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A B S T R A C T

This paper examines the construction and design of a 7-km long embankment, probably built for King
Jayavarman IV between 928 and 941 CE, as part of a new capital. We calculate that the capacities of the outlets
were too small, and conclude that the embankment failed, probably within a decade of construction, so that the
benefits of the reservoir stored by the embankment and the access road on top of it were lessened substantially.
We explain how the design was sub-optimal for construction, and that while the layout had a high aesthetic
impact, the processes for ensuring structural integrity were poor. Simple and inexpensive steps to secure the weir
were not undertaken. We speculate that this early failure may have contributed to the decision to return the
royal court and the capital of the Khmer Empire to the Angkor region, marking a critically important juncture in
regional history.

1. Introduction

With the Angkorian state having lasted for more than six centuries
(9th to 15th centuries CE), scholars have long sought to understand
what contributed to its sustainability and what led to its eventual de-
cline (Evans et al., 2007; Fletcher et al., 2008; Groslier, 1979; Groslier,
2007). We suggest that some insights might be gained from studying
what happened at Koh Ker, another Khmer political centre about 80 km
ENE of Angkor (Fig. 1). There is mounting evidence from archae-
ological excavation and survey for a long and complex history of oc-
cupation at Koh Ker (Evans, 2010–2011), but it is clear that the city was
very short-lived as the centre of Khmer power, lasting only about
17 years as the capital, from 928 to 944 CE.

Jayavarman IV, the first recorded ruler at Koh Ker, was established

there no later than 921 CE (Cœdès, 1931, 13; Cœdès, 1937, 50), while
Harśovarman I (910–925 CE) and Iśanavarman I (925–928 CE), the
sons of Yaśovarman I, his uncle by marriage, were still enthroned at
Angkor (Cœdès, 1953, 98, 147). The first inscriptions to attest to
Jayavarman's power over the Khmer realm do not appear until 928 CE
(Cœdès, 1931, 13–16). Despite much debate on the topic (e.g., Cœdès,
1931, 16; Jacques, 1971, 169), it is now generally recognized that
Jayavarman was likely a legitimate heir to the throne, not a usurper
(Vickery, 1986, 108).2 While it is yet to be agreed why the political
center shifted to Koh Ker, for this paper, we are seeking factors that
might help explain why its time there was so short.

It is clear from the inscriptions (Cœdès, 1937, 68) that Jayavarman
constructed Prasat Thom during this period, its pyramid being the tal-
lest in the Khmer world at the time (Cœdès, 1937, 70). As well, just to
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2 That Yaśovarman's two sons succeeded him may have been contrary to the rules of succession of the “conical clan”, in which all members are ranked hierarchically in terms of
nearness of descent from the common ancestor, in this case, Jayavarman II (Vickery, 1986, 108). Under that process, Jayavarman IV might have become king in 910 and not 18 years
later.
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the north of Prasat Thom, he built a 7-km long weir across the original
Rongea River valley (Evans, 2010–2011), the longest water-manage-
ment structure across a river valley in Khmer history (Fig. 2).3 The
embankment evidently provided both a level link to the Angkorian
highway to Wat Phu in today's southern Laos and created the largest
known Angkorian-era artificial lake (Fig. 3).

Just south of the main spillway are the remains of a small temple,
now known as Prasat Boeng Voeng. Its western portal has an inscrip-
tion, K. 823, dated 863 śaka or 941 CE (Jacques, 2014, 350).4 The
temple has a causeway linking it to the embankment. Our investigations
were limited because the area is known to have landmines. However,
we could see from the lidar that the level of the crest of the middle of
the causeway is lower than the level of the crest of the embankment.
This lower level probably results from continual erosion by water
draining through it to the north (Fig. 4), and it is reasonable to suppose
that it was originally at the same level as the main embankment. The
main embankment would not have been built to match the level of the
temple causeway, but the other way around. On the assumption that the
temple was built at the same time as its causeway, this implies that the
main embankment was constructed no later than 941 CE. While it is
probable that the work to build the main embankment could have only
been undertaken by a king, further archaeological investigation of the
causeway is required to help verify that the northern reservoir and
access road were built before 941 CE, presumably by Jayavarman IV.

But this infrastructure was not to last. Whereas the Rongea River
originally ran eastwards past Point A in Fig. 2, we see that it now runs
northwards, having overtopped and broken through the embankment at
Point B. Once this happened, the large lake, the unimpeded access road,
and any economic benefits from the reservoir would have been lost. Did
this happen before the political centre moved back to Angkor, and were
the two events linked?

2. Site investigations

It is necessary to understand how the embankment was designed, to
understand how soon it overtopped. We will first examine deficiencies
in the design of the embankment and the two outlets, and then assess
the risk of overtopping by evaluating the flow of water into and out of
the reservoir.

2.1. Methods

The bare-earth digital terrain model (DTM) we used was generated
from airborne laser scanning (lidar) data acquired in a 2012 aerial
campaign. The process used to generate the DTM is described in Evans
et al. (2013). The elevations given as “above sea level” (ASL) in this
paper are recorded or inferred from the lidar-derived DTM or from the
processed lidar point cloud. According to the data specifications for the
lidar, absolute vertical accuracy is± 0.15 m RMSE (root mean square
error) although data quality achieved was far superior to this specifi-
cation in most cases, and relative accuracy of points nearby is in the
order of cm-level.

We investigated the spillway (Section 2.5.1) on site by clearing it of
grass and shrubs, and surveying the laterite surface with a total station
to mm-accuracy. Where we suspected blocks were covered with soil, we
located them with 1.5 cm diameter steel rods hammered into the
ground to see if they encountered laterite over an informal grid pattern,
and positioned with the total station, noting the depth to refusal. The
probes could reach to about 1.8 m below ground. Laterite blocks that
were washed downstream were located with a handheld GPS unit to
~10 m accuracy. Where the blocks were in piles, only the boundaries of
the piles were surveyed using the GPS unit.

The chute was cleared of grass and shrubs from 10 m upstream of
the within-chute structures located on the lidar (Section 2.5.2) down to
the downstream end of the sloping ground, taken to be the toe of the
chute's spillway. Where only a thin layer of soil covered laterite blocks,
this was removed, particularly in the area around the pavement and the
upstream end of the chute's spillway. Four trenches were excavated at
the chute to elicit the extent and form of the structures and the type of
damage they had suffered. As this was a water management feature,

Fig. 1. Koh Ker on the road between Angkor in present-day
Cambodia and Wat Phu in southern Laos. Road alignments
from Hendrickson (2007).

3 There were indeed longer Angkorian structures across rivers, such as an embankment
about 30 km long at Angkor, but these were built on the Puok-Siem Reap Delta, where the
flows were distributed into many channels, the slopes were shallower, and the water
flowed more slowly, making it much easier to control.

4 The date in the inscription in the eastern portal had been erased by the time it was
recorded (Cœdès, 1954, 113), so all we know is that the temple was built no later than
941 CE.
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