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⅍שּ ᵩ ҩ ш Ю

̆ ў ѐ ᵩ Ԉ ⁸

̆ ᵩ ֶ ̆ У ᵩ

ӝ ╟ᴐ ⁸ έ Ѭ̆

ᶑ ҂έ У ֓ḣȂ 

1958~1987 96э Ӈ  ‍ ̆

э שּ ע ̆ Э ̆ א п ῏̆

ע ꜛשּ שּ ὲ̆ ѝ

ȁ ȁ Э ȁ Э ̆ Ю ȁ ᵩ ע

Ȃӱ Э ̆ ע ᴇ ῏ □ 1̆972 Ԉ₥ ע

╟ 1̆972 Ԉ ̆ ұ ῏ Ȃӱ ע ̆

֙̆ Ю бשּ Ѯ ὲӹ ᵩשּ ע □Ȃ

֙̆ ע □ᴇ ȁא б Э ȁ שּ ѐ

Ȃ 

1950~2008 б ‍ ̆ ⁮ҩ бӊ

Ѯ ע Ḷ 1978~1979 ̆ Ḷ ѝ

ӊ ꜛ ֗⁸ ᶑ Ȃ б ֶ

Ὧ‍ ̆ ⁮ҩ ᵩ ӊ ע ў ֶ ̔ нӊ

н ȁ Уӊн ȁᾚᴐ ȁ҄ ӝ ȁᾚ ȁᾚ

╟╒ȁ ȁ ̆ ‍ ҩὲ ╟╒ ᴐ

Ȃ ԈЭў ֶ бᵩ ӊ ‟ ‍ ̆

‟ ѐ̆ע ұ ֶ Ȃ 

‍ ̆ 20й 80 Ԇѐ ̆φ ӊ

ѐ שּ Ԉ ȁא Э Ȃ⁮ й ₥10 ѐ ̆ э שּ ᵩ

₥У ҩ ῏ ̆φ ӊ ш שּ ѐ

Ȃ чэ ̆ע ᵩ ӊ ῏ שּ Ю

א ̆ᵩ ӊ ῏ שּ ȁ Ȃ 

ұчэ б Ὧ ‍ ̆ чэ ̆

שּ ̆ ֶ ̆ ̆שּ ֶ

ᵩ ӊ Ȃ й 10 ѐ ̆ ֶ

ᵩ ӊ 20й 80 Ԇѐ Ȃ чэ ᾃ ̆ שּ ֶ

ұ ̆ שּ Ȃ 

 

Ὧ ̔ ̆ᵩ ӊ ̆ ֶ ̆ ‍  
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Abstract 

Severe soil erosion in Loess Plateau had caused serious damage to the local ecological 

environment and the rising of river bed in the lower reaches of Yellow River. The previous studies 

on soil erosion mainly were focused on the impact of natural factors and its influence mechanism, 

so research on the role of social-economical factors and the mechanism of its action, has not only 

practical value to soil and water conservation, but also important theoretical signif icance in further 

understanding of the mechanism of erosion and human activities. 

Based on data from 96 hydrologic stations during the period 1958-1987, this paper 

investigated the spatial and temporal var iation in annual average sediment transport modulus on 

Loess Plateau by EOF analysis. Through research, we found that the variation of sediment 

transport modulus in the entire study area was quite stable in space, decreasing from northwest to 

southeast. As regards to spatial differentiation of sediment transport modulus, the maximum 

variation areas included Kuye river basin and the local area of Wudinghe River basin, and 

Huangfuchuan River basin, Wudinghe r iver basin, the upper reaches of Jinghe River and Weihe 

River was in the second place, while Fen River bas in and the lower reaches of Weihe river was at 

the lowest level. There was an overall decreasing tendency in temporal variation of sediment 

transport modulus. Big inter-annual fluctuations occurred before 1972 and afterward a stable 

decreasing trend can be seen.The variation rate of sediment transport modulus showed opposite 

trends between Weihe River basin and the other areas in most years, while Jinghe River basin, 

Beiluohe River and the upper reaches of Fen River, the middle reaches between Hekou and 

Longmen in the other few years. 

Based on hydrometric and precipitation dada from 1950 to 2008, one break on the 

double-mass curve between precipitation and sediment load was found aroud 1978͘ 1979. This 

break can be related to the change in socio-economic policies and the practice of large scale soil 

and water conservation measures. By a correlation analysis between socio-economic factors and 

sediment load, we found that the main factors affecting soil erosion include non-planting 

proportion of primary industry output value, primary industry proportion of total GDP, sown area 

of the crops, rural population proportion of total population, rural electricity consumption, total 

power of agricultural machinery, area of terraced fields, area of land created by chedams, area of 

forest land and grass land. After that, the driving force behind these factors and the mode of its 

action were analyzed. Based on time series analysis for the above-mentioned main 

socio-economic factors and sediment yield, we found that the contribution made by natural factors 

to sediment load was slightly higher than that made by socio-economic factors. 

This paper compared and analyzed the sediment transport modulus through the aspect of 

space, and reached a conclusion that sediment yield was concentrated in the reach between Hekou 

and Longmen and the upper reaches of Jing River and Beiluo River in the later 1980s. But the 

sediment yield of 2005-2007 was reduced sharply in contrast to the period of 1980s, and Kuye 

river and Wuding River were turned to the most serious erosion river basin. The comparison based 

on two period showed that the sediment yield of the lower reach of Fen River and Beiluo River 

basins was reduced the most, which was contrary to the Kuye River, the Wuding River and the 

Wei River Basin. 

The results of correlation and regression analysis between and sediment yield modulus and 

influencing1factors for the two periods indicated that in finer sediment producing area natural 
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factors had litt le effect on sediment yield, while socio-economic factors have strong effect. In 

relatively coarse sediment producing area, natural factors and socio-economic factors both had 

strong effect on sediment yield. Comparison between the results in the two periods showed that 

socio-economic factors in the period 2005-2007 had stronger effect than that in the 1980s. During 

each period, socio-economic factors had stronger effect than natural factors had in finer sediment 

region, but the situation in relatively coarse sediment producing area is just inverse. 

 

Key words: Loess Plateau, sediment yield, socio-economic factor, temporal-spatial analysis 
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1.1 Ѭ 

1.1.1  

ѐ й Э ш ѮЎ ү ὤ ̆

₥ὤ Ὥ 356Ъ km2 а ̆ ὤ

37.1%̂ Ӥ 2̆002̃Ȃὤ ᵩ 45Ӣ~50Ӣ t̆

‍⁞ ὤ ᵩ (600 Ӣ t) ὡ (240 Ӣ t) 7.5%~8.3%

18.8%~20.8%̆ ӱ ᴳ 66.7 km2Ȃ ѐ Ѧ й

ш 64Ъ̆שּ km2 שּ 45Ъ km2̆

שּ 67%̆ ὲѐ 15.6Ъ km2 ⁞ш ̆ з

ӝѝ 900~1100 km2̂ ἿѠ̆2000̃Ȃш ᵩ ╗

⅍ҩ ̆ ӝ ӊȂ ̆ ᵩ ӊ

ᴳЮ ̆ Ю ӝ ӊ

ὤȂ 

ᵩ Уэ ̆ ӝ ╟Ὥ ᴐ Ȃ₥

ӝ ᵩ ӊ ў ѐ ᵩ ȁ ע ᶑ ̆

Ԉ ֶ ѝ‎ὡ Ȃ Ԇ Ḁ ע ᾳ

Ю, ӝѝ ╟ ⁞ ӝѝᴐ Ԇ

╗⅍ Ȃ ᵩ ԆԈ₥ 7.9% ᵩ

Э ⁮ӭ 25%Ȃ50 Ԇ ѝ 153Ъ km2, 1992 Ὠ

179.4Ъ, 40 53Ъ̂ 1̆988̕

̆1993̃Ȃ҂ , а ὲӹ , 40 Ԉӝ ╟ѝў

ҩ 79Ъ km2Ȃ ,ӝ а ֶ ѝ Ԇ╗ ᵩ ў

(֗◊ ̆1998)Ȃ 

1.1.2 Ѭ 

ᵩ ὲ ‍, ᵩ ╗ ᵩ ч ᵩ

ṁ ᵩ ̕ ӝ ╟ ҩ ,╗ ҩ Ҿ ᴐ

ᵩ , ѝ╗ ᵩ ̂ Ἵ̆1987̃Ȃ ̂1983̃ ѝ╗

ᵩ ꜛ ӝ ╟ ᵩ ,҂ꜛ ╗ ᵩ Ȃ ╗

ᵩ שּ ѝ , שּ а
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╒ᵩ ̆ ₥ бӝ ╟ Ὧ Ȃ 

У ̆ ֒ ᾃУ аֶ ̆ע з

ᵩ ӊ Ȃӝ ╟ שּ ᵩ ӊ ў ֶ

̆ Ԉ ֶ ᵷ ע ѮЎ

҂ ӝԏ Ȃ ֶ ӊ ᴐ ҂

Ȃ ȁ ֬ȁᶢ ȁ ӊ ֶ ╗̆

ȁɡ ᶑ Ԉ῏ ( 1-1)Ȃ

Уэּש ᾃ Э̆ чэ ӝ ╟ ᴐ ̆ έᴇ

‍שּ Ҿ ᵩ ӊ ︠‍ Ȃ ԏ ֓έᴇ

УҾ ֶ ᵩ ӊ Ȃ 

ֶ ᵩ ӊ ̆ ‾ұ╗ ᵩ ӊ

̆ ᵩ ӊ ў ֶ ̕ ‍ ̆

ֶ а ̆ ̕ע ӊ

שּ‍ ̆‍ а ֒Ю̆ ֶ  Ȃע

Ю

ᾚн ӊ

н

ᶑ ᵩ ӊ ӊ

+ -

 

 1- 1 ӝ ╟ שּ ᵩ ӊ  

1.2 ᾃ  

ᾃ Ḁ̆ ў ֶ ᵩ ӊ

ὡ ̆ ᾃ ‡ў שּ ᵩ ӊ ѝў

̆ ᾋ ᵩ ӊ Ȃ 

1.2.1  

1.2.1.1 ӝ ᵩ ӊ  

ӝ ╟ ₥Ḯ ᾚ ӝў ᵑ ѝ ̆ ѝ
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╗ ᵩ Уэ ╟╒Ȃӝ ╗ ҩᾚ ╒ ᵷ̆ᴳ ᾚ

ᵩ ᴐ̆ ᴳ ֬ ѝע Ȃ л

̆ ̆ ⁮ᵩ ̆ ╗⅍̆ ӊ ֶЮ ̆

⁮ ̆ӝԏ ֶ ⁮ ш (Lal, 1990)Ȃ

Boserup̂ 1981̃ ѝӝ аУ ֶ ̆ע ѝӝ ֶᵷ

ᴳ ע ᾚн ᴐ Ԉ ⁸ … ̆ ֶ

ӊ ̆ Ԉ ᾚн ע Ԉ ӝ

╒Ȃ 

ע ч ̆ ľ Ŀ ľ╪╟╒ Ŀ̆ ў

ꜛ У‎ ╪╒ ὡ ў̆ ѝע ᴳ ̆ ᶑ

ᶢ ̆Ԉ ᴐ ȂBoserup

ӝ  ҩ ᴐ ӝ̔ ҩᾚн ӊ ̕ע

╗ ֓ ὲӹ Ὧ֓ ̕ע ╪╟╒ ╗ Ю

֓ Э ̕ ‾ұ ⁸ ӊ   Ȃ

ҩľ Ŀ ע ̂1981̃ ȂBarbier(1998)

ӝ̆ ╒ ҩ ᴳע ᶑ ̆ з ֶ

╗ ӊ ⁮ҩ ᴐ ȂУэ ҩп ҷэ

ҷэ ̆ ᾚ ᶑ ӹԏ ṁҩ

̂Turner et al., 1993̃Ȃ ќΰᾃҽ Ḁּ̆ש ҩ 800mm̆

̆ שּ ᴳ ̆ ₉ ᴳ Ԉ

֓ ᶑ ᵷᴳҩ ‾ע ̂Gorse et et al., 1987̃Ȃ 

╪╟╒ б а ╪̆╟╒

ᾚн ӊ ѐ╪╟╒ ὡ ╗Ȃ╪╟╒

ᶑ ╒ ὡ а Ȃп ѓ ᴐ Ю̆

ᶑ Ὧ ̂Matlon et al., 1984̃ȂLele ‍ҩשּ(1989) ч

ў שּ ᾚн Ḁ Ȃӹԏ ѝ╪╟╒ а ᴳ

ӊ ̆ ⁞ Ԉ Ȃᴿשּ ќ Ḁּ̆ש

ұ 800mm̆ӝ ֭̆ ̆ шע ̂Southgate et al., 1990̃Ȃ

Ԉ Lele ѝ Ὧ (1989)Ȃ 

1.2.1.2 ᵩ ӊ  

ע ᵩ Уэ ̆

ᴐȂ ̆שּ ұӝ ╒ ᴳ ̆

ᾚ Э ̆ ш ̂Kumar et al., 1992̃Ȃ ̆

֬ ‾ ῏ ̆ з ֗ᴉ ᶑ Ȃ

ҽ̆ ұӝ ш ᵩ ̂Metz̆

1991̕ Campbell̆ 1981̃Ȃ ֶ ᾚн ӊ
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ת̆ ᾚн ӊ ҩш ᵩ Ȃ У ў

ұ ᵩ ὡ ᴂ̆ ў ѝ ֶᶕ ȁ ᴳ

а Ԉ ֶ ᴐ ⁸ ̆ ὨὭ ӊ а ̆ ╪

╟╒ ὡȂ ᾳЮ̆ ᴐ ̆ а ּ а

ᾚ ⁸̂Lopez̆ 1997̃Ȃ ֬н ᵩ Ȃ1995

֬ ѝ 160Ъ m3̆   ⁮ 1.85Ӣ ἷ̂Slocomb̆

2002̃Ȃ ⁸ ֬ ԇ ұ ╒ а Ȃ ̆

֬н ֬ ᶢ ҩ Ȃ Ҿ   ў

ѝ⁸ а ⁞ ӊ а ̂Brown et al., 2000̃Ȃ 

1.2.1.3 ᵩ ӊ  

(1) ᾚн  

Helge et al.̂2003̃   ұ ᾚн ̆ӱ 1950 ̆

30 ̆ п Ьэ ӱ эᾚн ‾

30% ⁮ 80%̆ ӱ ῏ ̆ ‾

ע ╗ ᵩ ҩ ה ᵩ ч᷁Ȃ ὲ ₁

ᾚ ᴐѝ ה̆ ᵩ ֶ ⁮ ч

⁮Ь᷁Ȃ נ ᾳ  ᾮ ̆ᾮ ᵩ ה ̆ᾮ ᵩ

ὲӹ ѝш ȂArnalds et al.̂ 2003̃ ѝ ᾮ ѐ л ὨὭ

ұ ֒ а ί ̆ ᾮ ᴿ ᾚн

ҩ ίн Ȃ 

20Ӣ ἷ ӊ̆ ҩὲѐ 35%̆

שּ ӊ ⁮Ὧ ᴐ ȂGraaff et al. (1999)‍ ҩ

ȁ ᵩ ̆  ҩὯұ

ӊ ꜛ Уэ ̂ ̃ ч ╨ ̆

У ₁ ╨ ӊ Ў ╨ ᶑ ̆ У ұ

ў̆ ӊ ╨̆ ּשּ ᾚ Ԉӱӹԏ ᶑ

╨Ȃ 

(2) ֭  

1992 ᾚнὨὭ ѐ ̂Common Agriculture Policy̆ CAP̃   ҩ

֭ ‚ Ѯ ֭ ╗ ת̆ ұ Ḁȁ ֒

̆ У ‚ ᵩ а ȂУ ֭ ‚ ᾚн שּ

ᵩ έ ̔(1) ұ ᵩ ῏ ̕(2) ұ

έ ᵩ ᾚ ִἼ ֭ ̆ ᵩ ῏ ȂAnton

̂2000̃ ѝҩ ̆ ‾ ѐ ᾚ ̆‾

⁸ҩ ֭ ̆ ֭ Ԉ а ֒Юּש
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ᵩ ῏ Ȃ ֭ ‍ שּ ᵩ

ὯȂDarcy et al.̂ 2005̃ ҩ ѐ Уэ ̆

Ҿּש ֭ ‚῏ ҩ ᵩ ת̆ ѐ ᵩ

╗ □Ȃ 

1.2.1.4 ᵩ ӊ  

Ὧᾚн ӊ ‾ ᾚ ᾱ Э ֶ ̆

̆ᾚн ȁ ᶑ ֓ ̆

̂а ̃ а ̆ꜛ ᵩ Ȃ Ҿ

̆ ѝ ᾚнӊ ᾚн ӊ а

ֶ ᴇ‍ ȂBoardman et al.̂ 2003̃   а ў ̔

(1)ּ ᴐ ̂бᶑ ᴐ ̃ ╒ ╒ᴐ Ю̕

(2) УҾ ұᵩ ᴐ ̆ᴿ ̕(3) Ҿᴐ ұ

Ὧ ᵩ ̆ Ȃ ֶ ֶ ᾚ а ᴐ ̆

Ҿᴐ Ȃ 

Jayanath et al.̂ 2003̃   ѐ ӝ ̆

ұ ֒ ⁸ ᶑ ̆ ᵩ ᾳ ш Ȃӱ

ᾚ̆ӊ ֓ ҂ ᵩ Ȃ ѐ

̆ ╒ȁ ίа ҩᴂ ֓ ̆ ѐ ᾃ

֓ ᾳ чэ ̔ᴂ ֓ ᴂ ӊ ̆

ӱ ῏ ᾚн ӊ ᵩ Ȃᴂ ֓ ᾚн ӊ ‾ ᴂ̆G

ᾚ а ᶑ Ȃᴂ ӊ ֓ ֶᴳᾚ ╗ ӱ̆

Ȃᾚӊ ⁸ ᾃᾚӊ ֓ Ḷ ֶ ᵩ ӊ

̆ ҽ ұ ֓ ᾚ̆ Э

ᵩ (Barbier, 1990)Ȃ ̆ ֓ ᵷᴳᾚ ֬

(Deininger et al., 1999)Ȃ ᾚӊ ҩ

ᾚӊ ֓ Ю ӱ̆ ֶ ᾚӊ   ѐ ᾃᾚӊ ֓

ᴂ̆ Э ‍ ᾚӊ ֓ ᴂ ᵩ Ȃ 

֓ ᴂᴳ ᴂȂ ╗ ȁ ȁ ҽ

ᴂ 10~90%Ȃᾚ Өѝ

5~15% (Sampath, 1992)Ȃ ӨӨѝ 50% 

(Chien, 2001)Ȃ ҩ ᶢа╒ ӱ̆ע

╗⅍ҩ ᵩ Ȃ 

1.2.1.5 н ᵩ ӊ  

Lemly et al.(1982) ̆ ‫ע ᵩ ̆ Ὤ ̆

ᵩ ѝ 230~700᷁ ѝ̆ᾚ 100 ᷁̕
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̆ 2͘10᷁̆ ⁮ 100

᷁̂Walling et al., 1970̃̕ שּ שּ ᵩ У 2͘6

¦104t/(km2¥a)̆ ш 10¦104 t/(km2¥a)ԈЭȂ ̆Ὠ ᵩ

ҩ 4Ӣ t(Helm,1978)̆ Pennsylvania

ѝ 2500t/km̆ 10᷁ ȂHookê 1999̃

̆ ╟ ѝ 8 Ӣ tȁ ѝ 38Ӣ tȁᶢ ѝ 30

Ӣ t̆ ᾚн ╟ѐᴳ 7Ӣ t ⁮ ѐ ̆ԈЭὭ 76Ӣ tȂб

̆ а ӝ ╟ ̆‡ ὡ ̂ б ̃ѝ

10Ӣ tȂ ̆ӝ ╟ ╟ 7.6᷁Ȃ 

א (1952)שּ ̆ 90% ȂLal 

R(1994) ѝ̆ ᵩ ѐ ̆ ѝ

ע ҩ ̆ӝѝ ╟╗⅍ҩ ᵩ Ȃ

Nyssen (2002) Ὠ ̆   ֶ

╟ ̆ Ю ‎ Ȃ ‾ҽ

(2001) ̆ ұ ̆ 24 ╗ҩ

6%ȂLucê 1999̃ ӊ ҩ ̆ (ꜛ

ȁ ᵳ ȁ ) ᴂҩ ὡ ╒̆ ұ

̆ ѝ ӊ ӊ ȂFransen ̆

ᴐ ⁮ч᷁⁮ΰ︢᷁Ȃ 

1.2.1.6  

ᵩ ӊ ֶ ў ѐ ӝ ȁ ȁ э

Ȃ ӝ ў Ӯ ҩ Boerup ӝ ᵩ ̆ ӝ

ᵷᴳ ᴳע Ԉ̆ ע ч Ȃ ў Ӯ ҩ

֬ ᵩ Ȃ ў а ᾚ ᵩ ӊ ̆

ў ѐ ў̆ ̆ ҂ў ѝ

ᵏᵑ Ȃ ў ѐ ֓ ╟Юᾚ а

ᵩ ӊ Ԉ̆ ᵩ ӊ ֶ Ȃ Эў

ᾚ УҾ Ȃ έᴇ ὡ̆ έᴇ

ȁ֓ ╟Ԉ УҾ ֶ ̆ ֶ ᴐѝУэ ᴇ

ὤ Ȃ ў ӱ ὲ̆ ҂ ѝ

̆б ᾳ У Ȃ 

1.2.2 ᾃ  

ᾃ Ὧ ў ѐ ȁ ᵩ ӊ
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̆ɡ ӝ ╟ ̆ ֶ

̆Ю ӱ эб ֶ Ὧ ᾃ Ȃ 

1.2.2.1 ӝѝ╗ ᵩ  

ᵩ ⁮ҩӝѝ ╟ ╗ ,  ‾ ӝ

ӊ , ľӝѝ╗ ᵩ Ŀ,  ӝѝ ᴐ ̂

ѐ ̆1991̃Ȃ ᾃ ӝѝ╗ ᵩ ̆ ѐ ╗ ᵩ б ᵩ

Ȃ ̂1983̃ ‾ Ю а ᾰ ̆

ה ҩὤ Ԉ ᵩ ѝ 7.9%̆ ӝ ╟ ╗ ᵩ

̆⁮ 20й 80 Ԇ ⁮ 25%Ȃ ѐ ̂2005̃

ᵩ ӝѝ╗ ᵩ , ᵩ

ᵩ 70%, ӝѝ╗ ᵩ 30%Ȃ ῧ̂1995̃ ᶑ

ӝ ̆ ѝ ᵩ ᵩ 9.55%̆ а

ѳ ⁮ 16.67%̆ ‾ Ө 2.03%̆ ╗ ᵩ ᴐ ў ᴁȂ

̂1995̃ б ̆ ╗ ᵩ

ᵩ ΰ ᷁ ΰ︢᷁̆ ″ ̆שּ ӝѝ ̆

ӝѝ╗ ᵩ Ԇ ᵩ ѐ ў ᴁȂ ᾃ ╗ ᵩ

ѝ ̆ ў ѝ ӱ Э ע ̆

Ԇ ̆ӝ ╟ ѝш Ȃ Э ̆ ╗ӝѝשּ

ᵩ ̆ Ԇ ᵩ ѐ ў ᴁȂ 

ᾃ ӝ̆ѝ╗ ᵩ ѝ Ԇ ᵩ ў╒̆ ӝ

ѝ╗ ᵩ ѝ̆ ӝ ╟ ֶ ҩ Ю̆ ‍

⁞ӱ э ᵩ ֶ Ȃ 

1.2.2.2 ӝ ╟ ᵩ ӊ  

ӝ ╟ ╗ ᵩ ̆ ᵑ а ̆ Ԉ‍ѝ

ȁ ֶ Ь Ȃ ў

ȁע ȁ Ԇ Ю ᾰ ע

‍ ̆ ע ѐ ᵩ ᵩ ע ӱ̆ ֓

ᵩ б╗ ᵩ Ȃ ‾ ȁ Ḁ ȁа ‾ ᵩ

‾ ᶑ ᴐ ֓ӝ ╟ ᵩ ѐ ᴐ Ȃ

ֶ שּ ֶ а ̆ ֶ ╟

Юӝ ╟ ᵩ ᴐ Ȃ 

Ю ᾰ ȁ ȁע

Ԇ ע ‍ ̆ ᵩ ᵩ ,ע

ӱ ᵩ б╗ ᵩ ̆ ֓ӝ ╟ ( ̆2003)Ȃ

̂1983̆ 1996̃ȁ ̂1983̃ Ю а ᾰ
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̆‫ а ᵩ ̆ Ԉ 11.6Ӣ tᴐѝ Ԇ

ᵩ ̆   1855 ȁ1919~1949 ȁ1949 Ԉ а ӝѝ╗ ᵩ

‍⁞ѝ 6.7%ȁ18.4% 25%̆ Э ᵩ ў ᴁȂ ̂1994̃

‡ ѝ ̂ ӭ 2000 ̃ѝ ѐ ᵩ ḣ Ԇ̆

ᾰ ч ה Эӝ

╟ ᾳЮ̆ ѐ ᵩ ḣѝ 6.5~10Ӣ t̆ ӝ

Ḷ Ȃ ̂1988̃  ӊ   ‍

, Ԉ ұ ӝ ╟ ᵩ , ᾃ ȁ

чэ ӝ ╟ ҩ‍ Ȃ ѐ ̂1991̃ ѝл שּ

ӱ Ԉ (31Ъ ,ᵩ )̆ᵩ ╗,ӱ 350 t/( km2¥a)  

╗⁮ ӭ 715 Ъ ᵩ ѐ 6 665 t/( km2¥a)̆ ӭѝ 10146 t/( km2¥ a)̕

שּ ᵩ ӱ Ԉ ̂9Ъ ₥̃ ᵩ ,ᵩ ӱ

7Ъ ₥ 350 t/( km2¥a), ╗ ₥ 1 990 t/( km2¥a)Ȃ 1Ъ ӭ

ӊ ᵩ ⁮ ᵩ , ӱ 8000 6000 ӝ ╟

̆ᵩ ӝ Ȃ ї ᵩ ̆   л

שּ ╗שּ ᵩ ᴿ ѝ 30 %̆ ₥ ї ‍ḣѝ 30 % 70 %,

ѝ 39 % 61%Ȃ ѝ Ӱע ұ‫ ѐ ,

ᵩ ִ□̆ ѝ Ȃ 

ў ‾ ע ȁ Ḁ ╟ȁ ‾

̆ ֓ӝ ╟ ᴐ Ȃ ἿѠ̂1992̆ 2004̃ ѝ

ӝѝ╗ ᵩ ў ̆ 100 ӝ̆ѝ╗ ᵩ ў

ᴁȂ ̂1992̃ ѝ чЬ︢ ╗⅍

ȁ ̆ ̂1995̃ ӝ

̆ ѝ ᵩ ᵩ 9.55%̆ ╗ ᵩ ў ᴁȂ

̂1983̃ 1 ̆ Ь

‍ ѝӝѝ ╟ ╗ ў Ȃ ‾ ̂1992̃ ѝ 80

Ԇ ѐ ῏ ұ ῏ 70%̆ 30%Ȃ

̂1993̃ б ה ѐ ѝ 20

‾ ᶑ 5.52Ӣ tȂ 

ֶ ў ᾚн ӊȁӝ ȁ ̆

ֶ а ᵩ ӊ Ȃ ̂2006̃ ‍ ҩᾚ ֶ

ע ӊ ̆ א ӊ бᾚ ӝ

ὡȁᾚ ӝ ғ   ᾚнӊḣ GDP ‍ ὯὯ ѐ 3эї

̆ ᾚ ӝ ὡ< 400ἷ/ a ̆ ұ ӊ ╒̆ᴳ

ᵩ ӊ ̕ ᾚ ӝ  < 20ἷ/ a ̆ᾚ ў
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֬ ȁ Ю ȁ→ ұ ,ᴳ ᵩ

ӊ ̕ ᾚнӊḣ GDP ‍ > 40% ̆ᾚ ӝ

╒ᴳ ᵩ ӊ Ȃ ̂2005̃ ȁ

ȁӝ ȁ ᴐѝ ѐ ӝ ╟ ̆

б ҩӝ ╟б Ѯ Ὧ ̆

ֳ ӝ ѐ̆ ў ȁ ᴿȁ

ȁ ӝ ̆  ӝ ╟ ѐ

ў ╟ Ȃ ̂2008̃ п ᵩ ӝ ‍

̔ ӝ п ᵩ ў ╟╒Ȃ

̂2007̃ ‾ ҩᾚн ӊ ╟ ᵩ ̆

ȁᴐ Ԉ ᴁ╪╟ ὡ ᵩ ᴐ Ȃ ֶ

̂2004̃ Ԉ ѝᴿ ҩּש ᾚн ע ̆

1988͘ 2000 ̆ ᾚн ע ҩ 15.2 %̆ ᾚ ѝᴐ

̆ ῏ 61. 44Ъ hm2̆ ұ 2000 18. 36 %Ȃ 

1.2.2.3 ‾ / ע ᵩ ӊ  

‾ / ע ֶ ȁּש ὤ (Calder̆

2002)Ȃ ‾ ע ӝ ╟ ̆ ӝ ╟ ҩᾱ ╖

Ȃᾚн ȁ ֓ḣ̆ ȁ

ֶ ע ҵᴐ Ȃ ̆ ‾ ȁ ᴐ

ȂCaltaghan (2003) ѝ ұ ֒ȁ

֒ ᴳע ӝ ӱ̆ ‾ Ȃע ‾ ע

ѝч ̔(1) (modification)̆ а ᴐ . ᾱ ᴳ

‾ (2)̕ע ̆(conversion)ע ‾ У

ѝע У Ȃ ‾ / ע LUCC

BAHC ‚ IGBP чэ Ȃ ‾ /

Ԇע ҩУ ӝѝ ľ Ŀ̆ үэў

֒(Ъ ̆2004)ȂLUCC ў

ע Ȃ ̆ б

ὲ (Ṭד ̆2001̕ ̆2003)̆ ѝ

ᾞ ᾋ‍ ̆ᴳὲ ȁὡ ȁ ȁ

ҩ ӱ̆ע  а ұὲӹ (

̆2001̕ ̆2001)̆ ‍ (

̆2003̆  2004)Ȃ ̆ ᴐѝ ע ѮЎ ѝ

‾ / ע Ȃ 

ᵩ ᴐѝ ‾ / (LUCC)ע ў ѮЎ
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ӝѝ ╗ ̆ ὤй Ȃ ‾ /

бע ᵩ Ὧ ѝ LUCC ᵩ У

( ̆2003)Ȃ ж ѝӝ ὲ ╟

ᵩ ў ӑ ‾ ῏ ᵩ έ

( ̆2001̕ ҽ ̆2002)Ȃ ‾ ҩ

ὲ ӱ̆ ᵩ ╟╒ ᵩ ╒ ̆ שּ

ᵩ ѐ ᴐ ( ̆2000)Ȃ 

УҾ ӱ   ̆ ѐ̆

̆ ̆

Ԉ ╗ὡ ̆῏ ȂFrancisco et al.(1998) а а

Ю ̆ ὲ̆

╖ ȁ ╒ ⁮а ╗ ȂCarroll et al. (2000)

שּ б Э ӑ ̆ ᵩ

ў ᴁ ̆ Ԉᶑ ᴇὁ ̆

῏   ᵩ ̆῏ ȂGhidey (1997)

̆ ѝ ᴐ ת̆ Ԉ

Ȃ 

ά (2004) ȁ ȁѷ Ь שּ

̆῏ ᴐ ̆ ᴐ ѝ ̆ Ѯ̆ѷ ̕ ῏

ᵩ ᴐ ̆ ᴐ ѝ ̆ѷ Ѯ̆ ̕ ȁ ȁѷ

ᵩ Ь ѐ   □̆

ȁ ѷ ̆ ᵩ ᴂȂ ̂2001̃

ᶑ ‍ ,  ҩ 7 ў ᴐ 6 

эᾚᴐ ,  7 ᴐ ҩ , ὲ

ḣ 0.23͘ 0.74 Ѯ ,  ᴐ ḣб

У Ȃ (1990)ӱ   ̆ ӊ

ὲб Ὧ ҩ ̆ ᵩ ᾳ ὲᾚȁ ȁ

Ѯ ӊ б ч ᴐ ҵ ὲ̆ѐᴐѝ שּ

ὲ ᴐ Ȃ ̆ ᵩ ⁸ ╒ ̆

ᴇ 50%ԈЭ ̆ ⁸ Ȃ 

бᵩ ӊ Ѯ Ὧ Э ṁҩ (ᵣ ̆

1985̕ ̆1992̕ ̆1994̕ ὰ ̆2000)Ȃ Ҿ ̔ У

Э  ҩ ̆ б ᵩ У Э

Ὧ ̆  ҩУҾ Ὧ Ȃ ֻ (1990) ᾰ⁹ б

ᾰ̆⁹ Wб CѮ Ὧ ѝ W̔=-11. 180 +1099. 
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801*  (1 /C)Ȃᵣ (1991) ᵩ ̆   ᵩ

Yб XѮ Ὧ Y̔ =10377.89-271.65X +1.78X2Ȃ†

(2002) а ̆ ‍  

б Ὧ Ȃ Ἲ ̂2003̃ … ҩ Уᵩ ╟╒ У

̆ ұ бᵩ ӝ ╟ Ю ̆ ҩ У

ᵩ ╟╒ ̆ ὲ ╖ ұҴ ὲ ᵩ

Ȃ ̆Wang (2005) ӏא⁮ ȁשּ

̆ б ̆

έ Ȃ Э̆ Ἲ (2005) ҩ ĺᵩ

У ֓ έ̆ ұ‍ ᵩ ṃ ӝ □(

̆2007)Ȃ 

†ὤ ̂1998̃ ‍ ҩ ὼ שּ ᵩ б

ᾚ б ᾚ ᴿὯ , ү ,  ᵩ ῏ ȂṬד

̂1999̃ Ԉ ѝᴿ,  ̔1996 1984

῏ ҩ 43%, ╗ҩ 42%, ╗ҩ 5%, ᵩ ῏ ҩ

24%Ȃ 

Э ̆ ‾ / ע Ӈ ȁ ȁ ᵩ

б ȁ ע ᴐ ӊ ў ╖ Ȃ ұ

ע Уэ ̆ ӝ ѐ ╟╒ȁ ѐ

╟╒ȁ ‾ ᾱ ̆ У ᾃ

ע □(Munroe et al.̆ 2002̕ Riebsame et al.̆ 1994)Ȃӱ ѝᵩ ӊ

ᵏᵑ Ȃ 

1.2.2.4 ᶑ ᵩ ӊ  

‍ ў Ԉ‍ѝчэ ̆ ᶑ ῏ ῏

ᶑ ֶ Ȃ 

̂2005) ѝ̆ӱ ₥ ̆ ᶑ ῏

ע Ӱ ‍ ̆ ѝ 80 Ԇ ῏

῏ ў ̆ ѝ ᶑ ў Ȃ 

1950~1989 ѐЭ ᶑ ѝ 188.1Ӣ t ὲ̆ѐ

76.2%̆ 21%̆ѐ 12.9%̆

23.9%Ȃӱ Э ̆60 Ԇ ̆80 Ԇ ұ 70 Ԇ̆ў ѐ

ӊשּ ῏ ̆з 80 Ԇѐ שּ ( ̆

2001)Ȃ 

ᾇ  (1993) ѐ ᶑ ῏ ҩ ‍ Ȃ

‍ѝ ѐ ᶑ ῏ ȁ ‾ ῏ ȁ ‾ ᶑ ῏
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ȁľ ᶑ Ŀ῏ ᶑ ῏ 5э Ȃ ̔

ŵ1970~1996 ̆ ѐ ᶑ ῏  3.2Ӣ t̕ ѐ ‾

ᶑ ῏ 4.5Ӣ t̕Ŷ1970~1996 ̆ ѐ ľ ᶑ Ŀ ῏

4.2Ӣ t̕ŷ1970~1996 ̆ ᶑ ῏ 3.5Ӣ t̕

‾ ᶑ ῏ 4.8Ӣ tȂᾇ (2002) ̆90 Ԇ

ᶑ ῏ 1554Ъ t̆Ӊ ῏ ὡ 1554Ъ t̆

90 Ԇ 2810Ъ t 55.30%̆̓͂ 25%Ȃ (2004)

Ԉ 1950~1997 ‟ ‍̆ ҩ ѐ

שּ ע □̆ 1970 Ԉ ὡשּ

῏ ᴇ ѮЭ  ̆ ҩ 1986~1997 ὡ ╗ □Ȃў

20й 80 ԆԈ ᶢ ѝ῏ ̆70 Ԇᶢ б

Ȃ ̆ б 90 Ԇӝѝ ╗̆

ᶑ ῏ 22% ̆  ҩ ᶑ ῏ Ȃ ̂2002̃

УҾ ע 2̆0й 60 Ԇ

80 Ԇѐ ̆ ᶑ ᴳ ῏ Ȃ 

(1994) ҩ שּ ̆

῏ӊ 25~50Ӣ kğ

ᾚ ̆ ╒ ̆ Ԉ ╗ ӊ̆ 300Ъ hm2̆

ӊ 16Ӣ kğ 200Ъӝ Ȃ •

(1993 ) п 1949~1988 39 ᶑ ҩ ̆

ᶑ ︠‍ ̆ ὡӊ  1:2.9Ȃ 

ѐ (1998) ה ү ҩ

″ ֓ ̆ ‍ (AHP) э Ȃ

ҩ ӊȁӝ ὡȁ╪╟ ӊ Ьэ ̕ ֶ ҩ╪╟╒‾

ȁ ȁ Ьэ ̆ Ὡэ ‍ ̆ ̆

1982 Ԉ₥̆ ‍ 0.0897̆ ⁮ҩ 1993 ⁮ҩ 0.2728̆

ҩ 2.04᷁̆ ֶ 1985 0.100 ⁮ 1993 0.1437̆ ҩ

0.44᷁̆ ֶ Ȃ з ‍ ̆

ֶ ̆ ᶑ ֶ

₥ ֒̆ ұ ֶ ᴂұ ̆ Ԉ

У ╟ Ԉ ֶ ѝўȂ

(2003) א ҩ ֓̆

ὲ ֓ ᴇ ꜛ ╗ ӊ ( ȁ ȁ )ȁ ӊ ╗ (

ḣȁ ḣ )ȁ᾿ ( ḣȁ ḣ )ȁ э Ȃ ‍ ̆

א שּ ȁ н ̆
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ӝԏ ҩ Ȃ֗ (1995 ) ѐ ᶑ

ҩ‍ ֓̆ ̆

Ԇ ҩ ᶑ Ȃὲѐ ꜛ ҩ ӊ

ȁ╪╟ ӊ ȁ ӊ ȁ ӝ ӊḣȁӝ ὡȁ ӊ Ԉ

ӊ ὭЦэ Ȃ‍ ӑ аУ ̔

> > > ̆ѐ ̆ ₥

ў ⁸ ̆ЮУ Ȃ 

(1998) Ь а ֓

̆ ֓ ҩ ᾃ ȁ ӊ ȁ╪╟ ӊ ӊ

э ̕ ֶ ֓‡ ҩ ӝ ȁ ȁӝ ᾚ

э ̆‍ ̆Ь ֓ У ̆

╖ ת̆ ╗⅓ ╗

Ȃ (1990) ἷ ‍ ᶑ

ֶ ҩ ̆ ҩ ӊȁ ᴁӊḣᴐѝ ֶ ֓

Ȃ ̆ ᶑ ᶑ ў ̆

Э ᶑ ᴂ̆

╗Ȃ ᾙ (2003) 11эὴ ‚‍ѝ

ᾚн ȁ ᾚн 5 ̆ ҩӝ ὡȁ╪╟ ӊ

ӊ ᴐѝ ֓ ̆ ҩӝ ȁ ӊ ᾚӊ ᴐ

ѝ ֶ ֓ Ȃ ᶑ ֓̆ ̔ ̆

ᾚ н ̆ (ᴐ ) ᾚн Ѯ̆ ּ̆

ᾚн ת̕ ֶ ̆ ᾚн ̆ (ᴐ )

Ѯ̆ ᾚн ᾋ Ѯ̆ У ּ̆ ᾚн Ȃ (1998)

ӏא ὰ ֓ ̆ ҩӝ

ὡȁ╪╟ ӊ ȁ ӊ ȁ ӊ э ̕ ֶ ‡ꜛ

ᾚӊ ȁ ȁӝ ӊ ȁӝ ӊ ȁӝ ӊ ȁ

ὭὩэ ̆ ֓ ֓ ̆ ̆

ֶ 50 Ԇ ⁮ҩ 90 Ԇ ѐ ̆

ᾚн Ԉ ֶ Ȃ 

1.2.2.5 н ᵩ ӊ  

ў ꜛ ᶢ ̆ע ע ᵩ ӊ

̆ ұ ╟ ѝ̆

̆У ӊ ᵩ ұ ᾚн ︠ ᵩ Ȃ

ȁ ע ╟ ̆ ╗⅍ ̆

ӝѝ ᵩ 10.76͘ 12.23᷁̂ ἿѠ̆2004̃Ȃ
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п̂ 2000̃ ҩא ‍ שּ ‾ а ӊ ╗Ԉ

̆   ע ᵩ ᾚ 10͘ 350 ᷁( 180᷁)̆

1500 ᷁Ȃ 

й (1994) ᵩ ҩ ̆ ᾳЮ̆

ᵩ 45~64kg/m̆ а ̆

῾ ̆ Ԉ ̆̓͂ ⁮

83%ԈЭȂ й (2001) ὲў ᵩ

ѝ ȁ ȁ ȁ ȁ ᵩ ̆ ᵩ ᴿ‍⁞ѝ 34%̆

20%̆ 12%̆ 18%̆ 14%̆ 2%Ȃ (2003) ҩ 7

ע ֒Ю ᾰ⁹ ̆   ᾰ

Ὠ ȁ ᾰ⁹ ї ‟ Ȃ (2001)ѝ

ᵩ ̆ ж У ҩӝ

б ̆ ̔ ў ᵩ ̆

ў̆ ᵩ ̆  ҩ

ж ᵩ Ὠ Ȃ  

нў ╗⅍Ȃ ̂1997̃

ĺп שּ ‍̆ ҩ ₥ ѯὬ ׂ ȁ

ᵩשּ ̆ע ╗ҩ 1᷁̆ ᵩשּ ╗ҩ

1.50Ъ t/(km2¥a)̆ ╗ 1496.5Ъ tȂ ֻ ̂2007̃ п

2005͘שּ 2080 ‾ ע ҩ Ȃ  ̔

75 ̆ Ю̆ᾚ ῏ 3666. 07hm2̆ ‾ ῏

1402.13hm2̆ ῏ 121.80hm2̆ὤ ѝ Ȃ ‾

У ̆ 54. 

50 Ъ t/a ѝ 77. 85 Ъ t/aȂ н ұ ᵩ аӨ ѝ

ȁ ̆ Ѯ ֶᶢ У

╗⅍ ̆ ̂1994̃ ̆ א שּ ᶢ 1Ὠ Ὠ

╟ 4.2Ъ m3̆҄ ѝ 2.1Ъ m3Ȃḑ Ӥ ̂1997̃ ‍ ѐ

ѐ ע ̆ѐ 5 э ( ȁ ȁ ȁ

ȁ ) ҩ ᶑ Ȃ

ᴐ ̆ ľ Ŀ Э Ȃ (

⁸) ₥ ὲ̆ᴍ 4 а ҩ

Ȃ ( ȁ ⁸) ̆

( ȁ ⁸) ᾃ ȁ ȁ У 12 э ̆Э

э Ȃ 

1.2.2.6 ᾃ  



ֶ ᵩ ӊ  

15 
 

ᾃ Ὧ ֶ ӱ̆ԈЭ эб ֶ Ὧ ‍

Ԉ   ў̆ ѐ ӝ ╟ ╗ ᵩ ȁ ‾ ע ᶑ

̆ н ҂ УҾ Ȃ ӝ ╟ ╗ ᵩ

̆  ҩУҾ ̆ ̆

ұӝ ╟ ╟ ⁸ ֶ ̆ ὡ а Ȃ ‾

ע ע ᵩ ў̆ ҂ ѐ ‾ ע

ע ̆ ὲ ╟ Ȃ ᶑ

ў̆ ‍ ҩа ᶑ ῏ ῏ ֶ ̆

ҩУ Ȃ ᵩ ӊ ў̆ ѐ ᶢ

̆ ў Ԉ ╘ ѝў ṁ̆ҩУҾ

Ȃ н ̆ў ѐ ̆

̆ н ᵩ ӊ Ȃ 

1.2.3 ᵩ  

1.2.3.1 ᵩ  

ᵩ й ᵩ ₥ ᵩ

( ̆2004)Ȃ ᾃ ᵩ , Ԉ ‚

‍ѝ ȁ б‍ Ьэ ̂†Ἵ̆2003̃Ȃ 

(1)  

ў ӱᵩ ὡ ̆ ̆ ᵩ

б ȁ ȁ ȁ ȁ ᶑ Ѯ Ὧ ̆ ӱ

Э ҩ ᵩ ̆ Э ᵩ ᾃ ⁸̆ ѝ

ľ Ŀ ȂУ ̆ Ὧ ̆ ᵳȂ 

Wischmeier et al. (1978 ) 30э ȁ 30 ȁ Ъэ שּ

‍ ̆  ҩ ĺ (USLE)Ȃ

ҩ ȁ ȁᴐ ȁ ᶑ 5 ̆

̆ ѝ ў ꜛ ᾃ ╒ᵩ

ȂUSLEᴐѝ а ᵩ ̆

ȁ б ȁ б Ὧ Ӈҵᴐ ̆з Ԉ

ᵩ ȁа ұ ᴐȁ ᴐ ὲӹ ᴐ Ȃ 1̆987 ̆

ᾚн ᶑ ὲӹ Ὧ ᴁ̆ ҩ ᶢ

̆ ұ 1991  ҩᶢ (RUSLE) (Renard et al.̆

1991)̔ A=R¥K¥L¥S¥C¥PȂ ѐ̆A ѝ ̕R ѝ

ᵩ ̕K ѝ ̕Lѝ ̕Sѝ ̕Cѝᴐ

̕Pѝ Ȃ 
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RUSLE ҩ ̆ ҩ Ȃў ꜛ

̔ ȁּש‍ҩа з ҩ

ѐ ‍ὡ ȁ ҩ

ᴳ ұ Ȃ Ԉ ̆RUSLE ҩУ

ұ ֒̆ ҩ ȁ ╒ ̆ ҩꜛ

а Ḁ GIS Ȃ ᴇЭ̆RUSLEԈ ╒ᵩ ѝ

̆ б USLE Э̆ Ѭ ṁ ҩ ᶢ ̆

ҩ ̆ ὡҩ ‍ ᵩ ̆ ҩ

(Toy et al., 1995 )Ȃ ֶ ѝ

б C ᶑ PȂ 

(2)  

ӱӊ ȁ   ‾̆

̆ Ὧ ̆ ȁ ֒̆Ԉ  

ᵩ ̆ ᾃ ᵩ Ȃ 

1985 ᾚн ὡ ӝ╒ ╒ (Water Erosion 

Prediction Project WEPP) ȂWEPP Уэ ӭѝ ѝ

ᵩ ̆ ῆ ̆ ₥ Эᵩ ὴ ȂWEPP

Уэ ̆ Ԉה ᵩ ‍ ̆ ὤ Э֗У

᾿ᵩ ὲ תȂע ѐ ̆

⁮ ⁸Ȃ ў ꜛ ȁ ȁᾚн ȁὡ ȁ

ȁ ȁ ‍ ȁ ȁ ᵩ 9э ‍̆ ᵑ

а Э ᵩ ᵩ ѝў̆ ҩ

̆ӱ ᵩ ȁ ‍ (Planagan et al., 

1995)ȂWEPP ╖ ᴳ ᵩ

ִ ̆ў ꜛ ה (1)̔ ᵩ ‍ ὤ ֗У

᾿ ὲ ̆ Ȃ(2) WEPPע ұ

֒Ю̂ † ἷ 1̆998̃Ȃ ̆ ұ ꜛ ȁ ̆

Ҿ Ԉ ӱ̆ ⁸ҩ а שּ Ȃ ѐ ᴍ

Ԉ ֶ Ȃ 

20й 80 ԆԈ ̆ ѐ а ̆ ╒ұ

֒ שּ ᵩ ̆аѨ ҩ ᵩ

EUROSEM (the European Soil Erosion Model) (Morgan et al., 1998)ȂEUROSEM

ұ ‍ ᵩ ̆аת Ԉ ̆

Ԉ ѐ ӊ Ȃ ў ꜛ ȁа

ὲ╟ ȁ ȁ ȁ Ω ȁ
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ӊ ȁ ̆з ҩ Ю ȁ

Ȃ ̆ ұ Ө ұ ̆зּש ̆

ὤ ὲӹ שּ Ȃ 

Ὤ ᵩ LISEM (the Limburg Soil Erosion Model) Ԉ῏

Ḯ ѝ ‡̆ ᵩ ӊ э Э̆

ұ ᵩ (De Roŏ 1996)ȂLISEMў ꜛ ȁ

ȁ ȁ ȁ ‍ ╟ȁ ȁ ȁ Ω ȁ

бᵩ Ὧ ̆ ҩ ̆

ѐ ȁᵩ Ȃ ұ LISEM ὤ ұ

̆ ѝ ὤб GIS ѮУȂ ̆ ұ

Э Ḯ ӱ̆ ѝ ᵏҩ ̆ Ԉ Ὧ ̆

Ȃת ̆ ұ ѐУҾ а ̆

̆ ̆ Ԉ Ȃ 

(3) ‍  

‍ ‚‍ Уээ ̆ э ἷѐ ȁ

⸗‍ , э Э ὡ̆ ᵑ У ̆

⁮   ̆ ⁮ ᵩ Ȃ 

SHE (System Hydrologic European) 1969 Freeze Harlan У  

ҩὯұ‍ Ԉ Ьэ   ‍

Ԇ (Abbott et al., 1986)ȂSHE ȁ ȁ

ӊ Ȃ ‍→ѝУэ

̆ Уэ Ȃ ע St. VenantὨ

̆ ӊ ‾ Richards ̆ ӊ ү Boussinesq Ȃ

Ȃּ а ӝ ╟ ӑ

̆SHE Ԉᴐ⁮ȂSHE Э Уэ ̆ аӨӨ

Уэ Ȃ 

֓ έ SWAT(Soil and Water Assessment Tool) ᾚн (USDA)

ᾚн (ARS) ‍ (Williams et al., 1999)Ȃ

SWAT̆ Эў SWRRB (Simulator for Water Resources in Rural 

Basins) ROTO ( Routing Outputs to Outlet) ̆ꜛ Ḁȁ ȁ ȁ

ȁ э ̆v ұ ̆ ᵩ ‡ LISLE

э ἷ(HRU) ӊ ̆ э HRU 

‍ э ‍ ὲ Ὧע , ̆

‍ Ὧ ̆ ѐί‍ȁᾚ ע Ȃ

ѐӊ ᶢ ( ѐ ̆2003)ȂSWAT ӊ
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̆ б GIS ̆ ̆

ὲ ᾚн ӊ ╟ Ȃ 

TOPMODEL̂ Topographybased hydyological Model̃ УэԈ ѝ

‍ ̆ ҩ ӊ ╟ӊ ̂Beven et al.̆ 1979̃Ȃ

ὲў (DEM) Ԉ бGIS 

Ȃ ִ̆ ̆Ἱ‍‾ ҩ ̆ зб

‎ Ȃ ⁮ э ̆ а ȁ , 

ҩ Ȃ 

ANSWERS(Areal NonPoint Source Watershed Environmental Response 

Simulation) ұ ‍ (Beasley et al.̆ 1980)̆ ў ұ

а Ү֒ ӊ ӊ Ȃ ὲ

ȁ ‾ҽ ҩ ̆ б ḣ

Ȃ 

CEQUEAU ҩ ȁ ὡȁ   ע ‍

(Charbonneau et al.̆ 1977)̆ ‍ѝ ̆ ὡ ȁ

ȁ ̆ Уэ ̆ ȁ ȁ

Ȃ 

ԈЭӮ УҾў ᵩ Ѯ M̆isra et al. (1996) Hairsine (1992)

  ᵩ Ԉ Э̆  ҩ ᵩ ӊ

ᵩ GUEST( Griffith University Erosion System Template)̕

Kristof(2000)   ╒б ᴐᵩ WATEM(Water And Tillage Erosion 

Model)̆ ұ ү ᾃ ᴐ ᵩ ‍

̕Favis-Mortlock̂1998̃   Ri1lGrow(Rill imitation and 

Growth)̆ ў ұ ‫ ᴁ ὲ ȁ

Ю‎ э ╟   Ȃע

1.2.3.2 ᾃᵩ  

ᵩ Ԉ ̆ ᵩ ȁ

ҩ ̆ ҩУ ‟ ֓ḣ Ȃ

̆ ᾃὯұ ᵩ ў ꜛ Ԉ

а שּ …ᵩ Ȃ 

ў U̔SLE( ᶑ 1̆990̕ ḑҀ 2̆001̕

ѝ 2̆005)̕ RUSLE( ᾙ 2̆005̕ 2̆006̕ 2̆007)̕  

WEPP(† ἷ 1̆998̕ ◐ 2̆007̕ Ԇ 2̆008)̕ LISEM( ♥ ̆

1998̕ Уά 2̆007)̕ AGNPS( 2̆000̕ 2̆005̕ ῧ 2̆006 )̕

SWAT ( ̆2003̕ ̆2007̕ ѠѠ ̆2008 )̕ ANSWERS( У
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ά 1̆997̕ 2̆004)̕ EPIC( 2̆002̕ ᾙ 2̆005)̕ EUROSEM 

( ̆2003) Ȃ Ҿ Ὧ ̆а

Э̆ Э̆ ὲӹ

Ȃὲӹ ұ Ȃ У ба

ᴇ ᾱ Ὧ ̆ У Э҂ᾱ

ұ Ὧ Ȃ 

(1983) ҩў

Ԉ ӑ ( 1̆988)̆ ( 1̆989)ȁ

п( ̆1992 )ȁ ( ̆1992 )ȁ ( ֫ ̆1995)ȁ

( Ὤ ̆1997)ȁҴ ( ̆1999) а שּ ὲ

ҩ Ȃ ᴳ ҩѓ ᵑ

̆ӱ ⁮ҩ ѝ Ȃ 

ҩ ̆УҾ а ̆שּ а ̆

ҩּש … Ȃ 

(1)  

(1980) א л שּ 10эὴ 10ᴍ 400

ȁ ̆ ἷ ‍ ҩ שּ

ӊ Ȃ ̂1981̃‾ л שּ Уↄ

שּ א ̆ ȁ ȁ ȁў

ȁ ѝ ̆ ‍   У ὤ ӊ

Ȃ 

(1996)Ԉ ῆ ᵩ ѝ ̆ ὡᶢ

ע ᵩ ᵩ ̆ ҩ ᵩ

̔ 

GVCLSIaKPA 286.088.0637.2

30

999.0=
 (1-1) 

ѐ̔A ѝ ᵩ ̕a ѝ ȁ ; K ѝ ̕P ѝ

I̕30ѝ ѐ 30‍ S̕ ѝ L̕ ѝ G̕ ѝ

ᵩ ̆ ᵩ ̆G= 1̕ V ѝ ̕C ѝ

ᶑ Ȃ ұ ̆V C ѝ 1Ȃ 

† ἷ (2001) LISLE ̆ ұ שּ שּ ‍ ̆

ḣ Э̆ ҩ שּ

(CSLE)̔  

TEBSLKRA ÖÖÖÖÖÖ=  (1-2) 

ѐ A̔ Э R̕ ᵩ ╒ K̕ 

L̕ S̕ B̕ ᶑ ̕



У    

20 

 

E ᶑ ̕T ᶑ ᴐ Ȃ 

ᾙ (1999) ұ ȁ ‍ ̆

ҩԈ ‎→ ȁ ‍ ѝ

ᵩ ̔ 

22.1

3

5.0

2

51

1 )291.187.8732.09.9( -+++= xxxY
 (1-3) 

ѐ Y̔ѝ ӊ ̕x1ѝ ‎→ x̕2ѝ

‍ ̕x3ѝ Ȃ 70%Ȃ 

(2)  

(1990) ѐ ‚‍ѝ ̆ᾋ

‍ѝ ἷ̆ ἷᾃ‍⁞ ӊ

ӊ Ȃὲѐ̆ӊ Ԉ У ╟ȁ ‍ ȁ

╟ ╟ ѝ ȁ ȁ ѝ 1 Ḯ ̆

ȁ ╟ ȁ ╒ Ὠ ⁮ Ȃ

ұ ҩᵩ ӊ ╟╒ ֒̆ ꜛ ҩ ֒ȁ

⁸̆ ѝ ₥ ѝ ȁѐ ӊ ѮУȂ 

(1996) ȁӊ ̆Ԉ

ӊ ᵩ ╟╒ ѝ ̆ ȁ Ьэа ᵩ

ἷ ‍̆⁞ ҩ ἷ ᵩ ӊ ĺ ȁ

ȁ Ȃ ҩ ὡ ȁ ‍ ȁ ╒ᵩ ȁ ᵩ

ᵩ ӱ̆ᵩ Э ᵩ ‍ ̆

ҩ л ᵩשּ ӊ Ȃ 

ԈЭў Ԉ ̆ (1996)‍ ҩ שּ ȁᵩ

ӊ ‍ ̆‍⁞ ȁ Ю ȁ Ьэὴ ἷ

̆ ҩ ұ ‍ ᵩ ӊ ̕ Ἵ (2005 )

╒ ȁ ╒ ╒ ̆ ‍ ╒ᵩ ў ̆

‍ ѝע Ԉᴐѝ

֒̆ ҩ שּ ╒ᵩ ╒ע Ȃ 

1.2.3.3 ᵩ  

ᾃ а ᵩ ה ̆ Ԉ ֗ᴉ

Уэ ὤ ̆ ᴳ ұ ҂έ שּ (Hudson̆

1995 )Ȃ ̆ ᵩ ̆

Ȃ ὲ ̆ ת̆

Ԉ б ѝ ̆ ѐ

Ѭ̆ Ḁ ̆ ὤ

ὲ Ѭ ᾳȂ аӨᴳ ҩ ҂̆ш
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ҩ Ȃ ̆ ᵩ ұ ̆

ὡ Ȃ Ҿ έ ‡

Ḯ ̆ □ ֶ   а ӱ̆ Ԉ ὁ ה

Ү֒ ᴂה Ү֒ (Nearing,1998)Ȃ ̆ ѝ

ִұ (Wilcox et al.,1990̕ Grayson et al.,1992 )̆

ὲ ұ Ѯשּ ̆ὲ Ԉ

(Beven,1989)Ȃ Ԉ ̆ ̆ ȁ‍ а

  (Jetten et al.,1999)̆ ӱ ᴳ ҂ ѝ ₥ ᵩ

ѐ ў Ȃ Ѯ̆ ᵩ ̆҂

ӭ ᵩ ў ת̆ ѐ ш ᵑ Ὧ ȁ

⁸ ̆ Ὧ ὡ Ȃ

ֶ ̆ ў ұ ֶ а ̆

Ԉ ᴐ ⁸ ̆ Ȃ 

1.3  

1.3.1  

Ԉ ᶑ ᵩ ӊ ₥̆ӝ ҩѓ

̆ ᶑ ̆ ᶢ ̆ў ӱ Ю ῏

̕ ̆ў ⁮῏ ῏ Ȃ

Ҿ ӱ ֒ ᵩ ӊ ̆ ҩУ

ת̆ ӱ ̆έ У Ȃ

ֶ ᵩ ӊ ‍ ѝ̆ӭ ᵏУэ ֶ

Ȃ 

Э̆ ᾃ ֶ ᵩ ӊ ̆

̆ ᵩ ή ̆ ᵩ

ӊ ע ᷆ U ̂ ̆2007̃Ȃ ᴂ ̆ӝ

Ю ̆ᵩ ӊ ̕ ȁ н ̆

̆Ԉ ̆ ҩ ̆ ш

̕ ̆ ⁸̆עִ ̆ӝԏ ֒

῏ ӝ ᶢ ̆ ⁸

ᵩ ӊ Ȃ ў ̔ ᵩ ӊ ў ֶ ̆

ֶ ⁸Ȃ 

1.3.2 ᾃ  
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1 ᵩ ӊ ע  

(1) Ӈ  ̂EOF̃ ‍ Ӯ  

(2) ұ ḣ EOF‍  

(3) ұ ‍ EOF‍  

2 ֶ ᵩ ӊ ‟‍  

(1) ᵩ ӊ ‟ ע -ӊ ‍  

(2) ֶ ў ֶ ‍  

(3) ᵩ ӊ ‍  

3 ֶ ᵩ ӊ ‍  

(1) чэ ᵩ  

(2) ᵩ ӊ ֶ  ע

4 ֶ ᵩ ӊ  

(1)  

(2) ὡ ȁ  

(3) ȁ  

שּ 1.3.3  

ӱа   ̆ а Ȃᴐѝ

ἷ ̆ὲ У ѝ Ԉ ̆ Ԉп̆ Ԉ̆א

Ԉ Ȃת ⁮ б ‎ Ԉ ᶑ ̆ ѐ

Ԉ ȁ Ԉпȁ Ԉאȁ Ԉ שּ̂ ἿѠ 1̆991̃̆

1-2Ȃ □ א ̆п ᴂȂ שּ ̆

‍ѝ ̆ й Э ‍ Ȃשּ 62.4¦104 km2̆ӝ 1

ӢӝȂ 
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שּ 2 -1  ᾳ  

שּ ѐ ᾃ ̆ ̆ Ḁ ̆ᾪ

ᾶ̆ Ȃּשᾃ 200~650mm̆ п ̆

У ̆ п ̆א ῏ ̕ У ̆ ᾃ‍ а

⸗̆ ̂6~9 ̃ 50˿ ̆ ‍

שּ 65˿ ԈЭ̆ Ȃ Ԉ ̆

ш ᵩ Ȃ ‍שּ ҂έ п א ῏

□̆ п 400mm ԈЭ א ῏ 100mmȂ ὤ

‍ έ ӱ א⁮ □̆ Ὧѐ 50~60˿ ̆ א

70˿ ԈЭȂ ѝ 20~30˿ ̆ ѝ 50~90˿ ̆ѓ

ΰ᷁ ΰ︠᷁Ȃ 

1.3.4  

1.3.4.1 ‍  

ў GISᴐѝ ̆ Ȃ ḣ‍

̆ᵩ ̕ а ̂ꜛ ̔

‾ ̆ ᶑ ̆ ̃̆ ╗ὡ GIS Ԉ έ ע

‍ Ȃ 

1.3.4.2 ‍  

ᵩ ӊ а Уэ э̆ ў ‍ ֶ

ᵩ ӊ ̆ ԏ ἷ ‍ ̆ Ԉ Ԉᵩ ӊ ѝ

б ̂ꜛ ȁ ֶ ̃Ѯ ἷ Ȃ‍
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ᵩ ӊ Ȃ 

1.3.4.3 ‍  

‍ ӝ ╟ ᵩ ӊ ̆

ᶑ ῏ Ԉ 1959~1969ѝ ῆ ̆ Ѯ Ȃ

ֶ ̆ ‟ ‍ ὲ

 Ȃע

1.3.4.4  

έ ╒Ԉ ҃ ╒ έ̆ ὡ  Ὧ

╒̆ ὡ б Ѯ Ὧ Ȃ з ѐ ᶕ

Ȃφ ӊ бӝ ╟ ᴐ ̆ ԏѮ

έ Ὧ Ȃ‾ BP ̆ ש⁸ּ

ᾃ бӝ ╟ ̆ ᵩ ӊ Ȃ 

1.3.5  

1.3.5.1  

̂1̃ ᵩ ӊ ע ў̆ Ӈ  ̂EOF̃

‍ ̆ ᵩ ӊ ‍ע Э ̆ ᴇЭҩ ᵩשּ

ӊ Э  Ȃע

̂2̃ ԈЭ ᵩ ӊ ע Э̆‍⁞ ‟

‍ע ‍ ‍̆ ‟ ѐע ў ֶ

̆Ԉ Э ֶ  Ȃע

̂3̃ ӝ ̆ ᵩשּ Ȃ 

1.3.5.2 ̂ 1-2  ̃
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 1- 3  
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ү  ᵩ ӊ ע  

2.1 Ѭ שּ  

2.1.1 Ѭ 

שּ ᵩ ӊ Ԉ ѝ ἷ Уэ ᵩ ȁ

ȁ ╟ ̆ ľᵩ ӊ Ŀꜛ ᵩ чэ

Ȃ ₥ ȁ ȁ

ӊ Ȃ ұ ₥ שּ Ѳ ̆ ̆

‍̆ ὤ Ȃ1958͘ 1966 ‾

ֶ ȁ ȁ

Ȃ ̆ ̆ 4

342.9Ъ t̆Ө 0.4%Ȃ 5

32.9Ъ t̆Ө 0.29%̂ ѐ

̆2005̃Ȃ ̆ שּ

ЭԆ ҩὤ ᾳȂ 

ӱш ѬЭ ̆ ᵩ ӊ б ὤа чэ Ȃч Ѯ

Ԉ ̆ ᵩ ӊ б ѻ ̆

ѝ 1 ̆ч ӱ Э Ȃ ̆ Эӊ ὤ

 ̆ ‍ ȁ ẏ ̆ ̆ ⁮

̆ ұ Э ᵩ Ȃת ̆ ұ

ȁ ̆ Э ᵩ ΰ

ӊ   Ȃӱ ̆ שּ а

̆ 1̂ ̆1980̕ ̆1989̃Ȃ ̆ӱ

̆ Эᵩ ӊ ֶ   ̆ ᵩ

ѱ Ȃ 

ᵩ ӊ ע ӝ ╟Ὥ ᴐ Ȃ

ȁ ȁ ᾳ ᵩ ӊ

έ ᾱ ᴐ ת̆ ₥ Ԉ ‍ э ᵩ ӊ ᴐ

Ȃ ӱ ̆ ȁ ֒

ΰѱа ת̆ ӊ ӊ ע ̆ ̆ ע

б Ḁ ע ӝ ╟ а ‍Ȃ 

2.1.2 שּ  
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שּ ў ‍ ̆ ў ӊ ᴐѝשּ

Ȃ ‚‍̆ ѝ ѝў

̂שּ ̆1980̕ ̆1997̕ ̆2001̃̆ὲѐꜛ чэў שּ ̔

שּ Ȃשּ чэ שּ ‚‍̆ ̂1980̃ ѝ

שּ ȁ ȁא ұ ̆שּ ўשּ ꜛ

Ԉѝ ȁ Э Ȃ ̂1997̃ ѝ ꜛשּ

ȁ ̂ ̃ Ȃ ₥ӝ Э̆ שּ

ȁ ȁא ȁ ᴐѝ שּ ̆ 2-1 Ȃ 

2.2‍  

2.2.1‍  

Ӈ  ‍ (empirical orthogonal function, ᾗѝ EOF)̆ ҂

‍ (eigenvector analysis)̆ ў ‍‍ (principal component analysis,

ᾗ PCA)̆ У ‍ ѐ ̆ ў У

̂ ῧ 1̆999̃ȂLorenz 1950 Ԇ ὲ ὡ Ḁ ̆

ὲӹ ѐ ⁮ҩ Ȃ ‍ ѐ

̆ Ԉ҂ ̕ў ‍ ̆ע

҂ Ȃ ѐ҂ EOF‍ ѝ ‍ Ȃ 

‍ ̆ ̆ Ȃ ⁮Уэ

ὢ Xбὲ XT Ӈ ̆ ⁮ ̔ 

ὅ
ρ

ὲ
ὢ ὢ  (2-1) 

שּ 2-1   
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X ҩ ‡̆ C ѝ ̕ X ῆע(

Cѐ ḣѝ 0̆ ῆ ѝ 1)̆ ‡ C ѝ Ὧ Ȃ 

C (‗ȟȣȟ ) ὠ ̆ү ̔ 

ὅ ὠ ὠ Ώ  (2-2) 

ὲѐɤ m m ̆  

Ώ

‗ π Ễ π
π ‗ Ễ π
Ễ Ễ Ễ Ễ
π π Ễ ‗

 

(2-3) 

У ‗ ӱ ⁮ ‟̆ ‗>‗> é> ‗Ȃ ѝ X

ḣ̆ Ԉ‗ ұ ұ 0Ȃ э 0 У‟

ḣ̆҂ EOFȂ ‗ ḣ Уэ EOF ̆҂ V У‟

ὉὕὊ ὠȡȟρ̕ ʇ V k‟̆ ὉὕὊ ὠȡȟὯȂ 

EOF ⁮ XЭ̆ ⁮

( ў ‍)̆  

ὖὅ ὠ ὢ  (2-4) 

ὲѐ PCѐ э Ȃ У PC(1,:) У

э EOF ̆ὲӹ Ȃ 

Э X ⁮ EOF ў ‍(PC)̆ ‾ EOF

PC҂ Ԉ ὤ X̆  

ὢ ὉὕὊὖὅ (2-5) 

Ԉ ₥   ΰэEOF Ԉ   X ў Ȃ ̆

EOF PC έ Ӈ ̆ Ԉ ὖὅ ὖὅ Ώ̕ а PCѮ

Ὧѝ 0ȂE ET = IȂIѝ ᴁ ̆ Эḣѝ 1̆ὲӹἷ ѝ 0Ȃ

э Ѯ Ὧѝ 0̆ Ȃ 

2.2.2  

ў ұ ‾ ֶ‒ ̔ ұ

ᵩ ӊ ע ̆ ̆ ὡ ў э

Ȃ ̆ 1958 1988 ̂1986 1987 ‍

̆ ̃ 96э ᵩ ḣᴐѝ‍ ̆ѝ‍ ᵳ ̆

ұ ‍ ֙ ḣ ̆ ⁮ ‍ Ȃ 

2.3 ᵩ ӊ ע  
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2.3.1 ұ ḣ EOF‍  

 

 2-2  

ᵩ ḣ EOF‍ ̆ Уэ ѝ 73.6%

̂ 2-1ѐ Expl1 ‟ ̃̆ ὲӹ а 10%̆ У

э ᴐѝὴ ‍ Ȃ 2-3̂ ã ѝ Уэ ‍ ̆ эּש

ḣὤѝ ḣ̆ ҩ эּש ᵩ ע □У ὲ̆ ḣѐ

ὲᴂḣѐ̆שּ ȁ Ю ̆

ᵩשּ ӊ ע ̆ Ю ᵩשּ ӊ

ע ̆ᵩ ע ӱ א п ῏Ȃ ̂b̃

̆ Ԉ   эּש ᵩ ע Э ῏ □ 1̆959

1966 ѝὲ ע чэ ֙̆1962 ȁ1965 1983 ѝᵩ ӊ

ע Ь Ȃ 

 

 2-3 ұ ḣ EOF‍  

2.3.2 ұ ‍ EOF‍  

ᵩ ‍ EOF‍ ̆ ⁮ ұ 10% чэὴ

̂ 2-2 Expl2 ‟ Ȃ̃ Уὴ ѝ 33.3%Ȃ 2-4 (a) Ԉ

 ̆ ḣּש ̆ў ѐ Ю ̆ὲᴍ ѝ ḣּשȂ ḣּש ̆

0

10

20

30

40

50

60

70

80

1 2 3 4 5 6 7 8 9

Expl1

Expl2
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א ̆ ḣּשў ѐ ̆ ῏̆

Э ‍ Ȃשּ

 

 2-4 ұ ‍ EOF‍  

2-4̂ b̃ѝ Уὴ ̆ ѝ ֙̆ Ю ᵩ

ע ̆ Ѯ ὲӹ ᵩשּ ע ̆φ

ע שּ ̆ ѝ ֙̆φ

б₥Уע □ ̆ Ю ᵩשּ ע ̆

ᵩ ע Ȃ 

2-4̂ c̃ үэὴ ᶕ ̆ үэὴ ḣּש ў

ѐ א ȁ ȁ Ԉ Э ̆ ѐ ᴁ שּ

ѐ Э ̆ Ѯ ѝ ḣּ̆ש ѐ א

̆ ҩ чэ שּ ᵩ ע □Ȃ 

2-4̂ d̃ Ԉ  ̆ үэὴ 1958~1968 ̆ У

э ̆ ᵩ ע ̆Ἴ א שּ ̆ שּ

ѐ Э שּ ̆Ѯ Уэ □ Ȃע ̆

1977   Уэ Ѯ ̆ Ԉ ḣѝўȂ 

2.3.3 ‍  

 ᵩ ḣ EOF‍ ̆ў ᵩ ע Ȃӱ

Э ̆ У ⁮ 73.6%̆ ҩ Э̆ᵩ
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ע ̆ ע ўשּ ѐ ‍ שּ

̆ ע ўשּ ѐ Ю φ̆שּ ӊ

ע ӱ א п ῏̕ӱ ̆ э ѝ ḣ̆

ҩ ᵩ ע □У ̆ 1972 Ԉ₥ ע ╟ ̆

Ѯ ұ Ȃ 

ᵩ ‍ EOF‍ ̆ў ᵩ ע Ȃ

ӱ Э ̆ ₥чэ ұ 10% ѝчэὴ ӱ̆

Э ч̆эὴ ̆ Уэὴ Ю

‍ Ԉשּ ὲӹ שּ ѝ ḣּ̆ש эּש ᵩ ע У ̆ ү

эὴ ḣּשў ᴁұ שּ ѐ Ԉ̆ Э Э ̆ Ѯ

ѝ ḣּשȂԈ ḣ ѝ ѐ̆ ᵩ ע

‚‍̆έᴇ ᾳ 2-1 Ȃ 

 2-1 1958~1987 ў ὴ  

֙ ў ὴ   ᵩ ע  

1958 Уὴ   ȁ ȁ Э ̆ ῏ 

1959 Уὴ   ȁ ȁ Э ̆ ῏ 

1960 Уὴ   Ю שּ ̆ א ῏ 

1961 үὴ   ȁא ̆ Э ȁ שּ ѐ  

1962 Уὴ   Ю שּ ̆ א ῏ 

1963 Уὴ   Ю שּ ̆ א ῏ 

1964 үὴ   Э ȁ שּ ѐ ̆ ȁא  

1965 Уὴ   Ю שּ ̆ א ῏ 

1966 Уὴ   ȁ ȁ Э ̆ ῏ 

1967 Уὴ   ȁ ȁ Э ̆ ῏ 

1968 үὴ   Э ȁ שּ ѐ ̆ ȁא  

1969 Уὴ   ȁ ȁ Э ̆ ῏ 

1970 Уὴ   ȁ ȁ Э ̆ ῏ 

1971 үὴ   Э ȁ שּ ѐ ̆ ȁא  

1972 Уὴ   Ю שּ ̆ א ῏ 

1973 үὴ   Э ȁ שּ ѐ ̆ ȁא  

1974 Уὴ   Ю שּ ̆ א ῏ 

1975 Уὴ   Ю שּ ̆ א ῏ 

1976 Уὴ   Ю שּ ̆ א ῏ 

1977 үὴ   Э ȁ שּ ѐ ̆ ȁא  

1978 үὴ   ȁא ̆ Э ȁ שּ ѐ  

1979 үὴ   ȁא ̆ Э ȁ שּ ѐ  

1980 Уὴ   Ю שּ ̆ א ῏ 

1981 Уὴ   Ю שּ ̆ א ῏ 

1982 Уὴ   Ю שּ ̆ א ῏ 

1983 Уὴ   Ю שּ ̆ א ῏ 
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1984 Уὴ   Ю שּ ̆ א ῏ 

1985 Уὴ   Ю שּ ̆ א ῏ 

1987 Уὴ   ȁ ȁ Э ̆ ῏ 

ұ ḣ ḣ̂ У ̃ ̆ע Ԉ ̆

ע ע Э Ԉ‍ѝЬ ̔ Э

̆שּ У שּ ע ת̆ ע ̕ שּ

̆שּ У שּ ע ע ̕ ѐЮ ̆שּ У

שּ ע ע Ȃ ⁞ ў

֒ ̆ שּ ў ѝ ̆שּ Э ў ұ ̆שּ ѐЮ

ў ѝ ̆שּ ֒ ̆ ҩ ᶑ ֶ

֒ Юᵩ ӊ ע а Ȃ 

ע 2.4 ‍  

Ὧ‍ ̆ ұԈЭ ע ᾃ Ȃ ұ ̆ע

ұ 20й 80 Ԇѐ ֶ ̆

ұ 1982 ̆ Ԉ ‍ ע аṁ‍ ̆ ѐ

ע ὡ Ȃ У ‍ў ע ‍ Ȃ 

ḣ ḣ ṁ Ὧ‍ ̆ ч Ѯ Ὧ ѝ 0.94̆

ע ע Эέ У ̆

ע ֙ ע ҂ ̆ ѮӉ Ȃѝҩ‍ ע

̆ ֶ ȁ ᶑ Ь

̆ Ὧ‍ ̆ ⁮б ḣ ḣ б Ѯ Ὧ ̆

ᾚᴐ ȁᾚ ╟╒ȁ ӊ ȁ҄ ӝ ȁ

ȁ Ȃ 

 2-2 б Ѯ Ὧ  

 ḣ ḣ 

ᾚᴐ  0.41* 0.42* 

ᾚ ╟╒ -0.45* -0.48**  

ӊ  -0.42* -0.44* 

҄ ӝ  -0.49**  -0.54**  

 -0.47**  -0.52**  

 -0.38* -0.43* 

 -0.48**  -0.52**  

 0.47* 0.56**  

  * Ὧ 0.05 Э Ὧ 

** Ὧ 0.01 Э Ὧ 

ӱ 2-2ѐ Ԉ   ḣб Ѯ Ὧ ұ ḣб
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Ѯ Ὧ ̆ ע Ȃᾚᴐ

б ע Ὧ ѝ ̆ ᾚᴐ

╗̆ ע ע Ȃ Ѯ ὲ

ӹ б ע Ὧ ѝ ḣ̆ ע Ҿ

╗ Ȃ Ὧ ұ 0.5 ѝў ̆ Ὧ

ў ѝ ȁ҄ ӝ ȁ Ȃ 

2.5 ў  

2.5.1  

̂1̃ э שּ ע ̆ Э ̆ א п

῏̆φ ӊ ע ꜛשּ שּ ὲ̆ ѝ

ȁ ȁ Э ȁ Э ̆ Ю ȁ ᵩ ע Ȃ

ӱ Э ̆φ ᴇ ע ῏ 1̆972 Ԉ₥ ע ╟ ̆

1972 Ԉ ̆ ұ ῏ Ȃ 

̂2̃ ע ̆ Эέ ̆ ᴇ чэὴ

ѐ̆ ḣּש ḣּש ע □̆ ḣּש ע ̆ ḣ

שּ ע ̆ ḣּש ע ̆ ḣּש ע Ȃ Э̆

ў Уὴ ў ̆ ע □ᴇ Ю бὲӹשּ Ȃשּ

‍ ֙ үὴ ў ̆ ע □ᴇ ȁא б Э ȁ

שּ ѐ Ȃ 

̂3̃ бע ‍ ̆ ў

ᵩשּ ӊ ע ȁ҄ ӝ ȁ Ȃ 

2.5.2  

̂1̃ ұ Ӈ  ̂EOF̃ ᵩ ӊ

שּ ᾃᵩ ӊ ע ̆ ұ ⁸

̂ 90 Ԇ̃̆ а ̆ ‟ ̆ὲ ұ

Ȃ 

̂2̃ ұ ᵩשּ ӊ ‍ע ̆ эּש ᵩ ӊ

ע ҩ ̆ԈᵳұѮ Ὧұ ֶ ὲ Ȃ 

̂3̃ ע ‍ ̆ў Ὧ‍ ע

‍ ̆ ⁞‍ע Ԉ ч ᴐ ѝ ‍ Ȃ 
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Ь  ֶ ᵩ ӊ ‟‍

 

3.1 Ѭ  

3.1.1 Ѭ 

 ᵩ ӊ Уэ ̆ ⁮ ̆ ₥ ὲ

ѝчэ ̆ ֶ Ȃ ў ꜛ ȁ

̆ ѝ ᴐ ұᵩ ӊ ὲ̆

̆ Ԉ Ȃ ֶ ᴐ а ұ

̆ў ӝ ╟ӱ ֒̆ ᵩ ӊ ӊ Ȃ

ӝ ╟ ᵩ ӊ έ ӝ̆ ᶑ ‾

ұ῏ ᵩ ӊ ̆ ֬ ╟̆‡ᴳᵩ ╗⅍Ȃ

б Ὧ ‍ ̆ӝ ѝ ҩ

1983~1992 ╗ 29.9 Ъ ̂ ̆1997̃Ȃא Э ȁ

ѐЭ שּ ұӝ ᴐ ̆1950~1984 ӊ 3000t/km2

̂ ἿѠ ̆1994̃Ȃ ᶑ‍ ҩӝ ӊ ╟б ᵩ Ὧ ̆

ѝ שּ ᵩ ╗з ̆ ╒ᵩ ╗⅍ ᵩ

̆ ὤ ӝ а ╟ ӊ ̂ ᶑ ̆2001̃Ȃӝ ╟б

‎Ὧ ̆ ̆ лא ̆שּ ұ ̆ᵩ

╗ 20%~25% ̂ ‾ ̆1990̃Ȃ 

Stednick 95э ̆ ӊ ֬

╗̆ ᴂ ╗̂ ̆2000̃Ȃ ӝ ҩ

а Ԇ ᶑ ̆ ѝ ᶑ б

‎ Ὧ ̆ ᶑ ѐ ̆

ѐ У ╗ ᴿ̂ ̆2005̃Ȃ ᶑ

бּש ֒ ӑ ᴁ а ἵ

ḣ̆ Ԉ̆ ⁮ ‍ ̂ Ἲ 2̆002̃Ȃ

‍ ҩ л ΰשּ ὴ ̆‫ ҩа

ↄּש ᶑ Ὧ ὲ ̂ ̆2003̃Ȃ 

̂2007̃ ўשּ ӊнѝᾚн̆ ҩᾚн ȁ

ӊ ᶑ 3э ‍̆ ҩ שּ ֶ

̆ ⁮ҩ э ӊ ї Ὧ ή ή
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̆ ҩ ԈЭ 3э ѐ ᾚ̆н ӊ ᴐ Ȃ ̂2006̃

‍ ҩ א ӊ бᾚ ӝ ὡȁᾚ ӝ ғ   ᾚн

ӊḣ GDP ‍ ὯὯ ̆ ҩ 3эї ̔ ᾚ ӝ ὡ< 400ἷ/ a

̆ ұ ӊ ╒̆ᴳ ᵩ ӊ ̕ ᾚ ӝ

 < 20ἷ/ a ᾚ̆ ў ֬ ȁ Ю ȁ

→ ұ ̆ᴳ ᵩ ӊ ̕ ᾚнӊḣ

GDP ‍ > 40 % ̆ᾚ ӝ ╒ᴳ ᵩ ӊ Ȃ 

Э ̆ӝ ╟ ᵩ ӊ ̆ ὡ̆ӱ ‫

ӝ ╟ᴐ Юᵩ ╗ ⁮̆ У έᴇ ӝ ╟ ᶑ

⁮̆ ӝ ╟ ֶ ̆

⁮ ̆ ὡȂ ў ₥ӝ Э̆ӱ ‟

‍   ̆ ᵩ ӊ ў ֶ ̆Ԉ ὲᴐ Ȃ 

שּ 3.1.2  

бשּ     ү Уשּ ̆ ү שּ ̂ 2-1̃

Ӯשּ Ȃ 

3.1.3  

3.1.3.1  

ᵩ ӊ ұ 1950~2008 ȇ Ὠ Ȉ̆ ȁ

ȁ ҷэ ̆ שּ 3 3 3 3

3 3 ̆ὲѐ3 ѝ ̆3 ѝ ̆3ѝ ̆

3ѝ ̆3 ѝ Ȃ 

ֶ ў ұ 60 ‟̆ ȁ ȁ ȁ

ᾃ ‍̆ ꜛ ӝ ȁ҄ ӝ ȁ שּ ӊ ḣȁ Уӊнӊḣȁ

үӊнӊḣȁᾚᴐ ȁ ӊ ȁᾚ ╟╒ȁע ̂ ȁ̃

ᾚ ȁᾚн ӊḣȁ нӊḣȁ нӊḣȁ нӊḣ̕ӱҮ ᾚ н╪

╟╒ ̂1988~2008 Ȃ̃ 

ᶑ ‍ ч ‍ 1̆959~1989 Ὥ

5 ̆ 1959ȁ1969ȁ1979 1989 ̆

ұȇ б Ȉ̂ ̆1994̃̆1997 ч

‍ ұȇ ע ү Ȉ̆ 1997~2006

ұȇ Ȉ̂ ‾ ֶ ‾ ̆2009̃ Ȃ
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ұ 1959~1997 Ḯ̆ У ᾃ ⸗

̆ ֙ ḣ̆ ⁮ ‟ ̆ ᶑ

Ȃ 

99э 1958~2007 ̆

Kriging ḣ שּ Ȃ 

3.1.3.2  

3-1 ̆ Ἴ ע бӊ

‍ ̆ ‟ ֶ б ὯὯ

̆ Ὧ Ԉ ‟ ὤ ֶ Ȃ ᵩ

ў ֶ ‍ ̆ ֶ ⁸Ȃ У ‍

ᵩ ӊ ‍ ѝ̆ҩ ֶ Ѯ ὯὯ ̆

ў ‍- ‍ ̆ ֶ ў ‍̆ ᵩ б ֶ

ў ‍ ̆ ⁮ Ȃ 

 

3.2 ֶ ‟ ‍ע  

3.2.1  ע

 

 3-2 ӊ ‟  ע

:  

ֶ ў ‍ 

ֶ ‍  

‍  

ӊ ‍ע  

ֶ  

 3-1 ‍  
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 3-3 ӊ б  

 3-2 ҩ שּ ӱ̆ע ᴇЭ ̆ᵩ ӊ

῏ □̆ У Ԉ Э Ԉ‍ѝ э ̔̂ 1̃1950~1968 ̆

ᴁұ ḣּש ̆ ע ̆ ֙ 25Ӣ t ̆

֙ 5Ӣ t̂̕ 2̃1969~1979 ̆ ₥У Ю ̆ ע

Ӱ ̂̕ 3 1̃980~1997 ̆ ҩ Ю ᴁ̆ұ 2~12Ӣ tѮ ╟̕

̂4̃1998~2008 ̆ Ю □̆ӱ 6Ӣ t Ю ⁮ 2008 а

1Ӣ tȂ  

ѝҩ‍ ֶ ᴐ ̆ ӊ ̆

Ԉ ע ̆ӱ ῾ ֶ ᴐ Ȃ 3-3ѐ ҩ

שּ ӊ б Ѯ ̆ 2 ̆

1978~1979 ̆  УэЮḶ ̆ Ḷ ₥ ч ̆

1979~2008 У Ю ̆ ֶ

Ȃ ֶ έᴇ ᾳ ‍̆ ע ў ұч

э ̔̂ 1̃ ̆ ֶ ̆ ὲ ӊ ꜛ

֗⁸ Ԉ ᾚ ӊ ̂̕2̃ ᶑ ̆

ᶢ Ԉ̆ ‾ ᶢ Ȃ У ᾃ Ԉ

 ̆ 2000 ̆ Ю Ḷ ̆ ѝ

 Ȃע

3.2.2 ֶ  

 3-1 ֶ ‟ бӊ Ὧ  

 ֙ Ὧ  

שּ ӝ  1949 - 0.46*  

҄ ӝ  1949 - 0.48*  

҄ ӝ  1949 0.57*  

ᾚᴐ  1949 0. 6*  
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ӊ  1949 - 0.43*  

ᾚн ╟╒ 1956 - 0.58*  

ע  1978 0.32 

ᾚ  1960 - 0.52*  

שּ ӊ ḣ 1952 - 0.45*  

ӝ ӊ ḣ 1952 - 0.45*  

Уӊн  1952 0.54*  

н  1952 - 0.551* 

 1959 - 0.5*  

 1959 - 0.5 *  

 1959 - 0.52*  

            * 0.01 Э Ὧ 

ҩ ‟ Ԉ бᵩ ӊ Э רּ

Ѯ ̆ ҩҷэ ̔ӝ ꜛ שּ ӝ ȁ҄ ӝ ҄

ӝ שּ ӝ ᾚ̕н ӊ ꜛ ᾚᴐ

ӊ ̕ᾚн Ԇע ꜛ ᾚн ╟╒ȁע ᾚ ̕

ꜛ שּ ӊ ḣȁӝ ӊ ḣȁ Уӊн שּ ӊ

ḣ Ԉ н ᾚн ӊ ḣ ̕ ᶑ ꜛ

ȁ Ȃ 15э бᵩ ӊ Ὧ‍ ̆

Ὧ ұ 0.45 ᴐѝ ‟‍ ֶ ̂ 3-1̃̆

ꜛ н ȁ Уӊн ȁᾚᴐ ȁ҄ ӝ ȁᾚ

ȁᾚ ╟╒ȁ ȁ Ȃ 

3.2.3 ֶ ‍  

э ֶ Ѯ Ὧ Ԉ̆ ֶ ╟╒̆

9э ֶ ў 5э ֶ ᾳȂ Уӊн

н ў ӊн עִ ᾚ̕ ӝ ў ע ᾚ̕ᴐ

ў ע ᾚ̕ ╟╒ ᾚ ў ᾚн Ԇע

̕ ȁ ў ᶑ Ȃ 

3.2.3.1 ӊн бᵩעִ ӊ Ὧ  

ӱЬ ӊнбᵩ ӊ Ὧ ὲ̆ ѝ̔ Уӊн̘ ү

ӊн̘ ЬӊнȂ ў ѝ Уӊнў ᴐ ұ ̆ ҩЮ

ӱ̆ ᵩ ӊ ӊ ̕ үӊнѐў н

ὲ̆ѐ╗ ⁸ н ᵩ ӊ ̕

Ьӊн ұᵩ ӊ ѱὲ Ȃӱᾚнᾃ ӊнбᵩ ӊ Ὧ

ў̆ н ᴐ ╗ ҩᵩ ӊ ̆ н н ╗ҩ

̆ ῏ ᵩ ӊ έ ᴐ Ȃ 
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 3-4 ӊн бӊ Ὧ  

3-4 ѐ Уӊнӊḣ שּ ӊ ḣ нӊḣ ᾚн

ӊḣ чэ б̆ ̆ Уӊнӊḣ бᵩ

Ὧ̂ 3-4ã ̆ Уӊн ̆ᵩ ╗Ȃ

нӊḣ бᵩ Ѯ ѝ ὯὯ ̂ 3-4b̃ ̆ н

ӊḣ ╗̆ᵩ ῏ Ȃ 

ע 3.2.3.2 бᵩ ӊ Ὧ  

ע ᵩ ӊ ў ᴇ чэ У̔ ҄ ӝ

⁮ ̆ᴳ ᾚ ╒῏ ̆ӱ ᵩ ӊ ӊ ̕ У

ע Ȃ Уэ ў ᴇ

ֶ ̆ ὡ ֶ Э ̆ ӊ  ῏̆ᴳ ᾚ ╪╟

╒ ⁮ ̆ӱҮ үӊнȁ Ьӊн ╗ḣ ╪╟ ̆

῏ ᵑ Ȃӱ ‫ ⁮ ̆ ұ ע ̆

ԈԈ Уэ ѝўȂ 

 

бӊע 3-5  Ὧ  

 3-5̂ã ѐ҄ ӝ שּ ӝ ע ᴇ ̆ Ԉ

 ҄ ӝ б Ѯ ὯὯ ̆ ҄ ӝ ̆φ

ӊ ̕ 3-5̂ b̃ ѐӱҮ ᾚ н ᾚ ╪╟╒ ᾚ ╪╟╒

̆ Ԉ   ᾚ ╪╟╒ ╗̆ ῏ Ȃ 

бᵩע 3.2.3.3 ӊ Ὧ  

ᾚᴐ ̆ע ⁮ ᴐᵩ ӱ̆ ᵩ ӊ Ȃ

3-6 (b)ѐ ҩᾚᴐ б Ѯ Ὧ Ȃ ᾚᴐ

бᵩ ӊ Ѯ ѝ ὯὯ ̆ ᾚᴐ ̆ᵩ ӊ ш Ȃ 
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 3-6 ᾚᴐ бӊ Ὧ  

3-6̂ a ѐ̃  ҩ 1950~2008 ᾚᴐ ע ӱ̆ ѐ Ԉ

ᾚᴐ ע Ԉ‍ѝ э ̆ э ע ‍ Ю  ̔

I.  1950~1966 ̆ᾚᴐ ѝ Э Ȃ У ў

̆ Э  ҩľᾚн ӊĿ ľ Ŀ̆ ╨

ᾚ ̆ ҩш ̆ Ԉ У ̆ᵩ ӊ ᴁ

ұ ḣּשȂ 

II.  1967~1979 ̆ᾚᴐ ╟̆ ₥У

Ю Ӱת̆ ұ ḣּש Ȃ У ў ұ ע

̆ ұ ╟̆ ұᾚᴐ ὡ а

̆ ̆ Ԉᵩ ӊ ҂ ұ ḣּש ╟Ȃ 

III.  1980~2000 ̆ ₥У ̆ᾚᴐ Ю ̆ У

ᾃ̆ ע □̆ὲ ע ₥У Ȃ У ў

ӊ ꜛ ֗⁸ Ԉ ̆ эᾚᴐ ұУэ

̆ ᵩ ҂ ұ Ȃ 

IV. 2001~2008 ̆ᾚᴐ ₥У ҩ ῏ ̆ᴁұᴂ

ḣּש Ȃ ў ľ Ŀ ̆ ᾚᴐ

Ю ̆ӱ ᴳ ᵩ ῏ Ȃ 

3.2.3.4 ᾚн Ԇע бᵩ ӊ Ὧ  

ᾚн Ԇע ў ꜛ ᾚн ע ᾚ Ȃᾚн ע

ᴇ ע ᴐ ᴐнЭ ̆ ᴐнע ּ ‾ұ

ί ᾚ̕ ў ᴇ Ԇּ ӱ̆

῏ ̆ У ῏ Ȃ 
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 3-7 ᾚн Ԇעбӊ Ὧ  

3-7 ѐ̂ã ̂b̃ ‍⁞ ҩᾚ ᾚ ╟╒б

Ὧ ӱ̆ Э Ԉ ᾚ̆ ᾚ ╟╒бᵩ Ѯ

ὯὯ ̆ ҩ ᾚ ᾚ ╟╒ ╗̆ שּ

῏ Ȃ 

3.2.3.5 ᶑ бᵩ ӊ Ὧ  

ᶑ ў ҩ ̆ ȁ ў

ᶑ ӱ̆ ⁮ Ȃ ў

ᶑ ╗ ̆῏ Ȃ 

3-8̂ ã ѐ ҩ 3э ᶑ 5э ᾃ ̆

Ԉ  ̆1959~1969 ̆Ьэ ᶑ ̆

10%~15%Ѯ ὲ̆ѐ ̆ ̕

1969~1979 ̆ ₥У ̆ ҩ 5% 1̕979~1989

̆ ₥У ҩ ὲ̆ӹчэ

Ю 1̕989~1997 ̆ ₥У Э ̆

Ю ̆ Ю ̕

 3-8 ᶑ бӊ Ὧ  
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1997~2006 ̆ б₥У Ю ̆

Э ̆ Э Ȃ ᴇ ̆1959~1979

ѝ ᶑ ̆ ᶑ ᶑ Ȃ1979

Ԉ ̆ Ю ̆ ұ ̆

ἼЮ ̆⁮ 1997 Ԉ Э Ȃ 

3-8ѐ̂b ȁ̃̂ c̃ ̂d̃‍⁞ ҩ ȁ

б Ѯ Ὧ ̆ ᾱ R2‍⁞ѝ 0.31ȁ0.33б 0.31̆ ӱ

ѐ Ԉ  ̆ ȁ ╗̆ Ю

□Ȃ 

3.2.4 ֶ ‍  

3.2.4.1 ֶ ў ‍‍  

 ў ‍‍ ў ‾ ̆ ᴇ ᾃ

Ὧ Ȃ ע ΰэ ҵ зꜛ ‍ᶕ

ἷ Ȃὲִ ұ ‍ ⁮ Ѯ

ᾃ Ὧ Ȃ а ў Ȃ ⁮ ў ‍Ѯ ̆῏ ᶕ

Ӈ ̆ᴳ ‍ έ Ȃ 

 3-2 ֶ Ѯ Ὧ  

 A1 A2 A3 A4 A5 A6 A7 A8 A9 

A1 1         

A2 -0.93 1        

A3 -0.88 0.86 1       

A4 -0.87 0.84 0.69 1      

A5 0.93 -0.95 -0.87 -0.84 1     

A6 0.95 -0.96 -0.91 -0.84 0.98 1    

A7 0.95 -0.96 -0.9 0.84 0.99 0.99 1   

A8 0.97 -0.95 -0.88 -0.91 0.98 0.98 0.98 1  

A9 0.96 -0.96 -0.91 -0.85 0.94 0.97 0.96 0.96 1 

̔ԈЭ Ὧ 0.01 Э Ὧ 

ӱ 3-1 Ԉ   ֙аУ ̆ ‟ ᾚ

̆ ֙ѝ 1960 ̆ Ԉ ѝ 1960~2006 Ȃ

‍ 9эў ֶ ꜛ нӊн ̂A1 ȁ̃ Уӊн

̂A2 ȁ̃ᾚᴐ ̂A3 ȁ̃҄ ӝ ̂A4 ȁ̃ᾚ ̂A5 ȁ̃ᾚ

╟╒̂A6 ȁ̃ ̂A7 ȁ̃ ̂A8̃ ̂A9̃Ѯ

Ὧ ̆ӱ 3-2ѐ Ԉ  ̆ Ѯ Ὧ ̆ Ѯ

Ὧ 0.9ԈЭ̆ѝҩ Ѯ Ὧ Ὠ ̆‾

SPSS 17.0ѐ ‍ ̂Factor Analysis̃ έ̆ Ḁ ў ‍
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̆ ⁮ ḣ ̂ 3-3̃ Ӈ ў ‍

̂ 3-4 Ȃ̃ 

 3-3 ḣ ў ‍  

‍ ḣ ̂%  ̃ ̂%  ̃

1 8.368 92.98 92.98 

2 0.322 4.005 96.565 

3 0.131 3.586 98.025 

4 0.077 1.459 98.882 

5 0.057 0.857 99.519 

6 0.026 0.637 99.808 

7 0.009 0.289 99.913 

8 0.006 0.064 99.997 

9 0.002 0.023 100 

ӱ 3-3 Ԉ ⁮ эў ‍ ḣȁ Ԉ ̆

ḣ Ԇ ҩ ‍ ᶕ Ў ⁮

80% ‡̆ ў ΰэ ‍ᴐѝў ‍̆ӱ ѐ ԏ Ԉ   Уэ ‍

⁮ҩ 93%̆ Уэ ‍ѝў ‍̆ Уў ‍ э

ֶ 93% ᶕ Ȃ 3-4 ў ‍ ̆ ѐ э

ў ‍б Ѯ ὯὯ ̆ Ԉ   ў ‍б

Ѯ Ὧ Ȃ 

 3-4 ў ‍  

 A1 A2 A3 A4 A5 A6 A7 A8 A9 

Ὧ  0.97 -0.97 -0.91 -0.89 0.98 0.99 0.99 0.99 0.98 

‾ Ю Ὠ Ԉ  ў ‍ ̔ 

5 # 312ʇϳ  (3-1) 

ὲѐ5ѝ ̆#ў ‍ ѐ ̆ʇѝў ‍

ḣ̆i=1,2,ŀ6. Ὠ (1) Ԉ  ў ‍ ̔ 

Ø πȢσσφ! πȢσστ! πȢσρτ! πȢσπυ! πȢσσχ! πȢστς! 

πȢστρ! πȢστς! πȢσσψ! 
(3-2) 

ў ‍ ῆע Ѯ ў ‍б э Ѯ Ὧ

̆ӱὨ 3-2ѐ Ԉ  ̆ Ҁэ ұў ‍

а ̆ бў ‍ Ὧ ̆ Уӊн ȁᾚᴐ ȁᾚнӝ

бў ‍ ѝ ὯὯ ̆ нӊн ȁᾚ ȁᾚ ╟╒ȁ

ȁ бў ‍ ὯὯ Ȃ 

3.2.4.2 ᵩ ӊ ‟  

 3-5 ӊ б Ὧ  

 A1 A2 A3 A4 A5 A6 A7 A8 A9 x1 x2 

ӊ  -0.46 0.52 0.58 0.45 -0.48 -0.52 -0.5 -0.5 -0.52 -0.52 0.6 



Ь  ֶ ᵩ ӊ ‟‍  

44 

 

ᵩ ӊ ‍ ̆ᴐѝ ̂ỹ ꜛ ̔

нӊн ̂A1 ȁ̃ Уӊн ̂A2 ȁ̃ᾚᴐ ̂A3 ȁ̃҄ ӝ

̂A4 ȁ̃ᾚ ̂A5 ȁ̃ᾚ ╟╒̂A6 ȁ̃ ̂A7 ȁ̃

̂A8 ȁ̃ ̂A9̃ ̂x2 Ȃ̃ ₥У ‍ ‍ ֶ

Ѯ Ὧ ̆ Ԉ 9э ֶ ў ‍‍ ⁮ Уў

‍ᴐѝ x1 ў̆ ֶ Ȃ שּ Э ᴐ

ѝ x2̆ў Ȃ Ὧ‍ ̂ 3-5̃̆ бӊ

ὯȂ ‍ ̂ ᴂұ 0.05 € ̃̆

ҩᵩ ӊ бч Ѯ Ὧ Ȃ 

 3-6 ἷ ‍  

 B Std. Error Beta t Sig. 

 -9.006 4.076 
 

-2.209 0.032 

x1 -2.322 0.693 -0.376 -3.349 0.002 

x2 0.037 0.008 0.493 4.394 ұ 0.001 

ἷ ‍ ̂ 3-6̃̆ Ὧ ̂R̃ѝ 0.702̆ F

ḣѝ 11.215̆ ⁮ 0.002Ȃ ‍ ѐ ὲ

̆ Ԉ   ̔ 

ώ πȢπσχὼ ςȢσςςὼ ωȢππφ (3-3) 

ὲѐ̔yѝᵩ ӊ ̆x1ѝ ֶ ў ‍̆x2ѝ Ȃ

3-3 ῆעѮ    ̔

ώ πȢτωσὼ πȢσχφὼ (3-4) 

3-4ѐ ̆ Ԉה э ᵩ ӊ

Ȃ ѝ 100%̆ ұ ḣ̆

Ԉ   ֶ ‍⁞ѝ̔ ѝ 57%̆ ֶ

ѝ 43%Ȃ ᵩשּ ӊ ‟ ѐע ў ᴐ ̆

ֶ ұ ̆ ֶ ѐꜛ ҩ ᶑ Ȃ 

ѝҩ У ֶ ̆ 3-2 ὡ 3-4ѐ Ԉ

⁮̔ 

ώ πȢτωσὼ πȢρςφὃ πȢρςφὃ πȢρρψὃ πȢρρυὃ πȢρςχὃ

πȢρςωὃ πȢρςψὃ πȢρςωὃ πȢρςχὃ 
(3-5) 

ӱ 3-5ѐ э ֶ Ԉ  ̆9э ֶ ᵩ

ӊ а ̆ὲѐ нӊн ̂A1 ȁ̃ Уӊн ̂A2 ȁ̃҄

ӝ ̂A4 ȁ̃ᾚ ̂A5 ȁ̃ᾚ ╟╒̂A6 ȁ̃ ̂A7 ȁ̃

̂A8̃ ̂A9̃ ᵩ ӊ ̆ᾚᴐ

̂A3̃ ҄ ӝ ̂A4̃ ᵩ ӊ УҾȂ Ҿ ѐ̆

нӊн ̂A1 ȁ̃ᾚ ̂A5 ȁ̃ᾚ ╟╒̂A6̃ ᵩ ӊ

ӊ ̆ Ҿ ḣ ╗̆φ ӊ ῏ ̕ Уӊн ̂A2 ȁ̃
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ᾚᴐ ̂A3 ȁ̃҄ ӝ ̂A4̃ ᵩ ӊ ӊ ̆

Ҿ ḣ ╗̆ᵩ ӊ ╗Ȃ У б₥  ѐӊ б

Ὧ Ȃ 

3.3  

3.3.1  

̂1̃ ӊ ע ‍ ̆ ⁮ᵩ ע э ̕

ӊ ‍ ̆ ⁮ҩ бӊ Ѯ ע Ḷ

1978~1979 ̆ Ḷ ѝ ӊ ꜛ ֗⁸

ᶑ Ȃ  

̂2̃ Ὧ‍ ⁮ҩ ᵩ ӊ ע ў ֶ ̔

нӊн ȁ Уӊн ȁᾚᴐ ȁ҄ ӝ ȁᾚ ȁᾚ

╟╒ȁ ȁ Ȃ 

̂3̃ ҩ ֶ ╟╒̆ꜛ э ̔ӊн ȁעִ

ȁע ע ᾚн Ԇ̆ע ‍ ҩ ╟╒ ᴐ Ȃ 

̂4̃ ᵩ ӊ ‟ ‍ ̆ ⁮ҩᵩ ӊ

‟ ѐ̆ע ֶ ̆ ү а ̆

ұ ֶ Ȃ 

3.3.2  

̂1̃ ұ ‟ ̆Ԉ שּ שּ ̆ Ԉ

ֶ Э ⁮ ⁸̆ ⁮ ֶ э ̆

ῆ э שּ ὤ ֶ ᾳ ̆ Ԉ Ԇ

̆ שּ ֶ ᾳȂ ‍ ֶ

н ᵩ ӊ ў̆ ѝ

Ȃ 

̂2̃ ұ ̆ ̆ ᾃשּ

̆ע ╟ҩ ‟ ̆ע Ԉ ὴ ᴿ ̆

ὡ ֶ ⁸Ȃ 

̂3̃ ў ̆ ̆

ў ѝ ᾃ аע ӱ̆ ᴇЭ эּש ӊ

̆ע Ԉ ̆ ѝ ӊ ȁ

ע ў Ȃ Уэа ת̆ ұ
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ᾳ NDVI ұ 1982 ̆б

‍ ̆ Ԉ а Уэ Ȃ 

̂4̃ ᵩ ӊ ̆ ў ұчэ

̆У ᵩ ḣ ̆ з Ԇ ‟ ̕

У ⁮ שּ ұ ұ 1̆ Ԉ ѝ

ῆ ᵩ ᾳȂ 
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 ֶ ᵩ ӊ ‍

 

ᵩ ӊ ч ѐ̆ ע ̆ ӝ

╟ ὲ̆ ұ Уэ ӝ̆ ╟ ᵩ ӊ

ѐў Уэ╗ ᴐ Ȃ ұᵩ ̆ᾚн ᴐȁ ӊ ȁ

ֶ ̆ꜛ ̆ Ѯ ӝ ╟ Ю

ὤ Ḁ ̆҂ֶ ᴐ ⁮ᵩ ѐȂ ұӊ ̆ ȁ

ᶢ ̆ ӊ ῏ Ȃ 

₥ч ᵩ ӊ ע Ԉ ᵩ ӊ

‟‍ Э̆ ў ᵩ ӊ Ԉע ֶ

ᴐ Ȃ ү ѐ ᵩ ӊ ע ‍ ѐ̆ 1989 Ԉ ᵩ ӊ

‍ ̆ У ‍ 2000 Ԉ ᵩ ӊ ע ‍ ̆Ԉ

₥У ‍ а ̆ ᾃ Э̆ Ἱ ү ע έᴇ

‍ Ȃ 

4.1  

4.1.1  

‍ᴳ ұ ‾ ֶ‒ ȇ Ȉ̆

שּ ̆ ȁ ȁ א Ԉ

ᾊ ̆ꜛ чэ 1̆985ȁ1987ȁ1988ѝ Уэ ̆

2005ȁ2006ȁ2007ѝ үэ Ȃ Уэ ᾃ רּ֙ У

Ὥ 109э̆ үэ ᾃ רּ֙ УὭ 87эȂ 

ұ ᵏ שּ 99 э

̆ б чэ Ȃ ұ

̂NASÃὤ б ḣ ̆ ‍

ѝ 8km̆ б Ȃ 

ֶ ў ұȇѐ ᾚ ‍ Ȉ̂1985 1̆987 1988

̃Ԉ ȇѐ ̂ ̃ Ȉ̂ 2005 ȁ2006 2007 ̃̆ שּ

̆ ȁ ȁ ȁᾃ ᾃשּ ̆ч ‍

Э ̆ ֶ чэ ֶ  Ȃע
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4.1.2  

‍ Ἴ שּ Ԉע чэ ̆

Э̆ שּ ̆ ‍שּ שּ ̆שּ ч

эּש ‍ ̆ чэ ע שּ‍

Ȃ 

̂1̃ ‍  

ў Э чэ ‍ ̆ Э̆ э שּ

ὲ‍ чэּש ̆ Э Ȃ ‍ ў ѝҩ

Ȃ 

̂2̃  ע

чэ ֙ ̆ ұ ArcGIS9. 0 

╗ (inverse distance weighted, IDW) ḣ ⁮

а 1km‍ ‍ ̆

ע ̆ Ԉ ѝ чэ

Ԉ Э Ȃ 

̂3̃ Ὧ‍ ‍    

    Ὧ‍ ў ѝҩ ᵩ ӊ б Ѯ

ὯὯ ̆ ‍ ў ѝҩ б Ѯ Ὧ ̆

Ԉ Ȃ 

4.2 ‍  

4.2.1  

    ѝҩҩ שּ ע ̆ ч

Kriging ḣ̆ ⁮ ‍ ̂ 4-1 Ȃ̃ 4-1̂ã

ѝ У ‍ ӱ̆ ѐ Ԉ  ̆ א п

῏̆ ꜛשּ ȁ ̆Ԉ ȁא

Э ̆שּ ḣѐ   א Э ̆ Ю ѝ ᴂ

Ȃשּ Ԉ э ̆ שּ

⁮ 10000t/km2̆ שּ 740t/km2 Ȃ Ԉ ̆ У ̆

⁮ שּ Ԉ ȁא Э ‍ שּ ᵩשּ ӊ ѝш

̆שּ ұ 4800t/km2̕ὲ ѝ Э ȁ ‍ Ԉשּ

Ю ̆ 1800~4800t/km2Ѯ ̕ Э ȁ Ю ѝᵩ ӊ

̆שּ 1800t/km2ԈЮȂ 
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 4-1 чэ  

 4-1̂ b̃ ү ‍ ̆ӱ Э Ԉ  ̆

чэ ḣѐ ‍⁞ Ԉ Ю ̆שּ Ѯ א̆

ȁ Э שּ ҂ ̕ Ԉ א Ю שּ Ȃ

ᵩ ᴇ ע □Ӱ ӱ א п ῏Ȃ Ԉ ̆φ ӊ

ш שּ ѐ Ю ̆ӊ 3200~5000 t/km2̆

ꜛשּ א Ю ̆ӊ ᴂұ 600 t/km2̆ὲӹ שּ ӊ

600~2300 t/km2Ѯ Ȃ 

ԈЭ чэ ‍ ‍ ̆ Ԉ ⁮̆ чэ

‍ ᴇ □ У ̆ ӱ א п ῏Ȃӱ Уэ ⁮ үэ

ὲ̆ᵩ ḣּש א ╟̆ ḣּש ӱ Ԉ

Э ̆ ⁮ Ԉ א Ю ȂЮ У ‍ чэ

ע ‍ Ȃ 

4.2.2 ‍ע  

    ѝҩ чэ ᴐע У ̆ ע

Э ע Ȃ ע ArcGIS 9.0ѐ̆

У ῏ ү Ѯ ᾋб У ḣ

⁮̆έᴇ ‍ 4-2Ȃ 
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 4-2 чэ ע  

4-2ѐ שּ ѝ ╗ שּ ̆ ע ѝ ḣ̆

ӱ У ⁮ ү ̆ ╗Ȃӱ Э Ԉ   ╗ שּ

̆‍ שּ Ԉ̆שּ ѐ ‍ Ȃשּ ᴇЭ

̆ שּ ӱ У ⁮ ү ῏ ҩУ ԈЭ̆̓͂

ѝשּ ȁא Э ‍ чэ̆שּ ̆῏ ҩ

75%ԈЭȂ῏ שּ ѐ Ьэ ̆שּ ȁ

̆῏ ҩ 45%ԈЮȂ 

4.2.3 ‍  

У ў 20й 80 Ԇѐ ᵩשּ ӊ

ᾰͅ ү ў й ₥︠ ѐ ᵩשּ ӊ ᾳȂ

ӱ У ‍ Ԉ ̆ 20й 80 Ԇѐ ̆ э שּ ᵩ

ш ̆ᵩ ӊ ѐ שּ Ԉ ȁא Э Ȃ⁮ й ₥︠ ѐ

̆ э שּ ᵩ ₥У ҩ ῏ ̆ᵩ ӊ э ҂ ̆ע

ȁא Э ᵩ שּ ῏ ѝ ̆φ ӊ ш שּ ѐ

Ȃӱ ү ‍ Ԉ  ̆φ ӊ ῏ שּ

Ю א ̆φ ӊ ῏ שּ ȁ

Ȃ 

 

ע 4.3 ‍  

4.3.1 б  
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ᵩ ӊ ЭУ ‍ ḣ ⁮ чэ ̆

ḣ̆ ᵩ ӊ ᾳȂφ ӊ ‍

ў чэ ̆ ֶ Ȃ ꜛ

̆ У ‍ ArcGIS 9.0 ѐ Ȃ שּ 99э

Kriging ḣ̆ ⁮чэ э ֙ ̆

שּ ̆ zonal statistics έ ̆

чэ Ь ὲ ḣ̆ ⁮ У Ȃ

NDVI ᾳȂ 

ֶ чэ а ̆ чэ ў ֶ ̆

У ̂20й 80 Ԇѐ ̃ ӝ ȁ҄ ӝ ȁӝ ᾚн

ӊḣȁӝ ȁ ᴁᾚᴐ ע ȁ ᴁ ᾚн

╟╒ȁ ӊ̕ ү ̂ й ₥ 10 ѐ ̃ ӝ ȁ҄ ӝ

ȁӝ ᾚн ӊḣȁ ᴁ ҄ ╪╟╒ȁ ᴁ ᾚн

╟╒ȁ ӊȁӱҮ ᾚ н҄ ╪╟╒ Ȃ ֶ

̆ э ֙ ‍ ⁮ э ‍ ̆

э чэ ḣȂ 

4.3.2 ‍  

שּ 4.3.2.1  שּ‍

 ў ̂1997̃ Ὧұ שּ שּ ‚‍̆

שּ ȁא ᴐѝ ̆שּ ȁ ȁ ᴐѝ Ȃὲѐשּ

ў ̆ Ԉ ‚ὡ  Ȃשּ

4.4.2.2 ᵩ ӊ б Ὧ Ὧ‍  

ѝҩ Э ᵩ ӊ ‍ȁשּ̆‍ ҩ ἷ

э Ѯ Ὧ ̆ б Ὧ ̆ꜛ

ӝ ᾚн ӊḣȁ҄ ӝ ȁӱҮ ᾚ н҄ ╪╟╒ ᴁ

҄ ╪╟╒ ̆ ⁮ҩб Ὧ ὲ Ὧ

̂ 4-1 Ȃ̃ӱ ѐ Ԉ  ̆ ᴇЭ У э б Ѯ

Ὧ ̆ שּ Ὧ ұ Ȃӱשּ Э ̆ Ὧ

ᴇЭ ұ ֶ Ȃ 
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 4-1 б Ὧ  

 שּ‍    

 

У  ү  

ὤ ὤ שּ שּ שּ  שּ שּ שּ

 -0.577 -0.443 -0.709 -0.567 -0.263 -0.679 

 -0.588 -0.396 -0.702 -0.584 -0.368 -0.635 

ӝ  -0.536 -0.448 -0.559 -0.385 -0.267 -0.438 

ᴁ ᾚ

╟╒ 
-0.483 -0.502 -0.282 -0.482 -0.58 -0.452 

ӊ -0.661 -0.564 -0.721 -0.447 -0.448 -0.358 

ӝ  -0.602 -0.586 -0.534 ĺĺ ĺĺ ĺĺ 

ᴁ ע

 
-0.583 -0.56 -0.534 ĺĺ ĺĺ ĺĺ 

У ̆ ᴁ ᾚ ╟╒ У Ὧ ᴂ̆ э

שּ Ѯ Ὧ -0.6 Ȃ שּ שּ

⁞̆ שּ ꜛ б Ὧ ᴂ̆

ֶ ꜛ ᴁ ᾚ ╟╒ȁӝ ᴁ ע

б Ὧ ұ ̕שּ שּ ч б

Ὧ ḣ ұ 0.7̆ ֶ ѐ ӊб

Ὧ ⁮-0.721Ȃ ҩ שּ ̆ ֶ

̆ שּ ֶ ᵩ ӊ Ȃ 

ү ̆ э שּ б Ὧ ұ ֶ Ȃ

שּ ч б Ὧ ᴂ̆ ӝ Ѯ ̆ ֶ

ὲӹ б Ὧ ұ ̕ שּ

бѮ Ȃ ҩ ўשּ ֶ ᵩ ӊ ̆

ўשּ ֶ Ὥ ᵩ ӊ ӊ ̆

ᴐ ֶ УҾȂ 

4.3.2.3 ў ֶ ᵩ ӊ ‍  

    ӱ ѐ Ԉ  ў ᵩ ӊ ֶ ӝ ȁ ᴁ

ᾚ ╟╒ȁ ӊȁӝ ȁ ᴁ ע Ԉ ᴁ

҄ ╪╟╒ȂЮ ԈЭ ֶ ᴐ ‍ Ȃ 

̂1̃ ӝ  

ӝ б ὯὯ ̆ ӝ ̆φ ӊ

῏ Ȃ Ὧ ӝ̆ б ὯὯ ̆

чэ Ὧ ‍⁞ѝ 0.421 0.48̆ ӝשּ ў ѐ

Ἱ ̆שּ Ԉӝ ᵩ Ȃ 

̂2̃ ᴁ ᾚ ╟╒бӝ  

ᴁ ᾚ ╟╒бᵩ ӊ ὯὯ ̆ ᾚн

ὡ ╗̆ᵩ ӊ ῏ Ȃᾚн ╟╒ў ұᾚȁ ȁ ȁ
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н ╟╒ ╟╒ Ȃᾚн ╟╒ꜛ ᴐ ȁ ȁ

ȁᾚ ȁ ᶑ ȁ н ȁ н ȁ н ὲӹ

ᾚн Ȃ₥Ьэ ᾚн ╟╒ ў ‍Ȃ ᴐ

╟╒ ╗ў ᾚ ּ ᴐ ӱ̆ ῏ ҩ Ȃ У

ᾚн ᴐ ᴳ ў̆ ұ שּ ̆ Ԉ

ὯУ Э ҩ ᴐ Ȃ ұ ╟╒̆ў ̆

Ԉ ̆ӱ ᵩ ӊ ӊ Ȃ 

    ӱ 4-3ѐ Ԉ  ᾚ ╟╒б Ὧ ӱ У ⁮ ү

̆ ҩ ̆ᾚн ̆ᾚ ╟╒ ᵩ

ӊ Ȃ чэ ѐ̆ ᾚשּ ╟╒б Ὧ

ұ ̆שּ ҩᾚ ╟╒ שּ ᵩ ӊ ̆ ў

ѝ שּ ̆ שּ ̆а‾ұᾚн Ȃ ѐ ҩчэ

ᾚשּ ╟╒б Ὧ ̆ Ԉ   Ὧ ч̆э ᾱ

̂R2̃‍⁞ѝ 0.38 0.41̆ У ̆ ү ᾱ

Ȃ 

 4-3 ᾚ ╟╒б Ὧ  
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Ὧ Ԉ ̆ У ̆ ᴁ ᾚн ╟╒б

ӝ Ὧ ѝ 0.755̆ ҩ ᴁ ᾚ ╟╒ ╗̆ ӝ

╗ У ̆ Ѯ ̆ӝ б Ὧ̆

ѝ ╗ ᾚ ּ ̆G ᾚ שּ ᵑ

῏ ̆ ‾ұ ̆ ᵩ ӊ ⁮῏ ᴐ Ȃ 

̂3̃ ӊб ᴁ ע      

ӊб Ὧ ѝ Ὧ̆ ӊ ╗̆φ ӊ

῏ Ȃ 4-4 ҩчэ ӊ Ὧ ̆ 4-4aѝ У ̆

4-4b ѝ ү Ȃ чэ Ὧ Ԉ   ӊб

Ὧ Ȃ Ԉ ̆ ӊ ᵩ ӊ ̆ў

ӊ ╗ ╗̆ӱ ᵩ ӊ Ȃ Ὧ‍ ̆

ӊб ȁ ᴁ ע ᴁ ᾚ ╟╒ Ὧ

‍⁞ѝ 0.661ȁ0.865 0.737̆ Ԉ  ̆ ȁ ᴁ ע

ᴁ ᾚ ╟╒ ӊ Ȃ 

4.3.2.4 ᵩ ӊ б ἷ ‍  

‍ ᵩ ӊ ̆ ὲ Ȃ

 4-4 ӊб ȁNDVI Ὧ  






















































