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96.5

1 2.5

1 1 (Chow et al., 1988)

1. Chow et al., 1988)  

(106 km2)           (km3)          

361.3 1,338,000,000 96.5

134.8 10,530,000 0.76 30.1  

134.8 12,870,000 0.93

82.0 16,500 0.0012 0.05

16.0 24,023,500 1.7 68.6

0.3 340,600 0.0025 1.0

1.2 91,000 0.007 0.26

0.8 85,400 0.006

2.7 11,470 0.0008 0.03

144.8 2,120 0.0002 0.006

1,120 0.0001 0.003

12,900 0.001 0.04

510.0 1,385,984,610 100

148.8 35,029,210 2.5 100
1
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250 mm 

1000 mm ( 1 2)

(Botkin and

Keller, 1995) 1 2 

1. (FAO, 1990) 2



3

2. (Hudson 1995)

3. 
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4

1-1 

(hydrology) 

(hydrologic cycle) 

(precipitation) (interception)

(infiltration) (percolation) (runoff)

(storage) (evapotranspiration) 

( 4

)

4. 
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5

1-2 

2430 mm

(

) 2000 mm 1500 mm

3000 mm 6000 mm 5 (

1999)

834 mm 2.91 

4500 9360 

1000

32 100 1000 31 100 

37

( 6)

78 22

62 78 79

90

75

21 4

1999
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100 

40

( 1994)

( 58% ) 

5. 
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7

1-3 

2500

mm

6. 



8

( ) 

( 1994

1996)

(1) 3000 m 

( 7)

(2) 2500-3000 m 

(3) 1400-2500 m (

2000 m)

200 m

(4) 500-1800

m 700-2100 m 

(5) 700 m 900 m 

(6) 
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( 8)

35,951,000 2,102,400

58.5

1,527,500 72.7 422,600 

20.1 152,300 4.2 2

( 1995)

2. 

( )       ( ) 

2,102,400 58.53

438,500 12.21

391,200 10.89

1,120,400 31.19

152,300 4.24

1,489,100 41.47

3,591,500 100.00
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(watershed) 

( 9)

7. 

(
)

8. 
( )
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2-1 

(system concept) 

9. (drainage basin) 



12

(connected) (hydrologic system) 

(input) (output)

(water balance)

P ET Q  S 0

P   (precipitation)

ET  (evaportranspiration)

Q   (streamflow) 

S  

(changes of soil moisture storage)

( ) 

P Q ET



13

2-2 

(paired watershed

method) 

(treatment) 

(calibration period)

(treatment watershed)

(control watershed)

(treatment effects)

10

11 4 5 

( double mass

curves) 4 

(Hsia and Koh, 1982)

2-3 

Dr. Robert E. Dils 1963 

(1964 ) 
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10. (Brooks et al., 1992)

11. 4

Q
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1965 

( )

11 3

12

3. 

(m) (%) 

37.98 842 54 Jan, 1993

94.15 922 85 Jul, 1995

144.0 2530 82 Aug, 1969

238.0 2622 74 Aug, 1969

3.53 741 63 Jan, 1967

13.13 812 56 Jan, 1967

3.40 723 69 Jan, 1967

5.86 763 40 Jan, 1967

8.39 757 41 Jan, 1967

50.76 1064 69 Jan, 1965

21.40 1057 55 Jan, 1965
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1613. 3 

12. 
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90 V 

(

13)

( ) 

( 14)

14. 



18

2-4  

(1) 

(2) 

(

) 

240 mm 

(3) 

C

( 15)
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(4) 

1994

(LTER) ( 16)

1997 

16. 

15. 
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20

4 

3-1 

(1) (2) 

(3) 

(rain) (drizzle) (sleet

) (snow) (hail) (dew) (frost) 

(mm) 

(inch)

( 17 18)

60 20 
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17. 

18. 
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8 10 

1 

157.1 cc 0.5 

45

(Thiessen method)

3-2  

(

19)

(throughfall 20)

(stemflow 21)



23

(Leaf Area Index) 

( 22 

23) 25

10 18 (Brooks et al., 1992; Kochenderfer

et al., 1998)

13 ( 1995)

19. 

20. 
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24

21. 

22. 

23. 



25

30 50

fog rain)

3-3  

(evaporation) (transpiration) 

4 

2057.78 mm (1975-1992) 1121.65 mm

846.13 mm

909.40 mm 93 ( 1997)

(potential evapotranspiration) 

(Thornthwaite and Mather,1955;
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26

Hamon, 1961)

(lysimeter) 

24 25

24. 

25. 



27

26 Hubbard Brook Experimental Forest 

(Bailey, 1998)

26 

27 

26. Hubbard Brook 
(Bailey,

1998)
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27. 5 

3-4 

-

(rainfall losses) 30

( 28 29)

3-5 

( 30)
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28. 
11.3

29. 
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30

(infiltration capacity)

(sealing

31)

( 32)

4 (Lee 1980)

30. 
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32. 

31. 
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32

4.  (Lee, 1980)

(mm/hr)

(Clay) 0 -  5 5 - 10

(Clay loam) 5 - 10 10 - 20

(Loam) 10 - 15 20 - 30

(Sandy loam) 15 - 20 30 - 40

(Sand) 20 - 25 40 - 50

3-6 

(overland flow) (surface runoff)

(

) 

( 33)

(

34)



33
33. 

34. 
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34

3-7 

(subsurface flow) (interflow)

(stormflow) ( 35 36)

(hydraulic gradient)

35. 



3-8 

(baseflow)

(

6

) 

(

delayed subsurface

flow)

(baseflow separation 37)

0.0005 l/s*ha*h 3

1975-1992 

36.21 18.34 48.59

36. 

35
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36

4-1 

(litter floor) 

(humus layer) 

( L ) 

37. 



(organic residuals) 

(humus) F 

H 

(mineral soil) ( 1991)

(Brooks et al., 1992)

(pipe flow) 

( 1996)

8.0 cm 7.9 cm ( 38)

4.7 cm 3.98 cm 2.9 cm

37
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38

5700 - 8500 

5 

(

1988 1988)

50 ( 39)

( 1800 ) (

500 1800 ) ( 800 

) (

) ( 1999)

38. 



4-2 

(mineral soil)

(soil texture) (soil structure) 

(clay)

(silt) (sand) 

( 5)

(loam)

(porosity

) (

33-60 ) 

( 25-50 ) (Brooks

et al., 1992)

39. 

39
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40

(pathway) 

4-3 

(soil moisture) 

( 1991)

5.  

(mm)

(sand)                0.05 - 2.0

1.0   - 2.0

0.5   - 1.0

0.25 - 0.5

0.10 - 0.25

0.05 - 0.10

(silt)                  0.02 - 0.05

(clay)                       < 0.02



40. 

20 60 (

40)

(macropores) 

(micropores) 

(field capacity)

(wilting point)

(available moisture)

(available water-holding capacity)

(

6 41)

41
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42

6.  (Lee, 1980)

mm mm mm

(Sand) 100 25 75

(Fine sand) 116 33 83

(Sandy loam) 158 50 108

(Fine sandy loam) 217 67 150

(Loam) 267 100 167

(Silty loam) 283 116 167

(Light clay loam) 300 133 167

(Clay loam) 317 150 167

(Heavy clay loam) 325 175 150

(Clay) 325 208 117  

41. 



43

4-4 

(gravity) (surface tension) (adhesion

) (matric force

) (osmotic force

) 

( 1991)

(gravitation water)

(capillary water) (hygroscopic water) 

(

1991)

4-5 
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44

(

) ( 42)

( 43)

42. (Brooks et al.,
1992) 



45

(streamflow) 

(detention

storage) 

(perennial) (intermittent) 

(ephemeral) 

43. Appalachians 2
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46

( 1 )

(stormflow) 

(quickflow) 6 

(flood flow)

5-1 

44 



47

(weir)

(flume)

45 90

44. 
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48

(90-degree  V-notch weir)

13 

5-2 

(hydrograph)

(hyetograph)

46 

45. 



49

(peak flow)

47 

46. 
(Brooks et al., 1992) 
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50

37 

( ) 

( )

47. 11



51 48. (Hewlett and Troendle, 1975)

5-3 

(saturation overland flow) 

(variable source areas)

( 48, Hewlett and Troendle, 1975)

10
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52

5-4 

( 49)

49. 



53

(antecedent moisture condition)

(drainage density

)

(detain slow down) (retain

store) 
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54

50 

(desynchronization) 

50. 
(Brooks et al., 1992) 



55

5-5 

(Hibbert, 1967; Bosch and

Hewlett, 1981; Hornbeck et al.,1993;Wheathead and

Robinson,1993)

( 1 ) ( S) 

(P) (Q) 

(ET) 

(1). 
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56

(Lull and Reinhart

1967; Hibbert, 1971; Bosch and Hewlett 1982; Ponce and

Meiman, 1983; Wheathead and Robinson,1993) Hibbert 

(1983) 400 mm 

4 mm 

1 mm

(2). 

( 51)

(Brooks et al.,

1992)

(3). 

( 52)

(Troendle and Meiman, 1986; Troendle,

1987; Troendle and King, 1987; Hicks et al., 1991)
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51. 

52. 
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58

(4). 

15

(Bosch and Hewlett, 1982)

500

(

) (

1996)

10 

1978 1979 

( 53 54)

5.86 1978 
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53. 4 1978 

54. 4
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60

(1979 5 9 ) 240 mm (55 )

184 mm (47 ) (1979 

10 4 ) 46 mm (108 )

20 mm (293 )

10

( 1982)

(1) 

(2) 

(3) 

(4) 

( 1996)

6-1 

( 55)



61

( 56)

(natural erosion)

(accelerated erosion) 

(sediment)

55. 
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62

(suspended sediment)

(bedload)

(sedimentation)

56. 



63

(surface erosion)

(gully erosion) (soil mass movement) 

( 57)

( )

58
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64

(ton/ha/yr)

(non-

point source pollutant)

57. 

58. 



65

(point-source pollutant) 

(Coshocton wheel) 59 60 

(turbid meter) 

(turbidity)

59. ISCO 
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66

61. (Kochenderfer et al., 1998)

60. Coshocton 



67

61 

(displaced soil)

(sealing)

(compaction) 

( 62)

(Megahan

and Kidd, 1971; Meeuwig and Packer,1975; McCashion and

Rice, 1983) 

Appalachians 
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0.25-0.49 ton/ha (0.1-0.2

ton/acre)

6-2 

( )

24 

62. 



69

7 

1 

3 3 

1

( ) 

(Brown, 1980)

(buffer

zone)
F
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R
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S
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A
T
E
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6-3 

(cation)

(anion)

(electrical conductivity)

(pH) (concentration) 

(1). 

pH = -log[H+]

[H+] M (mole/liter)

1.0 *10-7 M pH = -log[10-7] = 7 pH 0

14 pH = 7 61 

pH pH 7 

6 pH 

63

pH 6.5 8.4 pH 8.5 

(Brooks, et al., 1992)

(2). 
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( ) 

uS/cm micr-

omhos/cm 

(3). 

mg/L ( /

) ppm ( )

mg/L 

ppm 

6-4 

( 64)

(calcium carbonate) (limestone) 

pH 

(acidic shale) 

63. pH pH
5.6 



73

(carbonaceous shale) 

8 

64. 

(peat) 

8. (Kochenderfer et al., 1998)

(Limestone) (Sandstone) (Acidic shale) (Mine drainage)

pH 7.90 5.94 3.91 3.0

(uS/cm) 188.0 21.7 127.0 1200.0

(mg/L) 11.9 4.5 35.0 800.0

(mg/L) 28.4 1.5 2.5 60.0

(mg/L) 2.20 0.70 0.06 1.0

(mg/L) 3.50 0.75 1.97 30.0

(mg/L) 0.86 0.69 0.76 2.0

(mg/L) 0.92 0.44 0.27 3.0
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6-5 

(nutrients)

(steady-state

cycling)

(CA+2)



75

(Mg+2) (K+) (Na+) (NO
3

-) 

(SO
4

-2) 

9 

Appalachian 

Appalachian 

6-6 

9. 1 Appalachian 
(Wang et al., 1994; Kochenderfer et al., 1998)

1 Appalachian 

mg/L   kg/ha     mg/L   kg/ha       mg/L   kg/ha      mg/L   kg/ha

(NO3
-) 1.20 36.1 1.44 22.3 2.09 23.62 3.40 23.13

(Ca+2) 0.47 14.1 3.86 59.5 0.36 4.10 1.55 10.29

(Mg+2) 0.21 6.3 1.26 19.4 0.04 0.44 0.77 5.16

(K+) 0.96 28.8 0.35 5.4 0.21 1.74 0.68 4.61    

(Na+) 1.44 43.3 3.65 56.2 0.08 0.98 0.50 3.04

(SO4
-2) 2.99 89.6 5.02 77.3 3.36 40.50 4.48 29.78
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(atmospheric deposition)

pH 5.6

CO2+H20 H2CO3 H+ + HCO3
- 2H+ + CO3

-2

(acid precipitation)

pH 5.6 

(SO4
-2) 

(NO3
-) 

pH 



77

(wet-dry

precipitation collector) 65

( ) 

(pH= 4.1-4.4) ( pH=

4.45) pH 

(pH = 5.2-5.6) ( 1992)

North Carolina 

65.  Anderson 
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Coweeta 

70 20-40

6-7 

(1). 

(bicarbonate anion) 

( ) 



79

New Hampshire Hubbard Brook Experimental

Forest (HBEF) 

(

[nitrate] 

HBEF 

57 kg/ha 71 kg/ha 15 kg/ha (Martin et

al. 1986)

( 2 3 )

( 66)

66. (0.3 2.5 microns) 
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(Swank and Waide, 1979; Hewlett et

al., 1984)

(

) 

(2). 

(

67)

(Helvey, et al.,

1985)

(3). 
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( 68)

68. 

67. 
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7-1 

(water conservation and regulation) 

(1). 

( ) 

(

)
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( 4)

(2). 

(

69)

69. 
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( 70)

7-2 

(flood flow) 

70. 



85

(1). 

(

, 1995)

(compactness) 

1 2 10 

( 1996)
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(Hess, 1984)

(2). 

( 71)

71. 



87

( 72)

(

1999)

72. 
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7-3 

(drought) 

(soil drought)

(atmospheric drought)

73 

100 

71 

427 

( )

( ) 

73. 100 
(Chow et al., 1988)
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( 74)

74. 
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