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1. Introduction

    The linear scaling system before 8th C both in Korea and Japan had not been made clear for a long time.  However, recently a scale unit named Kokanshaku (古韓尺: 26.7cm) was restored inductively by computer analysis for a lot of ruins such as old mounds, temples, palaces and so on 1).  Moreover this Kokanshaku was verified from old documents such as the stone-monuments of Namsan-sinseon(南山新城) at 6th C in Korea 2), Izumo-Fudoki(出雲風土記) compiled at 8th C in Japan 3) and the articles on old Silla capital in Samgug-sagi (三国史記) compiled at 11th C 4).   

In addition, the ancient Korean land system i.e. Gyeolbu-je (結負制) was restored from the analysis of some old documents by intermediation of Kokanshaku. The results clearly showed that the Gyeolbu-je had adopted the decimal land scaling system i.e. chong(井,丁) = 10 gyeol(結), gyeol = 100 bu(負), bu = 10 sog(束) and sog = 10 pa(把).  As chong was square ri(li里) and ri was 300 bo(bu歩) in ancient east Asia, sog was calculated to be 9 square bo i.e.( 3 bo×3 bo).. Therefore Gyeolbu-je used 3 bo as the basic land-scaling unit, i.e. Ryangjonbo(量田歩), where bo consisted of 6 Kokanshaku. From the above discussion Korean Gyeolbu-je is summarized as follows..

Kokanshaku = 26.7 cm, bo = 26.7 cm×6=1.60 m, Ryangjonbo = 1.60 m×3 = 4.80 m

ri = 1.60 m×300 = 480 m, sog = 23.0㎡, chong = 230,000㎡.. 

On the other hand, the ancient Japanese land system. i.e. Daisei(代制) was unclear in detail except that the area of sokushiro(束代) was known as 23.0㎡. However today, it became clear that the area of sokushiro agreed with that of sog accurately and the Chinese character of sokushiro(束代) also agreed with that of sog(束). This coincidence strongly suggests us the Japanese Daisei was originated from the Korean Gyeolbu-je 5). 

If so, there might be some evidences that Ryangjonbo(4.80m) was used in the planning of large-scale old mounds in Japan. From this viewpoint a lot of large-scale mounds in good shape or well surveyed by excavation were examined. The results showed good fitability, for example the largest Nintoku-Ryo(仁徳陵) is just 100 Ryangjonbo in length and the followings are 90, 75, 60 Rangjonbo and so on 6).

From the above consideration, in this paper we can discuss the transition of land-scaling system in ancient east Asia, because the Chinese old text Liji(禮記) said that the linear scaling system in the Zhou(周) dynasty was that the Zhou-yard(周歩) consisted of 8 Zhou-foot(周尺) i.e. Zhou-yard = 20 cm×8 = 1.60 m agrees well with the bo(歩) in Gyeolbu-je or Daisei. 

2. Example of Kokanshaku (古韓尺) 
   2-1 Representative constructions planned by Kokanshaku
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Kokanshaku (古韓尺: 26.7cm) was restored inductively by computer analysis for a lot of ruins such as old mounds, temples, palaces and so on. The typical examples of construction planned by Kokanshaku are shown in Table 1, Table 2 and Table 3 1) 6).

  2-2 Representative documents indicating Kokanshaku
Kokanshaku has been verified also from old documents such as the stone monuments of Namsan-sinseon(南山新城) at 6th C in Korea, Izumo-Fudoki(出雲風土記) compiled at 8th C in Japan and the articles on the old Silla capital in Samgug-sagi (三国史記) compiled at 11th C. 
2-2-1 Stone monuments in Namsan-sinseon(南山新城) 2) 

Namsan-sinseon located in the southern part of Gyeongju (慶州) in Korea was a mountain castle surrounded by 3.7km rampart. From there, eight pieces of stone-monuments concerning to the castle wall construction had been unearthed, and the three of them recorded the sector lengths of the wall construction as follows.

    
No.1  11 bo(歩) 3 chog(尺) 8 chi(寸) →  69.8 chog(尺)  

    
No.2   7 bo(歩) 4 chog(尺)         →  46.0 chog(尺)  
    
No.3  21 bo(歩)          1 chi(寸) → 126.1 chog(尺)  

    The rampart wall is several meters in thickness and is not straight.   Comparing with the length (for example 20 bo 1 chog), the minimum expression (for example 1 chi) is too minute to go well with.  Moreover their three values have proportional relation, 10.5 : 7.0 : 19.0 each other. They must have been converted from some scale unit i.e. Kokanshaku to Chinese Jin-foot(晋尺：24.3cm) as follows.

    
No.1   69.8×24.3 / (10.5×6) = 26.8cm 

    
No.2   46.0×24.3 / ( 7.0×6) = 26.6cm 

   
No.3  126.1×24.3 /(19.0×6) = 26.9cm

These three calculated values are in good agreement with Kokanshaku.
2-2-2 Izumo-fudoki (出雲風土記) 3)
Izumo-fudoki, compiled at 733A.D states very minute geography of Izumo district. . If we would follow faithfully the description, we could reproduce the detail map.

    In Izumo-fudoki, there are quite strange expressions shown as follows.

    
From Izumo(出雲) office to Sazau(佐雑) village   13 ri(里)  64 bo(歩)

    
From Kamdo(神戸) office to mountain Kage(陰)   5 ri(里)  86 bo(歩)

    
Circumference of lake Kamdo(神戸)             35 ri(里)  74 bo(歩)

These numeral values are too minute to go well with just like as Namsan-sinseon. They must have been converted from another scale unit. Then we can get the conversion rule from old Kokanshaku to new Tenpyo-foot(天平尺＝唐尺) as follows.

    
Kokanshaku-yard (bo歩) = Tenpyo-yard (bo歩)／0.881

From the above formula Kokanshaku is derived to be 26.4cm if we put Tenpyo-foot to be 30.0cm. Conversion results are shown in Table 4.
[image: image2.wmf]Table 5  Large scale old mounds designed by Ryangjonbo(

量田歩

)  unit: m

Name of the 28 largest  scale old mounds 

length

  bo / Ryangjonbo

calc.

error

Nintoku-ryo 

大仙陵古墳（伝仁徳陵）

486

300

100

480

-6

Ohjin-ryo 

誉田御廟山古墳（伝応神陵）

430

270

90

432

+2

Rittu-ryo 

石津ミサンザイ古墳（伝履中陵）

362

225

75

360

-2

Zosan 

造山古墳

360

225

75

360

0

　

Kawachi Ohtsuka 

河内大塚古墳

335

210

70

336

+1

Mise Maruyama 

見瀬丸山古墳

318

200

320

+2

Keiko-ryo 

渋谷向山古墳（伝景行陵）

289

180

60

288

-1

Haji Nisanzai 

土師ニサンザイ古墳

288

180

60

288

0

Sakusan 

作山古墳

286

180

60

288

+2

Nakatsuhime ryo 

仲ツ山古墳（伝仲津媛陵）

286

180

60

288

+2

Hashihaka 

箸墓古墳

275

170

272

-3

Uwanabe 

ウワナベ古墳

255

160

256

+1

Sujin-ryo 

行燈山古墳（伝崇神陵）

240

150

50

240

0

Moro Miyayama 

室宮山古墳

238

150

50

240

+2

Chuai-ryo 

岡ミサンザイ古墳（伝仲哀陵）

242

150

50

240

0

Teshika-ryo 

西殿塚古墳（伝手白香皇女陵）

224

140

224

0

Suinin-ryo 

宝来山古墳（伝垂仁陵）

225

140

224

-1

Keitai-ryo 

太田茶臼山古墳（伝継体陵）

226

140

224

-2

Mesuriyama 

メスリ山古墳

224

140

224

0

Ingyo-ryo 

市ノ山古墳（伝允恭陵）

227

140

224

-3

Honda Hakayama 

誉田墓山古墳

226

140

224

0

Seimu-ryo 

佐紀石塚山古墳（伝成務陵）

215

135

45

216

0

　

Iwanohime-ryo 

ヒシアゲ古墳（伝磐之媛陵）

215

135

45

216

0

Seiryo 

西陵古墳

214

135

45

216

+2

Tsukiyama 

築山古墳

208

130

208

0

Ohta Tenjinyama 

太田天神山古墳

210

130

208

-2

Chausuyama 

外山茶臼山古墳

208

130

208

0

　

Tsudo Shiroyama 

津堂城山古墳

208

130

208

0

  

2-2-3 Sangug-Sagi (三国史記) 4)
Samgug-sagi compiled at 11th C states the grid planning of the old Silla capital as 3075 yard(bo歩) in length and 3018 yard(bo) in width, each strongly suggests 10 ri(里=300 bo) plus road space. On the other hand, incidentally one block length of the grid in the old Silla capital is now given as 160m by recent archaeological researches. Therefore this grid 160m is directly corresponding to 100 bo and from this relation, 1 bo is calculated to be 1.60m, 1 foot is to be 26.7cm.  This length agrees very well with Kokanshaku. 

Fig. 1 shows the grid planning of the old Silla capital restored by Kokanshaku.

[image: image3.wmf]Table 1 Pillar space of Horyuji temple (

法隆寺）

in Japan

Construction

Position

Measured

   Kokanshaku

(cm

）

n

length

Main hole

Ground floor side end

216.4

8.0

27.05

(金堂)

Ground floor side center

323.2

12.0

26.93

Ground floor inside

323.5

12.0

26.96

Ground floor outside

216.0

8.0

27.00

Second floor side end

188.6

7.0

26.94

Second floor side center

296.9

11.0

26.99

Second floor center

309.0

11.5

26.87

Five story pagoda

Ground floor center

266.7

10.0

26.67

(五重塔)

Ground floor side

187.7

7.0

26.81

Second floor center

241.9

9.0

26.88

Second floor side

162.5

6.0

27.08

Third floor center

214.8

8.0

26.85

Third floor side

134.5

5.0

26.90

Fourth floor center

187.9

7.0

26.84

Fourth floor side

106.9

4.0

26.73

Fifth floor

161.7

6.0

26.95

Gallery(

回廊

)

Girder, Beam

375.0

14.0

26.79

Table 2 Changunchum (

将軍塚

) in Goguryo Shian (

集安

)

Construction

Position

Measured

   Kokanshaku

(m

）

n

length

Old stone mound

Ground side length

32.5

120

27.08

Old stone mound

1st stage side length

29.6

110

26.91

Old stone mound

2nd stage side length

26.7

100

26.70

Old stone mound

3rd stage side length

24.1

90

26.78

Old stone mound

4th stage side length

21.5

80

26.88

Old stone mound

5th stage side length

18.9

70

27.00

Old stone mound

6th stage side length

16.1

60

26.83

Old stone mound

7th stage side length

13.4

50

26.80

Old stone mound

Top stage side length

8.0

30

26.67

Stone grave room

longitude and side 

5.3

20

26.50

Table 3 Pillar space of Hwangyoungsa(

皇龍寺

) in Korea

Construction

Position

Measured

   Kokanshaku

(cm

）

n

length

Nine story pagoda

space of pillar(7ﾗ7)

315.7

12.0

26.31

Main hall

Girder, Beam inside

500.3

19.0

26.33

Eaves part

342.5

13.0

26.35

Lecture hall

Beam

546.2

20.5

26.64

Girder

397.0

15.0

26.47


Fig.1 The old Silla capital restored by Sangug-sagi and Kokanshaku

3. Korean Gyeolbu-je (結負制) and Japanese Dai-sei (代制) 5)
It is well known that both Gyeongmu-je(頃畝制) on the basis of real farm area and Gyeolbu-je(結負制) on the basis of harvest had been carried out simultaneously in Korea but even the real area before Goryeo(高麗) has not been clear yet, mainly because of miss-writing in a basic document Munjong Ryangjeon rule(文宗量田法).

However the miss-writing is now corrected by referring to Goryedogyeong (高麗図経) and it becomes clear that Ryangjonbo(量田歩) consists of 3 bo(歩) and Gyeol (結) is defined as square 33 Ryangjonbo(量田歩). This means Gyeol (結) is square 100 (99) bo (歩) i.e. Gyeong (頃). 

The remained question is why they introduced so a complicated system that Gyeol is square 33 Ryangjonbo.  The answer came from the Sungboksa (崇福寺) inscription in which Gyeol (結) was regarded as 9,000 square bo (歩). This means sog(束) was defined as square Ryangjonbo, because Gyeol (結) is 1,000 sog(束). Gyeol (結) was not equal to Gyeong (頃) in Silla(新羅) period, while they agreed with each other in Goryeo period.

As well known, in ancient China jing(井) meant square li(里) i.e. 90,000 square bo (歩) since li consisted of 300 bo(歩). Consequently chong(jing井) agreed with 10 Gyeol (結). The result clearly showed that the Gyeolbu-je had adopted the decimal land scaling system i.e. chong(井) = 10 gyeol(結), gyeol = 100 bu(負), bu = 10 sog(束) and sog = 10 pa(把) and sog(束) i.e. square Ryangjonbo(量田歩) was the basic land scaling unit in ancient Gyeolbu-je(結負制). 

From the above discussion Korean Gyeolbu-je is summarized as follows..

Kokanshaku = 26.7 cm, bo =1.60 m, Ryangjonbo = 4.80 m, ri = 480 m, 

sog = 23.0㎡, gyeol = 23,000㎡, chong = 230,000㎡. Gyeong=25,600㎡ 

On the other hand, the ancient Japanese land system i.e. Daisei(代制) had been unclear in detail except that the area of sokushiro(束代) was known as 23.0㎡. However today, it became clear that the area of sokushiro agreed with that of sog accurately and the Chinese character of sokushiro also agreed with that of sog. This coincidence strongly suggested us the Japanese Daisei was originated from the Korean Gyeolbu-je. 

4.  Large-scale old mounds designed by Ryangjonbo(量田歩) 6)
If the Japanese Daisei(代制) was originated from Korean Gyeolbu-je, there might be some evidences that Ryangjonbo(4.80m) was used in the planning of large-scale old mounds in Japan. From this viewpoint a lot of large-scale mounds in good shape or well surveyed by excavation were examined. The results showed good fitability, for example the largest Nintoku-Ryo(仁徳陵) is just 100 Ryangjonbo in length and the followings are 90, 75, 60 Ryangjonbo and so on. The 28 largest old mounds are summarized in Table 5.

[image: image4.wmf]Table 4 Distance shown in Izumo-fudoki and the conversion to Kokanshaku

Tempyoshaku

天平尺

歩

Kokanshaku

古韓尺

Ratio

Ou office to Mori (

意宇郡家〜母理郷

)

39

里

190

歩

11,890

45

里

0.881

Ou office to Tatenui (

意宇郡家〜楯縫郷

)

32

里

180

歩

9,780

37

里

0.881

Shimane office to Katae (

嶋根郡家〜方結郷

)

20

里

080

歩

6,080

23

里

0.881

Shimane office to Chikumi (

嶋根郡家〜千酌

17

里

180

歩

5,280

20

里

0.88

Izumo office to Kizuki(

出雲郡家〜杵築郷

)

28

里

060

歩

8,460

32

里

0.881

Izumo Nishikadonoe round(

出雲郡西門江

 

周

)

3

里

148

歩

1,058

4

里

0.882

Izumo to Sasafu(

出雲郡〜佐雑村

)

13

里

064

歩

3,964

15

里

0.881

Kanbe office to Kageyama(

神門郡家〜蔭山

)

5

里

086

歩

1,586

6

里

0.881

Kanbe water gate

35

里

074

歩

10,574

40

里

0.881

Iishi office to Yosoki(

飯石郡〜與曾紀村

)

28

里

060

歩

8,460

32

里

0.881

Nita office to Mt.Yuki(

仁多郡家〜遊記山

)

37

里

000

歩

11,100

42

里

0.881

Izumo office to west end (

出雲郡家〜郡西堺

)

13

里

064

歩

3,964

15

里

0.881

St.Kuroda to St.Ckikumi(

黒田駅〜千酌駅

)

34

里

110

歩

10,310

39

里

0.881


5.  Transition of land-scaling system in ancient east 
The Chinese old text Liji(禮記) said that the linear scaling system in the Zhou(周) dynasty was that the Zhou-yard(周歩) consisted of 8 Zhou-foot(周尺). The original text is as follows.

禮記　王制篇

①古者　以周尺八尺為歩　②今以周尺六尺四寸為歩　

③古者百畝　当今東田百四十六畝三十歩　

④古者百里　当百二十一里六十歩四尺二寸二分

The following part ② means the old Zhou-yard (8 Zhou-foot) was equal to the new 6.4 foots (chi尺), ③ means the old 100 mu(畝) was equal to the new 146 mu(畝) 30 bu(歩), and ④ means the old 100 li(里) was equal to the new 121 li(里) 60 bu(歩) 4 chi(尺) 2 cun(寸) 2 fen(分). 

③ and ④ should be the conversion results from 8 Zhou-feet to 6.4 new feet but they do not agree with each other. This is , as Kong Guangsen(孔廣森) 7)  had pointed out, because that “6.4 feet” was miss writing of “6.6 feet”. If we adopt this opinion, the calculation result of ④ turned out to be 121 li(里) 63 bu(歩) chi(尺) 2 cun(寸) 2 fen(分) which agrees very well, though there is slight difference. 

It is generally accepted that the Liji(禮記) was written in Tai(秦) or Xihan(西漢) dynasty. Therefore the Han-foot(漢尺:23.5cm) must have been used as the new scale. So, we can get Zhou-foot(周尺) was 19.4cm (23.5cm×6.6 / 8). 

Concerning to Zhou-foot(周尺), Wu Dacheng(呉大澂) 8) restored it as 19.6cm and Wu Chengluo(呉承洛) 9) restored it as 19.8cm from relics of Zhou(周) dynasty  Here we adopt 19.8cm as Zhou-foot(周尺).  From the above discussion the ancient land scaling system in China is summarized as follows..

Zhou-foot(周尺) =19.8 cm, Zhou-yard(周歩) =1.585 m, Zhou-li(周里) = 476 m

Zhou-jing(周井)= 227,000㎡. Zhou-qing(周頃)=25,100㎡

These results quite well agree with Korean ancient Gyeolbu-je(結負制) and Gyeongmu-je(頃畝制). This coincidence strongly suggested us the Korean Gyeolbu-je and Gyeongmu-je were originated from the ancient land scaling system in China. Consequently we can get the transition diagram of the ancient Asian land system as shown in Fig.2.

7. Conclusion 
1. Japanese ancient land system Daisei(代制) completely agreed with Korean ancient land system Gyeolbu-je (結負制). This coincidence strongly suggested us the Japanese Daisei was originated from the Korean Gyeolbu-je. 

2. According to the Chinese old text Liji(禮記), in Zhou(周) dynasty, Zhou-yard(歩) was 1.585 m, li(里) was 476 m, jing(井) was 227,000㎡ and qing(頃) was 25,100㎡. On the other hand in the ancient Korean Gyeolbu-je and Gyeongmu-je(頃畝制),  yard(bu歩) was 1.60 m, ri(里) was 480 m, chong(jing井) was 231,000㎡ and qing(頃) was 25,600㎡. This similarity also strongly suggests us the Korean land system was originated from the Chinese land system in Zhou dynasty.
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