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The Wari empire (AD 600-1000) deployed a variety of strategies to consolidate its provinces in Middle Horizon
Peru. One strategy may have been building imperial sites in places with large visual magnitudes, which are attrac-
tive to empires because they are more defensible, they are suitably located for direct and implied surveillance,
and they project a visually-dominant presence on the landscape. In the Sondondo Valley, Peru, the Wari empire
made a significant investment of labor and resources in the construction of terraces, roads, and five imperial sites.
Keywords: The viewsheds of these sites are compared to those of 20 non-imperial sites, 495 randomly-placed individual
Wari sites, and 99 randomly-placed groups of five sites each. Parametric and non-parametric comparisons reject the
null hypothesis that there is no difference between viewsheds. Imperial sites had significantly larger and
better-coordinated viewsheds, as estimated from overlap and coverage indices. These results support the argu-
ment that imperial agents' site-placement decisions considered the benefits of locations with large viewsheds.
From these sites, the empire's representatives effectively advanced imperial goals for two and half centuries. Sim-
ilar factors may have been salient in other imperial settings, so this approach may help explore site-placement

Militaristic empires
Site-placement decisions
Geographic information systems
Viewshed

decisions in other regions.
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1. Introduction

In Middle Horizon Peru, the Wari empire (AD 600-1000) expanded
from its eponymous capital in the Andean highlands and incorporated a
number of provinces (Fig. 1). Like other successful empires, Wari
adapted conquest and consolidation strategies to each region
(Schreiber, 1987, 1992). Imperial representatives would have made ad-
ministrative decisions on behalf of the empire based on their knowledge
of imperial goals and the local situation. This approach privileges the de-
cisions of the individuals participating in empire building and eschews
top-down perspectives that tend to treat empires as monolithic, faceless
entities.

This paper's goal is to clarify site-placement decisions in one of
Wari's major provinces, the Sondondo Valley! (Fig. 2). The empire
made significant investments in the construction of agricultural ter-
races, a major road, and five imperial sites. The decision of where to
build these sites can be explored through viewshed analysis (Whitley,
2004). Viewshed analysis offers a quantitative means of comparing ar-
chaeological and randomly-placed sites (e.g., Bongers et al., 2012;
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Fisher et al., 1997). Places with large viewsheds are more defensible,
offer better opportunities for direct and implied surveillance, and can
be used to create a visually-dominating presence on the landscape or
even co-opt sacred landmarks (Williams and Nash, 2006). These factors
may have been some of the reasons behind Wari's enduring control,
established from sites placed in effective locations. These factors may
have also been important in other empires, making this a relevant
case study for exploring site-placement decisions in other contexts.

1.1. The Wari empire and its provinces

The first great empire of the ancient Andes was centered in the Aya-
cucho Valley of highland Peru (Bergh, 2012). At its peak it controlled ex-
tensive areas along the Pacific coast and Andean highlands (Fig. 1).
Expansion probably began sometime in the seventh century AD and
by the following century, Wari had begun building imperial-style infra-
structure throughout its realm. A few of the better-known provincial
centers are Viracochapampa (Topic, 1991), Honcopampa (Isbell,
1989), Pikillagta (McEwan, 2005), Jincamocco (Schreiber, 1992), and
Cerro Batl (Williams, 2001; Nash and Williams, 2004). These centers
share a number of material features such as a distinctive, uniform, recti-
linear architectural style (Schreiber, 1978, 2012; Spickard, 1983;
McEwan and Williams, 2012) and elaborately-decorated ceramic ves-
sels (Knobloch, 1991; Menzel, 1964). A network of imperial roads con-
nected these sites to the capital and each other (Lumbreras, 1974;
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Fig. 1. Major Wari sites, including the capital Huari, and the approximate limits of the Wari empire, shown within the outline of modern Peru. The limit does not imply continuous spatial
control, which seems unlikely. Inset map indicates the location of modern Peru, shaded, within South America.

Adapted from Schreiber (2004, figure 8.1).

Schreiber, 1984, 1991). Overall, the evidence suggests that Wari was a
unified polity that modified its relationship with each conquered prov-
ince according to local conditions, such as population density, degree of
political organization, available resources, and strategic location
(Schreiber, 1992, 2012; Jennings and Craig, 2001).

1.2. The Wari empire and militarism
Militarism was a substantive feature of the Wari empire. Subsidiary

centers near the capital were fortified (Pérez Calderén and Cabrera,
1999). The 2-km? walled complex at Pikillaqta may have maintained a

military garrison (McEwan, 1991: 117) and was surrounded by smaller
sites and walls positioned to withstand a military threat and control ac-
cess (Arkush, 2006: 292). Wari iconography features soldiers carrying
shields, axes, bows, arrows, and trophy heads, suggesting the potential
of violent conflict in Wari society (Ochatoma Paravicino and Cabrera,
2002). Actual violence is documented from decapitated heads and skel-
etal trauma at multiple sites (Verano, 1995; Tung, 2007, 2008).

Wari seems to have relied on force or the threat of force to conquer
and consolidate geographically large territories (Arkush, 2006: 294;
Isbell and McEwan, 1991: 301; Lumbreras, 1974: 165, 177), perhaps
not unlike dynasties in China (Waley-Cohen, 2006), the Roman Empire



56 EJ. Marsh, K. Schreiber / Journal of Archaeological Science: Reports 4 (2015) 54-64

Fig. 2. Contour map of the Sondondo Valley, showing the five Wari imperial sites. Contour interval 200 m.

(Harris, 1979), and the Inca Empire (D'Altroy, 2002). It is likely that
Wari's agents made use of cost-effective strategies such as implied
force, coercive diplomacy, and co-opting local political hierarchies
(Sinopoli, 1994). Military and political hierarchies may have been close-
ly linked (Smith, 2003). Members of these hierarchies may have had
peacetime responsibilities such as managing labor conscripts, food pro-
duction, and directing construction projects.

1.3. Imperial investments in the Sondondo Valley

The Sondondo Valley would have been attractive to imperial repre-
sentatives for its maize-growing potential, lack of organized resistance,
and strategic location midway between the capital at Huari and Nasca
on the Pacific coast. Wari's presence lasted for around 250 years and
was focused at the valley's capital, Jincamocco (Schreiber, 1978). Built
in the Wari's iconic architectural style, Jincamocco's original enclosure
measured about 130 x 260 m. Unlike other regional centers, the site
was later expanded to cover 15 ha, implying that its importance in-
creased over time (Schreiber, 1987: 273, 279).

The large and enduring imperial investment in the Sondondo Valley
stands in stark contrast to the lack thereof in the valley's three main trib-
utaries and the two neighboring valleys (Meddens, 1984; Valdez and
Vivanco, 1994; Schreiber, 2004: 146). Assuming imperial representa-
tives knew the region, it seems they chose the Sondondo Valley over
other options. In the succeeding centuries, Wari invested more labor
and resources here than in many other provinces, despite its distance
from the capital (Schreiber, 1992: 262).2

1.3.1. Terraces

Nearly all of the lower valley flanks between 3000 and 3300 m asl
were terraced, and the settlement pattern shifted toward this maize-
growing altitude range (Schreiber, 1992: 151, 161). Imperial agents
may have relocated local groups to sites near these terraces to increase

2 The occupation of Moquegua is a notable exception to this tendency (Williams, 2001).

maize production destined to quench the capital's growing thirst for
ritually-drunk maize beer or satisfy the hunger of expanding urban pop-
ulations (see Finucane et al., 2006). Maize would have moved to the
capital along imperial roads.

1.3.2. Roads

Roads are the backbone of empire. Administrations rely on roads as
conduits for soldiers, support staff, commerce, tribute, and information.
Like major rivers in lowland settings, roads articulate core and peripher-
al social networks, integrate political apparatuses, and allow for effec-
tive long-distance movement of goods. Wari built a major trunk of the
imperial highway through the Sondondo Valley, connecting the high-
land capital and the Pacific coast (Schreiber, 1984, 1991: 251). The
main road connected three imperial sites in the Sondondo Valley, in-
cluding Jincamocco (Schreiber, 1991: 244).

1.3.3. Creating a local political hierarchy

Wari created a new local political hierarchy in the Sondondo Valley
because no such system existed previously (Schreiber, 1978; Schreiber,
1992: 263). This meant investing in the construction of five new sites.
The largest was Jincamocco, located on the western flank of the valley
(Fig. 2). To the north, Mamacha Corral® was near an obsidian source
and adjacent to the Wari road. Lower in the valley was Era Mocco,
which may have served as a secondary administrative center. Leqles
Pata® was built on a high ridge near a religious shrine. Culluma Baja
lies directly opposite Jincamocco in an area of rich agricultural land.
The choice of where to build these new sites can be illuminated through
viewshed analysis.

2. Exploring site placement with viewshed

Viewshed can be used as a proxy to explore site placement
(Wheatley and Gillings, 2000; Stanci¢ and Veljanovski, 2001; Lake and

3 This site was called Willkaya in Schreiber (1992: 155).
4 This site was called Anta in Schreiber (1992: 154).
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Woodman, 2003; Wheatley, 2004; Whitley, 2004). This approach inves-
tigates motivations for site placement from an individual's perspective
of the landscape (Wheatley, 1995; Ruggles and Medyckyj-Scott, 1996;
Loots et al., 1999; Gillings and Wheatley, 2000: 26; Ogburn, 2006; Wil-
liams and Nash, 2006). Wari imperial agents would have had the oppor-
tunity and motivation to deliberately consider and choose locations for
new sites. Local and imperial data provide reasonable suggestions for
possible factors in these decisions. Furthermore, it is reasonable to as-
sume that site-placement decisions were roughly contemporaneous,
based on radiocarbon and ceramic chronologies.

Locations with large viewsheds may reflect a preference for scenic
views, but they are more useful as a means for identifying places
where (1) soldiers can more effectively defend from attackers,
(2) guards can directly or implicitly monitor military maneuvers, impe-
rial infrastructure, economic activities, and peoples’ movements, and
(3) iconic architecture and other imperial symbols visually dominate
the landscape. The combined effect produces a political landscape that
legitimizes control and power (Smith, 2003) and creates an
imperially-centered “sight community” based on a shared visual land-
marks (Bernardini and Peeples, 2015).

2.1. Defensibility

Viewshed analysis can identify defensibility via lines of sight (Haas
and Creamer, 1993: 25-35). Along lines of sight, allies can communi-
cate, see potential threats, and effectively use projectile weapons
(Loots, 1997; Conolly and Lake, 2006: 229; Keeley et al.,, 2007: 70-72).
Hence viewshed reflects a site's potential defensibility (see Lock and
Harris, 1996; Loots et al., 1999; Maschner, 1996).

2.2. Direct visual surveillance

Direct visual surveillance would been one of the most effective
methods of gathering information in prehistoric empires. It would
have been indispensable for tracking friendly and unfriendly military
operations, policing imperial infrastructure, construction projects,
labor parties, tracking road traffic, and monitoring dissent.

2.3. Implied surveillance

Implied surveillance is epitomized by Bentham's (1995 [1787])
Panopticon (e.g., Marcoux, 2003). Subjects are aware of the possibility
of being monitored and regulate their own behavior, which is a cost-
effective means of surveillance (Foucault, 1995 [1977]: 201-203). Con-
trary to Foucault's suggestion, this has considerable antiquity: the Ro-
mans used it to consolidate rebellious territory (Cohen, 1999;
Yekutieli, 2006).

2.4. Implied power

Dominant social groups often reinforce asymmetrical power rela-
tionships by occupying higher and more visible locations (Smith,
2003: 232-238), which was likely part of Wari's strategy at the visually
dominant sacred peak Cerro Badl (Williams and Nash, 2006). The effect
can be amplified through dominating architecture (Tinniswood, 1998),
exemplified by the rectilinear Nazi style that consciously embedded
messages of power (Lane, 1986; Del Rosario Betti, 2006; Macdonald,
2006). Wari architects may have designed buildings to appear “invinci-
ble and bureaucratically efficient” (Spickard, 1983: 141), an effect that
would have been amplified against the natural landscape. Such implied
power and surveillance can be very effective when combined with coer-
cive force (Tzy, 2001).

Fig. 3. Viewshed of Jincamocco, shaded in red. The black lines marks the likely route of the
Wari road through the valley. The route is based on inspection of aerial photographs,
which is visible in about three-fourths of the total length. Jincamocco is a red dot; the
other Wari sites are gray dots. The viewshed is based on a 1.5 m tall viewing point in
the center of Jincamocco. Sentries patrolling this 15 ha site would have had a much larger
view that completely covered the road approaching the site from both directions. (For in-
terpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

3. Viewshed analysis: data and methods
3.1. Data

Archaeological sites were located during full-coverage pedestrian
survey of the Sondondo Valley. Their period of occupation was based
on diagnostic ceramics, architectural patterns, and radiocarbon dates
(see Schreiber 1978; Schreiber, 1984; Schreiber, 1992). Two sets of im-
agery made it possible to improve the accuracy archaeological sites' lo-
cations as well as the road's route (Fig. 3). The first set of images used
was of 1955 aerial photographs from the Peruvian Air Force, which
were georectified and corrected for lens distortion. These images were
taken before recent construction projects and significant landscape
modifications, which are visible in the second set of images, high-
resolution satellite imagery in Google Earth (Fig. 2).

Viewshed analysis was run with the Spatial Analyst tools in ESRI's
ArcGIS 9.2,° which estimated the total visible area, or cumulative
viewshed (Wheatley, 1995), from 25 archaeological, 495 randomly-
placed sites, and 99 groups of five sites each (Figs. 3, 4). All analyses
were automated with python scripts.® The landscape was represented
by a smoothed Digital Elevation Model (DEM) from the ASTER image li-
brary (the AST14DEM dataset) with cells that measure 30 x 30 m

5 Different software packages use different algorithms and do not produce identical
viewsheds, even with identical data (Fisher, 1993). In comparison to other common soft-
ware packages, ESRI's algorithm most accurately predicts viewsheds checked against field
data (Riggs and Dean, 2007: 185). In more recent versions of ESRI's software, the viewshed
algorithm remains unchanged.

6 Available from the author by request.
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Fig. 4. Viewshed of Jincamocco rendered in 3D using ArcScene, as seen from the south. The
area visible from Jincamocco is shaded. Jincamocco is marked as a black square; the line is
the Wari road. Elevation is exaggerated for effect.

(900 m?). We avoided edge effects by using a DEM that extends 10 km
beyond the study area (Van Leusen, 2002).

3.2. Viewshed parameters

A variety of parameters can be incorporated into viewsheds (see
Conolly and Lake, 2006: 228-233; Gillings and Wheatley 2001: 33-36;
Wheatley and Gillings, 2000, 2002: 209-216). Our goal was to make
comparisons between data sets, not to approximate the ancient visual
experience.’

First, topography and vegetation changes can affect visibility, but
they have likely not changed much since the Middle Horizon, when
most of the valley was terraced and deforested (Schreiber, 1984: 248;
Schreiber, 1987). Second, the curvature of the earth makes objects ap-
pear lower than they are while refracting light produces the opposite ef-
fect (Moffitt and Bouchard, 1987). The net result is that an object
appears lower than it is by about 0.68 m per horizontal kilometer,
which was estimated with ESRI's standard correction (based on Yoeli,
1985). We did not account for the thin air of the Andes, which has a neg-
ligible effect at this scale. Third, the heights of the observer and the tar-
get were set to 1.5 m to approximate two people looking at each other
(Lock and Harris, 1996; Wheatley, 1995). Fourth, maximum viewshed
was set to 10 km, based on three independent types of data: (1) military
studies report a similar maximum distance for pilot vision and ground
observers targeting aircraft (Baldwin, 1973; Foyle and Kaiser, 1991;
Hoffman, 1981), (2) many weather stations use 10 km as a maximum
visibility distance, including at those at the airports in the Andean high-
lands, and (3) someone with excellent vision can resolve a 1.5 m object
at a distance of 10.3 km (Ogburn, 2006: 406, 410). Fifth, this analysis
uses binary viewsheds and cells are treated as visible or not, to make
comparisons more straightforward.

Viewsheds were calculated from a single cell at the center of each
site, even though some sites are larger than a single cell. The principal
reason to do this is to maintain similar criteria for archaeological and

7 Future research could incorporate methodologies that better approximate the ancient
visual experience or even “perception-sheds,” (Wichter, 1999; Tschan et al., 2000; Gillings
and Wheatley, 2001: 35-36; Conolly and Lake, 2006: 232). Fuzzy viewsheds can be devel-
oped with factors such as changing seasons, weather, and sunlight as well as a target's dis-
tance, color, luminance, movement, and background contrast (Blackwell, 1946; Greyson
and Payne, 1971; Travnikova, 1985; Anitole et al., 1991; Waldman et al., 1991; Fisher,
1994; Peli, 1995; Toet et al., 2000; Watson, 2000; O'Kane et al., 2005; Hautiere et al.,
2006; Neider and Zelinsky, 2006; Ogburn, 2006). United States Coast Guard search opera-
tions use algorithms that model recognition but these have not yet been incorporated into
viewshed analysis (Cooke et al., 1995; Hover, 1988).

randomly-placed sites, which makes the datasets directly comparable.
This approach makes the null hypothesis more difficult to reject because
it underestimates the viewshed of larger sites such as the Wari installa-
tions. This approach is not meant to precisely recreate the ancient visual
experience but rather to make comparisons that shed light on site-
placement decisions. The relative differences between viewsheds
should not be significantly affected by additional parameters (Lake
and Woodman, 2003: 698).

3.3. Total viewshed

A total viewshed is a useful first step in exploring a landscape
(Llobera, 2003: 33). It is generated by summing the number of cells vis-
ible from all other cells on a landscape, also known as “times seen”
(Fisher et al., 1997), and can be reliably estimated from a sample of
points (Lake et al., 1998: 36; Wheatley, 1995). We summed viewsheds
from 1000 randomly-placed points to estimate the total viewshed of
the Sondondo Valley (Fig. 5).

3.4. Null hypothesis

The null hypothesis is that there are no differences between the
viewsheds of archaeological and randomly-placed of sites. This would
mean that the benefits of locations with large viewsheds were not sig-
nificant factors in site-placement decisions. The hypothesis was evaluat-
ed in SPSS 20.0 (IBM Corporation, 2011) with (1) two non-parametric
tests, Monte Carlo (Fisher et al. 1997: 587) and Kruskal-Wallis, and
comparisons of medians, percentiles, and ranks and (2) parametric t-
tests and comparisons of means and standard variations. Visible areas
were compared for individual and groups of Wari sites, contemporary
non-imperial Middle Horizon sites, sites from the previous Early Inter-
mediate Period (EIP), and randomly-placed sites, following other simi-
lar approaches (Bongers et al., 2012; Fisher et al., 1997; Lake et al.,
1998: 35; Lake and Woodman, 2003: 693; Wheatley, 1995).

Randomly-placed sites were limited by (1) altitude, 2900-3800 m
asl and (2) the extent of the Sondondo Valley for a total area of
260 km? (Fig. 6). Limiting placement by altitude and using a smoothed
DEM excluded many improbable locations such as mountain tops and
gullies. The potential effects of such sites on the dataset were further re-
duced by using a large sample and comparing group averages and
indices.

The altitude restriction of 2900-3800 m asl ensures that sites are lo-
cated within the productive altitude range for farming and herding,
based on the assumption that proximity to productive lands was a pri-
mary factor in site-placement decisions. This seems reasonable as
most human occupation of the valley is within this range and often
near the ecotone between maize and tuber growing zones of around
3300 m asl. We chose not to include other factors in the analysis such
as proximity to terraces or the imperial road because it is possible
they were built after the new sites and hence not involved in site-
placement decisions. In sum, rejecting the null hypothesis implies that
site-placement decisions considered proximity to productive lands
and the benefits of places with large viewsheds proximity.?

3.5. Group comparisons: overlap and coverage indices

For randomly-placed groups of sites, we made the null hypothesis
more difficult to reject by creating groups with similarities to the Wari
group. Each group included five sites located within 10 km of each
other at economically-productive altitudes. To create these groups, we
placed a central point surrounded by a circular buffer with a 10-km

8 Our focus here is on larger, permanently occupied settlements. This would exclude
smaller, single-activity sites at other altitudes, for example sites used temporarily for fish-
ing, hunting, or herding near the river, mining camps, defensive outposts, caravan stops, or
religious shrines. Hence, small sites (<0.4 ha) were excluded.
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Fig. 5. Total viewshed of the Sondondo Valley, estimated as the cumulative viewshed of 1000 randomly-placed points. The histogram compares visible hectares and times seen, showing a
curve typical of landscapes with ridges (compare Llobera, 2003, figure 6). The long tail suggests that very few locations have large viewsheds.

diameter, and placed five random sites within the buffer. Both place-
ments were limited to 2900-3800 m asl (Fig. 6). We calculated the
viewshed of each site, the group's cumulative viewshed, and overlap-
ping areas, which were exported to a table. These steps were automated
for 99 groups.

We used overlap and coverage indices to describe how well a group
of sites' viewsheds were coordinated. The overlap index is a relative
measure of the degree of overlap between viewsheds of sites within
the same group. It ranges from 0 to 5, that is, from zero to complete
overlap. It is calculated by multiplying times seen by total area, dividing
by weighted area, and summing the weighted areas (Table 4). This

improves comparisons by normalizing groups with different total visi-
ble areas. Finally, the coverage index is the product of the overlap
index and total visible area. A group with a high coverage index has
both many areas visible from multiple sites and a large overall visible
area. Such a group would best take advantage of the benefits of places
with large viewsheds.

4. Results and discussion: viewsheds in the Sondondo Valley

The total viewshed illustrates overall patterns of visibility in the area
surrounding the valley (Fig. 5). This severe and majestic topography can
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Fig. 6. The Sondondo Valley, with shaded terrain between 2900 and 3800 m asl. Wari sites
are marked for reference.

be expressed quantitatively as a histogram, which suggests there are
many places (times seen) with low visibility and very few places with
high visibility. In the total viewshed, the western flank of the valley is
highly visible. However, the steep slope of this area makes it impractical
to build roads or large sites.

4.1. Comparing viewsheds of archaeological and randomly-placed sites

Comparing the random sites and three sets of archaeological sites, at
least one of these sets of data is statistically different, according to a
Kruskal-Wallis test (p <.003). This test is more appropriate than the
similar Kolmogorov-Smirnov test because it can compare more than
two groups (Table 1, Fig. 7). The randomly-placed sites show a wide
range and a median of 2448 visible ha. In the EIP, eight villages had a
median viewshed of 3180 ha. Similarly, non-imperial Middle Horizon
hamlets, villages, and towns had a median viewshed of 2703 ha.
Viewsheds for these two sets of archaeological sites and the
randomly-placed sites are not statistically different, according to
Kruskal-Wallis tests (p > .05 for all combinations). Hence, for EIP and
non-imperial Middle Horizon sites, factors other than viewshed and
the related benefits were probably more important in site-placement
decisions. In the Middle Horizon, the main factor may have been prox-
imity to lower altitudes for maize production, a possibility supported
by the contemporaneous construction of nearby terraces. This may

Table 1
Summary and viewshed data of archaeological and randomly-placed sites.

7000 -

5000 - . . H
" °
L]
3000 -

Visible area (ha)

1000 - o
L]
Random ssites  Early Intermediate Middle Horizon Middle Horizon
Period non-imperial sites  imperial sites

200 BC-AD 600 AD 600-1000

Fig. 7. Scatter plots of viewsheds for EIP and Middle Horizon archaeological sites. Vertical
boxes indicate the 75th, 50th (median), and 25th percentiles, from top to bottom. Dots in-
dicate viewsheds of individual sites. For randomly-placed sites, the quartiles are indicated
in the vertical box and the top and bottom bars indicate the minimum and maximum
values. Based on data in Table 1.

also explain the slightly reduced viewsheds as compared to the previous
period; there are three sites with exceptionally low viewsheds of less
than 1500 ha (Fig. 7).

In contrast, the Middle Horizon imperial sites had very large
viewsheds, with a median of 4855 ha. The EIP and non-imperial Middle
Horizon sites only had one site each with a viewshed similar to the im-
perial average. Compared to the randomly-placed sites, four of the five
imperial sites fall at or above the 95th percentile (Table 2). This suggests
that they had significantly larger viewsheds (p > 0.05), based on a
Monte Carlo test. A Kruskal-Wallis test shows that the viewsheds of
the Wari sites were not from the same population as the randomly-
placed sites (p < 0.001), the non-imperial Middle Horizon sites (p <
.011), nor the EIP sites (p <.040). If we were to assume normal data dis-
tributions, t-tests show similar results (p <.004, .003, and .016, respec-
tively, not assuming equal variances). The average site viewshed within
the Wari group was 4773 ha, 2.5 standard deviations above average for
randomly-placed groups of 2532 + 904 ha (Table 3). Various ap-
proaches to the data sustain that the Wari sites had much larger
viewsheds than other sites. This analysis in fact underestimates the
vast extant of Wari intervisibility and viewsheds because they were es-
timated from a single-point in the center of each site. Larger sites like
Jincamocco would have had multiple sentries and much larger
viewsheds.

4.2. Placing the five Wari sites

The quantitative results can be contextualized by looking at each
site's setting (Fig. 2.). The northernmost site is Mamacha Corral, which
was located at the valley's northern entrance and exit and well posi-
tioned to monitor or restrict movements on the Wari road. It was also
near a source of obsidian with large workshops that provided nearly
half of the obsidian at Jincamocco (Burger et al., 1998, Table 3;
Schreiber, 1992: 246). Mamacha Corral also had a clear line of sight to
Jincamocco, despite “very broken topography” (Schreiber, 1992: 156),
which results in increasingly small and scattered pockets of cross-

Sites Viewshed (ha)
n Mean size (ha) Size range (ha) Median 25th-75th percentiles Minumum-Maximum
Random sites 495 - - 2448 1378-3537 88-7074
Early Intermediate Period villages 8 2.0 0.5-5.3 3180 2612-3861 2487-4860
Middle Horizon hamlets, villages, and towns 12 2.0 0.4-4.8 2703 1709-3833 694-4998
Middle Horizon imperial sites 5 5.0 0.8-15.0 4855 4095-5409 3415-5758
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Table 2

Wari sites' viewsheds and ranks, as compared to 495 randomly placed sites.
Site Altitude (masl) Viewshed (ha) Rank (of 500) Percentile
Culluma Baja 3283 3415 143 72
Era Mocco 2964 5060 18 97
Jincamocco 3315 4855 26 95
Leqles Pata 3124 5758 13 98
Mamacha Corral 3314 4776 27 95

valley intervisibility (Fig. 3). The two sites were separated by around
10 km, the farthest distance between any two Wari sites, and per-
haps not coincidentally, the practical limit for human vision. Sentries
at this site would have had a clear view of movements along the im-
perial road and could have communicated with Jincamocco via visual
signals.

Era Mocco had a very large viewshed of 5060 ha, unexpected for its
lower altitude, 2964 m asl (Table 2). It is located along the Wari road
and near terraced agricultural areas, which could have been monitored
from the site. On top of the adjacent ridge, Leqles Pata enjoyed an im-
pressively large viewshed of some 5758 ha. Its placement was probably
related to the manipulation of worship at scared locations, two of which
are located beyond the site. “The need to pass through [Leqles Pata]
might have been intended to send the message to the people that
their activities, even religious activities, were subject to the control of
the empire” (Schreiber, 2004: 144). The site includes ritual architecture
and is only Wari site outside the capital with stone-slab tombs. The site
was built at one of the most visible points in the valley, at a spiritually-
charged location with visually-dominant iconic architecture, and near
temples that projected Wari hegemony.

Culluma Baja is also located on a ridge. Its viewshed of 3415 ha is
smaller than other Wari sites’, but is still relatively high compared to
archaeological and randomly-placed sites (Table 2, Fig. 7). It is locat-
ed immediately above a village near a series of terraces with some of
the best agricultural land in the valley (Schreiber, 1992: 153). This
site's placement may have prioritized agricultural production and
storage.

Finally, the large provincial capital of Jincamocco is located along the
road before it climbs out of the valley. This site had a commanding view
of the valley covering some 4855 ha. The name of the adjacent modern
town, Cabana, is derived from the Quechua ghwana, which means
“lookout” or “place with a good view” (Schreiber, 1992: 153).
Jincamocco had a variety of functions and myriad factors may have in-
fluenced the decision of where to build it. It is located on the road and
at the ecotone between maize- and tuber-growing altitudes. From
here, imperial agents carried a variety of activities and enjoyed the con-
comitant advantages of a large viewshed.

All Wari sites individually enjoyed the benefits associated with
highly-visible locations but also seem to have been placed in a coordi-
nated fashion. There are lines of sight between Jincamocco and
Mamacha Corra, Leqles Pata, and Culluma Baja (and probably Era
Mocco). There is intervisibility between the Jincamocco and the second-
ary sites but not between the secondary sites. This would have facilitat-
ed a centralized organization of information that required visual
messages to pass through Jincamocco.

Table 3
Summary statistics of randomly placed groups compared to the Wari group.

Fig. 8. Cumulative viewshed of the five Wari sites. The pink and red shading indicates an
area's “times seen.” Even though the sites are well-spaced, the area north of Jincamocco
is visible from four or perhaps five Wari sites. This could have been intentional, as this
was an area where agricultural fields and non-imperial sites were located. (For interpreta-
tion of the references to color in this figure legend, the reader is referred to the web version
of this article.)

4.3. Comparisons to randomly-placed groups

Randomly-placed groups of sites were compared to the Wari group,
which could see an impressive 12,873 ha (Fig. 8). This is 4.5 standard
deviations above the mean of the randomly-placed groups, 5412 +
1672 ha. This ranks the Wari group 100 of 100 groups in cumulative
viewshed. If viewshed were not a factor in site placement decisions,
such large individual and cumulative viewsheds would be highly
unlikely.

4.3.1. Overlap and coverage indices

Compared to the random groups, the overlap index of the Wari
group was strong, 1.37, but only 0.8 standard deviations above the
mean, ranking 79 out of 100 (Table 3). This is a result of the shape of
the valley, which has two long and narrow sections to the south
(Fig. 6). Groups in these sections have sites that are very close to each
other, resulting in disproportionately large overlap indices and small cu-
mulative viewsheds. To take both of these factors into account, we use a
coverage index (Tables 3 and 4).

Individual site viewshed (ha)

Cumulative viewshed (ha) Overlap index Coverage index

Random and Wari groups (mean 4 standard deviation) 2532 + 904
Wari group 4773
Wari group's standard deviations above the mean 2.5

Wari group's rank (out of 100) 100

5412 + 1672 1.06 + 0.42 5913 + 3286
12,873 1.37 17,622

4.5 0.80 3.6

100 79 100
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Table 4
Calculation of the Wari group's overlap and coverage indices.

Times Area Weighted
seen (ha) area

Overlap index Coverage index

(times seen x (weighted area / (total area x total

area) total area) overlap index)
2 3329 6657 0.52
3 2381 7142 0.55
4 784 3136 0.24
5 137 686 0.05
Totals 12,873 1.37 17,622

The average coverage index for randomly-placed groups was
5913 + 3286 ha, much lower than the Wari group's 17,622 ha, which
was 3.6 standard deviations above the mean and ranked 100 out of
100 (Table 3). This can also be expressed as a bivariate plot (Fig. 9). In
this figure, the randomly-placed groups form a coherent cloud of points.
The edges of the cloud reflect the expected inverse relationship be-
tween cumulative viewsheds and overlap indices. Defying the pattern,
the Wari group is located well outside of the cloud—it has a strong over-
lap index yet simultaneously maintains a vast cumulative viewshed.

4.4. Discussion

These results indicate that it is highly unlikely that a randomly-
placed group could have had such large and coordinated viewsheds as
the Wari group. We reject the null hypothesis and suggest the benefits
of locations with large viewsheds were primary factors in site-
placement decisions. The same pattern is apparent in comparisons to ar-
chaeological sites from the previous EIP and contemporaneous non-
imperial sites from the Middle Horizon.

From their newly built sites, Wari administrators occupied defensi-
ble locations that would have permitted effective actual and implied
surveillance while conveying a highly-visible message of power. The
sites were built at agriculturally-productive altitudes of the valley, an
additional factor in site-placement decisions that facilitated imperial in-
terests in maize production. Placing sites in these locations were deci-
sions that enabled Wari administrators to effectively consolidate the
Sondondo Valley.

5. Conclusion

Using viewshed to explore site placement from a phenomenological
perspective, viewshed analysis can advance our understanding of an-
cient cultures (Whitley, 2004). These results reinforce the utility of ap-
plying viewshed analysis to complex societies, and more specifically,
militaristic empires. In other empires, there may have been similar
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Fig. 9. Scatter plot of overlap index (y-axis) and cumulative viewshed (x-axis), showing a
group's coverage. The random groups show a well-defined cluster. The Wari group is a
clear outlier, with a high overlap index and an extraordinarily large cumulative viewshed.

factors involved in site-placement decisions. The results of this paper
suggest that viewshed analysis may be an effective first step in evaluat-
ing imperial site-placement decisions. By not including additional fac-
tors, the benefits of locations with large viewsheds are even more
apparent. Future analyses may refine our understanding of these deci-
sions by including other factors such as proximity to agriculturally-
suitable land or roads. These results may be useful in generating hy-
potheses about the function of unexcavated sites; in the Sondondo Val-
ley, only one of the Wari sites has been excavated.

Wari's consolidation of the Sondondo Valley included the construc-
tion of five new sites. From these places, imperial agents effectively ad-
vanced imperial goals for centuries. Local infrastructure and
administration would have allowed officials to integrate the valley
into the empire's bureaucracy. Visual surveillance may have been moti-
vated by a need to monitor and protect productive activities, road traffic,
and extensive construction projects. Implied surveillance would have
been a subtle and cost-effective expression of power, which would
been especially effective from buildings designed in Wari's imposing,
emblematic architectural style that projected a visually-dominant pres-
ence on the landscape. The extensive remodeling of the valley's land-
scape in the form of roads, terraces, and new sites enabled the empire
to materialize its political order on the landscape and significantly reor-
der local residents' social and physical space. The arrival of Wari's agents
brought many enduring changes to the daily lives of local residents, who
spent centuries under the sweeping gaze of the eyes of the empire.

Acknowledgments

The 1981 archaeological survey of the Sondondo Valley was sup-
ported by a grant (BNS80-06121) from the National Science Foundation.
Permission for the fieldwork was granted by the Instituto Nacional de
Cultura, Lima, Peru. Digital elevation data used in this research are dis-
tributed by the Land Processes Distributed Active Archive Center (LP
DAAC), located at the U.S. Geological Survey (USGS) Center for Earth Re-
sources Observation and Science (EROS), http://Ipdaac.usgs.gov. The
support of these institutions is gratefully acknowledged. The GIS portion
of this paper owes considerable thanks to Nico Tripcevich for patient
consultation. Discussions with Matt Edwards and Greg Wilson im-
proved the discussion of Wari provinces and viewshed applications, as
well as the comments of anonymous reviewers. We received helpful
suggestions on the statistics from Mark Lake, the late Pete Fisher, and
Amber Vanderwarker. Dan Larson georeferenced the aerial photo-
graphs. Chas Thomas made lab space available for computationally in-
tensive viewshed calculations. We are grateful to all of these
individuals. Any errors of fact or interpretation are our own.

References

Anitole, G., Johnson, R.L.,, Neubert, CJ., 1991. Determination of Detection Range of Mono-
tone and Camouflage Patterned Five-soldier Crew Tents by Ground Observers Report
submitted to U.S. Army Belvoir Research, Development and Engineering Center, Fort
Belvoir, Virginia.

Arkush, E.N., 2006. Collapse, conflict, conquest: the transformation of warfare in the late
prehispanic Andean highlands. In: Arkush, E., Allen, M. (Eds.), The Archaeology of
Warfare: Prehistories of Raiding and Conquest. University Press of Florida,
Gainesville, pp. 286-335.

Baldwin, R.D., 1973. Capabilities of Ground Observers to Locate, Recognize, and Estimate
Distance of Low-flying Aircraft. Report submitted to Human Resources Research Or-
ganization, Alexandria, Virginia.

Bentham, J., 1995. The Panopticon writings. In: Bozovic, M. (Ed.), Panopticon. Verse, New
York, pp. 29-95.

Bergh, S. (Ed.), 2012. Wari: Lords of the Ancient Andes. Thames and Hudson, New York.

Bernardini, W., Peeples, M., 2015. Sight communities: the social significance of shared vi-
sual landmarks. Am. Antiq. 80, 215-235.

Blackwell, R.H., 1946. Contrast thresholds of the human eye. ]. Opt. Soc. Am. 36, 624-643.

Bongers, J., Arkush, E., Harrower, M., 2012. Landscapes of death: GIS-based analyses of
chullpas in the western Lake Titicaca basin. J. Archaeol. Sci. 39, 1687-1693.

Burger, R.L., Schreiber, K., Glascock, M.D., Ccencho, J.E., 1998. The Jampatilla obsidian
source: identifying the geological source of pampas type obsidian artifacts from
southern Peru. Andean Past 5, 225-239.



EJ. Marsh, K. Schreiber / Journal of Archaeological Science: Reports 4 (2015) 54-64 63

Cohen, SJ.D., 1999. Roman domination: the Jewish revolt and the destruction of the Sec-
ond Temple. In: Shanks, H. (Ed.), Ancient Israel. Biblical Archaeology Society,
Washington, D.C,, pp. 265-298.

Conolly, J., Lake, M., 2006. Geographical Information Systems in Archaeology. Cambridge
University Press, Cambridge.

Cooke, K., Stanley, P.A., Hinton, J.L., 1995. The ORACLE approach to target acquisition and
search modeling. In: Peli, E. (Ed.), Vision Models for Target Detection and Recogni-
tion. World Scientific, Singapore, pp. 135-171.

D'Altroy, T., 2002. The Incas. Blackwell Publishers, Oxford.

Del Rosario Betti, M., 2006. Architecture as the built message of power: Buenos Aires
under Evita's spell. J. Archit. 11, 225-239.

Finucane, B., Maita Agurto, P., Isbell, W.H., 2006. Human and animal diet at Conchopata,
Peru: stable isotope evidence for maize agriculture and animal management prac-
tices during the Middle Horizon. J. Archaeol. Sci. 33, 1766-1776.

Fisher, P.F., 1993. Algorithm and implementation uncertainty in viewshed analysis. Int.
] Geogr. Inf. Syst. 7, 331-347.

Fisher, P.F,, 1994. Probable and fuzzy methods of the viewshed operation. In: Warboys,
M.F. (Ed.), Innovations in GIS 1. Taylor & Francis, London, pp. 161-175.

Fisher, P.F,, Farrelly, C., Maddocks, A., Ruggles, C., 1997. Spatial analysis of visible areas
from the Bronze Age cairns of Mull. J. Archaeol. Sci. 24, 581-592.

Foucault, M., 1995. Discipline and Punish: The Birth of the Prison. Vintage, New
York.

Foyle, D.C,, Kaiser, M.K,, 1991. Pilot distance estimation with unaided vision, night-vision
goggles, and infrared imagery. SID Int. Symp. Dig. Tech. Pap. 22, 314-317.

Gillings, M., Wheatley, D., 2000. Vision, perception and GIS: developing enriched ap-
proaches to the study of archaeological visibility. In: Lock, G. (Ed.), Beyond the
Map: Archaeology and Spatial Technologies. I0S Press, Amsterdam, pp. 1-28.

Gillings, M., Wheatley, D., 2001. Seeing is not Believing: Unresolved Issues in Archaeolog-
ical Visibility Analysis. In: Slapsak, B. (Ed.), In On the Good Use of Geographic Infor-
mation Systems in Archaeological Landscape Studies. Office for Official Publications
of the European Communities, Luxembourg, pp. 25-36.

Greyson, M., Payne, J.R., 1971. Visual Detection and Recognition of Camouflaged Person-
nel Report submitted to U.S. Army Mobility Equipment Research and Development
Center, Belvoir, Virginia.

Haas, J., Creamer, W., 1993. Stress and warfare among the Kayenta Anasazi of the thir-
teenth century A.D. Field Museum of Natural History, Chicago.

Harris, W.V., 1979. War and Imperialism in Republican Rome: 327-70 B.C. Clarendon
Press, Oxford.

Hautiere, N., Labayrade, R., Aubert, D., 2006. Estimation of the visibility distance by
stereovision: a generic approach. IEICE Trans. Inf. Syst. E89-D (7), 2084-2091.

Hoffman, H.E., 1981. Dependence of air to ground (land to sea) visibility ranges on
low flight altitudes in conjunction with meteorological parameters. In: Halley,
P. (Ed.), Special Topics in Optical Propagation, Conference Proceedings of NATO
Advisory Group for Aerospace Research and Development, No. 300, pp. 7-1-7-6.

Hover, G.L.,, 1988. An Evaluation of the U.S. Coast Guard's Physical Detection Model for Vi-
sual Search. Report submitted to U.S. Department of Transportation. United States
Coast Guard Office of Engineering and Development, Washington, D.C.

IBM Corporation, 2011. IBM SPSS Statistics, Version 20.0. Armonk, NY.

Isbell, W.H., 1989. Honcopampa: was it a Huari administrative center? In: Czwarno, R.M.,
Medden, F.M., Morgan, A. (Eds.), The Nature of Wari: A Reappraisal of the Middle Ho-
rizon Period in PeruBAR International Series 525. British Archaeological Reports, Ox-
ford, pp. 98-114

Isbell, W.H., McEwan, G.F., 1991. A history of Huari studies and introduction to current in-
terpretations. In: Isbell, W.H., McEwan, G.F. (Eds.), Huari Administrative Structure:
Prehistoric Monumental Architecture and State Government. Dumbarton Oaks Re-
search Library and Collection, Washington, D.C., pp. 1-18.

Jennings, J., Craig, N., 2001. Politywide analysis and imperial political economy: the rela-
tionship between valley political complexity and administrative centers in the Wari
empire of the Central Andes. J. Anthropol. Archaeol. 20, 479-502.

Keeley, LH., Fontana, M., Quick, R., 2007. Baffles and bastions: the universal features of
fortifications. J. Archaeol. Res. 15, 55-95.

Knobloch, P.J., 1991. Stylistic date of ceramics from the Huari centers. In: Isbell, W.H.,
McEwan, G.F. (Eds.), Huari Administrative Structure: Prehistoric Monumental Archi-
tecture and State Government. Dumbarton Oaks Research Library and Collection,
Washington, D.C,, pp. 247-258.

Lake, M.W., Woodman, P.E., 2003. Visibility studies in archaeology: a review and case
study. Environ. Plann. B Plann. Des. 30, 689-707.

Lake, M., Woodman, P.E., Mithen, SJ., 1998. Tailoring GIS software for archaeological
applications: an example concerning viewshed analysis. J. Archaeol. Sci. 25,
27-38.

Lane, B.M., 1986. Architects in Power: Politics and Ideology in the Work of Ernst May and
Albert Speer. ]. Interdiscip. Hist. 17, 283-310.

Llobera, M., 2003. Extending GIS-based visual analysis: the concept of visualscapes.
J. Geogr. Inf. Sci. 17, 25-48.

Lock, G.R., Harris, T.M., 1996. Danebury revisited: An English Iron Age hillfort in a
digital landscape. In: Aldenderfer, M., Maschner, H.D.G. (Eds.), Anthropology,
Space, and Geographic Information Systems. Oxford University Press, Oxford,
pp. 214-240.

Loots, L., 1997. The use of projective and reflective viewsheds in the analysis of the
Hellenistic defence system at Sagalassos. Archaeol. Comput. Newsl. 49, 12-16.

Loots, L., Knackaerts, K., Waelkens, M., 1999. Fuzzy viewshed analysis of the Hellenistic
city defence system at Sagalassos, Turkey. In: Dingwall, S., Exon, S., Gaffney, V.,
Laflin, S., van Leusen, M. (Eds.), Archaeology in the Age of the Internet: CAA97BAR In-
ternational Series 750. Oxford University Press, Oxford (CD-ROM).

Lumbreras, L.G., 1974. The People and Cultures of Ancient Peru Translated by Meggers, B.
J. Smithsonian Institution Press, Washington, D.C.

Macdonald, S., 2006. Words in stone? Agency and identity in a Nazi landscape. J. Mater.
Cult. 11, 105-126.

Marcousx, J., 2003. Moundville as a panopticon: visibility and power in a Mississippian so-
ciety. Paper Presented at the 60th Annual Southeastern Archaeological Conference.
North Carolina, Charlotte.

Maschner, H.D.G., 1996. The politics of settlement choice on the northwest coast: cogni-
tion, GIS, and coastal landscapes. In: Aldenderfer, M., Maschner, H.D.G. (Eds.), Anthro-
pology, Space, and Geographic Information Systems. Oxford University Press, Oxford,
pp. 175-189.

McEwan, G.F., 1991. Investigations at the Pikillacta site: a provincial Huari center in the
Valley of Cuzco. In: Isbell, W.H., McEwan, G.F. (Eds.), Huari Administrative Structure:
Prehistoric Monumental Architecture and State Government. Dumbarton Oaks Re-
search Library and Collection, Washington, D.C., pp. 93-120.

McEwan, G.F. (Ed.), 2005. Pikillacta: The Wari Empire in Cuzco. University of lowa Press,
Iowa City.

McEwan, G.F.,, Williams, P.R., 2012. The Wari built environment: landscape and architec-
ture of empire. In: Bergh, S. (Ed.), Wari: Lords of the Ancient Andes. Thames & Hud-
son, New York, pp. 65-81.

Meddens, F., 1984. A report on the archaeology of the Chicha-Soras Valley in the southern
highlands of Peru. In: Kendall, A. (Ed.), Current Archaeological Projects in the Central
Andes: Some Approaches and ResultsBAR International Series 210. Archeopress, Ox-
ford, pp. 133-151.

Menzel, D., 1964. Style and time in the Middle Horizon. Nawpa Pacha 2, 1-105.

Moffitt, F.H., Bouchard, H., 1987. Surveying. 8th ed. Harper and Row, New York.

Nash, D., Williams, P.R., 2004. Architecture and power on the Wari-Tiwanaku frontier. In:
Vaughn, KJ., Ogburn, D., Conlee, C.A. (Eds.), Foundations of Power in the Prehispanic
Andes. American Anthropological Association, Washington, D.C., pp. 151-174.

Neider, M.B., Zelinsky, G.J., 2006. Searching for camouflaged targets: effects of target-
background similarity on visual search. Vis. Res. 46, 2217-2235.

Ochatoma Paravicino, J., Cabrera Romero, M., 2002. In: Silverman, H., Isbell, W.H. (Eds.),
Religious ideology and military organization in the iconography of a D-shaped cere-
monial precinct at Conchopata. Andean Archaeology II. Kluwer, New York,
pp. 225-247.

Ogburn, D.E., 2006. Assessing the level of visibility of cultural objects in past landscapes.
J. Archaeol. Sci. 33, 405-413.

O'Kane, B.L., Page, G.L., Wilson, D.L., Bohan, D.J., 2005. Cycle Criteria for Detection of
Camouflaged Targets. Report submitted to Army Communications-Electronics Re-
search Development and Engineering Center. Fort Belvoir, Virginia.

Peli, E. (Ed.), 1995. Vision Models for Target Detection and Recognition: In Memory of Ar-
thur Menendez. World Scientific, Singapore.

Pérez Calderdn, I, Cabrera, RM., 1999. Investigaciones en la periferia del complejo Huari.
In: Pérez, CI, Aguilar, S.W., Purizaga, V.M. (Eds.), XII Congreso Peruano del Hombre y
la Cultura Andina vol. 2. Universidad Nacional San Cristébal de Huamanga, Ayacucho,
Peru, pp. 246-270.

Riggs, P.D., Dean, DJ., 2007. An investigation into the causes of errors and inconsistencies
in predicted viewsheds. Trans. GIS 11, 175-196.

Ruggles, C.L.N., Medyckyj-Scott, D.J., 1996. Site location, landscape visibility, and symbolic
astronomy. In: Maschner, H.D.G. (Ed.), New Methods, Old Problems: Geographic In-
formation Systems in Modern Archaeological Research. Southern Illinois University
Center for Archaeological Investigations, Carbondale, pp. 127-146.

Schreiber, KJ., 1978. Planned Architecture of Middle Horizon Peru: Implications for Social
and Political Organization. University Microfilms, Ann Arbor., SUNY Binghamton Un-
published Ph.D. dissertation.

Schreiber, K., 1984. Prehistoric roads in the Carahuarazo Valley, Peru. In: Kendall, A. (Ed.),
Current Projects in the Central Andes: Some Approaches and Results. British Archae-
ological Reports 210, pp. 75-94.

Schreiber, K., 1987. From state to empire: the expansion of Wari outside the Ayacucho
Basin. In: Haas, J., Pozorski, S., Pozorski, T. (Eds.), The Origins and Development of
the Andean State. Cambridge University Press, Cambridge, pp. 91-96.

Schreiber, K., 1991. The association between roads and polities: evidence for a Wari road
system in Peru. In: Trombold, C. (Ed.), Ancient Road Networks and Settlement Hier-
archies in the New World. Cambridge University Press, Cambridge, pp. 243-252.

Schreiber, K., 1992. Wari Imperialism in Middle Horizon Peru. University of Michigan,
Ann Arbor, Museum of Anthropology.

Schreiber, K., 2004. Sacred landscapes and imperial ideologies: the Wari empire in
Sondondo, Peru. In: Vaughn, KJ., Ogburn, D., Conlee, CA. (Eds.), Foundations of Power
in the Prehispanic Andes. American Anthropological Association, Washington, D.C.,
pp. 131-150.

Schreiber, KJ., 2012. The rise of an Andean empire. In: Bergh, S.E. (Ed.), Wari: Lords of the
Ancient Andes. Thames and Hudson, New York, pp. 31-45.

Sinopoli, CM., 1994. The archaeology of empires. Annu. Rev. Anthropol. 23, 159-180.

Smith, A., 2003. The Political Landscape: Constellations of Authority in Early Complex Pol-
ities. University of California, Berkeley.

Spickard, L., 1983. The development of the Huari administrative system. In: Sandweiss, D.
(Ed.), Investigations of the Andean Past. Cornell Latin American Studies Program, Cor-
nell, pp. 136-160.

Stancic, Z., Veljanovski, T. (Eds.), 2001. Computing Archaeology for Understanding the Past:
Computer Applications and Quantitative Methods in Archaeology. Archeopress, Oxford.

Tinniswood, A., 1998. Visions of Power: Ambition and Architecture from Ancient Rome to
Modern Paris. M. Beazley, London.

Toet, A., Bijl, P., Valeton, ].M., 2000. Test of three visual search and detection models. Opt.
Eng. 39, 1344-1353.

Topic, J.R., 1991. Huari and Huamachuco. In: Isbell, W.H., McEwan, G.F. (Eds.), Huari
Administrative Structure: Prehistoric Monumental Architecture and State Gov-
ernment. Dumbarton Oaks Research Library and Collection, Washington, D.C.,
pp. 141-164.



64 EJ. Marsh, K. Schreiber / Journal of Archaeological Science: Reports 4 (2015) 54-64

Travnikova, N.P., 1985. Efficiency of Visual Search. Mashinostroenie, Moscow.

Tschan, A.P., Wiodzimierz, R., Latatlowa, M., 2000. Perception and viewsheds: are they mu-
tually inclusive? In: Lock, G. (Ed.), Beyond the Map: Archaeology and Spatial Technol-
ogies. 10S Press, Amsterdam, pp. 28-48

Tung, T.A., 2007. Trauma and violence in the Wari empire of the Peruvian Andes: warfare,
raids, and ritual fights. Am. J. Phys. Anthropol. 133, 941-956.

Tung, T.A., 2008. Dismembering bodies for display: a bioarchaeological study of trophy
heads from the Wari site of Conchopata, Peru. Am. J. Phys. Anthropol. 133, 941-956.

Tzu, S., 2001. The Art of War. Shambala, Boston.

Valdez, LM., Vivanco, C., 1994. Arqueologia de la cuenca del Qaracha, Ayacucho, Perd. Lat.
Am. Antiq. 5, 144-157.

Van Leusen, M., 2002. Pattern to Process: Methodological Investigations Into the Forma-
tion and Interpretation of Spatial Patterns in Archaeological Landscapes (PhD thesis)
Faculty of Arts, University of Groningen, The Netherlands.

Verano, JW., 1995. Where do they rest? The treatment of human offerings and trophies in
ancient Peru. In: Dillehay, T.D. (Ed.), Tombs for the Living: Andean Mortuary Prac-
tices. Dumbarton Oaks, Washington, D.C., pp. 189-227.

Waldman, G., Wooton, J., Hobson, G., 1991. Visual detection with search: an empirical
model. IEEE Trans. Syst. Man Cybern. 21, 596-606.

Waley-Cohen, J., 2006. The Culture of war in China: Empire and the Military Under the
Qing Dynasty. 1. B., Tauris, London.

Watson, A.B., 2000. Visual detection of spatial contrast patterns: evaluation of five simple
models. Opt. Express 6, 12-33.

Wheatley, D., 1995. Cumulative viewshed analysis: a GIS-based method for investigating
intervisibility, and its archaeological application. In: Lock, G., Stanci¢, Z. (Eds.),

Archaeology and Geographic Information Systems: A European Perspective. Taylor
and Francis, London, pp. 171-185.

Wheatley, S., 2004. Making space for an archaeology of place. Internet Archaeol. 15.
http://dx.doi.org/10.11141/ia.15.10.

Wheatley, D., Gillings, M., 2000. Vision, perception and GIS: developing enriched ap-
proaches to the study of archaeological visibility. In: Lock, G. (Ed.), Beyond the
Map: Archaeology and Spatial Technologies. I0S Press, Amsterdam, pp. 1-27.

Wheatley, D., Gillings, M., 2002. Spatial Technology and Archaeology: Archaeological Ap-
plications of GIS. Taylor & Francis, London.

Wichter, R., 1999. GIS and landscapes of perception. In: Gillings, M., Mattingly, D., van
Dalen, J. (Eds.), Geographical Information Systems and Landscape Archaeology.
Oxbow Books, Oxford, pp. 13-22.

Whitley, T.G., 2004. Spatial variables as proxies for modelling cognition and decision-
making in archaeological settings: a theoretical perspective. Internet Archaeol. 16.
http://dx.doi.org/10.11141/ia.16.3.

Williams, P.R., 2001. Cerro Badl: a Wari center on the Tiwanaku frontier. Lat. Am. Antiq.
12, 67-83.

Williams, P.R., Nash, D,J., 2006. Sighting the apu: a GIS analysis of Wari imperialism and
the worship of mountain peaks. World Archaeol. 38, 455-468.

Yekautieli, Y., 2006. Is somebody watching you? Ancient surveillance systems in the South-
ern Judean Desert. ]. Mediterr. Archaeol. 19, 65-89.

Yoeli, P., 1985. The making of intervisibility maps with computer and plotter.
Cartographica 22, 88-103.



