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Application of Imaging Data to Study the Site Planning of Ancient Cities
in Dvaravati Period in Central Plains of Thailand

Vacharee Vacharasin, Associate Professor
Department of Architecture & Planning, Faculty of Architecture
King Mongkut’s Institute of Technology Ladkrabang Bangkok10520, Thailand
Email: kvvatcia@@kmitl.ac.th

Abstract: This study deals with the ingenuity of the people of the Dvaravati period in site planning for
settlement and building ancient cities (7™ -11" centuries AD) in the central plains of Thailand. and it is part
of my research project on Buddhist Architecture of the Dvaravati Period: The Early Age of Thai
Architectural History.

The physical remains of the ancient cities surrounded by a moat under the study are assumed to be of
the Dvaravati period. There exists no documentary evidence nevertheless to indicate a true understanding of
concepts and methods employed by the Dvaravati, a term used by historians to call the people of this
period, in the city establishment. By adopting the principles of architectural site planning in the design of
the city infrastructure together with the data from satellite images, the results have revealed the wisdom of
the ancient settlers in the site selection that most utilized the available natural resources and existing
environment,

Key words: Ancient City of Dvaravati Period, Dvaravati, Site Planning

1 INTRODUCTION

The panel of scholars on Thai archeological history have agreed on the period of the ancient
communities which were surrounded by a moat, flanked with the earthen weirs, and found scattered in the
area northwest of the Gulf of Thailand to be between 7™ -11™ centuries AD. Tt was also precisely in this
period that two Chinese pilgrims Hiuen-Tsiang (Beal Samuel, 1884) and I-Tsing (J.TakaKusu, 1896)
mentioned of this part of the peninsula which lied between Sri Sriksefra (Myanmar) and fsanapura
{(Cambodia) by naming it the kingdom of T’e-lo-po-ti, the name of which can only be inferred to Dvaravati.
Later, four silver coins were found in and around those Dvaravati ancient cities (Coedes G., 1961), upon
which inscribed the Sanskrit words Sri—Dvaravati-Svarapunya, translated by a language expert as the good
merit of the ruler of Dvaravati (Diskul, 1985). Interestingly, the name Dvaravati is also part of the full
official names of cities of Ayudhya and Ratanakosin (Bangkok), both of which were founded respectively
at much later periods of 1350 AD and 1782 AD,

The architectural and sculptural remains found on the premises of the Dvaravaii ancient cities suggest
the influence of Buddhism and .the inspiration in art and architecture from India (Gupta art, Pala and
Amravati). The Dvaravati culture faded as the Khmer culture flourished and replaced the former in the 12"
century AD.

2 HYPOTHESIS AND CONCEPTUAL FRAMEWORK
Various data sources are employed in this study: satellite images, aerial photographs, geological maps

and statistics, field surveys, and existing research studies. A profound appreciation of the Dvaravati’s site
selection is accomplished with the application of both the geographical analysis, such as the terrain,
drainage and forests, of the images and photographs of the remains of Dvaravati ancient cities still in

existence; and the analysis of the geological maps, topographic maps, field surveys and relevant
documents.

3 CASESTUDY

Despite numerous discoveries of physical remains of the Dvaravati ancient cities, no solid evidence
exists to support and help pinpoint among those cities the capital. According to survey by the Fine Art
Department of Thailand, there are 107 ancient cities in Thailand with approximately 69% located in the
central plains and the eastemn lowlands, 29% in the highlands of the Northeast, and the rest {2%) in the
North and South. Most of the Dvaravati ancient cities were located near the river basins. Four ancient cities
of the Dvaravati period each with a surrounding moat and atiractive architectural remains in the middle and
lower parts of the rivers that flow into the Gulf of Thailand were selected to investigate, the four of which are
Khu Bua Ancient City, Nakhon Pathom Ancient City, U Thong Ancient City, and Sri Thep Ancient City as rendered
in Figure 1.
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4 THE STUDY

Although the effects of the changing environment, such as temperature, waterways, and forests, over
the past 1500 years on the accuracy of the geographical findings of the Dvaravati ancient cities have caused
soine concern among certain researchers, the impacts of such changes are not of great concern to the author
of this paper. On the contrary, the researcher of this current paper regards the changing environment
indicative of the fertility of the areas in the past.

On climate change, the analysis results of the 59-year (1951-2009) data of the Meteorological
Department of Thailand (http://www.tmd.go.th/NCCT/article/2552.pdf) show that although there were
fluctuations of rainfall and temperature in the areas under study during the nearly six-decade period, the
changes were less than a millimeter and one degree Celsius in the amount of rainfall and temperature,
respectively.

In the work of Hutangkura (2000) on Pollen Analysis of Holocene Sediment from Kanchanaburi
province:  Palaeo-vegetation and Palaco-environment, pollens in the soil samples at the depths of 10 - 12
m from the surface were studied to determine the age of the area. With radio carbon (14C) the age
verification was performed on the pollens discovered in the soil samples whereby the age was approximated
at 4,540 £ 50 years. According to the pollen analysis, the pollens found in the soil samples were of common
plants. The analysis results also suggest that around 4,500 years prior this area was lush with dry evergreen
forests, dipterocarp forests, and wetlands.

In the later work of Hutangkura (2011) on Pollen Analysis: An Effective Tool for Investigating
Holocene Sea-level Changes in Phytogeographical History and Human Settlement of the Lower Central
Plain of Thailand, the multidisciplinary study of geomorphology, pollen analysis and archaeology has
been used to understand the phytogeographical evolution and human setflement in the lower central
plains of Thailand. Chronologically ~ phytogeographical evolution has been applied to archaeological and
historical data of the lower central plains so as to determine the reasons why prehistoric people settled
mainly at the margins of the plains and why no ancient cities were found in the plains until after the 14™
century. The study aimed to re-evaluate the position of palaeo-shoreline in the Dvaravati period, which was
formerly believed that no ancient cities were found within the area with an clevation lower than the
shoreline of 3.5 - 4 m above sea level. Nevertheless, 20 ancient city sites were found to be situated close to
the imaginary shoreline assumed by Vanasin & Supajanya, to be the shoreline in the Dvaravati period based
onthe geographical methodology and remote sensing techniques (Vanasin & Supajanya, 1980).

4.1 Khu Bua Ancient City

Situated between latitudes 13°27' - 13°29' N. and longitudes 99°49" - 99°51" E., Khu Bua is a
small ancient city in what is now Khu Bua sub-district, Mung Rachaburee district, Rachaburee province.
The longitudinal axis of the city was approximately 14 degrees counterclockwise off the North. According
to the free version of Google Earth, the main city of 0.80 X 2.20 kilometers in width and length was
surrounded by a rectangular moat of approximately 40 meters wide with rounded corners as depicted in
Figure 2.
Geographically, Khu Bua is situated on the wetlands west banks of the Mae Klong River with the ground
level of 7m above sea level. The distance between the north side of the city moat and the Mae Klong River
is approximately 4.85 kilometers and that between the eastern side of the city moat and Klong Kwae Oum,
a branch of the Mae Klong River, is approximately 2.80 kilometers. To the west (Aung Tong sub-district)
about 6 km are the Khaow Loung mounts of 45-80 meters in height. Natural canals and the man-made moat
constitute the moat surrounding the Khu Bua city.

Khu Bua is located on the alluvial deposits (Qa) of the Holocene Epoch of the 2™ Quaternary
period, which was approximately 1.8 million years ago. Thus, its mineral resources consist mainly of river
gravel, sand silt, clay, mud and beach sand as shown by the geological map in Figure 3.

The waterway originating from the foot of the eastside of Khaow Loung mountains west of the city
(ground level +18 m) was used as the northern moat (ground level +7 m) which flowed into the Mae Klong
River (ground level +5 m) at Ban Rai sub-district (Figure 4).

The moat in the northeast of the city is another natural waterway originating from the foot of the
southside of Khaow Loung mountains (ground level +18 m) and forming the natural moat in the southwest
of the city. The natural moat passes through the heart of the city (ground level +7 m) and down to the Mae
Klong River in the north of Ban Rai sub-district,

The man-made moats in the southeast, south and west have been transformed into farmlands and
swamps, causing the shape of the remaining moat to no longer be of rectangular shape.Physical data
suggest the use of waterways in daily transportation and irrigation by channeling the water from the feet of
the mountains down along the natural canals into the heart of the city while discharging sewage
downstream to the lowlands.

In terms of the climate, although Khu Bua is located in an area that is influenced by the Southwest
monsoon, the Ta Now Sri mountain ranges in the west have acted as a natural barrier to the monsoon winds
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from the Indian Ocean and thus caused the rain to fall around the Mae Klong River and away from the main
city of Khu Bua, giving rise to small amounts of rainfall in the city. The average temperature in Khu Bua
was between 21-38 °C (Department of Mineral Resources, 2008).

On the natural forests, prior to 1981 Rachaburee province had 3 million hectares of natural forests but
with unrestrained deforestation there currently remain merely 1.23 million hectares, according to the current
report by the Department of Military Engineering. The province has seven national reserved forests, one of
which is the Pa Khaow Bin forest, spanning the districts of Chom Bung and Muang, the latter of which is
the site of the Khu Bua ancient city. It could thus be deduced that the area of and nearby the Khn Bua
ancient city was once a dense forest.

Geographically, Khu Bua is situated on the wetlands west banks of the Mae Klong River with the
ground level of 7m above sea level. The distance between the north side of the city moat and the Mae Klong
River is approximately 4.85 kilometers and that between the eastern side of the city moat and Klong K-wae
Oum, a branch of the Mae Klong River, is approximately 2.80 kilometers. To the west (Aung Tong sub-
district) about 6 km are the Khaow Loung mounts of 45-80 meters in height. Natural canals and the man-
made moat constitute the moat surrounding the Khu Bua city.

Khu Bua is located on the alluvial deposits (Qa) of the Holocene Epoch of the 2" Quaternary
period, which was approximately 1.8 million years ago. Thus, its mineral resources consist mainly of river
gravel, sand silt, clay, mud and beach sand as shown by the geological map in Figure 3.

The waterway originating from the foot of the eastside of Khaow Loung mountains west of the city
(ground level +18 m) was used as the northern moat (ground level +7 m) which flowed into the Mae Klong
River (ground level -5 m) at Ban Rai sub-district (Figure 4).

The meat in the northeast of the city is another natural waterway originating from the foot of the
southside of Khaow Loung mountains (ground level +18 m) and forming the natural moat in the southwest
of the city. The natural moat passes through the heart of the city {ground level +7 m) and down to the Mae
Klong River in the north of Ban Rai sub-district.

The man-made moats in the southeast, south and west have been transformed into farmlands and
swamps, causing the shape of the remaining moat to no longer be of rectangular shape Physical data
suggest the use of waterways in daily transportation and irrigation by channeling the water from the feet of
the mountains down along the natural canals into the heart of the city while discharging sewage
downstream to the lowlands.

In terms of the climate, although Khu Bua is located in an area that is influenced by the Southwest
monsoon, the Ta Now Sri mountain ranges in the west have acted as a natural barrier to the monsoon winds
from the Indian Ocean and thus caused the rain to fall around the Mae Kiong River and away from the main
city of Khu Bua, giving rise to small amounts of rainfall in the city. The average temperature in Khu Bua
was between 21-38 °C (Department of Mineral Resources, 2008).

On the natural forests, prior to 1981 Rachaburee province had 3 million hectares of natural forests but
with unrestrained deforestation there currently remain merely 1.23 million hectares, according to the current
report by the Department of Military Engineering. The province has seven national reserved forests, one of
which is the Pa Khaow Bin forest, spanning the districts of Chom Bung and Muang, the latter of which is
the site of the Khu Bua ancient city. It could thus be deduced that the area of and nearby the Khu Bua
ancient city was once a dense forest.

4.2 Nakhon Pathom Ancient city

Sitnated between latitudes 13 °© 481 .33 - 13 ° 48'42 49" N. and longitudes 100 © 5'44 .88 "- 100 ° 6'42
.60"E, Nakhon Pathom is the largest Dvaravati ancient city in what is now Phrapratone sub-district, Mung
district, Nakhon Pathom province. The latitudinal axis of the city was approximately 16 degrees
counterclockwise off the West, The main city of 2 X 4 kilometers in width and length, according to the
Google Earth, was surrounded by a rectangular moat of approximately 20 meters wide with rounded corners
as depicted in Figure 5.

Nakhon Pathom is geographically situated on the central plain toward the west between the cast of the
Mae Klong River and the west of the Tha Chin river with the ground level of 7m above sea level as shown in
Figure7. The man-made moat surrounding the ancient city was excavated by connecting the natural canal Klong
Bang Keaw in the northwest of the city (ground level +11.6 m), which flowed through and left the city on
the east side to enter the Tha Chin River on its west at Bang Kaew sub-district. The distance from the city
center to the Tha Chin River was estimated at around 8 km. Connected to the other sides of the moat were
the Klong 8am Kuy Peuk canal in the northeast and the Klong Pya Pan canal in the southwest of the city. The
Klong Bang Keaw canal nowadays becomes shallow and several sections of the canal, especially in the city,
have been illegally encroached and filled for private use, thereby damaging the water route of the ancient city.

Nakhon Pathom province has high amounts of rainfall in the rainy season and mild weather in winter.
The average temperature is 28°C with maximum temperature of 39°C in the month of May, making it
suitable for cultivation of rice and variety of fruits and vegetables. Since the area is mostly of low-lying
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area with occasional clusters of highlands of 6-7 m above sea level, the minerals abundant in the area are
those normally found in the alluvial deposits which are suited to the cultivation of rotated crops.

4.3 U Thong Ancient City

Situated between latitudes 14°21'49,53" - 14°22'45.77" N. and longitudes 99°52'54.02" -99°53'37.64"
E., U Thong was a small city but of great significance of the Dvaravati pericd and is in what is now U
Thong sub-district, U Thong district, Supanburi province. The latitudinal axis of the city was approximately
36 degrees counterclockwise off the East, and the main city of 0.65 X 1.70 kilometers in width and length
was surrounded by a trapezoid moat of approximately 25 meters wide with rounded corners as shown in
Figure 8. According to a geological survey in 1985 by the Department of Mineral Resources of Thailand as
illustrated in Figure 9, U Thong is located on the alluvial deposits (Q a) and thereby rich in minerals which
are suitable for cultivation of a variety of rotated crops, examples of which are corn, sorghum, etc.

Geographically, U Thong is situated on a plateau west of the Jorake Sam Pan River. The west of
city was 16m above sea level and tilted to the east where the ground level was 12m above sea level, The
center of the ancient city was 1.5 kilometer from the western mountain ranges. The moat in the east of the
city was adjacent to the Jorake Sam Pan River, which originated 55km southwest of the city in Tha Moung
district of Kanjanaburee province (ground level +21m)} as illustrated in Figure 10. Based on the satellite images
of Google Earth, some parts of the moat in the East have been displaced by the Malaiman road, causing the
parts of the moat outside the road to become shallow, which subsequently have been illegally encroached
upon by the locals for private use.

The climate in U Thong is warm with high humidity in summer but mild in winter, The lowest and
highest temperatures during the past 50 years were 7.5°C-42.4°C

4.4 SriThep Ancient City

Situated between latitudes 15°27'30.11"-15°28'28.82" N, and longitudes 101°8'4.45"-101°10'1.11" E., S8ri
Thep is a small ancient city in what is now Sri Thep sub-district, Sri Thep district, Petchaboon province.
According to the Google Earth, the entire city of 1.40 X 2.80 kilometers in width and length was
surrounded by two moats of slightly different shapes (Figure 11). To the west the city was encircled by a
relatively round moat of 50 meters wide while toward the east a reversed C-shaped moat of approximately
20 meters wide, speculated to be constructed afterward to augment the existing round moat, surrounded the
expanded part of the city. Both of the two areas were 66m above sea level. The Sri Thep ancient city was
situated on the ground of Q1 (Figure 12), sand, silt, clay of Pleistocene river terrace deposits, calcareous tufa
and lateritic soil (Geological Map, 1977). Approximately 70 ancient buildings of both Davaravati and
Khmer styles were found inside and around the moat (Saising,2004).

Sri Thep is situated on a plateau surrounded three sides by the mountains. On the west and north
sides of the city lie the ridges of mountains and approximately 17 km to the east is Phetchaboon mountain
range from which several streams originate. The west side of the city is the Pa Sak River with its watershed
in Pha La mountain of Loey province in the northeastern part of Thailand as illustrated in Figure 13.

The tropical climate in Phetchaboon province is the result of the southwest and southeast
monsoons as well as the northeast winds. Surrounded by mountains, the province is warm in summer and
cold in winter with minimum and maximum temperatures of 12 and 40 °C, respectively.

Prior to a survey in 1998, Phetchaboon province had 4 million rai (6.25 rai = 1 hectare) of forest
areas under the care of the Forestry Department of Thailand. The four million rai consisted of 13 national
forests, 2 national parks, 1 forest park, 3 botanical gardens, 1 wildlife preservation zone, and 1 wildlife
sanctuary. Presently, the forest area in the province has been reduced to merely 1.5 million rai following
deforestation.

Phetchaboon province is enriched with an array of mineral resources, examples of which are gold,
sapphire, garnet, iron, laetrile, coal, petroleum, marble, granite, and limestone.,

5. CONCLUSION

This paper is concerned with the application of imaging technologies to study the site planning of the
four foremost ancient cities of the Davaravati period whereby the satellite images from Google Earth, maps
from the Royal Thai Survey Department, and public data from relevant government agencies are employed.

As seen in Table 1, the comparison of major atiributes of the four ancient cities show four significant points
that, the city layouts are of various forms and different axes.

First, the X vs. Y axis, the y-axis are longer than the x-axis and counter clockwise or clockwise off the
North, and the x-axis are longer than the y-axis and counter clockwise or clockwise off the East. Second,
the area of all cities are not always large. For example, Nakhon Pathom the largest of the Dvaravati ancient
cities is only 2 X 4 kilometers in width and length. Third, the width of the moat surround the small cities
which situated near mountain (Khu Bua, Au Thong and Sri Thep ) were wider than the width of the moat
sutround the largest cities situated on plain area far from the mountain, because of the height gradient of the
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waterway from the origin to the cities destination. Fourth, location of the site selection was not close to the
main river, it was on the ground level with not flooded.

It is interesting to notice that the new architectural research by the author continues discover
geometrical relationship in the design planning and form. However, the site planning of the cities layout by
man moat are not geometric shape, differ form Sukhothai the ancient city in the later period which was used
geometric system in architectural design and site planning by the three rectangular moats surround. Statistic
of the climate and geology related to the adequacy of cultivated land surround those cities representative the
exuberance in the pass for the reason why the ancient people selected those sites for settlement.

More importantly, the satellite images found the imperfection between the surrounded man-moat and the
natural waterway with in the boundaries of the ancient city, It is deplorable that there are only 18%, 78%
completeness of the surrounded man-moat at Khu Bua, Au Thong ancient city and 78% completeness of the
natural waterway in the Nakorn Pathom ancient city,

Table 1: Comparison of major atiributes of the four ancient cities of the Dvaravati period

Khu Bua Nakorn Pathom  Au Thong Sri Thep
Axis (degrees counterclockwise/clockwise) Cw 13° CCW 14° CCW 37° CCW 3°
City area (km?) 1.90 6.60 0.80 420
Ground level above sea level (m) +7 +7 +12, +16 +66
Moat length (km) 420 10 3.80 3
Moat width (km) 0.050 0.015 0.045 0.025-0.070
Moat area (km?) 0.20 0.15 0.17 0.33
Length of natural waterway in the city (km) 3.40 4.60 - -
Width of natural waterway in the city (kin) 0.09 0.07 - -
Natural waterway area in the city (ki) 0.30 0.32 - -
Width of natural waterway near the city (m) 25 7 22 . 9
City area / Moat + Natural water way area (%) 26% 7% 21% 8%
Distance of natural waterway from its origin (km) 4.42 11.6 55 15.6
Water origin and destination above sea level (m) +18: +10 +11.6: +7 +21: +11 +194: +59
Gradient of the waterway 1: 0.002 1: 0.004 I: 0.002 1: 0.049
Distance from the river (km) Mae Klong River Tha Chin River Supanburi River Pa Sak River
4.8 9.3 28 4
Width of the river (m) 180 70 40 45-50
Distance from the mountain (kim) 6.2 - 1.5 E/20,
SW/25,
W/35
Temperature (min °C — max °C), recorded 19412003 ~ 9-8° C—40.9°C 6.5°C—41.0°C 7.5°C-424°C 245°C-34.1°C
Average annual rainfall (mm), between 2006-2010 1270 923 1127 1290
Geology Qa Qa Qa Ql
Crops 18% Rice 18% Rice 60% Rice 25% Rice
28% Rotated Crops  28% Rotated Crops  35% Rotated Crops  75% Rotated Crops
54% Orchard 54% Orchard 5% Orchard
Completeness of the surrounded man-moat (%) 18% 100% 80% 100%
Completeness of the natural waterway in the city (%) 100% 78% - -

The findings lead to a deeper understanding of the site planning in the establishment of the ancient cities
during such a period and of the ways the people of the period assimilated into and made use of the existing
environment, In addition, the study points to the three main criteria adopted by the people of the Davaravati
period in site planning:

e Selection of the city’s plain areas close to the mountainous areas because mountains were both a
source of natural resources, such as lush forests, watersheds and minerals; and a protection against
the monsoons;

¢  Water management for consumption and source of foods whereby a moat was dug arcund the city
to channel the water from the natural waterway that originated in the plateau and flowed through
the heart of the city. Moreover, the natural waterway and the moat were used to discharge sewage
from the city into the lower lying areas to the main river. The main purpose of the moat
nonetheless was to supply consumption water to its community;

s  Water transportation by which the man-made moat and the natural waterway were used by the city
dwellers as routes to commute and transport goods. Furthermore, the water transport routes were
used as the trade routes among the locals and with foreigners; the outside contact with the latter
group pgave rise to cultural exchange.
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Figure 1:
The locations of Khu Bua Ancient City, Nakhon Pathom Ancient City, U Thong Ancient City, and Sri Thep
Ancient City superimposed on the Google Map.
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‘Watershed map of Khu Bua Ancient City
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Figure 5:
Site planning of the Nakhor Pathom Ancient City Geologic map of the Nakhon Pathom Ancient City

Figure 7:
Watershed map of the Nakhon Pathom Ancient City
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Figure 8: Figure 9:
Site planning of the U Thong Ancient City Geologic map of the U Thong Ancient City
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Watershed map of the U Thong Ancient City
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Figure 11: Figure 12:

Site planning of the S¥i Thep Ancient City Geologic map of the Sri Thep Ancient City
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Watershed map of the S¥i Thep Ancient City
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