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Optimal protective effect of forest coverage on soil and water loss

in Gansu Province
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Abstract: This study focuses on the upper reach of the Yangtze River, the upper reach of the Yellow
River, and the headwater areas of major rivers in the Qilian Mountains within Gansu Province to
understand the effect of forest coverage on soil and water loss. Exacerbating soil erosion associated with
waterpower . especially waterpower of intensive rainstorms manifests the deteriorating environments in
Gansu. The erosion intensity is influenced by the average rainfall intensity, forest coverage, and spatial
patterns of forest distributions. The resistance of forestland to soil erosion is different among different
forest types and stand ages.

Soil porosity determines the ratio of soil infiltration to surface runoff and the porosity is thus

indirectly determines the erosion intensity during rainstorms. The porosity itself is controlled by such
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factors as vegetation type, coverage, density. and spatial patterns. Among all land covers, forestland is
the most resistant to soil erosion. The forest functions in resisting soil erosion, reducing flooding and
increasing soil water content are achieved through enhancing soil infiltration and abating surface runoff. As
a key factor in forest hydrology, soil porosity of forestland is different in different forest types, slope
positions , stand ages, logging intensities and land alterations.

The forestland is obviously able to retain more surface runoff. The maximal water capacity and water
conservation capacity of forests increase in the following order: bush wood < secondary forest or planted
forest < climax community of Abies faxoniana forest. These two capacities vary with different soils or soil
tops and increase in the following order: deadwood layer < moss layer <C forest soil. If an optimal state of
forest quality and distributing pattern is achieved. the forest-covered area or forest coverage has an optimal
protective effect. The optimal state refers to an optimal combination of the following factors: vegetation
type, vertical layers, structure and texture, health status. The enhancement of the protective effect by
improving the optimal state and optimizing the distributing pattern can be controlled through artificial
interventions. although the natural ecological environment is relatively steady and difficult to be
influenced.

The influence of ecological environments upon forest protection ability of soil and water is realized
through different protection ability of various forest types. To achieve the optimal protective effect,
expanding forest coverage should be combined with adjusting forest properties to gain an optimally coupled
state between ecological environments and properties of newly planted and already existed forest. Through
gaining this coupling state, the optimal functions of forest, improving ecological environment and
accelerating economic development, can be achieved.

The forest coverage of optimal protective effect can be computed on the base of water balance between
the precipitation and the maximum water capacity. In this study, the total soil porosity is used as the
maximum water capacity. Suppose that the computed percentage of forest cover is F (%), the maximum
diurnal precipitation is P (mm), the adopted soil thickness is 7'(mm), the soil porosity is Pt(% ), then I
= [P+ (T X Pt)IX100%. This is more or less a reliable and operational way to determine the forest
coverage of optimal protective effect. Equally important is that this method can be quickly and easily used
to provide scientific references for establishing environmental policies.

Key words :soil and water loss; forest hydrology; soil porosity; optimal protective effect; forest coverage
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Table 1 Maximum diurnal precipitation and current situation of land area and forest cover rate

0 ® O ® )
o) 0}

(hm?)  ()® ' hm?)  (H@
(mm) (mm)
Total 20489436.9 18.09 87.9 F7 Dongxiang 146030.3 6. 26 2. 1)
1 Long-xi Autonomous County o ’ b
Loess hills and gullies region 781126.4 10.15 82.8 FSI Jishishan l:)’aoanf 89401.8 11.27 (82.1)

A Lanzhou City 1306831.0  6.96  84.2 Dongxiang-Sala Autonomous County
Al Chengguan District 20652.0 17.37 96. 8 ][1 ] Long-dong Loess 3432744.1 18.75 105.5
A2 Qilihe District 39190.0 18.14  96.g Ilateau region
A3 Xigu District 36738.0  14.00 9. 8 E Pingliang Prefecture ~ 733537.0 23.40 112.4
Ad Anning Sistrict 8679.0 18.42  96.8 L9 Pingliang City 192566.0-19.02 - 94.7
A5 Honggu District 535140 440 (111.1) Jingchuan County  143860.0 31.85  (94.7)
A6 Yongdeng County 5724260 6.17 (82.2) E9 Lingtai County 195240.0 18.65  150.1
A7 Gaolan County 248688.0  3.21 (82.2) O Chongxin County 83837.0° 23421394
A3 Yuzhong County 396044.0  8.50 80. 6 E7 Huating County 118034.0  28.08 81.5

B Baiying City 1998340.0  3.39 1.1 G Qingyang Prefecture 2699207.1 17.49 103. 6
Bl Baiying District 134149.0  0.83 822 Ul Xifeng City 98977.5 1754 100.3
B2 Pingchuan District  193594.0 228 (75.8) 02 Qingyang County 2673150 12.95 190.2
B3 Jingyuan County 5627110 1.90  (75.8) 08 HuanCounty 916504.2 - 2,85 614
B Huining County 5589970 6. 86 75.8 G4 Huachi County 382679.0 21.25 143.5
B Jingtai County 188890 230 57 OF Heshui County 292965.9 53.99  131.9

C Tianshui City 1399598.7 23.87  78.5  OF Zhengning County  130377. 7 40.87  96.7
C1 Qincheng District ~ 220611.1 22.44 8.1 ©/  Ning County 263500.0° 2778 - 735
C2 Beidao District 342037.7 5269 68.5 OO Zhenyuan County J46798.0° 826 106.9
3 Qingshui County 198255.6 12.68  75.1 T Long-nan mountainous ..\ 40 o 15 5
C4 Qinan County 156778.2 10. 34 79.3 regwon
C5 Gangu County 145881.2 11.29 65.8 H Longnan Prefecture  2756071.4  38.56 112.3
C6 Wushan County 197733.9  10.07 87.5 Hi1 Wudou County 460329.1 23.75  (95.0)
c7 Zhangjiachuan Hui H2 Tanchang County 332277.0 29.38 (95.0)

: 129303.019.78  92.3  H3  Cheng C 167655.0 41.17  180.7
Autonomous County ‘ eng Lounty 09 A7 :

D Dingxi Prefecture 19487130 7.55 91,3 14 Kang County ZOAOT.8 A8z 19
D1 Dingxi County 363902.0  7.34  (91.3) HO W“’f LO‘{“W 497659.3 58.35  (95.0)
D2 Tongwei County 289196.0  2.73 9.3 1O #fie County 1820113 20. 44 103.9
D3 Longxi County 238478.0  1.12 76,9 7 LiCounty 131310 18,35 116.3
D4 Weiyuan County 206426.0 1234  (76.9) 8 Ij‘a‘“gda“g County 1368819 65. 93 9.0
D5 Lintal County 278603.0  5.05 143.8 9 Hui County 271719.0 56. 44 138.2
D6 Zhang County 215712.0  16.76 (76.9) N Gan-nan plateau region 3766635.0 19.54 73.2
D7 Min County 356396.0  9.64  (76.9) ! Gannan Autonomous . .ceoc o j0es 739

E Pingliang Prefecture  369534.0 11.09 89,7 Prefecture
El Zhuanglang County ~ 153966.0  18.65 94.7 11 Hezuo City 283218.9  5.98 (73.2)
E2 Jingning County 215568.0  5.69 86. 1 12 Lintan County 156096.5 21.73  (73.2)

F Linxia Hui Autonomous 788709.7  14.19 93,1 13 Zhoni County 509484.3 37.74 (73.2)

Prefecture 14 Zhouqu County 299505.5 55.93  (73.2)
Fl Linxia City 8587.0 7.28 821 5 Dicbu County 172759.6  57.72  (73.2)
F2 Linxia County 118263.0  18.80 (82.01) 16 Maqu County 1008676.0  2.18 (73.2)
F3 Kangle County 97819.3 23.54 81.2 7 Luau Count 169595, 1 167 3.9
F4 Yongjing County 181191.7  6.33  111.1 4‘qh c Y ' o } ' :
F5 Guanghe County 525203 1015 (82.1) _1° Xiahe County 0672991 637 (73.2
F6 Hezheng County 94896.3 32.26 119.3 Qiclian mountainous 00560 0 1731 (76.0)

region
= " ;“ > ;“ > a > ;
“ ” 3¢ ” ;(DNames of units; @ Total land area; ®)

Forest cover rate; @) The maximum diurnal precipitation
@
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4.1.2 30a s 57. Imm/d(

)~143. 8mm/d( IS 61. 4mm/d( )~190. 2mm /d( IR 95. 0omm/d
( )~180. 7mm/d ( ). 73. 2mm/d( N 76. 0mm /d( ) 1.
4.1.3

o s N 50cm

s 40cm o s

3 o 830
; . 9 19 2,
45.36%( ) 76.79% ( )y ( ) 55.10%,
2

Table 2 Total porosity of main soil types of nature soil

1 Soil type 1 2 Soil type 2 3 Soil type 3

StUdy SOll [0} @ Soll o @ Soll ® @ ) v ) v . °
ares (%) (%) (%) (%) % o OO0
Total 45.36 76.79  55.00

I 45.36 65.04  55.00
A 52.73 65.04  58.09
Al 29.0 57.05 57.0 56.00 14.0 52.73 52.73 57.05 55. 85
A2 .0 57.05 76.0 56.00 13.0 65.04 56.00 65.04 55.58
A3 22.0 57.05 58.0 56.00 20.0 52.73 52.73 57.05 55.58
A4 20.0 57.05 80.0 56.00 56.00 57.05 56. 21
A5 11.0 57.05 73.0 56.00 16.0 52.73 52.73 57.05  55.59
A6 123.0 65.04 20.0 56.00 67.0 57.05 56.00 65.04  57.88
A7 20.0 57.05 80.0 56.00 56.00 57.05 56. 20
A8 54.0 65.04 6.0 57.05 40.0 56.00 56.00 65.04 60. 94
B 51.70 65.04  55.51
Bl 10.0 57.05 78.0 54.89 12.0 52.73 52.73 57.05 54. 85
B2 40.0 57.05 30.0 51.70 30.0 52.73 51.70 57.05 54.15
B3 14.0 57.05 75.0 56.00 11.0 52.73 52.73 57.05 55.79
B4 22.0 57.05 46.0 56.00 32.0 54.00 54.00 57.05 55.79
B5 26.0 57.05 73.0 54.89 1.0 65.04 54.89 65.04 55.55
C 50.50 56.00  53.44
1 38.0 56.00 14.0 5400 48.0 50.57 50.57 56.00  53.11
C2 62.00 50.57 22.0 56.00 16.0 50.50 50.40 56.00 51.75
C3 79.0 56.00 16.0 50.57 5.0 54.00 50.57 56.00 55.03
ca 48.0 56.00 31.0 54.00 21.0 50.57 50.57 56.00  54.11
Cs 52.0 56.00 21.0 54.00 27.0 50.57 50.57 56.00  54.11
C6 50.0 50.57 23.0 56.00 27.0 54.00 50.57 56.00 52.75
C7 20.0 50.57 57.0 56.00 23.0 54.00 50.57 56.00 54. 45
D 45.66 65.04  54.58
D1 6.0 54.00 57.0 57.05 37.0 56.00 54.00 57.05 56.48
D2 70.0 54.00 27.0 56.00 3.0 50.50 50.50 56.00 54. 44
D3 49.0 56.00 41.0 54.00 10.0 65.04 54.00 65.04 56. 08
D4 46.0 54.00 14.0 65.04 40.0 56.00 54.00 65.04  56.35
D5 35.0 54.00 17.0 57.05 48.0 56.00 54.00 57.05  55.48
D6 30.0 50.57 30.0 54.00 40.0 52.98 50.57 54.00  52.56
D7 14.0 45. 66 62.0 52.98 24.0 50.57 45.66 52.98  51.38
E 45.36 65.04  55.56
E1l 19.0 54.00 69.0 56.00 12.0 65.04 54.00 65.04 56. 70
E2 20.0 54.00 72.0 56.00 8.0 45.36 45.36 65.04 54.75
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1 Soil type 1 2 Soil type 2 3 Soil type 3

Study Soil o @ Soil © ® Soil ® ® v =

area 9% 9% %)
%) 9% %) % %) %

F 45.66 64.91 52.28
F1 61.0 54.00 10.0 45.66 29.0 50.50 45.66 54.00 52.15
F2 40.0 54.00 40.0 45.66 20.0 55.54 45.66 55.54 50. 97
F3 62.0 45.66 28.0 64.91 10.0 51.70 45.66 64.91 51. 65
F4 6.0 45.66 27.0 51.70 67.0 57.05 45.66 57.05 54.92
F5 36.0 45.66 12.0 54.00 52.0 56.00 45.66 56.00 52.04
F6 39.0 45.66 31.0 54.00 30.0 55.54 45.66 55.54 51.21
F7 33.0 57.05 47.0 51.70 20.0 45.66 45.66 57.05 52.26
F8 34.0 45.66 48.0 54.00 18.0 50.50 45.66 54.00 50.53

I 49.76 65.04 56. 62

E 52.89 65.04 57.47
E3 53.0 56.00 17.0 54.00 30.0 65.04 54.00 65.04 58.37
E4 26.0 54.00 61.0 56.00 13.0 65.04 54.00 65.04 56. 66
E5 21.0 54.00 58.0 56.00 23.0 65.04 54.00 65.04 588.78
E6 53.0 54.00 47.0 56.00 54.00 56.00 54. 94
E7 25.0 52.34 15.0 65.04 60.0 56.00 52.89 65.04 56. 60

G 49.76 65.04 56. 40
Gl 53.0 56.00 45.0 54.00 2.0 50.50 50.50 56.00 54.99
G2 53.0 54.00 45.0 56.00 2.0 50.50 50.50 56.00 54. 83
G3 71.0 56.00 14.0 54.00 15.0 49.76 49.76 56.00 54.78
G4 65.0 56.00 15.0 54.00 20.0 65.04 54.00 65.01 57.51
G5 10.0  54.00 26.0 56.00 64.0 65.04 54.00 65.04 51.59
G6 25.0 54.00 17.0 56.00 58.0 65.04 54.00 65.04 60.72
G7 26.0 54.00 65.0 56.00 9.0 65.04 54.00 65.04 56.29
G8 44.0 54.00 56.0 56.0 54.00 56.00 55.12

| 45.36  64.91 54.09

H 45.36  64.91 54.09
H1 66.0 50.57 28.0 55.54 6.0 60.94 50.57 60.94 52.58
H2 63.0 50.57 25.0 64.91 12.0 45.36 45.36 64.91 53.53
H3 90.3 50.57 6.0 55.54 1.0 52.55 50.57 55.54 50. 89
H4 31.0 50.57 16.0 55.54 53.0 60.94 50.57 60.94 56. 25
H5 78.0 60.94 8.0 55.54 14.0 52.98 52.98 60.94 59. 39
Hé6 55.0 50.57 32.0 55.54 13.0 54.00 50.57 55.54 52.61
H7 49.0 50.57 9.0 50.50 42.0 54.00 50.50 54.00 52.00
HS8 72.0 55.54 10.0 52.98 18.0 50.57 50.57 55.54 54. 33
H9 88.0 50.57 8.0 55.54 4.0 52.55 50.57 55.54 51.05

N 45.36 79.79 54.58

1 45.36  76.79 54.58
11 17.0 55.54 75.0 52.98 8.0 45.36 45.36 55.54 52.81
12 57.0 52.98 20.0 45.36 23.0 65.04 45.36 65.04 54.23
13 61.0 52.98 31.0 65.04 8.0 45.36 45.36 65.04 56.11
14 29.0 52.98 65.0 55.54 6.0 64.91 52.98 64.91 55. 36
15 54.0 55.54 5.0 64.91 41.0 52.98 52.34 64.91 54.70
16 89.0 52.98 4.0 47.60 7.0 76.79 47.60 76.79 54.43
17 3.0 64.91 94.0 52.98 3.0 76.79 52.98 76.79 54. 05
18 17.0 65.04 75.0 52.98 8.0 45.36 45.36 65.04 54. 41

\ 45.0 52.98 22.0 65.04 33.0 51.70 51.70 65.04 55.21

(DArea percentage of soil type to the county’s total ;2 Porosity ; 3)The minimum soil porosity; @ The maximum soil

porosity ; 3 The averge soil porosity, Yellow brown, Burozen, Dark brown forest soil ; Drab soil ,

Gray-barb forest soil , Black soil ; Chernozem, Chestunt soil , Heilu soil , Sierozem

soil 3 Gray brown desert soil; Yellow mein soil . Red clay, Windy-sandy soil ; Chao
soil 3 Bog soil , Peat soil ; Irrigasted deposit soil; Subalpine sward soil
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4.1. 4 2 3 s (mm) =
(%) X (mm), ,
212. 15mm 359. 14mm ,
257. 68mm ( 3,
3
Table 3 Water capacity of saturated soil of different porosity and the required forest coverrate
N — = @) m =
©) W ‘9) [6)] W &)
© . _ _ N N © 5 - N
@(mm) @ @ © @ © @ @mm)  © @ © @ © @
(mm) (%)  (mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)

F5 500 228.30 35.96 280.00 29.32 260.20 31.55
F6 500 228.30 52.26 277.70 42.96 256.06 46.59
i 500 226.80 36.51 325.20 25.46 275.00 30.11 F7 500 228.30 35.96 285.25 28.78 261.30 31.42
A 500 263.65 31.94 325.20 25.89 290.44 28.99 F8 500 228.30 35.96 270.00 30.41 252.65 32.50
Al 500  263.65 36.72 285.25 33.94 279.25 34.66 U 500 248. 80 42.40 325.20 32.44 283.12 37.26
A2 500  280.00 34.57 325.20 29.77 277.90 34.83 E 500 264.45 42.50 325.20 34.56 287.34 39.12
A3 500 263.50 36.72 285.25 33.94 277.90 34.g3 E3 500 270.00 35.07 325.20 29.12 291.85 32.45
AL 500 280.00 34.57 285.25 33.94 281.05 34.44 E4 500 270.00 35.07 325.20 29.12 283.30 33.43
A5 500 263.65 42. 14 285.25 38.95 277.95 39.97 E5 500 270.00 55.59 325.20 46.16 293.90 51.07
A6 500 280.00 29.36 325.20 25.28 289.40 28.40 E6 500 270.00 51.63 280.00 49.79 274.70 50.75
A7 500 280.00 29.36 285.25 28.82 281.00 29.25 E7 500 264.45 30.82 325.20 25.06 283.00 28.80
A8 500  280.00 28.79 325.20 24.78 304.70 26.45 G 500 248.80 41.64 325.20 31.86 281.98 36.74
B 500 258.50 27.50 325.20 21.86 277.53 25.62 Gl 500 252.50 39.72 280.00 35.82 274.95 36.48
Bl 500  263.65 31.38 285.25 28.82 274.25 20,97 G2 500 252.50 75.33 280.00 67.93 274.15 69. 38
B2 500 258.50 29.32 285.25 26.57 270.75 28.00 G3 500 248.80 24.68 280.00 21.93 273.90 22.42
B3 500 263.65 28. 75 285.25 26.57 278,05 27.17 G4 500 270.00 53.15 325.20 44.13 287.55 49.90
Bi 500 270.00 28. 07 285.25 26.57 278.95 27.17 G5 500 270.00 48.85 325.20 40.56 307.95 42.83
B5 500  274.45 20.81 325.20 17.56 277.75 20.56 ~G6 500 270.00 35.81 325.20 29.74 303.60 31.85
C 500  525.50 31.09 280.00 28.04 266.70 29.43 G7 500 270.00 27.22 325.20 22.60 281.45 26.11
Cl 500 252.85 34.84 280.00 31.46 265.55 33.18 _ G8 500 270.00 39.59 280.00 38.18 275.00 38.79
C2 500  252.50 27.13 280.00 24.46 258.75 26.47 I 500 226. 80 49.51 324.55 34.60 270.43 41.53
C3 500 259.85 29.70 280.00 26.82 275.15 27.29 H 500 226.80 49.51 324.55 34.60 270.43 41.53
Ca 500  252.85 31. 36 280.00 28.32 271.20 29.24 HL 500 252.85 37.57 304.70 31.18 262.90 36.14
C5 500  252.85 26.02 280.00 23.50 270.55 24.32 HZ 500 226.80 41.89 324.55 29.27 267. 65 35.49
C6 500  252.85 34.61 280.00 31.25 263.75 33.1g H3 500 252.85 71.47 277.70 65.07 254. 45 71.02
C7 500  252.85 36.50 280.00 32.96 272.25 33.90 H4 500 252.85 52.56 304.70 43.62 281.2
D 500  228.30 39.99 325.20 28.08 272.91 33.45 5 500 264.90 35.86 304.70 31.18 296. 9
DI 500 270.00 33.81 285.25 32.01 282.40 32.33 H6 500 252.85 41.09 277.70 37.41 263.05 39.50
D2 500 252.50 36. 16 280.00 32.61 272.20 33.54 H7 500 252.50 46.06 270.00 43.07 260.00 44.73
D3 500 270.00 28. 48 325.20 23.65 280.40 27.43 H8 500 252.85 37.57 277.70 34.21 271.65 34.97
D4 500 270.00 28. 48 325.20 23.65 281,75 27.29 HY 500 252.85 54.66 277.70 49.77 255.25 54.14
D5 500  270.00 53.26 285.25 50.41 277.40 51.84 V 400 181.44 40. 34 307.16 23. 83 218. 34 33.53
D6 500  252.85 30.41 270.00 28. 48 262.80 29.26 ! 400 181.44 40.34 307.16 23. 83 218.34 33.53
D7 500  228.30 33.68 264.90 29.03 256.90 29.93 1L~ 400 181.44 40.34 222.16 32.95 211.24 34.65
E 500  226.80 39.55 325.20 27.58 277.79 32.29 12 400 181.44 40.34 260.16 28.14 216.92 33.75
E1 500 270.00 35.07 325.20 29.12 283.50 33.40 13 400 191.44 40.34 260.16 28. 14 224.44 32.61
E2 500 226.80 37.96 325.20 26.48 273.75 31.45 14 400 211.92 34.54 259.64 28.19 221.44 33.06
F 500 22830 40.78 324.55 28.69 261.41 35.61 15 400 209.36 34.96 259.64 28.19 218.80 33.46
F1 500  228.30 35.96 270.00 30.41 260.75 31.49 16 400 190.40 38.45 307.16 23.83 217.72 33.62
F2 500 228.30 35.96 277.70 29.56 254.85 32,22 17 400 211.92 34.54 307.16 23.83 216.20 33.86
F3 500 228.30 35.57 324.55 25.02 258.25 31.44 18 400 181.44 40.34 260.16 28.14 217.64 33.63
B 500  228.30 48. 66 285.25 38.95 274.60 40.46 V 400 206.80 36.75 260.16 29.21 220. 84 34.41

467.69212.15 41.43 359.14 24.48 257.68 34.11

[SIENS]
N
i)
)
i1

(D Study area; @ Soil thickness; ) The minimum soil porosity; @) The maximum soil porosity; @) The averge soil

porosity ;@ Water capacity of saturated soil ;(Mrequired forest cover rate
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4.2
1~ 3 s 4) ¢ 3, s
. 41.43% s
3 s 24.48% s
; ) 34.11% ,
5
(1) [26] R
) (19 )
274.58%~315. 06 %1, ,
(2) 9, N
(3)
b ( 1) b
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