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Ramat Bet Shemesh in which population is used to describe the driving
force of expansion into arable land. But, the use of statistical analysis based
on land cover and geomorphological type within ancient agricultural fields
added a quantitative measure to the extensification in this study. Thus, GIS
is used to deconstruct a spatial-temporal pattern regarding agricultural
extensification because the stratigraphy in ancient agricultural landscapes
is often inadequate. Thirty-five ancient agricultural fields were classified
according to soil-quality from orthophotos using GIS and compared through
both simple-linear and non-linear regression analysis with a predictive
hypothesis based on extensification order. The results indicate a general
trend that agricultural land-use extensified vertically in the Horvat Ashun
study area from the stream beds in the Prehistorical periods, to the broad
valleys, saddle and hill tops during the Chalcolithic and Bronze Age, to the
first and second order tributaries and the hill sides from the Hellenistic
period through the Early Muslim periods in a non-linear manner. Non-
aribility, or poor soil quality due to rocky soil and bedrock in the fields, was
demonstrated correlated with the extensification process over time when
the extensification was segmented from Prehistory to the Bronze Age and
from the Bronze Age to the Early Muslim period. According to the results,
42% of all agricultural lands were settled during the Chalcolithic and Bronze
Ages, while 38% of all agricultural lands were settled between the Hellenistic
period to Early Muslim period. Understanding the general patterns in
agricultural intensification, such as in this study, are important because they
contribute to predictive studies for future trajectories and our understanding
of human-environmental relations. Notions such as sequent occupance
may then be deconstructed despite complex landscape archaeologies and
reconstructed in order to understand the trajectories of agricultural change.
GIS proved most effective for this goal as a spatial database because it
enabled the deconstruction of a complex spatial-temporal pattern through
data compilation, database query and visual analysis. More work is required
to develop a more robust statistical model in order to test the agricultural
extensification hypothesis and its correlation to soil quality.

Acknowledgements: The authors would like to thank Yaakov Arkin for his
kind assistance and explanation of the regional geology; both in the field and
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Table 2: Description of Agricultural Lands based on geomorphology, slope, non-aribility and area.

A. B. C. D. E. F.
iGeomorphology |Predicted Percent Avg Slope | Total Percent
Type Order of non- in Percent |Hectares |Area of all
Agricultural arable per Type |Ag. Land
Use (Dep. Land per
Variable) field (Ind.
Variable)
Lg. Stream Bed |1 25.38% 6.27% 850.644 7.95%
Stream Bed 1 27.14% 4.92% 1021.954 9.55%
Broad Valley 2 14.30% 4.55% 3025.363 28.27%
Hill Top 2 2.61% 3.59% 607.584 5.68%
Saddle 2 17.08% 6.14% 783.15 7.32%
2% Order Stream | 3 31.66% 6.25% 1216.629 11.37%
1* Order Stream | 3 25.67% 7.35% 2633.99 24.62%
Hill Side 3 44.90% 12.08% 560.674 5.24%
Total
P-value 0.125
R-value 0.264

Table 3: Summary Table with order of agricultural extensification according to time periods
with amount of new land acquired in the study area during each period, and the segmented
correlation between non-aribility and agricultural Extensification for two major periods.

A. Order of Agricultural B. Total Area |C. Percentof |D. P andR Value
Extensification in Time of new Total for non-arability
agricultural Agricultural per period
land use Change
(hectares)
1 (Paleolithic and Neolithic) 208.55 19.49% -
Periods 1
P=0.02 and 2
2 (Chalcolithic and Bronze Age) 454.1 42.44%
R=0.612
P =10.008
3 (Hellenistic to Early Muslim) 407.36 38.07% | —>
Periods 2 | R=0.475
and 3
DISCUSSION

The results of the GIS study indicate that agricultural extensification occurred
in the area of Horvat Ashun from Prehistory through the Early Muslim
period. This is evident as a visual spatial exercise using GIS (Figures 4 and 5),
through fieldwork and using a spatial-contextual analysis of agricultural
intensification. This corresponds with Dagan’s (2010) generalization at
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Figure 7: Land cover classification image derived from the orthophoto, NW quadrant of study
area with geology and agricultural installations. This is the down-drop block west of the Modi'in
fault (Fig. 5) with preserved Mt. Scopus Group Chalk covered by a thick cover of Caliche (Nari).

Arable vs. Inarable Land in Agricultural Fields near Hurvat Ashun
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Figure 8: Left, arable vs. non-arable land in thirty-five ancient agricultural fields as

derived from the land-cover classification. Right, extensification order of thirty-five

ancient agricultural fields from Prehistory (1), Chalcolithic / Bronze Age (2) to Hellenistic to
Early Muslim periods (3).
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The results were compared in simple linear regression analysis with
predicted field extensification order as the dependent variable and percent
non-arability as the independent variable. A probability value (p-value)
below 0.05 for an independent variable was deemed as statistically
correlated with the dependent variable. The non-arable values had a P-value
of 0.125, which is above 0.05, and therefore was deemed as coincidental and
without a real relationship to the dependent variable, field extensification
order (Table 2). The r-value, or correlation coefficient, was 0.264, which is
considered a low correlation on a scale between -1 and +1. Therefore, in this
data set, the relationship between soil quality and extensification order may
be described as not highly correlated. The percent of non-arable, or land not
suited for farming, in all of thirty-five agricultural fields in the study area
was 27%. Based on the conclusions of the research however, there was more
unsuitable land in the hills (tributaries and hill slopes that were terraced)
than in the broad valleys and saddles. This supports notions that ancient
agriculturalists were forced onto more marginal lands in the hills over time,
especially after the Bronze Age. Therefore, a non-linear approach was taken
by dividing the data set into two dominant period according to piecewise
regression; 1) Prehistory to Bronze Age, 2) Bronze Age to Early Muslim. The
results (Table 3D), demonstrate that there is correlation (r=0.612) found
between soil quality and extensification between Prehistory to the Bronze
Age as well as between the Bronze Age and Early Muslim Period (r=0.475).
These correlations are also deemed as real and not coincidental as the
p-value of both stages are below 0.05 (Table 3). Therefore a correlation
exists when piecewise regression analysis is used because from the Bronze
Age to the Early Muslim period the ancient agriculture moved onto more
marginal lands in the hills from the broad valleys below. More research is
necessary beyond this preliminary study in order to better understand the
relationships and a more robust model established.
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Study area near Hurvat Ashun with Early Archaeological Sites
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Figure 5: Orthophoto of the study area west of Modi'in near Horvat Ashun (white star).
Potential agricultural fields are outlined along the drainage. Sources: IAA Survey website,
Gezer 82 Map; Tendler and Elisha 2017,
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Figure 6: Agricultural installations from the Hellenistic period through the Early Muslim period

(winepresses, cisterns and olive presses) and potential monastic sites from Byzantine period -

fromIAA Survey data, M. Haiman and A, Tendler. Note, there are 143 winepresses in a 5 km’radius
surrounding H. Ashun and nearly 50 winepresses in the study area (black outline box) alone.
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DATA DEVELOPMENT FOR GEOARCHAEOLOGY DECONSTRUCTION WITH GIS
N\
e Data Compilation from various sources (vector and raster)
¢ Data Georeferencing to one spatial resolution, coordinate system
* Data Correction (cleaning vector data files of noise)
J
* Develop raster imagery; land-cover classification image, DEM N
* Derive imagery for analysis; i.e. soil quality, extensification order
* Digitize and reclassify potential agricultural fields to type
¢ Database development of point, line and vector data )
~
e Establish link between spatial database and statistical analysis
* Perform regression analysis on soil quality / extensification
o Establish statistical relationship and display results
/

Figure 4: GIS research flow chart in three stages;
1) Data Compilation, 2) Data Development, 3) Analysis

The compilation and development of maps, a critical purpose of GIS, are
visible in figures 5 and 6. Afterwards, a land-cover image was derived
through unsupervised classification from the Survey of Israel (SI) 0.25 meter
orthophoto and ground-truthing (Figure 7). The orthophoto bands are within
the visible portion of the spectrum (~380 to 740p) and therefore have limited
but still valuable spectral information. The thirty-five agricultural fields with
ancient installations were digitized, overlaid and compared visually with
their proximity to the IAA Survey sites using GIS. Remote sensing methods
were used to classify the land-cover based on an unsupervised methodology
which enabled the spectral data of the orthophoto to be divided according
to spectral pattern. The land-covers within the potential ancient fields were
then reclassified as either arable or non-arable based on the land-cover
classification and field analysis (Figure 8 left). Arability was defined as
surface cover with soil, vegetation and vegetation shadow while non-arable
was either bedrock or bare areas such as rocky soil. Third, all potential ancient
agricultural fields were classified according to geomorphological type; large
stream (nahal) bed, stream bed, broad valley, saddle, hill top, second order
stream, first order stream, hill side. Then, the geomorphological types were
ranked in predicted field extensification order from one through three
(1, Prehistory; 2, Chalcolithic/Bronze; 3, Hellenistic to Early Muslim) based
on the conclusions of the research from artifact locations and field work
(Figure 8 right and Table 2).
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According to Steinmann (2010), who measured runoff in the Aneva hills near
Horvat Ashun, only 4% oftherainfall on thehillsreaches the tributary or valley
bottom even on a non-vegetated slope. This is inadequate for a runoff system
(Ackerman et al 2013) although perhaps the slopes with their thick pockets
of soil were utilized for viticulture or fruit trees in the past (Ackermann
2018). The more important aspect of the Caliche in agricultural settings is
its relationship to rain water as both a sink (Dunniway et al 2007; Hennesey
1984) and because of nutrient depletion (Idowu and Flynn, 2015). Duniway
et al (2007) and Hennesey (1984) both found that Caliche rock can absorb
large amounts of water and retain it for several days. Additionally, Idowu and
Flynn (2015) note that rain water which is leached from Caliche will cause a
high soil pH (7-5-8.5). They further state that high pH can limit phosphorous
availability to crops while Caliche leaching can also limit micronutrients in
soil such as iron, boron, manganese and zinc. These factors, along with the
nutrient depletion evident in the orthophotos of the study area at Horvat
Ashun demonstrate that the soils may have been nutrient poor. This may
have also been one factor in explaining why agriculture spread slowly into
these areas although this may not have been well understood until after
many growing seasons. A second reason involves the soil quality, as large
parts (> 30%) of the 2" order tributaries have rocky soil, uneven surfaces
and even karstic features such as sinkholes (Arkin 1986). Hill side terracing
may have been constructed between the Hellenistic to Early Muslim periods
in order to counter nutrient depletion that occurred in the broad valleys and
tributaries by moving the vineyards to new soils.

METHODOLOGY AND RESULTS

This research used GIS to develop a spatial-temporal database in order to
map and analyze an ancient agricultural landscape near the Aneva Stream,
Israel in which stratigraphic / temporal data is lacking. A statistical model that
compared soil quality with a predictive model of agricultural extensification
was builtin order to test the extensification hypothesis and provide a substitute
for the missing stratigraphic information. This was accomplished in several
steps, namely compilation, development and analysis, detailed in Figure 4.
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soils are identified, while in the Caliche hills north of Horvat Ashun, nutrient
depletion is visible in the orthophotos (Figure 7). Rainfall in the study area
is considered on average between 550-650 mm/yr (Israeli Meteorological
Survey) which enables rainfed agriculture for most grains, orchards,
vineyards and livestock known to the region. This raises a question regarding
the use of a runoff type agricultural system within the tributaries such as
check dams and wadi terraces. Similarities between the runoff system in
the Shephelah should be compared to the construction in the Negev runoff
systems during the Byzantine and early Muslim periods to research whether
the same engineering was involved in both the Negev and Shephelah which
would speak to Imperial scale initiative.
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1470/1460 Study Area | 1442/1570
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Figure 3: Geological Map (Lod Sheet 8-111, 2008) with stratigraphic section (Geological Survey of
Israel) and cross-section inset (Arkin 1986). Note that the Modi'in Fault runs NE-SW through Barfilya
toward Horvat Ashun while the axis of the Modi'in Anticline runs NE-SW east of the fault.
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have been used for vineyards and olive orchards and there may have been
some tributary farming of grains. But, during the 6" century AD major effort
and investment was undertaken to conquer the 1%t and 2™ order streams that
cut into the Nari and limestone hills. Dating agricultural terraces is a difficult
process and recently has relied upon OSL dating (see Davidovic et al 2012).
Haiman (2012), describes efforts to utilize a more “spatial-contextual”
approach at dating that could include contextual arguments. Procopius,
for example, the Byzantine historian who wrote The Secret History about
Emperor Justinian, also described momentous efforts of Imperial initiative
at construction in The Buildings. Byzantine monastic agriculture is evident
in the industrial size winepresses in which the monasteries and large land
owners may have converted the landscape for monoculture production of

wine.

ENVIRONMENTAL CONTEXT

The Aneva Hills near Modi’in-Reut (140-250m ASL) are geologically
associated with the Judea-Samaria monocline system; a small fold within
the syncline that defines the coastal plain. This fold, known as the Modi'in
anticline is comprised of Upper Cretaceous age limestones and chalks
from the Judea and Mt. Scopus groups, namely Bina limestone overlain
by Menuha, Mishash and Ghareb chalks. Within the study area (Figure 3),
the Modi’in fault cuts northeast-southwest from Barfiliya to Horvat Ashun.
According to Arkin (1986), the downdrop block of this normal fault lies on
the west where the soft chalk formations of the Senonian remain uneroded.
On the east side of the fault, the soft chalks have been eroded on the the
uplifted block with its higher elevation, and the underlying Bina Formation
limestone remains exposed. Northwest of Horvat Ashun, a thick layer of
hardpan Caliche (Nari) (1.5-2 meters) has been precipitated from the chalk
formations which forms a cap with a distinct karstic erosionary surface.
This surface is clearly visible in the orthophotos and also forms a pitted
and uneven surface with exposed Caliche and pockets of rendzina soil. The
tributaries of these Caliche hills form deep streams with steep walls (~ 1-2
meters). In agricultural fields within the Bina Limestone areas, no Caliche
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kilometers from El-Midya, one of the possible locations of ancient Modi’in
where the Maccabean Revolt began. The farmhouse had industrial aspects
and served to produce olive oil and wine. Following the Great Revolt, and
before the Bar Kochva Revolt, the farmhouse and the house at Horvat
Hamutzav were further fortified with escape tunnels and hiding complexes.
Still, despite the effort, the farmhouse would become a Roman estate (villa
rustica) following the Bar Kochva Revolt and remain through the Byzantine
period. During the Byzantine period, there were local villages at Barfilya, El
Burj, Bet Aneba, Kharruba and Nekhes and sizable populations at nearby
Moditha, Shaalbim, and Budros. The local population would have included
Samaritans, Christian and Pagans. The majority of the rock-cut wine-presses,
some 68 in the study area alone and 116 within a 5 km radius surrounding
Horvat Ashun, are basic and most probably the remains of the agriculture of
small land owners or share-croppers. These wine presses, 34 cisterns and 6
olive presses are the cumulative product of the residents of the villages in the
area from the Hellenistic through Early Islamic periods (Figure 2).

During the 6™ century, a change occurred in Palaestina Prima, based
on historical records and ancillary data (Grey 2007; Hirshfeld 1997). This
change included a desertion of agricultural lands due to high taxation
and less rainfall that would lead eventually to drought before the Muslim
Invasion in the 7™ century. During this time, the Justinian Dynasty (6™
century AD) may have enacted Imperial initiatives that can be seen in
the agricultural landscape of the study area perhaps to bolster the region
economically against the Sassanid threat or to produce wine for export on
an industrial scale (Mayerson, 1985). During this period, monasteries begin
to appear near Horvat Ashun - at Horvat Hamim, Horvat Zacharia, Horvat
Khelah, Barfilya and Horvat Tantura. Nearby, Mevo Modi’in, Hagardi, Paosh,
Huriah and Umm al Umdan. Still today, the ‘Valley of the Monks’ is only a few
kilometers northwest near Zachariah while Emmaus/Latrun reminds of the
monastic past. The Christianization of the landscape in the Shephelah during
this period should not be overlooked (Bar 2005; Patrich 2004; Taxel 2008).
Additionally, Schenke (2019) describes how the monastery at Apa Apollo in
Egypt served as a large landowner and employed/leased land to local labor
through an aparche system. Until the 6™ century, the slopes of the hills could
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field pointing to farming during these periods while a Beit Ta’amir knife for
reaping was found near Horvat Zachariah. According to Shavit (2013), the
Iron Il period experienced substantial growth in the region that was curtailed
by the Assyrian invasions and only resumed during the Hellenistic period.

T

Figure 2: Material remains of the ancient agricultural landscape; a) Cananean sickle blades
at Kharruba east (Shavit 2013), (b) rock-hewn cisterns with capstones (Manspeizer 2019), (c)
wadi terraces (Manspeizer 2019) and (d) rock-hewn winepresses (Tendler and Elisha, 2017).

A farmhouse appeared at Horvat Ashun during the Hellenistic period. It was
later fortified and expanded during the Hasmonean period richly and used
in part to produce olive oil (Tendler and Elisha 2017). During this time, the
fortified farmhouse was identified as Jewish and winepresses were carved
in the local limestone bedrock. Mikvehs were found at the farmhouse and
at nearby Horvat Hamutzav from this period. The site is located only four
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Ancient Agricultural Project

Barfilya-Hurvat Ashun
IAA and Ariel University, 2019
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Figure 1: Google Earth Map with the study area (yellow box) west of modern Modi'in, and

between the two main roads from Lod toward Jerusalem (purple line). The main features

(Tels and Ruins (Horvat)) are marked with a pin. Note the location of the study area between
Jaffa and Jerusalem (inset).

Within the study area along Nahal Aneva, one Paleolithic site in which a
Levallois blade and other flint tools (IAA Survey) was found that may have
been a hunting camp and for flint production. The local bedrock contains
chert nodules in both Bina and Mishash Formations. There are four non-
settlement sites within the study area defined as Pre-Pottery Neolithic
(A and B) in which flakes and a bifacial tool were found that may be associated
with resource processing tasks such as tool making, grain processing and
felling trees (Shavit 2013). Resource collection, such as chert mining and
tree felling, were conducted in the hills (Grosman and Goren-Inbar, 2016)
and the processing may have been in proximity to the main stream drainage.
Several researchers (i.e. Marks 1971; Philips and Bar-Yosef 1974) suggest
a correlation in Israel between prehistoric sites and stream beds for water,
animal routes, food gathering and other site-specific tasks. The four sites in
the study area that represent the Chalcolithic and Bronze periods are located
near to large broad horizontal fields above the stream beds. At two sites,
Horvat Hamutzav and Kharruba, Cananean sickle blades, a Chalcolithic to
Early Bronze Age tool for harvesting crops, were found near a large broad
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metaphors, such as constraints and opportunities (Brush and Turner 1987),
seem to better describe the notion that soil quality may have acted as a
constraint to the agricultural extensification over time. This is tested through
regression for predictive analysis using EXCEL, a statistical package, and
IDRIS], a GIS program. The sequence demonstrates that vertical agricultural
extensification was correlated to both archaeological period and soil quality
in a non-linear manner.

HISTORICAL CONTEXT

The study is conducted in a 4 km? area west of Modi’in between Horvat Ashun
and Horvat Hamutzav, north of Nahal Aneva and southwest of abandoned
Barfiliya (Figure 1). Resource processing is evident in the study area from
flint tools found near the main stream drainage that were used for hunting
(Paleolithic) and the processing of local resources such as chert, trees and
grains (Neolithic). The first farming practiced in the area can be found along
a wide alluvial valley who's stream flows into Nahal Aneva. This has been
dated through harvesting and reaping tools found at at Kharruba, Barfiliya
West and H. Zachariah (IAA Survey, Map 82 Gezer) from the Early to Middle
Bronze. A fortified Jewish farmhouse was constructed after the Persian
period at Horvat Ashun that remained through the Late Roman Period when
it became an agricultural estate (Tendler and Elisha 2017). During this
time, small land-owners also worked the hills for grapes and the fields for
grains leaving behind a large number of rock-hewn winepresses. During the
Byzantine period, monastic settlement entered the region, perhaps assisted
by heavy taxation, which led local Christian, Samaritan and Pagan residents
to partially desert their agricultural lands. The study area lies within
the main Christian pilgrim routes between Lydda (Diospolis), Emmaus-
Nicopolis and the Horon Ascent (Figure 1). The landscape turned from low-
scale agriculture production to industrial monastic agriculture that included
agricultural terraces within the stream tributaries in the hills. Either during
or after this period, hillside terraces and raised gardens (bustan) were
constructed in some locations and used through the Ottoman period.
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historical accumulation of material and the landscape. GIS contributes to
Geoarchaeology by enabling the compilation and deconstruction of this
complexity through georeferencing, database management, spatial analysis
and visualization. GIS was first introduced to the Israel Antiquities Authority
in 1995 (Haiman 2018). It is used in this research to derive an analysis born
methodology and result when there is inadequate stratigraphic evidence
as is often the case in agricultural archaeology. Tilled fields, terraces filled
with soil wash and animal burrows can leave archaeologists with no clear
evidence to define the stratigraphic record in these landscapes. GIS analysis
can derive results within a properly formed research methodology in which
deductive steps are supported with correct theoretical predictions.

Archeo-Agricultural Intensification

The fundamental premise of studying agricultural expansion within an
archaeological study requires the recognition that material remains and
location occur within a pre-existing landscape. Each successive layer of
landscape use occurs upon a previously used landscape which gains agency
(power) in the development of each new palimpsest or new landscape layer
(Manspeizer 2006). Ladefoged et al (2003) describe how researchers have
described agricultural expansion according to general sequences or trends
of linearity that may be unique to different eco-regions, climatic zones
and historical periods (Ackermann et al 2019). The trend itself follows a
landscape pattern, represents the very trajectory of human-environmental
relations over time and is part of a larger project of study. Based on visual
interpretation of artifacts and their proximity to defined agricultural
areas using GIS and fieldwork in 2018-2019, this paper hypothesizes that
agriculture in the study area extensified vertically from Prehistory through
the Early Muslim periods. Land-use began along Nahal Aneva and its larger
tributaries during the Paleolithic / Neolithic, expanded to the broad valleys
during the Chalcolithic / Bronze Age, to the hill sides and first / second order
tributaries from the Hellenistic to the Early Muslim periods. Reasons for this
generalized pattern of expansion, which will be discussed in the methodology
section, have been defined through metaphors such as population pressure,
affluence or technological progress (see Dagan 2010). But, cultural ecological
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through the Early Muslim period including flints, sickles, farmhouses/
estates, wadi terraces, slope terraces winepresses, olive presses, cisterns
and monasteries; 3) Database query and regression analysis to determine
the impact of soil quality on agricultural intensification.

RESEARCH BACKGROUND

Agricultural extensification is a term that is derived from Agricultural
Intensification research in Geography (Turner and Brush 1987) that
speaks to the spread of agricultural systems through space over time. It is
commonly considered that settlement patterns have considerable impact
on the environment especially through agriculture and extensification is
one of the means. The research therefore falls under the context of Mapping
Agricultural Systems Project (Haiman 2011, 2018) which endeavors to derive
a GIS enabled database of ancient agricultural landscape change over time
in Israel. This database, combined with changes in precipitation, settlement
patterns and political-economic factors can be important indicators of the
directional development of the landscape (Manspeizer 2007) as well as the
trajectories of intensification (Turner and Ali 1996). These trajectories of
intensification define the agricultural change within place as vectors that
may be described according to their driving forces and mapped accordingly.
In the case of Israel within the Levant, the historical and archaeological
record is well enough established to enable a model of the agricultural
change, impact on the environment and causal influences over dozens of
millennia. This greatly contributes to research in Global Environmental
Change (GEC), Land-Use and Land-Cover Change (LUCC), Climate Change,
and Landscape Archaeology.

According to Knapp and Ashmore (1999: 1), “In minimalist terms,
a landscape is the backdrop against which archaeological remains are
plotted...however, the most prominent notions of landscape emphasize its
socio-symbolic dimensions...” Yet, symbolic dimensions are less concrete in
the archaeological record and it is often difficult to deconstruct the symbolic
nature of landscape. Material remains therefore become readable scars of
sequent occupance (Mikesell 1975) which is the layer after layer stratigraphy
that geographers and archaeologists explore in order to deconstruct the
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the central mountains and coastal plain of Israel. According to Ackermann
(2008), “Geoarchaeological research...enriches our understanding of the
interrelationship between environmental conditions and human activities
in the past.” Geoarchaeology is also enriched by Geographic Information
Systems (GIS) that assist the researcher to both quantify and visualize
spatial relations within the archaeological record (Birkenfeld et al 2015,
Haiman 2018). This study develops a comprehensive GIS database from four
different sources that have surveyed the study area between 1964 to the
present including the Israel Antiquities Authority (IAA) Survey (Table 1).

Table 1: List of Data Sources used in Study

# | Name Source Type / Use Year

1 | Orthophoto SL IAA 3 Visible band (~380 to 740p) aerial | 2015
(0.25m) photo, Land-cover classification

2 | Haiman 1 Haiman, M. Field Survey Horvat Ashun, GPS line | 2017

data, terraces, cisterns, winepresses and
ag. installations

3 | Haiman 2 Haiman, M. Field Survey Horvat Hamim, GPS line | 2008-
data, terraces, cisterns, winepresses and | 2013
ag. installations

4 | Haiman 3 Haiman, M. Field Survey GPS point data; monasteries | 2008-
2013
6 | Tendler 1 Tendler, A. Horvat  Ashun  excavation  data; | 2016-
winepresses 2017
7 | Manspeizer 1 Manspeizer, N. | On-Screen digitizing from orthophoto of | 2018/
all visible agricultural installations 2019
7 [IAA] Israel Gezer 82 Map, IAA Survey website; | 1964-
Antiquities lat/long point and ancillary data including | 2018
Authority monasteries, flints, wine presses, cisterns,
Survey olive presses, sickle blades
8 [IAA2 1AA Data from IAA GIS department server; | 2018

roads, streams, topo 5 meter, geology

This type of comprehensive database contributes to archaeological studies
through use of GIS that can compile, geo-reference and analyze multiple data
sets from multiple sources. Remote sensing was used, through classification
of Survey of Israel (SI) orthophotos (0.25 meter spatial resolution) with
IDRISI GIS, in order to assist in developing the land-cover context of the
study. The GIS analysis had four main components: 1) Compilation and
development of the spatial database from all sources; 2) Development of
land-cover classification based on the orthophoto and field-truthing; 3) Map
composition including locations of agricultural remains from the Paleolithic
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Landscape Archaeology at Aneva Stream, Israel:
Deconstructing a General Trend in Agricultural Intensification with
GIS, Remote Sensing and Regression Analysis

Authors: N. Manspeizer, M. Haiman, O. Ackermann, A. Tendler, M. Birkenfeld,
D. Levy, ]. Marcus-Peretz

ABSTRACT: The study is conducted in a 4 km? area west of Modi’in, Israel.
Archaeological remains from Prehistory through the Early Muslim period
were mapped with Geographic Information Systems (GIS) from survey and
excavation data (1964-2019). The data includes agricultural implements,
installations in the study area (i.e. cisterns, winepresses and olive presses),
agricultural terraces along the 1% and 2" order stream tributaries, slope
terraces, animal pens, farms and Byzantine monastic sites. Remote sensing
methods were used to classify the land-cover from orthophotos to develop
an agricultural potential map based on soil quality within the fields that
contained agricultural installations. Then, the soil quality image was
statistically compared through regression analysis with a predictive model of
agricultural intensification based upon three stages from Prehistory through
the Early Muslim period. The study found that extensification, the spatial
spread of agriculture, had a probable non-linear relationship to a vertical
pattern from Prehistory to the Early Muslim period - from stream beds to
broad valleys to tributaries in the hills, and finally hill slopes. Given the current
data set, poor soil quality was correlated to agricultural extensification in a
non-linear manner, although further examination of the process by which
extensification occurs into more marginal land is necessary. The research
demonstrated that GIS was helpful in combining multiple data sets from
different sources into one geographic database and as a statistical tool for
deconstructing general trends in landscape archaeology.

INTRODUCTION

The Caliche (Nari) covered hills north of Aneva Stream and to the west
of Modi’in contain the remains of a rich agricultural past evident, for
example, in terraces, stone walls and winepresses carved directly into
the bedrock. This landscape, located in the ‘High Shephela) represents a
sample of ancient agricultural patterns found within the foothills between
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