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GIS and Astronomical Research
on the Ancient Capital Cities in Japan

‘Miyahara Kengo Usui Tadashi

Kyoto City Archaological Research Institute Osaka Sangyo University

It is during the Asuka period (7" century) in Japan that orientation became an important
factor in designing large-scale structures such as mausoleums and streets as well as capital
cities. The latest group of kofun (burial mounds) built during this period are positioned
along and near what is commonly referred to as the "sacred line/zone," the straight line
cutting across, and extending north and south from, the heart of the ancient capital city of
Fujiwara-kyo.

In November 2004, we conducted a GPS survey of the kofun and palaces of the Asuka
region using DGPS (Differential GPS), which is capable of providing instant high-precision
measurements to an accuracy of 30 centimeters. The results showed that the area's kofun
mounds stood slightly off to the east and west of the sacred line, as had already been pointed
out, and that the lengths of the parts of the line extending from the northern and southern edges
of the mausoleum of Emperor Temmu and Empress Jito were both integral multiples of 600
shaku, in the unit of measurement called komajaku (one shaku roughly equals 0.352 meters).

Heian-kyo, a later capital city, was found to be oriented westward, off true north, by 23
arc-minutes. The figure was obtained based on the optimal fitting of the measurements of
the streets excavated from the site with those given in a plan of the city included in the
Engi-shiki (a collection of 10th century regulations). Two other early capital cities,
Nagaoka-kyo and Heijo-kyo, were also found to lie at angles to true north, facing westward
by seven and 21 arc-minutes, respectively. This means that Japan's old capital cities were all
basically oriented within a few dozen arc-minutes of north-south. The fact that Heian-kyo
and Heijo-kyo have strikingly similar degrees of westward orientation, meanwhile, may
suggest that efforts were made to replicate the orientation of Heijo-kyo, the older of the two,
when Heian-kyo was constructed.

As to how people located true north in those days, two methods were given in several
historical documents from China including Zhoubi Suanjing and Huainanzi. One is based on
using the Sun as the reference point and the other relies on the position of one of the
circumpolar stars, which are seen near the Celestial North Pole. We experimented with the
Sun-based technique and found it to be quite effective, finding true north to an accuracy of

1/1000 (four arc-minutes). While this result supports the possibility that this method was
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indeed the one employed in the construction of ancient cities, we are yet to test the
circumpolar star method, whose effectiveness remains unknown.
For details, see our English page:
http://homepage3.nifty.com/silver-moon/Heiankyo/orientation.htm
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