HEARTLANDS AND HINTERLANDS:
ALTERNATIVE TRAJECTORIES OF EARLY URBANIZATION IN
MESOPOTAMIA AND THE SOUTHERN LEVANT

Steven E. Falconer and Stephen H. Savage

Comparative rank-size analyses reveal highly variable courses of urbanization in ancient Mesopotamia and the
southern Levant during the fourth through early second millennia B.C. While traditional rank-size methods do not
consider the effects of archaeological sampling, we propose a revised approach based on Monte Carlo simulation,
which incorporates site-recovery rates and demonstrates the advantages of *full-coverage” survey. We highlight the
rapid development of urban primacy in southern Mesopotamia’s heartland (Adams 1981) and the more static rural
integration of the Diyala hinterland (Adams 1965). In contrast, Bronze Age urbanization in the southern Levant
describes a mosaic of urban and rural systems following independent trajectories. We call for greater attention to
small sites, which often define the shape of rank-size distributions. Qur approach illuminates modest cases of urban-
ization in terms of structure, rather than simply of reduced scale, and avoids a tendency to categorize such cases as
derivative.

Los andlisis comparativos del rango de tamario de asentamientos revelan una gran variabilidad en el rumbo hacia
la urbanizacién en la Mesopotamia antigua y en el sur de Levante a través del cuarto milenio hasta principios del
segundo milenio A.C. Los métodos de rango-tamario empleados tradicionalmente no consideran los efectos del
muestreo arqueoldgico. Por ello proponemos una perspectiva distinta de aquéllos, basada en la simulacion Monte
Carlo la cual incorpora estimaciones de los sitios recuperados y demuestra las ventajas de los reconocimientos de
superficie de “cobertura total.”” Distinguimos la primacia del rapido desarrollo urbano en el niicleo de la Mesopotamia
surefia (Adams 1981) de la integracion rural mds estdtica en la periferia del Diyala (Adams 1965). En contraste, la
urbanizacién en la Edad de Bronce en el sur de Levante presenta un mosaico de sistemas rurales y urbanos que
siguen trayectorias independientes. Ponemos mayor atencién en los sitios pequefios, los cuales con frecuencia definen
la forma de las distribuciones de rango-tamafio. Nuestro perspectiva ilustra casos modestos de urbanizacion en
términos de estructura en lugar de una simple escala reducida, y evita la tendencia de categorizar estos casos como
derivativos.

he title of Robert Adams’s book Heart- based on the ““increasingly substantial pro-

land of Cities succinctly captures a theme portion of the population of a settlement sys-
that unifies many of the most influential anal- tem [that] came either to live in a central
yses of early civilizations: the evo- place or to be involved in a variety of ways
lution of urbanism. Urbanized societies fea- 1in the activities of a central place” (Clarke
tured city centers that were differentiated 1979:436). A substantial literature focuses on
from, but integrated with, their rural periph- the diverse forms and functions of pre-in-
eries (e.g., Redman 1978:215-216). The dustrialcities (e.g., Sanders and Webster 1988;
closely related process of ““urbanization” gave Wheatley 1971; Adams 1966). However, we
rise to urban economic and political primacy, argue that urban studies are most compelling
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when they comprehend entire networks of
sedentary settlement and, in so doing, distin-
guish different trajectories whereby cities,
towns, villages, and hamlets became incor-
porated or disarticulated as regional systems
coalesced or broke down (e.g., Adams 1981).
Nonsedentary populations tend to leave more
ephemeral archaeological signatures that of-
ten elude effective recovery and dating by
extensive regional surveys. Regrettably, this
aspect of society can only be addressed tan-
gentially (e.g., regarding Early Bronze IV pas-
toralism in the Levant) with the data we as-
semble here.

This study offers a comparative perspec-
tive on the initial urbanization of lowland
Mesopotamia and the southern Levant, two
regions characterized by the early appearance
of cities and broad regional survey coverage.
Using revised methods of rank-size analysis
based on Monte Carlo simulation, we high-
light a variety of urbanized settlement sys-
tems in the “heartlands” and ‘‘hinterlands”
of both regions. Qur approach not only high-
lights fundamental distinctions between the
courses of Mesopotamian and Levantine ur-
banization, but also striking chronological and
geographical variation within each region.
Our results reveal further that the ordering
of rural sites often serves to distinguish the
rank-size distribution of one settlement sys-
tem from another. Thus, when attempting to
capture urbanized systems as whole entities,
small places, as well as central ones, may serve
as key defining elements.

The diversity between and within Meso-
potamian and Levantine settlement systems
calls for a renewed body of interpretive par-
adigms with which the full panorama of pre-
industrial urbanism may be explored. As a
case in point, the spectacular growth of met-
ropolitan Uruk in the fourth and third mil-
lennia B.C. may provide the classic textbook
example of urban nucleation, but it does not
necessarily prefigure all courses of urbaniza-
tion in Mesopotamia, let alone other regions
of the Near East. Our approach is particularly
valuable for interpreting less ostentatious ex-
pressions of urbanism in terms of structure
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and development, rather than simply re-
duced scale.

We begin with a discussion of rank-size
analysis, followed by a proposal for how it
might be adapted to the special nature of ar-
chaeological sampling and survey data. Our
rank-size analyses corroborate Adams’s
(1981) portrait of southern Mesopotamia as
a centrally important urban “heartland” in
which the earliest cities, striking for their im-
pressive size, are accompanied by the deci-
mation of surrounding villages as they grow.
In contrast, the Diyala Plain constituted a
Mesopotamian “hinterland,” distinct and well
removed from the Uruk heartland, that was
characterized by a dwindling array of small
towns and cities situated amid proliferating
rural settlement. Interestingly, Bronze Age
settlement in the southern Levant emerges as
neither an urban heartland nor a rural hin-
terland. Rather, a patchwork of urban and
rural systems followed variable trajectories
at different times and in different subregions.
Urbanism was primarily a coastal phenom-
enon apparently superimposed on a resilient
network of rural settlement. Systems of small
towns and villages in the Levantine hill coun-
try and Jordan Valley followed their own
courses of development that generally cannot
be attributed to the influences of waxing and
waning coastal urbanism.

These alternative expressions of urbaniza-
tion heighten our appreciation of early urban
diversity and signal a need for renewed at-
tention to the significance of small commu-
nities in stratified settlement systems. Ana-
lytical methods, such as those applied here,
that are tailored for archaeology and accom-
modate a full spectrum of settlement types
will inevitably enhance our insight on urban-
ism, and other issues of social complexity, in
southwestern Asia and elsewhere.

Rank-Size Analysis

Auerbach (1913) originally observed that the
cities of modern industrial nations, when
ranked according to their populations, are
distributed such that the largest city has twice
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the population of the second-ranked city,
three times the population of the third-ranked,
and so on. Following this “rank-size rule,”
the size of any nth-ranked place is predicted
by dividing the size of the largest place by n,
and the rank and population of cities describe
a log-normal distribution when plotted log-
arithmically (Haggett 1971:101; see Figure
1A).

Applying the Principle of Least Effort, Zipf
(1949) invoked “Economic Man” to explain
the interaction of two opposite courses of
economic action that create the rank-size rule.
The “Force of Diversification™ encourages a
large number of “‘small, widely scattered and
largely autarchical communities™ located near
raw material sources, while the “Force of
Unification” moves raw materials to a very
limited number of massive centers of pro-
duction and consumption (1949:352).

Examples of primate and convex rank-size distributions (a), and a primo-convex distribution created by

Conventional applications in archaeology
assume that the forces of diversification and
unification are equal, which provides an ex-
pedient resolution to the dilemma of assign-
ing values to Zipf’s two forces. However, the
assumption also renders the formula used by
archaeologists a special case of the general
equation that is open to critical discussion
(Kowalewski 1982; Richardson 1973; Dzie-
wonski 1972; Moore 1959).

Interpreting Rank-Size Curves

Log-normal distributions in accordance with
the rank-size rule ‘“‘appear to be typical of
larger countries with a long tradition of ur-
banization, which are politically and eco-
nomically complex” (Berry 1961:582). Ar-
chaeologists infer that such distributions
signify regional systems in which cities are
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well integrated with their subordinate com-
munities (e.g., Adams 1981:72-74; Johnson
1980). Observation of ‘“log-normality” in
western industrialized nations (e.g., Vining
1955:Figure 1) inspired Auerbach’s original
formulation, but pre-industrial settlement
patterns tend not to conform to the values
expected under the special case of the rank-
size rule applied in archaeology. Therefore,
most archaeological inferences are derived
from the manner and degree to which rank-
size distributions depart from log-normal.
These departures may be classified into “pri-
mate,” “convex,” and ‘“primo-convex” forms
(Johnson 1977; Paynter 1983), which poten-
tially indicate various expressions of strong
or weak integration between large and small
communities.

Primate Distributions

Primate distributions are generated by set-
tlement systems that contain fewer inter-
mediate and large places than predicted by
the rank-size rule, or in which the first-ranked
place is considerably larger than expected
(Figure 1A). Typical primate patterns, which
are somewhat concave (see Johnson 1977),
may indicate an extraordinary centralization
of political or economic functions, as ex-
emplified by several long-lived Mesoameri-
can systems in which “the primate center
provided unique services having to do with
maintenance of a regional boundary for a set
of local subsystems. The primate center’s
special activities often involved a combina-
tion of high order sacred ceremonialism,
macroregional elite exchange, foreign diplo-
macy, and war” (Kowalewski 1982:65).
Primate distributions may also result from
the constraints of settlement system bound-
aries. Johnson, following Smith (1976) and
Blanton (1976), notes that the primate con-
dition is associated frequently with centers or
peripheries of former colonial empires, “in
systems which are sufficiently bounded so as
to inhibit the development of more than one
highest order central place” (1977:496-497).
Johnson also cautions that “problems in sys-
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tem boundary definition . . . may produce es-
sentially artificial primate distributions in
both archaeological and modern data sets”
(1977:498). This may be particularly true
when the entire extent of a settlement system
has not been identified. Therefore, archaeo-
logical interpretations should consider the
possibility that there may be “a role for the
primate city that extends beyond its regional
hinterland” (Skinner 1977:238).

Convex Distributions

A convex distribution contains more inter-
mediate and large places than predicted by
the rank-size rule (Figure 1 A). “In these cases
large settlements are smaller or small settle-
ments are larger than expected” (Johnson
1977:497). In contrast to many primate sys-
tems, a convex distribution indicates rela-
tively little integration of political and eco-
nomic services among communities in a
settlement system, particularly less “verti-
cal” integration between large cities and
smaller rural communities (Johnson 1980;
Paynter 1982). For example, data from the
Levantine Central Hills reveal pronounced
rank-size convexity that implies minimal ar-
ticulation between dispersed Bronze Age vil-
lages (see discussion below).

Johnson (1980) suggests further that as they
become increasingly integrated, settlement
systems will shift from convex to log-normal
to primate distributions. Adams notes this
sequence in the combined Warka and Nip-
pur-Adab survey data, and our analyses sug-
gest another example in the upper end of the
rank-size curves for the Levantine Coastal
Plain (see discussion below). Alternatively, a
convex pattern may result from pooling two
or more adjacent settlement systems, or from
the exclusion of a primate center from its
subordinate settlement system (Johnson
1980; Paynter 1983).

In yet another twist to rank-size interpre-
tation, some convex distributions may reflect
central place economic organization (John-
son 1977; Crumley 1976). Central Place The-
ory (e.g., Christaller 1933) predicts that plac-
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es of equivalent economic function will be
equivalent in size, resulting in a stepwise
ranking, rather than the more continuous dis-
tribution predicted by the rank-size rule. Such
a stair-step distribution is inherently convex,
especially when a system has multiple high-
est-order central places.

Primo-convex Distributions

Primo-convex distributions incorporate ele-
ments of rank-size primacy in their upper-
size range and convexity in their lower range.
For example, the primo-convex curve in Fig-
ure 1B was created by combining the primate
and convex curves in Figure 1 A. Primo-con-
vex distributions may represent a special ex-
pression of pooling: the superimposition of a
centralized or colonially derived system (ex-
pressed in a primate upper curve) on a lower-
level system that may be loosely integrated
or have an element of central place organi-
zation (reflected in a convex lower curve).
This possibility is particularly intriguing, since
it suggests the simultaneous operation of two
distinct settlement systems in a single region.

Toward an Accommodation of Rank-Size
Analysis and Archaeological Data

Although rank-size methods are used com-
monly in settlement pattern analysis, archae-
ological interpretations often rely simply on
judgmental appraisals of the shapes of rank-
size distributions. This approach sidesteps the
issue of how far a distribution must depart
from log-normal to merit interpretation as
primate or convex. Attempts at greater sta-
tistical rigor use the Kolmogorov-Smirnov
one-tailed-goodness-of-fit test (hereafter
called the “K- test”) to determine whether an
observed rank-size plot is significantly dif-
ferent from an expected one (Sokal and Rohif
1969; Paynter 1982, 1983). The K- test is a
distribution-free test of the null hypothesis
that a sample is drawn from a particular pop-
ulation. “The Kolmogorov-Smirnov test re-
jects the null hypothesis if there are differ-
ences in the central tendency, range, or shape
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of the sample and population distributions,
thus making it a very general test of noni-
dentity” (Paynter 1982:156). As it is used in
rank-size analysis, the K- test measures the
maximum deviation between cumulative
distributions of observed and expected site
sizes (Shennan 1990:55-61; Thomas 1986:
322-337). The maximum deviation (the K-
statistic) is compared to a predetermined val-
ue for a given alpha level in a statistical table
(c.g., Thomas 1986:504-506). If the devia-
tion exceeds this value, the observed distri-
bution is considered to be significantly dif-
ferent from the expected one.

Problems with Rank-Size Analysis of
Archaeological Data

There are several fundamental considera-
tions that affect the applicability of rank-size
analysis to archaeological data. First, the K-
test may not be appropriate for archaeolog-
ical analyses for at least four reasons:

1. The K- test assumes that the individual
observed and expected values are indepen-
dent of each other. However, none of the
expected values are selected independently,
since they follow directly from the size of the
largest observed site as prescribed by the rank-
size rule.

2. Although the test is designed for contin-
uous frequency distributions, the expected
values assume a step-wise distribution, again
in accordance with the rank-size rule.

3. The observed frequency distributions are
assumed to be drawn from larger populations
with replacement. However, they are clearly
not drawn with replacement, since we count
each site only once.

4. Both frequency distributions are as-
sumed to have no upper bound. This is true
of the observed data set, but the expected
distribution is bounded at its upper end by
the size of the largest observed site.

These characteristics of archaeological
rank-size data call traditional archaeological
applications of the K- test into serious ques-
tion. While the procedure for calculating the
maximum deviation between observed and
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expected distributions remains acceptable, we
argue that appropriate measures of statistical
confidence for archaeological data must be
derived empirically.

The calculation of appropriate confidence
levels follows directly from a second major
consideration underlying archaeological rank-
size analyses: archaeological site distribu-
tions are samples drawn from larger popu-
lations according to uncertain sample pro-
portions that can only be estimated. Previous
tests of significance do not account for this.
Since the shape of any observed distribution
is affected by its sample proportion (based on
survey coverage and intensity), quantitative
analysis must incorporate estimated site re-
covery rates to produce meaningful results.
Thus, the issue of sampling cannot be sepa-
rated from the issue of statistical confidence.

Additional issues stem from difficulties in-
herent in sensing archaeological sites and es-
timating their sizes. Archaeological site sizes
may be over- or under-estimated, particular-
ly at deeply stratified sites or those subject to
alluviation. The area of a stratified site often
reflects the extent of its largest occupation,
which may inflate our estimates of smaller
habitations in other periods. In contrast, al-
luvial or colluvial blanketing of site fringes
in some regions (e.g., lower Mesopotamia and
the Jordan Valley) may cause underestima-
tion of occupations at or below modern sur-
face levels.

Further, the effects of such systematic er-
rors on the analysis of any observed rank-
size distribution will be particularly acute to-
ward its lower end, since this is precisely where
the majority of sites in an expected log-nor-
mal distribution are located and where the
likelihood is greatest that sites in the target
population have been missed or obliterated.

Applying the K- Test Through Monte Carlo
Simulation

Given the limitations of the traditional K-
test, our analyses utilize the RankSize com-
puter program (Savage 1993)!, which applies
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Monte Carlo simulation methods and ac-
commodates the special characteristics of ar-
chaeological data and sampling. This pro-
gram analyzes a set of observed site sizes based
on an estimate of the sample proportion it
represents. The simulation first sorts the ob-
served data and calculates a K- statistic (that
is, the maximum deviation between the ex-
pected and observed values), keeping it for
later reference. The program then creates a
simulated population based on the rank-size
rule starting from the largest site size in the
observed data. The number of sites in this
simulated population is determined by mul-
tiplying the number of observed sites by the
reciprocal of the sample fraction. Thus, if a
survey yields a sample of 100 sites that are
assumed to represent 90 percent of the pop-
ulation, that population contains 100 / .90 =
111 sites. The largest site in the population
equals the largest site in the sample. The re-
maining 110 sites are generated according to
the rank-size rule. Clearly, this method is only
as accurate as the estimate of the sample pro-
portion, but it forces the analyst to confront
the sampling issue explicitly.

The simulated population becomes the ba-
sis for a long series of random computer runs.
Each run draws a sample of sites from the
simulated population equal to the number of
observed sites. (The user may always include
the largest observed site size or allow it to
vary; all of our analyses include it.) The sim-
ulation then calculates a K- statistic that mea-
sures the maximum deviation between this
sample and its own expected, log-normal dis-
tribution. The program repeats this proce-
dure over a large number of runs, stores the
K- statistics produced by each run, and sorts
them in ascending order. Finally, the simu-
lation compares the value of the original K-
statistic for the observed data to the range of
K- values from the random runs to estimate
the probability that a K- value greater than
or equal to the observed value will be ob-
tained by random samples drawn from a log-
normal population. For example, if only 3
percent of the simulated K- values are as large
or larger than the observed K- value, we may



Falconer and Savage]

infer that it is unlikely that the observed sam-
ple is drawn from a log-normal population.

Whereas a traditional test categorizes an
observed K- statistic as significant or nonsig-
nificant at a predetermined alpha level (typ-
ically .05), we prefer to estimate the proba-
bility that an observed distribution could have
been drawn from a log-normal population.
The lower the probability, the greater our
confidence that the original settlement sys-
tem may be interpreted as differing from log-
normal (primate, convex, or a combination
of the two). The analyst may deem some
probability estimates as highly diagnostic and
others as more equivocal. Rather than a sim-
ple pass-fail result, this approach provides a
variety of possible outcomes and interpretive
avenues (see Cowgill 1977).

The potential for misestimating observed
site areas may be accommodated by random-
ly inflating or diminishing the sizes of sites
picked by the RankSize program for simu-
lated distributions. This might be done with-
in a preset percentage range, for a predeter-
mined proportion of sites, for example. To
compensate for the likelihood of missing more
sites at the lower end of an observed distri-
bution, it may be advantageous to incorpo-
rate a “sliding probability” of site recovery
ranging from near certainty for extremely large
cities to very modest levels for diminutive
villages and hamlets. The addition of these
two routines to the RankSize procedure would
raise a variety of questions regarding how
these potential sources of sample bias should
be measured and simulated. While we do not
attempt to address these concerns in detail
here, experimental results indicate that the
introduction of these two sources of vari-
ability into the RankSize program tends to
result in modestly higher probability figures.
Therefore, the probabilities discussed below
may tend to slightly exaggerate the departure
of observed rank-size distributions from log-
normal.

We apply RankSize simulations to site size
data, revealing a variety of trajectories where-
by early urbanized settlement systems arose
in Mesopotamia and the southern Levant.
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Each analysis poses two questions: 1) How
low is the probability that the observed dis-
tribution could be drawn from a log-normal
population? 2) In light of this probability and
the observed rank-size plot, what is the shape
of the observed distribution (and the likely
shape of the original population)? In each case,
we assume that the largest site reported was
the largest settlement in the original system
under study. We introduce the settlement data
from each region with an assessment of sur-
vey methods and site recovery rates from
which we estimate an average sample pro-
portion. The number of settlements in each
original population is calculated by multi-
plying the number of observed sites by the
reciprocal of the sample proportion. When a
probability value is very low, we argue that
our sample represents a noteworthy depar-
ture from the log-normal distribution pre-
dicted by the rank-size rule, and we address
the archaeological implications of that de-
parture.

Interestingly, the settlement patterns ana-
lyzed in this study generate very few equiv-
ocal probability figures. The majority of ob-
served distributions in both Mesopotamia and
the southern Levant have probabilities of
<.01 of simply representing samples of a
larger log-normal population. The remaining
cases, with two Mesopotamian exceptions,
provide substantially larger values (ranging
between .24 and .93) more clearly indicative
of effective adherence to the rank-size rule.

Our approach begins to accommodate the
uncertainty inherent in archaeological field
and analytical procedures and illustrates the
benefits of larger sample proportions. Sim-
ulated K- statistics rarely exceed observed
values when the observed data represent a
high sample proportion, rather than a low
one. For example, when analyzed at sample
proportions ranging between .05 and .95,
Early Bronze III settlement data from the
Levantine Coastal Plain show that site re-
covery rates must be greater than 75 percent
1o generate an extremely low probability that
an observed sample was drawn from a log-
normal population (Figure 2). This obser-






