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Abstract: As a vital ecological barrier and biodiversity conservation base of the Beijing-Tianjin-Hebei Region, Bashang area plays
an irreplaceable role in guaranteeing ecological security and water resources supply. In this study, the ARCGIS 10.2 software was
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used to zone the typical regions of land ecological elements through overlapping the two major ecological elements — soil and to-
pography in Bashang area. For further research, an ecological land classification system was constructed through the combination of
current land use classification system and ecosystem services function. On this basis, the equivalent factor method was used to esti-
mate the values of ecosystem services of ecological lands in various regions of Bashang for 2015 and then the location revised based
on unit area grain yield. The research aim at providing theoretical basis for the planning of ecological land use and the formulation of
regional ecological protection and management policies in Bashang area. The results showed that: 1) the general trend in grain yield
in the Bashang area gradually increased from the central region into the two projecting wings. Both the regions of low and middle
mountains of eroded cinnamon soil in the southeast of the study area were high-yield regions with yields of above 5 000 kg-hm™.
Then low-yield areas included the region of chestnut soil basalt planform in Zhangbei County and the region of middle mountain
eroded skeleton soil in Shangyi County, with yield less than 2 500 kg-hm™. 2) Grassland and woodland were the main types of eco-
logical land in Bashang, accounting for 73.95% of the total area. The ecological land areas of regions of middle mountain of eroded
marshy soil, alluvial aeolian plateau of marsh soil, middle mountain of eroded gray forest soil, alluvial aeolian plateau of gray forest
soil accounted for over 95% of the various type areas. On the contrary, the proportion of ecological land of saline soil lake plateau
region was smallest, accounting for only 39.74%. 3) The total value of ecological services in Bashang reached 63.48 billion ¥ in 2015.
The maximum ecosystem service value was in the region of middle mountain of eroded brown soil in the eastern part of the Bashang
area, which was mainly provided by the woodland. The ecosystem service value in the saline soil lake plateau region in the north-
western part was the smallest, which was basically provided by grassland. The research reflects that both soil type and geomorphic
form influenced land production capacity, thus influencing ecological service value.

Keywords: Ecological factors of land; Soil type; Geomorphic form; Ecological land; Value of ecological services; Bashang area
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Table 1  Unified classification system of ecological land in Bashang area
First class Second class
Code Name Code Name Illustration
1 1 >30%,
Grassland Meadow grassland Herbaceous plant grassland with > 30% coverage rate
12 10%~30%,
Typical grassland Herbaceous plant grassland with 10%—-30% coverage rate
13 5%~10%,
Desert grassland Xerophyte grassland with 5%—10% coverage rate
14 <40%, <2m
Shrub land Grassland with shrub coverage < 40% and height <2 m
2 1 >30%, >2 m
Forest Evergreen coniferous forest Evergreen coniferous forest with canopy density > 30%, height > 2 m
29 >30%, >2 m
Evergreen broadleaf forest Evergreen broadleaf forest with canopy density > 30%, height > 2 m
23 >30%, >2 m
Deciduous coniferous forest Deciduous coniferous forest with canopy density > 30%, height >2 m
24 >30%, >2 m
Deciduous broadleaf forest Deciduous broadleaf forest with canopy density > 30%, height > 2 m
25 >30%, >2 m
Mixed broadleaf-conifer forest ~ Mixed broadleaf-conifer forest with canopy density > 30%, height > 2 m
26 >40%, >2 m
Shrub Shrub and copse with canopy density > 40%, height > 2 m
3 31 : .
Wetland Inland water Freshwater lake, salt lake, reservoir, pond and rive
32 ) . '
River beach Beaches of river and lake
33
Marsh land sy . .
Wet grassland with high vegetation coverage, wetland with herbs
34 . ' .
Permanent glacier and firn Glacier and snow covered land
4 41 : o ’ o A
Other Saline land Vegetation is sparse and salt accumulation in surface soil.
ecological 50,
land
o 4
Bare rock . N .
Desert, gobi and rock mountain with < 5% vegetation coverage rate
43 3%
Bare land Bare soil with < 5% vegetation coverage rate
44 5%
Sandy land Sandy land and active sand dune with vegetation coverage rate < 5%
2.3.3
oJe ﬂ:
3 HER59M
3.1
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b
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Table 2 Characteristics and grain yield per unit area of each region of land ecological elements in Bashang area

Grain yield

Region (kg-hm ) Characteristics
3326 3 > , s , ; >70%
Alluvial aeolian plateau Soil is weakly acid and porous with deep layer, higher organic matter content and sufficient water. The
of meadow soil vegetation coverage rate is higher than 70%.
2597 » > ;
Alluvial alluvium plateau ’ L o . . . . . .
of meadow sopil Plough layer soil is sandy loam with higher organic matter, while soil under plough layer is sandy soil. Soil
is in seasonal alterations of drying and wetting. Available nutrients contents of soil are lower. Decomposi-
tion and transformation of organic matter are slow. Soil texture is light due to short exploitation time.
2 948 > B > B 5
Meadow soil lake plateau > >
Soil is loamy with deeper layer and granular structure. Soil water is saturated and temperature is lower, and
is not suitable for farming.
3358 > s 60%~70% R ; ,
Middle mountain of > > > ,
eroded meadow soil Terrain is micro tilt, and there is no seasonal waterlogging. The vegetation coverage rate is 60%—70%. Soil
is fertile and soil layer is deep. Soil water is abundant and groundwater table is higher. Climate is cool with
short frost-free duration and insufficient accumulated temperature, not suitable for farming.
4339 > s , , s ;
Low mountain of eroded Plough layer is shallow, soil is loamy soil with granular structure, high porosity, well water condition and
moisture soil high nutrients content.
3785 > > > > s s ,
Middle mountain of >
eroded moisture soil Soil texture is coarse and granular with good permeability. Soil is suitable for long term farming, but is
lower in water and fertility conservation, and usually is dry with lower potential nutrient.
2471 s s 5 s H H s
Middle mountain of
eroded skeleton soil Slope is high. Soil layer is shallow and deficient in nutrients with higher cobble content and serious erosion.
3042
. . > s > s ,
Alluvial acolian plateau Sandy soil layer is deep with lower nutrients content, lower water and fertility conservation, and rarely vegetation.
of sandy soil
3374 > s s ,
Sandy soil lake plateau Soil is sandy loam with lower nutrients content and water and fertility conservation.
3824 s s , 30%
Middle mountain of Soil is sand. Soil profile development is weak due to short soil forming time. The vegetation coverage rate
eroded sandy soil is about 30%.
6573 > > > > > > s
Low mountain of eroded » »
cinnamon soil Soil layer is shallow. Surface soil is sandy clay loam. Soil is in good structure and proper texture with
sufficient organic matter, strong water and fertility conservation ability, good water and heat condition,
suitable pH. Vegetation coverage rate is higher.
5361 > > > > ; s
Middle mountain of >
eroded cinnamon soil Soil layer is shallow and in good structure and proper texture with sufficient organic matter, strong water
and fertility conservation ability. Vegetation coverage rate is higher. Due to the terrain is usually steep
slope, soil and water erosion is prone to happen.
3072 ) > , >
s >
Alluvial aeolian plateau Soil texture is sandy loam with good drainage ability and prone to be dry. Terrain is relief. Wind and water erosion
of gray forest soil is prone to be happen. Available nutrients contents are lower though the total nutrients contents are higher.
3 495 , , , , , , ,

Middle mountain of
eroded gray forest soil

Sandy loam soil is weak acid with proper texture, good granular structure, high nutrients contents, deep soil
layer and good heat condition.
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F24
. Grain yield .
Region (kg~hm’2) Characteristics
3282 , 1400 m , , , ,
Alluvial alluvium > > >
plateau of the chestnut Parent material is diluvial deposit. The altitude is around 1 400 m with cold, arid and windy climate. Soil
coloured soil layer is deep and texture is even. Soil potential fertility is higher and suitable for farming. But, because of
serious wind erosion, the water conservation ability of soil is weak.
3677 , s s > s >
Chestnut coloured soil “ "
lake plateau Climate is cold and arid, windy in spring with serious wind erosion. Surface soil is sandy clay loam with
lower available nutrients, especially phosphorus is extremely deficient. There is caleie horizon in soil pro-
file and soil water content is lower.
4275 ’ > > >
Eroded hill of chestnut s > 5 5
coloured soil Topography is gentle, soil layer is deep and porous with sufficient water and nutrients, and higher in water
and fertility conservation ability. Though vegetation grows well, microorganism activity is lower due to
lower temperature.
3841 , 90 cm , , ,
Eroded platform of >
chestnut coloured soil Surface soil is sandy loam, and average soil layer depth is 90 cm. Altitude is high, and climate is humid.
Though soil is suitable for farming, it contains less nutrients and prone to water and soil loss.
3713 > > 5 s , s
Middle mountain of > »
eroded chestnut col- Soil depth is deep with proper texture, high potential fertility and high fertility conservation ability, but soil
oured soil is insufficient in phosphorus and zinc. Annual rainfall is high. Soil is suitable for farming with high water
content.
2320 s , ,
Basalt platform of > > > >
chestnut cinnamon soil Surface soil contents of organic matter, total nitrogen, available nitrogen and potassium are high. The soil
structure is granular, soil is compact with many plants roots. No lime reaction is observed. Due to large
slope gradient and shallow soil layer, soil erosion is liable occur, and water and fertility conservation ability
is low.
3468 , , , , ,
Middle mountain of Soil layer is deep with proper texture and strong lime reaction. Soil is dry with low nutrient content. Vege-
eroded chestnut cin- tation coverage rate is low and soil erosion is serious.
namon soil
2748 > > s > s
Basalt platform of
chestnut cinnamon soil Soil organic matter content is low with serious soil and water erosion. Vegetation is sparse. Topography is
platform formed by the eruption of basalt with barren sandy loess surface soil. The land may be used for
forest.
3107 > >
Alluvial alluvium > >
plateau of the saline Soil texture is loamy, and surface soil contains more salt than subsoil and undersoil. Surface soil is smooth
soil and hard with high organic matter content. Vegetation coverage rate is high.
2562 > s s s
Saline soil lake plateau >
Soil texture is silt with poor physical properties and not suitable for farming. Soil salt content is high.
3722 > B > s s
Alluvial aeolian pla- > >
teau of marsh soil Plough layer soil is in granular structure and porous with dense plants roots. Soil is clamminess, glutinous
and not suitable for farming.
4317 ; > , s s s
Middle mountain of > >
eroded marshy soil Soil is sandy loam with weak lime reaction. Plough layer soil is in granular structure and porous with dense
plants roots. Soil texture is coarse and moisture with lower permeability. Soil fertility is high and suitable
for farming.
4695 > s s > )
Low mountain of
eroded brown soil Soil is wet in surface and humid in subsoil with medium leakage. Soil layer is deep with granular structure.
Surface soil is compact. Soil nutrients are sufficient except phosphorus.
3419 : 1 m, , , , . .

Middle mountain of
eroded brown soil

Soil depth is deeper than 1 m. Soil texture is sandy with lower fertility, insufficient nitrogen and phosphors.
Climate is temperature, humid.
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50% R 39.74%, ,
, 2593.66 hm*> 2 693.71 hm?, , ,
0.10% , ,
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Table 3  Statistics of ecological land areas of each region of land ecological elements in Bashang area in 2015
Grassland Forest Wetland Other leco(ioglcal Non elcol(;)glcal
an an Propor-
. i Total
R tion of
eeton Per- Per- ecological (hm?)
Area  Percent Area Area  Percent  Area Percent Area land
) ) Gmd) S md) ) ke @) () S T
%) %) (%)
Alluvial acolian plateau 7 464.63 1.06 431695 0.26 13425 0.61 0.00 0.00 798.48 0.10 93.72 12 714.32
of meadow soil
Alluvial alluvium pla- 12 103.40 1.72 5056.79 0.31 305.46 1.39 0.00 000 1135828 1.47  60.59  28823.92
teau of meadow soil
. 9375.04 1.33 2235.70 0.14 1350.12 6.13 196.94  0.62 4960.88 0.64 72.62 18 118.67
Meadow soil lake plateau
Middle mountain of 8471.84 1.20 6777.58 0.41 0.00 0.00 0.00 0.00 1969.75 0.25 88.56 17 219.17
eroded meadow soil
. 17 392.48 2.47 57 057.66 3.48 740.48 3.36 648.26  2.06 26 750.95 3.46 73.92 102 589.82
Low mountain of eroded
Middle mountain of 4 573.21 0.65 60 834.07 3.71 600.21 2.73 203.45 0.65  26059.91 3.37 7176  92270.85
eroded moisture soil
Middle mountain of 8 087.31 1.15 3385.81 0.21 0.00 0.00 0.00  0.00 1180.92 0.15  90.67 12 654.04
eroded skeleton soil
Alluvial aeolian plateau 1 177.28 0.17 1152.38 0.07 0.00 0.00 0.00 0.00 364.05 0.05 86.49 2 693.71
of sandy soil
. 1922.23 0.27 3970.69 0.24 0.00 0.00 0.00 0.00 473632 0.61 55.44 10 629.23
Sandy soil lake plateau
Middle mountain of 3 872.73 0.55 5307.33 0.32 0.00 0.00 0.00  0.00 2608.36 034  77.87  11788.43
eroded sandy soil
Low mountain of eroded 29 783.44 422  131621.04 8.02 257.29 1.17 1010.57 3.21 21013.98 2.72 88.56 183 686.33
cinnamon soil
Middle mountain of 9212.81 1.31 56 491.35 3.44 91.04 0.41 835.38  2.65 2424435 3.14 73.32 90 874.94
eroded cinnamon soil
26 205.55 3.72 21798.60 1.33 450.64 2.05 0.00 0.00 2 141.57 0.28 95.77 50 596.37
Alluvial aeolian plateau
of gray forest soil
40 705.96 5.77 76 785.78 4.68 1984.08 9.01 0.00 0.00 3493.00 0.45 97.16 122 968.81

Middle mountain of
eroded gray forest soil

http://www.ecoagri.ac.cn
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Grassland Forest Wetland Other ecological Non ecological
land land
Reci Propor-  Total
egion Per. per.  tionof (hm?)
Area  Percent Area cent Area  Percent  Area Percent Area cent ecologi-
(hm?) (%) (hm?) i (hm?’) (%) (hm?) (%) (hm*) o cal land
(%) (%)
area (%)
Alluvial alluvium pla- 115 037 96 16.74  135128.73 823 201590 9.16 256595 8.14 19547651 2528 56.87  453220.04
teau of the chestnut
coloured soil
Chestnut coloured soil 98 789.68 14.01 106 378.36 6.48 11663.59 52.99 18963.66 60.14 173 751.39 22.47 57.57 409 546.68
lake plateau
The eroded hill of 36 652.59 5.20 56 219.99 3.42 239.21 1.09 749.72  2.38 61 716.70 7.98 60.33 155 578.21
chestnut coloured soil
Eroded platform of 39 566.41 5.61 28 931.69 1.76 168.53 0.77 244.68 0.78 38595.82 499 64.10 107 507.13
chestnut coloured soil
Middle mountain of  5¢ 587 84§27 53896.32 3.28 0.00 0.00 0.00  0.00 18994.42 246 8552  131178.57
eroded chestnut col-
oured soil
The eroded platform of 15 359.57 2.18 39 286.77 2.39 167.61 0.76 878.68 2.79 45 663.36 591 5495 101 355.99
chestnut coloured soil
Middle mountain of 4690507 6.65 33 870.95 2.06 0.00 0.00 0.00 0.00 1335927 1.73 8581 9413529
eroded chestnut cinna-
mon soil
Basalt platform of 429577 0.61 5876.95 0.36 0.00 0.00 0.00 0.00 5426.02 0.70 65.21 15 598.73
chestnut cinnamon soil
Aluvial alluvium pla- 854.29 0.12 1003.79 0.06 185.65 0.84 1.12  0.00 141599 0.18 59.09 3 460.84
teau of the saline soil
The saline soil lake 1028.32 0.15 0.16 0.00 0.00 0.00 2.14  0.01 1563.03 0.20 39.74 2 593.66
plateau
The alluvial aeolian 4482.22 0.64 14 670.93 0.89 470.38 2.14 140.97 0.45 191.14 0.02 99.04 19 955.64
plateau of marsh soil
The middle mountain of 6 324.40 0.90 9386.93 0.57 1147.28 5.21 0.00 0.00 58.25 0.01 99.66 16916.86
eroded marshy soil
The low mountain of 15 380.58 2.18 135 648.17 8.26 0.76  0.00 667.86  2.12 1335487 1.73 9191 165 052.24
eroded brown soil
The middle mountain of 78 870.90 11.18 584 539.73 35.61 38.51 0.17 4420.83 14.02 72 007.11 9.31  90.27 739 877.07
eroded brown soil
Total 705 178.50 22.22 1641631.20 51.73 22010.98 0.69 31530.21 0.99 773 254.68 2437 75.63 3173 605.56
33
4 3 ,2015 ,
609.20 : , ,
, 473.58 , 100.76
) 95%, , 1 023.35
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, 2015
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Table 4 Ecosystem service values for the ecological land of each region of land ecological elements in Bashang area in 2015

Region . Total
Grassland Forest Wetland Other ecological land
E;(¥hm™>a™") 12914.38 24 503.12 143 907.71 491.77 —
Alluvial aeolian plateau of
meadow sIc))il ESV (10*%-a™") 9 640.11 10 577.88 1932.00 0.00 22 149.99
Ey (¥hm™>a™") 10 083.78 19 132.47 112 365.70 383.99 —
Alluvial alluvium plateau of B
meadow soil ESV (10%¢-a™") 12 204.80 9 674.88 3432.28 0.00 25311.96
E; (¥hm™>a™h) 11 446.66 21718.34 127 552.59 435.88 —
Meadow soil lake plateau ESV (10%¢-a™!) 10 731.29 4 855.58 17 221.07 8.58 32 816.52
E;(¥hm™>a™") 13 038.63 24 738.87 145292.27 496.50 —
Middle mountain of eroded
meadow soil ESV (10*%-a™") 11 046.13 16 766.96 0.00 0.00 27 813.09
Ey (¥hm™>a™) 16 847.72 31 966.03 187 737.68 641.55 —
Low mountain of eroded P
moisture soil ESV (10°%a™) 29 302.36 182 390.69 13 901.57 41.59 225 636.21
E; (¥hm™>a™h 14 696.61 27 884.64 163 767.49 559.64 —
Middle mountain of eroded
moisture soil ESV (10%¢-a7!) 6721.07 169 633.58 9 829.54 11.39 186 195.57
E;(¥hm™>a™") 9 594.54 18 204.21 106 913.99 365.36 —
Middle mountain of eroded
skeleton soil ESV (10*%-a™") 7759.40 6 163.59 0.00 0.00 13 923.00
E; (¥hm™>a™) 11811.65 22 410.85 131 619.74 449.78 —
Alluvial aeolian plateau of P
sandy soil ESV (10°%a™) 1390.56 2 582.58 0.00 0.00 3973.14
E; (¥hm™>a™h 13 100.76 24 856.74 145 984.55 498.87 —
Sandy soil lake plateau ESV (10%¢-a™!) 2518.26 9 869.85 0.00 0.00 12 388.11
E;(¥hm™>a™") 14 848.05 28 171.95 165 454.92 565.41 —
Middle mountain of eroded
sandy soil ESV (10*%-a™") 5750.25 14 951.79 0.00 0.00 20 702.04
Ey (¥hm™>a™") 25522.02 48 424.23 284 397.28 971.87 —
Low mountain of eroded P
cinnamon soil ESV (10°%a™) 76 013.36 637 364.77 7317.33 98.21 720 793.67
E; (¥hm™>a™h 20 816.00 39 495.25 231957.07 792.66 —
Middle mountain of eroded
cinnamon soil ESV (10%%-a7!) 19 177.39 223 114.02 2111.81 66.22 244 469.44
E;(¥hm™>a™") 11928.14 22 631.86 132 917.76 454.22 —
Alluvial aeolian plateau of
gray forestzoil ESV (10*%-a™") 31258.34 49 334.30 5989.87 0.00 86 582.51
E; (¥hm™a™) 13 570.59 25 748.16 151 219.91 516.76 —
Middle mountain of eroded P
gray forest soil ESV (10°%a™) 55240.37 197 709.29 30 003.19 0.00 282 952.85
E; (¥hm™>a™h) 12 743.54 24 178.96 142 003.94 485.27 —
Alluvial alluvium plateau of P
the chestnut coloured soil ESV (10°%a™) 150 415.74 326 727.25 28 626.52 124.52 505 894.03
E;(¥hm™>a™") 14 277.27 27 088.98 159 094.60 543.67 —
Chestnut coloured soil lake
plateau ESV (10*%-a™") 141 044.65 288 168.17 185 561.34 1 031.00 615 805.16
Ey (¥hm™>a™) 16 599.21 31494.54 184 968.56 632.09 —
Eroded hill of chestnut col- P
oured soil ESV (10°%a™) 60 840.41 177 062.26 4 424.63 47.39 242 374.69
E; (¥hm™>a™h) 14 914.05 28 297.20 166 190.47 567.92 —
Eroded platform of chestnut
goloured soil ESV (10%¢-a™h) 59 009.56 81 868.57 2 800.78 13.90 143 692.80
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Region . Total
Grassland Forest Wetland Other ecological land
E;(¥hm™>a™") 14 417.05 27 354.20 160 652.23 548.99 —
Middle mountain of eroded P
chestnut coloured soil ESV (107%-a™) 84 033.86 147 429.07 0.00 0.00 231 462.93
E;(¥hm2a™") 9008.23 17 091.77 100 380.60 343.03 —
Chestnut soil basalt platform ESV (10*¢-a™) 13 836.25 67 148.05 1682.43 30.14 82 696.88
E; (¥hm>2a™) 13 465.75 25549.25 150 051.69 512.77 —
Middle mountain of eroded P
chestnut cinnamon soil ESV (107%-a™) 63 161.19 86 537.74 0.00 0.00 149 698.94
E;(¥hm™>a™") 10 670.09 20 244.91 118 899.09 406.31 —
Basalt platform of chestnut P
cinnamon soil ESV (107%-a™) 4583.62 11 897.82 0.00 0.00 16 481.45
E;(¥hm2a™") 12 064.04 22 889.71 134 432.12 459.39 —
Alluvial alluvium plateau of P
the saline soil ESV (107%-a™) 1 030.62 2297.64 2 495.76 0.05 5824.07
E; (¥hm2a™) 9947.88 18 874.62 110 851.34 378.81 —
Saline soil lake plateau ESV (10%%-a7!) 1022.96 0.31 0.00 0.08 1023.35
E;(¥hm™>a™") 14 451.99 27 420.51 161 041.64 550.32 —
Alluvial aeolian plateau of P
marsh soil ESV (107%-a™) 6477.71 40 228.42 7 575.06 7.76 54 288.95
E;(¥hm?2a™) 16 762.29 31 803.96 186 785.80 638.30 —
Middle mountain of eroded P
marshy soil ESV (107%-a™) 10 601.15 29 854.14 21429.61 0.00 61 884.90
E; (¥hm2a™) 18 230.01 34 588.74 203 140.91 694.19 —
Low mountain of eroded P
brown soil ESV (107%a™) 28 038.82 469 189.86 15.45 46.36 497 290.49
E;(¥hm™>a™") 13 275.49 25188.26 147 931.58 505.52 —
Middle mountain of eroded P
brown soil ESV (107%-a™) 104 704.97 1472 353.96 569.61 223.48 1577 852.02
ESV Total ESV (10%.a™) 100.76 473.58 34.69 0.18 609.20
Ej: ; ESV: Ej;: ecosystem service value per unit area; ESV: ecosystem service value of the region.
N
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Fig. 3 Ecological service value distribution of ecological land

in Bashang area in 2015
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