that social cooperation is at the heart of this model. 

Without collaboration between 'Umeiri and the other sites in the proposed system, 

increasing visual control in the region would remain only a possibility. It was cooperative 

planning that allowed "Umeiri residents to overcome a restricting environment. 
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The second visibility analysis documented a preference for intersite visibility in 

the 'Umeiri region. This preference indicated, once again, that the ancient inhabitants of 

'Umeiri were not passive elements in a static system, but took an active role in modifying 

the circumstances of their environment. In this case, placing their sites in a way that 

allowed visual communication with their neighbors. Unlike the watchtowers of the first 

analysis, increased visibility between hinterland sites should not be viewed as an issue of 

visual control, but of social interaction. Although it is impossible to know precisely why 

they wanted visual contact, it is reasonable to assume that issues of safety, commerce, 

agricultural cooperation, and family relations would have all contributed to the need for 

intersite visibility. 

Finally both analyses provide access to Braudel's world of mentalites. This 

difficult concept is most easily grasped in the persistence of site intervisibility in the 

region. As a window on social connections, higher than expected levels of site 

intervisibility were found to span millennia in the 'Umeiri hinterland. Likely an 

integrated comfjonent of a society based on field agriculture, this preference for site 

intervisibility was one of those things that defined who they were as a culture, their 

mentalites. Less obvious is the relationship between the system of watchtowers and 

mentalites. The watchtowers proposed here represented a social approach to 

environmental modification. A modification that allowed the inhabitants to maintain, and 

perhaps even expand, the social and cultural institutions that made up their life. It is in 

this role as protector of socio-cultural institutions that this system of watchtowers can be 

viewed as representing aspects of the region's mentalites. 
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CHAPTER 7 
CAPTURING THE LONGUE DURM:E: GIS AND ARCHAEOLOGY 

ON THE MADABA PLAIN 

The longue duree is the endless, inexhaustible history of structures and 
groups of structures. For the historian a structure is not just a thing built, 
put together; it also means permanence, sometimes for more than centuries 
... this great structure travels through vast tracts of time without changing: 
if it deteriorates during the long journey, it simply restores itself as it goes 
along and regains its health, and in the final analysis its characteristics 
alter only very slowly. (Braudel 1980: 75) 

Understanding the concept of BraudeFs longue duree is simple enough, pursuing 

it, catching it, and controlling it is another matter. From the beginning of this study, the 

question has been whether or not it was possible to control environmental data to the 

extent that the longue duree could be integrated with archaeological material. The results 

of the study indicate that this is indeed possible. This is not to say that complete control 

of the environment was achieved, only that enough control was established to allow the 

integration of archaeological and long-term environmental data. The remainder of this 

chapter will return to the four research aims stated in the first pages of this study; namely 

1) place data used in this study within the framework of BraudePs temporal hierarchy 2) 

control environmental data from the 'Umeiri hinterland; 3) make connections between 

these data and archaeological sites in the region; and 4) use the temporal hierarchy to 

explain cycles of settlement history in the 'Umeiri region. 

Braudel*s Temporal Hierarchy and Archaeological Data 

The first of four research targets, placing the data used in this study within the 

framework of Braudel's temporal hierarchy has proven relatively simple. Data used in 

this study operate on different time scales, representing spans of moments to millennia. 

Individual artifacts from the archaeological database operate within the shortest spans of 

time. Things such as pottery, objects, and architecture, representing moments in time, fit 
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well within Braudel's eventements. Although Braudel considered them of little interest, 

eventements are especially important in archaeology because often they are the only 

direct evidence available. In this study, archaeological terraces were used to represent 

eventements. Although terraces have long lives, often passing from construction to 

destruction to reconstruction over the course of centuries and millennia, this study was 

interested in moments within periods. Were these artifacts in use, or out of use from 

period to period? With this question in mind, the potentially long life of a particular 

terrace was reduced to a series of moments. 

Braudel's second time scale was the conjoncture. For Braudel, this aspect of his 

temporal hierarchy was represented by economic and social movements lasting decades 

or centuries. In this study, conjonctures were supplied by the extensively documented 

cycles of settlement intensification and abatement (Figure 7:1). Based on ceramics, these 

cycles represent swings between settlement intensification and abatement in the area. 

Operating over the course of centuries, these cycles fitting well with Braudel's 

conjunctures. 
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Figure 7.1: The ceramic record from the 'Umeiri hinterland survey, 
including both archaeological site and random samples. This record 
clearly documents cycles of settlement intensification and abatement in the 
region. 

Braudel's longest time scale, the longue duree, measures time on a geographic 

scale, moving very slowly if at all. For Braudel, this was the foundation upon which his 

shorter time scales rested and this seems to fit well with what we have in the 'Umeiri 

region. This study looked at both environmental and social data that remained relatively 

constant over millennia. The major portion of the study dealt with environmental data 

dealing with landform and soil chemistry. In addition to these more physical analyses, 

this work also examined the role of social interconnectivity. This connectivity, seen in 

intersite visibility, was a recurrent theme across the history of the region. These slow to 

change structures of the 'Umeiri landscape fit very well with Braudel's longue duree. 
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Environmental Data Control 

The application of GIS technology has dramatically improved the archaeologist's 

ability to control environmental data. For this study, ARC/INFO was the software 

application used to create the 'Umeiri GIS. This spatial database was principally a raster-

based system. The ability of this data format to handle numeric data, allowed for 

complicated environmental models to be constructed. The first step in the process of 

building the database was the automation of base environmental data from analog maps 

to a digital format. These data were principally hydrography, hypsography, and soil data. 

These base data layers were then converted to a raster data structure where post

processing techniques were utilized to create raster models for a variety of environmental 

variables. These variables measured elevation, slope, relief, shelter, a ridge/drainage 

index, and distance measures to soil and wadi channels. Care was taken during the 

process to utilize data at sufficient scale and resolution to provide reasonable models of 

the environment given the task at hand. Base data were captured from 1:25,000 maps, 

and rasters had a resolution of 20 X 20 meters. 

The advantage of this spatial database was not that it would allow the researcher 

to exercise complete control over the environment, but that enough control was 

established to provide the possibility of integration with archaeological data. Indeed, the 

GIS allowed 'Umeiri survey data to become part of the spatial database. These data were 

included by using Palestine Grid coordinates to create a point coverage for the 

Archaeological sites. These sites could be manipulated by any of their attributes in the 

site database. For this study, this meant primarily ceramic data. The advantage of 

including both environmental and archaeological data in the same database is that it 

allows for the discovery of local environments for each archaeological site. 
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Making Connections; Environment <—^ Ancient Humans 

Having created the necessary GIS database, connections between archaeological 

remains and the environment were undertaken. The archaeological data for the study 

came from four different periods: Iron Age I, Iron Age 11, Byzantine and Umayyad. These 

periods were selected because they provided samples of sufficient size for the statistical 

tests applied, and because they represented opposing trajectories in the cycle of 

settlement intensification and abatement common on the Madaba Plain. Models 

representing three aspects of the longue duree were presented in the study: logistic 

regression models detailing environmental signatures for different settlement patterns; 

erosion models detailing agricultural strategies in the region; and visibility models 

detailing social factors in settlement strategies. This section will briefly review the 

results of each model. 

Environmental Signatures and the Longue Durw 

Employing logistic regression techniques, the models created in Chapter 4 

demonstrated that it was possible to discover and document connections between the 

environment and settlement patterns in the 'Umeiri region. The t-scores (Figure 7.2) from 

the regression illustrated both general trends across archaeological p>eriods and unique 

signatures for each period (Figure 7.2). Cutting across periods were the importance of 

relief, slope, and distance to type 3 soils. For these variables, the direction and relative 

length of the bars in indicated a similar preferences from period to period. At the same 

time, the relative importance of individual variables working in combination with other 

variables gave each period a unique signature for its sites. The distinctiveness of each 

signature demonstrated that the connection between sites from each period and the 

environment was genuine, quantifiable, and indicative of conscious choices being made 

in the site selection process. 
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Figure 7.2: Environmental signatures (based on t-scores from logistic 
regressions) for all models. 

Models based on these signatures indicated that there was an inverse relationship 

between settlement intensity and model strength; that is, when settlement intensity was 

high, model strength was low, and when settlement intensity was low, model strength 

was high. This can be clearly seen in the graph in Figure 7.3. With the exception of the 

Group 1 Umayyad sites, bars with high values are paired with low value bars. 
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Figure 7.3: Relationship between settlement intensity and model strength. 
Settlement intensity was measured as a percentage of total sites with 
pottery from each period, and model strength was measured as percent 
improvement over chance. 

Umayyad group 1 represents a significant break in this pattern. Here settlement 

intensity was low, and the model was very weak (Figure 7.3), representing a unique 

settlement/subsistence pattern in this study. It was argued in this study that the bi-modal 

distribution of sites within the probability model for these sites (Figure 7.4) was 

indicative of the socio-economic changes taking place during the transition from late 

Byzantine to early Islamic society, most likely reflecting a dimorphic economy. About 

half the sites were strongly focused with a signature that was reminiscent of the 

Byzantine period; the other half had a very weak, unfocused model. The suggestion of 
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the author is that this divergence in signatures represents a split between the remnants of 

the Byzantine agricultural economy and a new pastoral economy. 

15-
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Non-Sites 
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Figure 7.4: Distribution of probability scores from logistic regression 
model for sites with Umayyad pottery. 

Terrace Agriculture 

Chapter 5 sought to make a connection between eventements and the longue duree 

by examining terrace agriculture. In a break with traditional examinations of this 

technology, this study did not attempt to assign dates to the physical remains of the 

terraces, rather it examined the relationship between sites from each period and potential 

erosion in the 'Umeiri region. This erosion potential was modeled using the Universal 

Soil Loss Equation (USLE). This equation is: A = R K (LS) C P, where A is soil loss in 

Mg (metric tons)/ha (hectare)/year; R is the rainfall erosivity factor; K is the soil 

erodibility factor for particular soil types; LS is a combined factor for slope length and 

slope gradient; C is a crop management factor; and P is an erosion control practices factor 

(e.g. contour plowing, strip cropping, terracing, etc.) (Wischmeier and Smith 1978) 
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Using this equation, surfaces were created that modeled erosion potential in the 

project area. Modeled under three different conditions, with climax vegetation intact, 

after deforestation, and cultivation of small grains, potential erosion increased with each 

model (Table 7.1). Using these models, potential soil loss was calculated and it was 

determined that an erosion potential greater than 30Mg/Ha/year would have been 

unacceptable without the introduction of control practices, such as agricultural terraces, to 

mitigate soil loss. 

Table 7.1: Summary of potential erosion in the Tell el-'Umeiri region under three 
model conditions. 

Model Mean Median Stand. Dev. Minimum i Maximum 

Natural Veg. 0.76 0.45 1.31 0.04 
1 

1 47.86 

Pastureland 7.64 4.47 13.14 0.38 478.59 

Small Grain | 22.92 13.42 39.43 1.14 i 1435.77 

Seeking an accurate picture of erosion potential in habitation/agricultural zones, 

archaeological sites were buffered 100 meters in all directions. These buffered sites were 

then used to query erosion potential in the 'Umeiri region under conditions of cultivation. 

Surprisingly, results of these queries indicated a preference for locating sites in areas of 

higher erosion. In every case, mean erosion potential was higher for the area surrounding 

archaeological sites. Iron Age I — 35.0123, Iron Age II — 35.9078, Byzantine — 35.5986, 

Umayyad — 36.8929, Umayyad Group 1 — 32.2201, and Umayyad Group 2 — 40.6251, 

than for the region as a whole -- 22.92. 

The model was refined by including soil type and matching it with erosion 

potential to create six categories; acceptable erosion and wadi soils, acceptable erosion 

and slope soils, acceptable erosion and ridge soils, unacceptable erosion and wadi soils, 

unacceptable erosion and slope soils, unacceptable erosion and ridge soils. This new 
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model was also queried by the buffered sites, and again the results were surprising (Table 

7.2). According to this analysis, acceptable erosion levels were secondary to ridge soils 

in the site selection process. Even during periods of lower population, this pattern held 

true, suggesting that moisture retention was of paramount importance. It was suggested in 

Chapter 5 that the terrace agriculture was typical in the region during all periods. 

Table 7.2: Cross-tabulation of soil type and potential erosion for all site types on 
the 'Umeiri region. 

Erosion Level Ridge Soils Slope Soils Wadi Soils Total 

Acceptable 
Survey Area 28.34% 26.59% 23.10% 78.03% 

Iron Age I 47.70% 13.80% 1.09% 62.59% 
Iron Age II 41.10% 15.60% 4.98% 61.60% 
Byzantine 39.80% 16.60% 4.42% 60.90% 
Umayyad 29.30% 18.10% 2.61% 50.10% 

Umayyad Gr. i 26.80% 25.40% 4.01% 56.20% 
Umayyad Gr. 2 31.40% 12.20% 1.45% 45.10% 

Unacceptable 
Survey Area 15.66% 4.64% 1.67% 21.97% 

Iron Age I 36.30% 0.70% 0.47% 37.47% 
Iron Age II 31.20% 5.49% 1.64% 38.40% 
Byzantine 33.10% 4.66% 1.41% 39.1% 
Umayyad 41.90% 5.71% 2.28% 49.90% 

Umayyad Gr. I 27.70% 11.40% 4.67% 43.80% 
Umayyad Gr. 2 53.60% 1.02% 0.32% 54.90% 

Totals 
Survey Area 44.00% 31.23% 24.77% 100.00% 

Iron Age I 84.00% 14.5% 1.56% 100.00% 
Iron Age II 72.30% 21.10% 6.62% 100.00% 
Byzantine 72.90% 21.30% 5.83% 100.00% 
Umayyad 71.30% 23.90% 4.88% 100.00% 

Umayyad Gr. 1 54.50% 36.80% 8.68% 100.00% 
Umayyad Gr. 2 85.00% 13.20% 1.78% 100.00% 
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Visibility as Mentalitie 

The final analysis carried out in this study examined the role of social factors, 

Braudel's mentalities, in site location strategies. In Chapter 6, the role of mentalitie in 

settlement patterns was approached by the construction of a series of visibility models. 

These models were used in two ways: first, to explain the persistence of Tell el-'Umeiri 

in a location with a severely limited viewshed, and second to determine the level of 

intervisibility for archaeological sites during selected periods. 

The viewshed model constructed for Tell el-'Umeiri indicated that only 8.5% of 

the survey region could be seen from the Tell. This limited visibility would have made it 

difficult for the inhabitants of the city to control its territory. It would be like a modem 

nation attempting to defend against air attack without radar. The persistence of this site 

over millennia indicates that they were somehow able to overcome this limitation. The 

suggestion of Chapter 6 was that this limitation could have been overcome by use of a 

combined viewshed. That is, by strategically placing towers, visible control could be 

increased by combining the viewshed of 'Umeiri with the viewsheds of the towers. 

Using the viewshed model of Tell el-'Umeiri, likely candidates for a system of Iron Age 

II watchtowers were identified and a combined viewshed was created. Using the 

viewsheds of six strategically located towers, the inhabitants of the city could have 

effectively increased their visible control of the region from 8.5% to over 57%. Although 

there is no concrete evidence that this strategy was ever employed, the continuing 

population at the site from the Early Bronze Age through the Persian period makes it 

likely, and indicates that human strategies, mentalities, could be effectively used to 

overcome a limiting environment. 

The second visibility analysis in Chapter 5 involved the creation of cumulative 

viewheds for sites with Iron Age I, Iron Age II, Byzantine, and Umayyad pottery. These 
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models indicated the number of sites that could be seen from any location in the project 

region. Querying these models with the relevant archaeological sites revealed how many 

other sites could be seen from each site. Comparing these results to results from a 5% 

random sample suggested that ancient humans in the 'Umeiri region preferred to be able 

to see their neighbors. The graphs in Figure 7.5 indicate that archaeological sites in the 

'Umeiri region were located in order to ensure intervisibility. Although this preference 

for higher than expected intervisibility can be seen in all periods, with the exception of 

the Umayyad Group 1 sites, test statistics indicated that it was particularly important 

during the Iron Age II and Byzantine periods. 
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Braudel Visits the 'Umeiri Hinterland 

The material presented in this study has highlighted a tension between forces of 

stability and forces of change over the course of centuries and millennia. These 

competing forces easily fall into Braudel's temporal hierarchy, providing the researcher 

with a canvas upon which the region's history may be sketched. In these final pages, this 

sketch will be attempted 

Longue Dum: The Land Remains Stable 

The foundation upon which this history will be built is Braudel's longue duree. 

Across the millennia, the backdrop for human activity in the 'Umeiri region was the 

natural world. Although there are large gaps in our understanding of the ancient 

environment, many components can be reconstructed from the modem landscape. It can 

be stated with confidence that the soils and geomorphology of the region have changed 

very little over the millennia. Ridgelines are still ridgelines, drainages are still drainages. 

Terra rossa soils remain in the same horizontal distributive patterns, although thinner in 

some places and thicker in others. Key elements for reconstructing ancient climate 

patterns, such as lake sediments, are not available for the 'Umeiri region and less stable 

aspects of the environment, rainfall for instance, were left out of the discussion because 

of problems with resolution. This leaves only the most stable, unchanging aspects of the 

environment upon which to build a history of the region. 

In addition to the physical realities of the environment, the persistence of social 

structures in site location strategies over the millennia proved an important component to 

the region's longue duree. Mentalities, represented by visual communication, clearly 

played a role in the human history of the 'Umeiri region. Visibility analyses indicated a 

consistent preference for visual communication between archaeological sites. Although it 

is not possible to determine why they wanted this communication, it is clear that it 
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existed. Additionally, the persistence of habitation at Tell el-'Umeiri, in spite of a 

disadvantageous viewshed, strongly suggests that a system of towers was employed to 

overcome this environmental constraint. This allowed the inhabitants to live within their 

environment, without allowing the environment to determine their existence. Thus, the 

longue duree can be seen in the 'Umeiri region in both environmental and social 

structures that remain stable over millennia. 

Conjunctures et Eventements 

Atop this stable foundation, the shorter time scales of history in the region were 

founded. It was principally a history of cyclic change. Unfortunately we are left with 

only a bit more than half the story. The cycles of settlement intensification and 

abatement, so well documented in this region, have provided a rich assemblage of 

material for the periods of intensive settlement while leaving the researcher with little to 

say about less intensive periods; periods such as the Middle and Late Bronze Ages, the 

Hellenistic period, and most of the Islamic periods. The need for statistical significance 

eliminated these periods from this study, but did allow examination of the Iron Age I and 

Umayyad periods. (Interestingly, both of these periods, with less intense settlement, had 

strong components of intensive agriculture.) Coupled with the Iron Age II and Byzantine 

periods, this allowed examination of a move from low to high intensity, and from high to 

low intensity. 

IRON AGE I 

In many respects. Iron Age I set the stage for all that followed, providing a point 

of comparison for succeeding periods. During Iron Age I, agricultural and social patterns 

that would continue through succeeding millennia were already in place. Tell el-'Umeiri 

was a strongly fortified site during Iron Age I. Surprisingly, settlement in the hinterland 
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lagged behind that of the Tell. With only 16 sites with Iron Age I pottery, this period was 

the least intensive of the four examined in this study. This disjunction between the size 

of 'Umeiri, and the relative lack of settlement in the hinterland suggests that the region 

was in the early stages of settlement intensification. 

Hinterland sites with Iron Age I pottery indicated an economy concentrated in 

intensive agriculture. The regression model for this period highlighted a strongly focused 

environmental signature. With an improvement over chance of 54%, this model was one 

of the strongest in the study, and was indicative of a group of sites focused on a particular 

environment. That this environment was aimed toward terrace agriculture was most 

clearly demonstrated by their decision to locate where ridge soils were abundant, and the 

landscape encouraged the construction of agricultural terraces. Eighty-four percent of the 

land surrounding Iron Age I sites boasted agriculturally superior ridge soils and 37% of 

this land had erosion potential above 30Mg/Ha/year. Both of these numbers are larger 

than would be expected given a random settlement pattern. Especially striking is that 

there was plenty of land that had ridge soils and acceptable erosion. Table 7.2 indicates 

that 78 percent of the 'Umeiri hinterland had acceptable erosion potential, yet most of it 

goes unused as area inhabitants settle in areas with unacceptable erosion levels. With 

their ability to retain both soil and moisture, and it is clear that terrace agriculture was an 

important, and perhaps the primary subsistence strategy for the inhabitants of the region 

during Iron Age 1. 

In addition to environmental patterns, it is possible to make an argument for the 

presence of a long-term social pattern during Iron Age I. Settlement patterns from this 

period were such that site intervisibility was higher than would be expected given a 

random distribution. In Figure 7.5, the cumulative proportion of Iron Age I sites is shifted 

to the right of the random sample, indicating greater than expected intersite visibility 
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during this period. Although statistical significance was not reached for intervisibility 

during Iron Age I (largely the result of small sample size), the pattern of higher than 

expected site intervisibility was established. That it continues through succeeding 

millennia suggests that this was more than just an accident of the numbers. 

These patterns of agricultural subsistence and intersite visibility discovered by 

this study of Iron Age I sites in the 'Umeiri hinterland established an important precedent 

that would be repeated in each of the succeeding periods. They provided a foundation 

upon which the cycles of human history in the region were built. As settlement waxed 

and waned in the area, social connectivity between sites remained. The persistence of site 

intervisibility indicates that the inhabitants of the region felt a need to be in visual 

communication with each other. This was one of the surprising constants discovered by 

this study. Even more fundamental, the agricultural productivity of the land encouraged 

intensive terraced based agriculture. With rainfall patterns that provide all the rain in the 

Fall Spring horizon, retention of moisture was essential to successful agriculture. 

Distribution of the best agricultural soils along the ridges, and the need to retain moisture 

for the long dry summer, encouraged the building of agricultural terraces. It is clear that 

areas requiring terraces were sought out by agriculturalists during Iron Age I, and they 

would continue to be sought out by the region's inhabitants in succeeding periods. 

IRON AGE II 

The transition from Iron Age I to Iron Age II witnessed both change and stability 

in the 'Umeiri region. There was a significant increase in settlement during Iron Age II, 

and, not surprisingly, some important changes in settlement and subsistence patterns. At 

the same time, there was a marked continuity in the areas of terrace agriculture and 

intersite visibility. The most obvious difference noted in this study was seen in the 

logistic regression model for sites with Iron Age II pottery. This model provided an 
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improvement over chance of just 29 percent, 25 percent less than the Iron Age I model. 

This decline in model strength is indicative of a weak environmental signature, likely the 

result of an increase in population. Larger population would have increased competition 

for superior agricultural lands, forcing some inhabitants into agricultural zones that were 

more marginal. We see this in the higher percentages of slope and wadi bottom soils that 

surrounded these sites. At the same time, the increase in population would allow for 

greater diversity in subsistence strategies, also weakening the focus of the model. 

Although settlement patterns were not as focused on optimal environments, 

intensive agriculture practices remained an important component in subsistence strategies 

in the 'Umeiri region. This continuity is seen in the perpetuation of soil and erosion 

preference. There was a slight shift toward slope and wadi soils, but during Iron Age II 

inhabitants of the 'Umeiri region continued to prefer areas with ridge soils, regardless of 

erosion potential. Table 7.2 indicates that 72% of the soils in the immediate vicinity of 

Iron Age II sites were ridge soils, compared to 84% for Iron Age I. This change is 

consistent with the weaker environmental signature of Iron Age II, but signals a clear and 

continuing preference for this soil type. Additionally, the percentages for areas of 

unacceptable erosion were nearly identical for the two periods, 37% for Iron Age I and 

38% for Iron Age II. This indicates the continuing importance of terrace based, intensive 

agriculture. In fact, the larger population during Iron Age II would have meant a larger 

number of terraced slopes in the region." 

Also an important characterization of this period was the continuing importance 

of social connectivity seen in the viewshed models. These models indicated two things 

'' Tcrraccd slopes, a rarity in the 1980s have made a comeback in the 1990s. Large landowners are subdividing their 
land into small plots and selling them as weekend hobby farms. The new landowners build terrace walls, haul soil 
up Trom the wadi bottom to place behind the walls, and then plant grapes and fruit trees. Slopes along some wadis 
arc now terraced Tor more than half their length. 
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about this period in the 'Umeiri region: that it was possible to overcome the limited 

visibility of 'Umeiri with a series of watchtowers, and that intersite visibility was a 

component in the site selection process. Both of these analyses provided a window into 

social organization, but the latter was especially important. It indicated that the pattern 

established during Iron Age I was more than simple coincidence; it continued what has 

been revealed as a long-term social pattern. 

THE BYZANTINE PERIOD 

Until the population increases of the 20"' century, the Byzantine period was the 

most heavily populated period in the region. This population is seen in the large number 

of sites in the 'Umeiri hinterland, and in the overwhelming amount of Byzantine 

pottery.'- Given this intensive settlement, it is not surprising that the Byzantine period 

seems to parallel Iron Age II. Along with higher levels of population, analysis of the 

Byzantine sites revealed patterns similar to that of Iron Age II in the areas of agricultural 

subsistence and intersite visibility. The logistic regression produced an unfocused model 

with an improvement over chance of only 30.4%, compared to the 29% improvement for 

Iron Age II and 54% for Iron Age I. At the same time, sites continued to be located in 

areas with ridge soils (72.9%) and significant erosion potential (39.1%). Finally, site 

intervisibility reached significant levels, indicative of the continuing importance of social 

interaction. Again, the underlying environmental and social structures already apparent 

during Iron Age I shape subsistence/settlement patterns in the region. 

It must be noted out that the 'Umeiri survey originated in 1984. a time when few projects in the Near East counted or 
weighed surface collected pottery; therefore, the claim that Byzantine pottery was more prevalent than other forms 
cannot be numerically substantiated. Nevertheless, it is abundantly clear to researchers in the field, including the 
author, that the amount of Byzantine pottery outstrips [xMtcry from all other periods. This has been bom out by 
subsequent surveys on the Madaba Plain, where pottery was counted and weighed. 
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THE UMAYYAD PERIOD 

Easily the most interesting in this study, the Umayyad period provides a glimpse 

of a collapsing social system. Sites from this period were split between agriculturalists 

and an alternate subsistence strategy. It is suggested here that this alternate strategy was 

pastoralism. This economic dimorphism, first seen in the bimodal distribution of sites 

within the Umayyad probability model, allowed for examination of two separate 

populations during this period. Although it is possible that this distribution was an 

accident, and not representative of separate groups, it fits well with what we know about 

the Madaba Plains region during the Umayyad period. As the first Islamic period, it 

served as a transition between the agriculturally intensive Byzantine period, and the more 

pastoral Islamic periods that followed. 

An important contribution of the 'Umeiri survey has been a picture of continuity 

between the Byzantine and Umayyad periods. Accumulating evidence from a number of 

surveys and excavations around the Levant have obliterated older notions of a rapid 

change to pastoralism with the advent of Islam (King 1997). In the 'Umeiri region, for 

instance, sites such as Umeiri Survey Site 7 point out that not everybody during this 

period was a pastoralist. Clearly a villa. Site 7 had a twin on the southern ridge, 'Umeiri 

Survey Site 6. Both were located in prime agricultural land, and were multi-roomed 

structures with heavy outer walls indicative of multiple stories. The most significant 

difference between the two is that Site 6 was Byzantine, and Site 7 was Umayyad (Boling 

1989). Equally important are ceramic continuities in the region. Many of the forms 

typical in Byzantine settings continue with virtually no change into the Umayyad period 

(Hendrix, et al. 1996) (Larry Herr, personal communication). This continuity indicates a 

gradual shift from old to new subsistence strategies. 
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This is exactly the picture found in the 'Umeiri hinterland during the Umayyad 

period. Separate analyses of the two groups of Umayyad sites revealed two very different 

relationships between site and environment. Group 2 sites were very much like the sites 

from the previous periods. The probability model was the most focused of all those 

created, with an improvement over chance of 82.8%. Terrace agriculture was also an 

important component in the subsistence strategy for the region. Table 7.2 notes that 54% 

of the area surrounding these sites had unacceptable erosion potential, and 85% consisted 

of ridge soils. These sites seem to be super agricultural sites, suggesting that as sites and 

population declined during the Umayyad period, agriculturalists withdrew to the most 

advantageous agricultural lands. 

Conversely, the Group 1 sites seemed to be anti-agricultural in nature. The 

probability model provided only a 13.49% improvement over chance. Further, these sites 

were found in a more normal distribution with regard to soil type and erosion potential 

(Table 7.2). This indicated that with regard to the environmental variables used to make 

the probability and erosion models, that Group I sites were distributed randomly 

throughout the 'Umeiri hinterland. This randomness suggests a subsistence strategy that 

depended not on stable environmental variables, such as soils, but on a strategy that 

involved adaptability. They needed to be able to survive across a wider spectrum of 

environmental niches. This need for adaptability would fit well with pastoral subsistence 

strategies and their dependence on movement to pasturage rather than developing land for 

agriculture. 

This picture of a population split between competing/symbiotic subsistence 

strategies during the Umayyad period was supported by visibility analyses for these two 

groups. When compared to the Iron Age I, Iron Age II and Byzantine sites. Group 2 sites 

had similar intersite visibility patterns. The Kolmogorov/Smimov test statistic for Group 
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2 intersite visibility was significant at the 8% level. Although this was not as strong as the 

statistics for Iron Age II and Byzantine sites, there was clearly a preference for locating in 

areas where contemporary sites could be seen (Figure 7.5). 

Going in the opposite direction, the Kolmogorov/ Smimov test statistic for Group 

1 intersite visibility was significant only at the 22% level. Further, the graph in (Figure 

7.5) presents a confused picture. The line for Group I sites begins to the right of the 

random sample, but finishes to the left. While not a random distribution, the test score 

and graph indicate that Group I sites did not have a strong preference with regard to 

intersite visibility. 

Transportability of the Models 

The success of the different analyses in this study raise questions concerning their 

transportability. More specifically, could this technology and the techniques used here be 

applied successfully to other archaeological surveys in the Near East? The answer to 

these queries is, yes, but not all analyses are appropriate in all situations. There are 

limitations that need to be considered. These limitations are seen primarily in three areas: 

limitations set by the particular archaeological survey, limitations of hardware and 

software, and human limitations. 

Survey limitations placed on the techniques used in this study relate to the relative 

intensity of the particular survey. As noted in Chapter 3, the 'Umeiri survey was more 

intensive than the typical Near Eastern survey. The 'Umeiri survey sought to discover all 

types of sites within a limited area around the main excavation site. By focusing on this 

relatively small area, data was collected at a high resolution that included both large and 

small sites. This contrasts with the typical Near Eastern survey, which is extensive in 

nature, covering large areas and necessarily concentrating on larger sites. The classic 

example of an extensive survey would be Adams' Mesopotamian surveys (Adams 1965). 
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Even in Jordan, with its more broken terrain and smaller geographical units, surveys tend 

to be extensive rather than intensive. For example. Millers survey of the Kerak Plateau 

covered 875 square kilometers (Miller 1991). Typical agricultural features common to 

the 'Umeiri survey, such as terraces, embankments, or field walls, would be overlooked 

in extensive surveys unless they were directly related to other, more prominent 

architecture. This means that some of the analyses presented here would not be 

appropriate to an extensive survey. For example, it would not be possible to examine 

relationships between small agricultural sites because they are not included in the survey 

database. Likewise, in the 'Umeiri survey, it was not possible to examine long-distance 

trade networks because this data would not exist within the 5-kilometer radius that 

defined the survey area. The analyses carried out need to match the survey data. 

Hardware and software issues place another kind of limitation on the types of 

analysis that can be carried out. Although this study has discussed at length the ability of 

GIS to capture environmental data, it is still not possible to capture all data regarding 

natural phenomena. Even in a small area this would take more computing power than is 

now available. For example. Table 7.3 shows raster size for the 'Umeiri project area at 

various resolutions. Capturing increasing amounts of information about a project area 

means increasing the resolution of the data, but increased resolution means increasing the 

size of the rasters and the attendant increase in file size makes it difficult to control the 

grids. Larger study areas compound the problem. Applying the same 20-meter cell size 

used in this study to Miller's survey of the Kerak Plateau would require rasters with 

1,914,062,500 cells. Eventually, both hardware and software reach the limits of their 

capabilities and cease to function. The analyses carried out need to match the hardware 

and software used in the GIS. 
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Table 7.3: How cell size affects raster and file size. 

Cell Size Rows X Columns Number of Cells File Size in Bytes 

100 120 X 120 14,400 125,850 

20 600X600 360,000 1,451,181 

10 1,200 X 1,200 1,440,000 6,170,968 

1 12,000 X 12,000 144,000,000 579,218,311 

Finally, the researcher needs to be sensitive to both the physical limits faced by 

ancient humans, and to modem human limits, especially in the area of data collection. 

Limits faced by ancient humans are most easily seen in terms of distance. For example, 

the visibility analysis presented above for Tall al-'Umayri and the proposed set of 

watchtowers could be extended to cover a much larger area. The CIS will calculate 

viewsheds over any distance, even taking into account the curvature of the earth's 

surface. They are used in today's world to locate communication towers for cell phone 

networks; but ancient humans were relying on the power of their eyes, not microwave 

transmissions for communication, and it would not be appropriate to extend visibility 

analysis beyond the distance limitations of human eyesight. More problematic are 

physical limits on data collection. As project area increases, it takes more data to cover 

the area and database development time increases. Even if the hardware and software 

limitations discussed above went away, limitations on data collection and database 

development would remain. There is that point at which it is not possible for an 

individual or a team of individuals to develop an adequate database to carry out analyses 

similar to those presented in this study. The analyses carried out need to account for 

human limitations. 
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Concluding Remarks 

Over the past century, time has expanded faster than our ability to comprehend the 

change. We struggle to keep up as the age of the universe and the data we use to measure 

its history expand at exponential rates. In this context, new kinds of archaeological 

history are called for, histories that see artifacts/events within a larger temporal context. 

In the 'Umeiri hinterland, event based history must be seen against this larger backdrop 

and this study has attempted to discover long-term history for the 'Umeiri Region. 

Socio-economic cycles of intensification and abatement demonstrate the futility of man 

forcing himself on the natural world. It is true that man can temporarily reshape his local 

environment, but it is also true that over the longue duree the inertia of environmental 

structures will win all battles with man. 

Technologies like Geographic Information Systems will enable archaeologists to 

write the kind of histories necessary to meet the expansion of our concept of time. As a 

first attempt, this dissertation was able to get it about half right. It does a good job of 

placing periods of intensive settlement and agriculture within an environmental context. 

It is less adept when dealing with periods of abatement. Quite simply, lack of data from 

these periods prevented a complete history of the region. It comes closest to achieving 

this when discussing the Umayyad period. But even then it is not certain that the 

assumptions or conclusions made about this period were valid. They seem logical, but 

without similar situations in the region against which they could be compared, 

conclusions must be stated with caution. 
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APPENDIX A 
SUMMARY OF AML PROGRAMS USED 

This table provides a quick description of the AML code used in the analysis portions of 
this dissertation. The actual code follows. The table lists the name of the AML, whether 
or not there is a form menu associated with it, a list of related AMLs, and a brief 
description. All code was written by Gary L. Christopherson, unless otherwise specified. 

Name Menu Related AMLs Description 

asp.ami Y gmorph.ami This AML creates aspect grids using the 
menu aspect.menu. It works either as a 
stand-alone program or as a component 
of gmorph.ami It allows the user to 
specify aspect GRIDS that are either 360 
degrees, or scaled to 180 degrees either 
north to south, or east to west. 

gmorph.ami Y asp.ami 
relief.aml 
shelter.ami 
slope.ami 

This AML is the front-end for the 
geomorph terrain modeling package. It 
presents a menu with choices for several 
different terrain modeling options. 
Slope, aspect, relief, and shelter. 

Itrans.aml Y 
This AML logistically transforms grids, 
rescaling data between 0 and I. 

maketiff.ami N This AML slices Grids to 255 values, 
then converts them to TIFF format image 
files 

Notes: For presentation of GRIDS in 
other applications 

relief.aml Y gmorph.ami This AML creates grid surfaces 
measuring four different kinds of relief 
relief above the target cell, relief below 
the target cell, maximum relief and 
texture (standard deviation) in a user 
specified neighborhood. Based on the 
elevation values in a DEM. 

shelter.ami Y gmorph.ami Shelter is modeled as a relative measure 
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of volume in an imaginary cylindar of a 
user specificed diameter placed over each 
target cell. High exposure means 
increased volume and low exposure 
means lower volume. 

slengthcalc.aml N slopeadd.aml 
slopelength.aml 

This AML calculates the length of slope 
from a tingrid. It is called by the AML 
slopelength.aml. 

slope.ami Y gmoqjh.ami This AML creates slope surfaces in either 
percent or degrees from a digital 
elevation model. 

slopeadd.aml Y slengthcalc.aml 
slopelength.aml 

This coverage combines slope length 
grids into a single grid. It is run after the 
slopelenth.aml. 

slopelength.aml Y slengthcalc.aml 
slopeadd.aml 

This is the front end of a pair of amis 
used to calculate slope length. This part 
of the pair starts a loop that cycles 
through the triangles when determining 
slope length. It allows the user to specify 
which triangles to use. This is important 
because of the high processing price 
extracted by the ami. By allowing the 
user to specify start and stop points, the 
user allows the processor to take a break. 

umodel.ami Y This AML creates logistic regression 
models based data input on the umodel 
form menu. AFTER MAKING YOUR 
MODEL, THIS AML WILL DISPLAY 
THE NEW GRID AND THEN TEST 
THE MODEL BY QUERYING IT 
WITH BOTH THE SITE AND 
NONSITE SAMPLES. THESE WILL 
BE WRl'lT EN TO TWO TEXT FILES 
CALLED MODELNAME'.S AND 
MODELNAME'.NS. 
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umsamp.ami Y This AML converts a point coverage to a 
grid so they can be queried against the 
Umeiri environmental variables in 
preparation for logistic regression. Once 
it completes the sample command it 
cleans up after itself by killing the grid 
that it made. 

asp. ami 
/* Name of AML: asp.ami 

/* Programmer: Gary L. Chriscopherson -- garych@nexus.smr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/*• College of Social and Behavioral Science 
/* The University of Arizona 

/* Purpose: This AML creates aspect grids using the menu aspect.menu. 
It works 
/• either as a stand-alone program or as a component of gmorph.aml It 
allows 
/* the user to specify aspect GRIDS that are either 360 degrees, or 
scaled to 
/* 180 degrees either north to south, or east to west. 

/* Notes: Written for use in the Petrfied Forest National Park and the 
/* programmers dissertation. 
/ *  

&menu -garych/arcaml/grid/asp.menu &form ^position &ur &:Stripe 'ASPECT 
FORM' 

/* Creating a 360 degree aspect grid 
SiLABEL ASP360 
%outgrid%360 = aspect (%ingrid%) 

Scif %type% eq asplSOew &then 
&goto ASP180EW 

Scif %type% eq asplBOns &then 
&goto ASPIBONS 

Scif %type% eq asp360 Scthen 
Scgoto END 

/* Creating a 180 degree N/S aspect grid 
&LABEL ASP180NS 

DOCELL 
if (%outgrid%360 > 180) 
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%oucgrid%ns = - %oucgrid%360 + 360 
else %oucgrid%ns = %oucgrid%360 

END 

&if %cype% = aspall &chen 
&goto ASP180EW 

kill %outgrid%360 

&goto END 

/* For creacing a 180 degree E/W aspect grid 
&LABEL ASP180EW 

/* creacing a grid concaining jusc Che cells wich no aspecC i.e. -1 

killme = con (%outgrid%360 == -1, -1,0) 

/• Rocacing Che compass 90 degrees so chac ease = 0 euid wesC = 180. 
This allows /• us Co scale Che compass in Che same way ChaC we did wich 
Che Norch SouCh 
/* aspecC grid. 

killmel = con (%ouCgrid%360 > -1, (%oucgrid%360 - 90), %ouCgrid%360) 
killme2 = con (killmel < 0, (killmel + 360), killmel) 

/* Scaling che grid Co Easc-Wesc aspecc 

DOCELL 
if (killme2 > 180) 
killme3 = - killme2 + 360 
else killme3 = killme2 

END 

/* Rocacing Che compass back 90 degrees so chac ease = 90 and wesc = 270 

killme4 = con (killme3 > -1, (killme3 + 90), killme3) 

/* Puccing back Che cells wich no aspecC i.e. -1 

%ouCgrid%ew = con (killme == -1, killme, killme4) 

/• cleaning up Che mess by killing Che killme grids 

kill killme 
kill killmel 
kill killme2 
kill killme3 
kill killme4 

&if %cype% = aspall ScChen 
&g0C0 END 

kill %ouCgrid%360 

&LABEL END 
gmorph 
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asp.menu 
7 /* This is Che menu for creating aspect themes in GRID 
ASPECT 

Output GRID: %outgrid 

Select your DEM: %ingrid 

Select the type of aspect map you want: 
%type 

%apply %dismiss 

/• field definitions 
%outgrid input outgrid 3 0 typein yes required character 
%ingrid input ingrid 30 typein yes scroll yes rows 4 required grid 
%type choice type pairs 360 asp360 '180 N/S' asplSOns '180 E/W asplSOew 
ALL aspall 
%apply button 'JUST DO IT' &return 
%dismiss button cancel 'WIMP OUT' gmorph.aml 
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gmorph.aml 
/* Name of AML: gmorph.aml 

/* Programmer: Gary L. Christopherson -- garych@nexus.srnr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/* College of Social and Behavioral Science 
/• The University of Arizona 

/* Purpose; This AML is the front-end for the geomorph terrain modeling 
package. 
/* It presents a menu with choices for several different terrain 
modeling 
/* options. Slope, aspect, relief, and shelter. 

/* Notes: Used in Petrified Forest National Park archaeological modeling 
and in 
/* the programmers dissertation. 

&LABEL BEGIN 
/* Kicking out to the main menu 

&menu -garych/arcaml/grid/gmorph.menu &form &stripe 'Main Terrain 
Modeling Menu' 

&LABEL SELECTION 
/* based on the users choice, gmorph transfers control to the selected 
modeling 
/* ami. 

Scif %type% = slope ithen 
slope.ami 

Scif %type% = aspect Scthen 
asp.ami 

Scif %type% = relief &then 
relief.ami 

Scif %type% = shelter Scthen 
shelter.ami 

Sc LABEL END 
ScStop 
^return 
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gmorph.menu 
7 /• This menu will transfer you to the selected gmorph operations 
THIS IS THE GEOMORPH TERRAIN MODELING MENU SYSTEM 

SELECT THE TYPE OF TERRAIN MODEL YOU WISH TO MAKE 

%type 

/* field definitions 

%type choice type pairs return &retum Slope slope Aspect aspect Relief 
relief Shelter shelter Dismiss dismiss 
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Itrans.aml 
/* Name of AML: Itrans.aml 

/• Programmer: Gary L. Christopherson -- garych@nexus.srnr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/* College of Social and Behavioral Science 
/* The University of Arizona 

/* Purpose: This AML logistically transforms grids, rescaling data 
between 
/* 0 and 1. 

/* Notes: Useful for creating probability surfaces in logistic 
regression 
/* models. NOTE that it doesn't work for all models. 

&LABEL BEGIN 
/* kicking out to the form menu 
&menu /export/home/garych/arcaml/grid/Itrans .menu &form 

&if %choice% = dontdoit &then 
&;goto EIND 

ScLABEL TRANSFORM 
/* Doing the transforamation 

DOCELL 

tempi := exp(- %ingrid%) 

%outgrid% = 1 / (1 + tempi) 

END 

&LABEL END 
ScStop 
ireturn 
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Itrans.menu 
7 /* This is the menu for logistically transforming grids it is 
/* called by 1trans.ami 
TRANSFORM 

This menu allows you to logistically transform grids, 
rescaling data between 0 and 1, using the following 
equation: outgrid = 1/(1+exp(-ingrid)) 
This transformation is especially handy for comparing 
the relative strengths of models. 

Select the grid you want to transform: 

%ingrid 

Type in the new name for your transformed grid: 

%outgrid 

%choice 

/* field definitions 
%ingrid input ingrid 30 typein yes scroll yes rows 4 required grid 
%outgrid input outgrid 3 0 typein yes required character 
%choice choice choice pairs return iretum Transform doit DISMISS 
dontdoit 
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maketiff.aml 
/* Name of AML: maketiff.aml 

/• Programmer: Gary L. Christopherson -- garych@nexus.smr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/* College of Social and Behavioral Science 
/* The University of Arizona 

/* Purpose: This AML slices Grids to 255 values, then converts them to 
TIFF 
/* format image files 

/* Notes: For presentation of GRIDS in other applications 

/'setting the &args directive to receive the necessary variables, 
iargs ingrid 

&LABEL SLICEGRID 
/•slicing ingrid into 255 values 

grid 

killmegr = slice (%ingrid%, eqarea, 255, 0, 1) 

ScLABEL MAKETIF 
/•making the tiff file 

quit 

gridimage killmegr gray %ingrid% tiff 

&LABEL CLEANUP 
/•cleaning up the mess 

kill killmegr all 

&LABEL END 
istop 
&return 
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relief, ami 
/* Name of AML: relief.ami 

/* Programmer: Gary L. Christopherson -- garych@nexus.smr.arizona.edu 
/» Center for Applied Spacial Analysis (CASA) 
/* College of Social and Behavioral Science 
/• The University of Arizona 

/* Purpose: This AML creates grid surfaces measuring four different 
kinds of 
/* relief relief above the target cell, relief below the target cell, 
/* maximum relief and texture (standard deviation) in a user specified 
/* neighborhood. Based on the elevation values in a DEM. 

/* Notes: Written for the Petrified Forest National Park GIS and for the 
/* programmer dissertation. Operates either as a stand-alone program or 
as part 
/* of the gmorph AML 

&LABEL BEGIN 
/* kicking out to the relief form menu 
&menu ~garych/arcaml/grid/relief.menu &form ^position &ur &strip 'RELIEF 
MENU' 

&LABEL DECIDE 
/* deciding what kind of relief surface to make 

&if %type% = below ithen 
&goto BELOW 

&if %type% = max &then 
&goto MAX 

&if %type% = tex &then 
&goto TEX 

&if %type% = all &then 
&goto ALL 

&:LABEL ABOVE 
/* calculating relief above the target cell 

DOC ELL 
temp := focalmax (%ingrid%, circle. %radius%, data) 
%outgrid% = temp - %ingrid% 
end 

&goto END 

&LABEL BELOW 
/* calculating relief below the target cell 
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DOCELL 
temp := focalmin (%ingrid%, circle. %radius%, data) 
%outgrid% = %ingrid% - cemp 
end 

igoto END 

&LABEL MAX 
/• calculating maximum relief in the selected neighborhood 

%outgrid% = focalrange (%ingrid%, circle, %radius%, data) 
&goto END 

&:LABEL TEX 
/* calculating texture in the selected neighborhood 

%outgrid% = focalstd (%ingrid%, circle, %radius%, data) 
&goto END 

&LABEL ALL 

/* Calculates relief above locus 
DOCELL 
temp := focalmax (%ingrid%, circle, %radius%, data) 
%outgrid%abv = temp - %ingrid% 
end 

/* Calculates relief below locus 
DOCELL 
temp := focalmin (%ingrid%, circle, %radius%, data) 
%outgrid%blw = %ingrid% - temp 
end 

/• Calculates maximum relief 
%outgrid%max = focalrange (%ingrid%, circle, %radius%, data) 

/•Calculates texture 
%outgrid%tex = focalstd (%ingrid%, circle, %radius%, data) 
ficgoto END 

&LABEL END 
gmorph 
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relief, menu 
7 /* This is the menu for creating relief themes in GRID it is called by 
/' relief.ami 
RELIEF 

Output Coverage: %outgrid 

Select your DEM: %ingrid 

Select the type of relief map you want: 
%type 

Select the neighborhood radius in number of cells 
%radius 

%apply %dismiss 

/* field definitions 
%outgrid input outgrid 30 typein yes required character 
%ingrid input ingrid 30 typein yes scroll yes rows 4 required grid 
%type choice type pairs 'Relief Above' above 'Relief Below' below 
'Maximum Relief max Texture tex All all 
%radius slider radius 30 init 4 integer 1 10 
%apply button Apply &return 
%dismiss button cancel 'Go Back' gmorph.aml 
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shelter.aml 
/* Name of AML: shelter.aml 

/* Programmer: Gary L. Christopherson — garych@nexus.smr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/• College of Social and Behavioral Science 
/* The University of Arizona 

/* Purpose: Shelter is modeled as a relative measure of volume in an 
imaginary 
/• cylindar of a user specificed diameter placed over each target cell. 
High 
/• exposure means increased volume and low exposure means lower volume. 

/* Notes: Written for the Petrified Forest National Park GIS and for the 
/* programmer dissertation. Operates either as a stand-alone program or 
as part 
/* of the gmojrph AML 

&LABEL BEGIN 
/•Kicking out to the form menu 

&menu -garych/arcaml/grid/shelter.menu &form &position &ur &stripe 
'SHELTER FORM' 

&LABEL MAKEONE 

/•making a grid with all cells equal to 1 

killme = (%ingrid% * 0) +1 

&LABEL MAKESHELTER 

/• making the shelter grid 

DOCELL 
tempi := focalsum (killme, circle, %radius%, data) 
temp2 := (%ingrid% +20) • tempi 
temp3 := focalsum (%ingrid%, circle, %radius%, data) 
%outgrid% = temp2 - temp3 

end 

&LABEL CLEANUP 

kill killme 

&goto END 

&LABEL END 
gmorph 
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shelter, menu 
7 /* This is the menu for creating shelter themes in GRID, called by 
/* shelter.ami 

SHELTER 

Output Coverage: %outgrid 

Select your DEM: %ingrid 

Select the neighborhood radius in number of cells 
%radius 

Input the cellsize of your DEM 
%size 

%apply %dismiss 

/* field definitions 
%outgrid input outgrid 30 typein yes required character 
%ingrid input ingrid 30 typein yes scroll yes rows 4 required grid 
%radius slider radius 30 init 4 integer 1 20 
%si2e input size 5 typein yes required character 
%apply button Apply &retum 
%dismiss button cancel 'Go Back' gmorph.aml 



286 

slengthcalc.aml 
/* Name of AML: slengthcalc.aml 

/* Programmers: Gary L. Christopherson -- garych@nexus.srnr.arizona.edu 
/• Center for Applied Spatial Analysis (CASA) 
/* College of Social and Behavioral Science 
/* The University of Arizona 
/* Thomas Potter 
/* National Park Service 

/* Purpose: This AML calculates the length of slope from a tingrid. It 
is 
/* called by the AML slopelength.aml. 

/* Notes: Slope length is an important component in calculating the 
Universal 
/* Soil Loss Equation. 

/ •  

/* Starting the counter for the triangles. 

Scsetvar -z = %.i% 

ScLABEL facetselect 
/* Selecting a slope facet from the tingrid. 

facet = select (%.ingridl%, "value = %.z%") 

/* checking to see if the facet exists 
Scif [exists facet -vat] &then 
Scgoto nextstep 
&else &goto plusone 

ScLABEL plusone 
/* If the facet doesn't exist, this part of the program adds one to the 
counter 
/* and starts over 

&:type 
&type A facet with ID value %.z% does not exist. 
Sctype Adding one and trying again. 
Sctype 
kill facet 
Scsetvar .z = [calc %. z% + 1] 
Scif %. z% gt %.stopid% &then &goto cleanup 
&goto facetselect 

&LABEL nextstep 
/* Reclassing all cells in the facet to 1. 

facetx = (facet div %.z%) 
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/* Giving elvacion values to all cells in the facet 

felevx = (facetx * %.ingrid2%) 

/* Using Zonalmin to give all cells in the facet value equal to the 
minimum 
/* elevation in the facet. 

fzonex = zonalmin(facet,felevx,data) 

/* Giving a value of 1 to minimum elevation cell/s and O's to the rest. 

felevtmp = (fzonex div felevx) 
fminn = select(felevtmp, 'value = 1') 

/* Finding slope lengths from each cell to the minimum elevation in the 
facet. 

fdistx = pathdistance(fminn,facetx,%.ingrid2%) 

/* Calculating average slope length for the facet, 

favex = zonalmean(facetx,fdistx,data) 

/* Copying average slope length to a single grid for later inspection. 
This 
/• operation requires a grid entitled moslopel, before it will nm. 

favex2 = con(isnull(favex),0,favex) 
moslopetmp = con(isnull(%.outgrid%),0,%.outgrid%) 
kill %.outgrid% all 
%.outgrid% = (moslopetmp + favex2) 

&LABEL killum 
/* Killing unnecessary coverages. 

kill facet all 
kill facetx all 
kill felevx all 
kill felevtmp all 
kill fzonex all 
kill fminn all 
kill fdistx all 
kill favex all 
kill favex2 all 
kill moslopetmp all 

&return 
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&label cleanup 
kill facet 

&return 
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slope.aml 
/* Name of AML: slope.aml 

/* Programmer: Gary L. Chriscopherson -- garych@nexus.smr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/* College of Social and Behavioral Science 
/* The University of Arizona 

/* Purpose: This AML creates slope surfaces in either percent or degrees 
from a 
/• digital elevation model. 

/* Notes: This ami was written for the Petrified Forest National Park 
CIS and 
/• the programmers dissertation. It works as either a stand-alone 
program or as 
/• part of the gmorph AML. 

&:LABEL BEGIN 
/* kicking out to the form menu 

&menu -garych/arcciml/grid/slope.menu &form ^position &UR &strip 'SLOPE 
MENU' 

&LABEL DECIDE 
/• deciding what kind of slope surface to make 
&if %type% eq 'percent' &then 
&goto PERCENT 

&if %type% eq 'both' &then 
&goto BOTH 

&LABEL SDEGREE 
/* making a degree slope map 

%outgrid% = slope (%ingrid%, %zvalue%) 
&goto END 

&LABEL PERCENT 
/* making a percent slope map 

%outgrid% = slope (%ingrid%, %zvalue%, percentrise) 
&goto END 

&LABEL BOTH 
/* making both percent and degree slope surfaces 

%outgrid%deg = slope {%ingrid%, %zvalue%) 

%outgrid%perc = slope (%ingrid%, %zvalue%. percentrise) 
Scgoto END 
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iLABEL END 
gmorph. ami 
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slope.menu 
7 /• This is the menu for creating slope themes in GRID it is called by 
/* slope.ami 
SLOPE 

Output Coverage: %outgrid 

Select your DEM: %ingrid 

Select the type of slope map you want: 
%type 

Z Factor: %zvalue 

%apply %dismiss 

/* field definitions 
%outgrid input outgrid 30 typein yes required character 
%ingrid input ingrid 30 typein yes scroll yes rows 4 required grid 
%type choice type pairs Degrees degree Percent percent Both both 
%zvalue input zvalue 10 init 1 typein yes required real 
%apply button Apply ireturn 
%dismiss button cancel 'Go Back' gmorph.cual 
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slopeadd.aml 
/* Name of AML: slopeadd.aml 

/* Programmer: Gary L. Christopherson -- garych@nexus.smr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/* College of Social and Behavioral Science 
/* The University of Arizona 

/• Purpose: This coverage combines slope length grids into a single 
grid. It is 
/* run after the slopelenth AML. 

!* Notes: This AML was written to help create a slope length map for 
Petrified 
/* Forest National Park. The main slopelength grid must be named psl 
(Pefo 
/* Slope Length). 

&LABEL begin 
/* Kicking out to the slopeadd menu 

Scmenu /export/home/garych/arcaml/grid/slopeadd.menu iform &position &ur 
Scstripe 'SLOPELENGTH ADD FORM' 

&LABEL optout 
/« deciding whether or not to continue 

Scif %choice% = dontdoit &then 
Scgoto end 

&LABEL action 
/* combining the grids 

psltemp = con (%.slg% == si,si,(%.slg% + si)) 

ScLABEL cleanup 

kill si 
copy psltemp si 
kill psltemp 

&LABEL display 

mapex si 
gridpaint si 

&LABEL loop 

slopeadd 

&LABEL END 
&stop 
&retum 
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slopeadd.menu 
7 /• This is the form for running slopeadd it is called by slopeadd.aml 

Select the slopelength GRID you want to combine: 

%ingrid 

%choice 

/* field definitions 
%ingrid input .slg 45 typein yes scroll yes rows 4 required grid 
%choice choice choice pairs return &retum 'JUST DO IT' doit 'WIMP OUT' 
dontdoit 



294 

slopelength.aml 
/• Name of AML: slopelength.aml 

/* Programmer: Gary L. Christopherson -- garych@nexus.srnr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/* College of Social and Behavioral Science 
/* The University of Arizona 

/• Purpose: This is the front end of a pair of amis used to calculate 
/* slope length. This part of the pair starts a loop which cycles 
through the 
/* triangles when determining slope length. It allows the user to 
specify which 
/* triangles to use. This is important because of the high processing 
price 
/* extracted by the ami. By allowing the user to specify start and stop 
points, 
/* the user allows the processor to take a break. 

/* Notes: This AML was developed for the Petrified Forest National Park 
and the 
/• programmer's dissertation. 

iLABEL menu 
/* kicking out to the menu 

imenu -garych/arcaml/grid/slopelength.menu &form istripe 'Slopelength 
Calculation Menu' 

&LABEL DECIDE 
/* Deciding whether or not to continue 

&if %choice% = dontdoit &then 
&goto END 

&LABEL errorchk 
/* checking to see if the grid already exists 

&if (exists %.outgrid% -grid] &then 
&goto woops 
&else &goto blank 

&label blank 
/* Creating blank coverage for accepting the slopelength values. 

&type 
Sctype Creating %.outgrid% to accept the slopelength values. 
&type 
%.outgrid% = %.ingrid2% * 0 

&label watch 

/* Starting watchfile 
&watch %.watchfile%.watch 
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&label setcounters 
/* This section starts two counters. One counts triangles, and the 
other 
/* cycles into and out of the "do-loop° to help prevent system overload. 

&sv .i = %.startid% 
&sv .c = [calc %.i% + 101] 

Sclabel startloop 

&do &while [calc %.i% It %.c%] 
&if %.i% gt %.stopid% &then &goto end 
Sctype 
&:type STARTING LOOP [calc %. i% • 1] OF %.stopid% 
Sctype 
slengthcalc.ami 
&sv .i = [calc %.z% + 1] 
&end 

&label reset 
/* This section resets the second counter, checks to see if all the 
triangles 
/* have been processed, and either sends everything back to the "do-
loop" for 
/* more processing, or back to the grid prompt. 

&sv .c = [calc %.c% + 100] 
&goto startloop 

ScLABEL end 

&type 
& type »»•••*••«**•*•»*«*«•**••*••»***•«•••• 

&type * IF THIS MESSAGE APPEARS IN ALL * 
ttype • OPEN SHELL WINDOWS, THE PROCESSES * 
&type * ARE DONE RUNNING AND YOU * 
Sctype * MAY QUIT ARC AND LOG ME OUT. 
Sctype 
Sctype 
&watch &off 
&stop 
Screturn 

ScLABEL woops 
&;type 
&type 
Sctype %.outgrid% already exists 
Sctype 
Sctype SELECT A NEW NAME FOR YOUR GRID 
Sctype 
Scgoto menu 



296 

slopelength.menu 
7 /* This is Che menu for determining slopelength in GRID, called by 
/* slopelength.ami 

In order to run this program you will need the following grids: 
1) A grid of your tin with unique ID numbers. 
2) A DEM at the same resolution. 

Name the output coverage: %outgrid 

Name the watch file: %watchfile 

Select the grid supplying the facet-id numbers: 
%ingridl 

Begin counting ID numbers at: %startid 

Finish counting ID numbers at: %stopid 

Select the DEM: 
%ingrid2 

%choice 

/* field definitions 
%outgrid input .outgrid 20 typein yes required next %watchfile character 
%watchfile input .watchfile 20 typein yes required next %ingridl 
character 
%ingridl input .ingridl 3 0 typein yes scroll yes rows 4 required next 
%startid grid 
%startid input .startid 10 typein yes required next %stopid integer 
%stopid input .stopid 10 typein yes required next %ingrid2 integer 
%ingrid2 input .ingrid2 30 typein yes scroll yes rows 4 required grid 
%choice choice choice pairs return &return 'JUST DO IT' doit 'WIMP OUT' 
dontdoit 
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umodel.aml 
/• Name of AML: umodel.aml 

/* Programmer: Gary L. Christopherson -- garych@nexus.smr.arizona.edu 
/• Cencer for Applied Spatial Analysis (CASA) 
/* College of Social and Behavioral Science 
/* The University of Arizona 

/• Purpose: /* This AML creates logistic regression models based data 
input on 
/* the umodel form menu. AFTER MAKING YOUR MODEL, THIS AML WILL DISPLAY 
THE NEW 
/* GRID AND THEN TEST THE MODEL BY QUERYING IT WITH BOTH THE SITE AND 
NONSITE 
/* SAMPLES. THESE WILL BE WRITTEN TO TWO TEXT FILES CALLED 
'MODELNAME'.S AND 
/* 'MODELNAME'.NS. 

/• Notes: Specific to the Umeiri region data. Was used in programmer's 
/* dissertation 

&LABEL MENU 

&menu /export/home/garych/arcaml/arc/umodel .menu &form &position &UL 
istripe 'LOGISTIC REGRESSION MODEL MENU FOR UMEIRI SURVEY' 

ScLABEL POINTFILES 
/* this section turns your point files into grids, in preparation for 
testing 
/* model strength later in the process. 

pointgrid %sitecov% killmegr site 
20 
y 
nodata 

/•turning sam250 into a grid 

pointgrid sam250 killmegr2 site 
20 
y 
nodata 

&LABEL WHICHONE 

grid 

&if %trans% eq 'no' ithen 
&goto NOTRANSFORM 
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ficLABEL TRANSFORMODEL 
/*This section makes the model 

ideservetodie = (umaspew • %aspew%) + (umaspns * %aspns%) (umdem * 
%elev%) + (umrelfa * %relfa%) + (umrelfb * %relfb%) + (umrelfm * 
%relfm%) (umtexture * %tex%) + (umridge * %ridge%) + (umsdl * %sdl%) 
(umsd2 • %sd2%) + (umsd3 * %sd3%) + (umshelter * %shelter%) + (umslope 
%slope%) + (umwadist * %wadist%) + %cons% 

ScLABEL TRANSFORM 
/*This section logistically transforms the model 

DOCELL 

tempi := exp(- ideservetodie) 

%modelgrid% = 1 / (1 + tempi) 
END 

ScLABEL CLEANUP 
/*This section kills the non-transformed model 

kill ideservetodie all 

&GOTO DISPLAY 

&LABEL NOTRANSFORM 
/•This section creates the model without logistic transformation 

%modelgrid% = (umaspew • %aspew%) + (umaspns * %aspns%) + (umdem * 
%elev%) + (umrelfa * %relfa%) + (umrelfb * %relfb%) + (umrelfm * 
%relfm%) + (umtexture * %tex%) + (umridge * %ridge%) + (umsdl * %sdl%) 
(umsd2 • %sd2%) + (umsd3 * %sd3%) + (umshelter • %shelt4%) + (umslope • 
%slope%) + (umwadist * %wadist%) + %cons% 

&:LABEL DISPLAY 
/•This section displays the model 

mapex %modelgrid% 
crboy 
gridshades %modelgrid% # linear nowrap 

SlLABEL MODELTEST 

/• this section samples the model to test its strength 

%modelgrid%.s = sample (killmegr, %modelgrid%) 
%modelgrid%.ns = sample (killmegr2, %modelgrid%) 

SCLABEL CLEANUP2 
/* this section cleans up the extra grids 

kill killmegr all 
kill killmegr2 all 
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&lv 

&LABEL END 
&scop 
irecurn 
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umodel.menu 
7 
/'This is the menu for using regression coefficients for creating 
logistic 
/'regression models in the Umeiri survey region. 

AFTER MAKING YOUR MODEL, THIS AML WILL DISPLAY THE NEW GRID AND THEN 
TEST THE 
MODEL BY QUERYING IT WITH BOTH THE SITE AND NONSITE SAMPLES. THESE WILL 
BE 
V^^ITTEN TO TWO TEXT FILES CALLED 'MODELNAME'.S AND 'MODELNAME'.NS FOR 
EXPORT TO 
STATISTIC SOFTWARE. 

Type in a name for the model you are making: 
%modelgrid 

Input the coefficients from the logistic regression in the appropriate 
places: 

ASPEW %aspew ASPNS %aspns 

ELEV %elev RELFA %relfa 

RELFB %relfb RELFM %relfm 

TEXTURE %tex RIDGE %ridge 

SDl %sdl SD2 %sd2 

SD3 %sd3 SHELTER %shelter 

SLOPE %slope WADIST %wadist 

CORRECTED CONSTANT %Cons 

Do you wish to transform your model logistically? 
%trans 

Select the name of your site file: 
%sicecov 

%apply %quit 
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/• field definitions 
%modelgrid input modelgrid 3 0 next %aspew required character 
%aspew input aspew 15 next %aspns initial 0 recjuired real 
%aspns input aspns 15 next %elev initial 0 required real 
%elev input elev 15 next %relfa initial 0 required real 
%relfa input relfa 15 next %relfb initial 0 required real 
%relfb input relffa 15 next %relfm initial 0 required real 
%relfm input relfm 15 next %tex initial 0 required real 
%tex input tex 15 next %ridge initial 0 required real 
%ridge input ridge 15 next %sdl initial 0 required real 
%sdl input sdl 15 next %sd2 initial 0 required real 
%sd2 input sd2 15 next %sd3 initial 0 required real 
%sd3 input sd3 15 next %shelter initial 0 required real 
%shelter input shelter 15 next %slope initial 0 required real 
%slope input slope 15 next %wadist initial 0 required real 
%wadist input wadist 15 next %cons initial 0 required real 
%cons input cons 15 initial 0 required real 
%trans choice trans single initial yes YES NO 
%sitecov input sitecov 30 typein yes scroll yes rows 3 required cover 
%apply button 'JUST DO IT' &retum 
%quit button cancel 'WIMP OUT' &stop &end 
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umsamp.aml 
/* Name of AML: umsamp.aml 

/* Programmer: Gary L. Christopherson -- garychl3nexus.smr.arizona.edu 
/* Center for Applied Spatial Analysis (CASA) 
/• College of Social and Behavioral Science 
/* The University of Arizona 

/* Purpose: This AML converts a point coverage to a grid so they can be 
/* queried against the Umeiri environmental variables in preparation for 
/* logistic regression. Once it completes the sample command it cleans 
up after /* itself by killing the grid that it made. 

/* Notes: Specific to Umeiri Data. Used in programmer's dissertation. 

/'kicking out to the sample foma 
&menu /export/home/garych/arcaml/arc/umsamp.menu &form &position &UR 
&strip 'SITE SAMPLE FORM' 

&LABEL CREATEGRID 
/•turning incov into a grid 

pointgrid %incov% killmegr site 
20 
y 
nodata 

&:LABEL SAMPLEGRIDS 
/•sampling environmental variables 

grid 

%outfile%.txt = sample (killmegr, umaspew, umaspns, umdem, umrelabv, 
umrelblw, umrelmax, umreltex, umridge, umsdl, umsd2, umsd3, umshelt, 
umslope, umwadist) 

quit 

ScLABEL CLEANUP 
/'cleaning up the mess 

kill killmegr all 

ScLABEL END 
ScStop 
ireturn 
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umsamp.menu 
7/* This is Che menu for selecting a site sample to query environmental 
/* variables in the Umeiri GIS in preparation for logistic regression 

Type in a name for the output text file: 
%outfile 

Select a Site Coverage: 
%incov 

%apply %quit 

/* field definitions 
%outfile input outfile 30 next %incov required character 
%incov input incov 30 typein yes scroll yes rows 4 required cover 
%apply button 'JUST DO IT' &retum 
%quit button cancel 'WIMP OUT' &stop &end 
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