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Landscape pattern changes and evaluation of ecological service values in a small

watershed of the Loess Gully Region
SONG Minmin' ZHANG Qingfeng' WU Faqi'© WU Bingxiao' WU Bo’
1 College of Natural Resources and Environment Northwest Agriculture and Forestry University Yangling 712100 China

2 Institute of Soil and Water Conservation Northwest Agriculture and Forestry University Yangling 712100 China

Abstract: A case study was carried out in Nihegou a typical watershed in the Loess Gully region. Color-infrared aerial
photographs taken in 1986 SPOT images created in 2002 results interpreting GF—1( Gaofen—1 satellite) images in 2016

and socio-economic data were collected and used in this study. The change in landscape patterns over the past three decades
was characterized by the landscape index and land use level indices and analyzed using information entropy theory. The
characteristics of the change in ecosystem service values are quantitatively assessed with a version of an equivalence
estimation method which was originally used for ecology service valuations. The results showed that over the past 30 years

land use and land cover in the studied areas have undergone significant changes with the areas of arable land orchards

and unused land decreasing and the area of woodland and developed land increasing. The overall fragmentation of the
landscape patterns is decreasing and the connectivity of the dominant patches is tending to grow stronger. The level of land
use is continuing to grow and is greater than the national average level at 231. The information entropy of land use
decreased and then increased indicating that the landscape patterns changed from an originally disordered state to a more
ordered state and then returned to a more disordered state. The aggregate value of ecosystem services in this area with the

major individual functions being soil formation and protection waste disposal conservation of water sources and
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maintenance of bio-diversity

is tending to rise. High—<esolution satellite images provide highly specific data in support of

this characterization of the changes in the landscape patterns and the ecosystem service values of this watershed.

Key Words: land use; landscape pattern; landscape index; ecological service value; equivalence method; Nihegou
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Table 1 Ecological service value coefficients per unit area of different landscape types in Nihegou
Landscape type
Ecosystem services
Arable land Orchard Woodland Grassland Water body Unused land
Gas exchange 33831.60 33831.60 236821.20 54130.56 0.00 0.00
Climate regulation 60220.25 60220.25 182690.64 60896.88 31125.07 0.00
Water conservation 40597.92 40597.92 216522.24 54130.56  1378976.02 2029.90
L. . . 98788.27 98788.27 263886.48 131943.24 676.63 1353.26
Soil formation and protection
Waste treatment 110967.65 110967.65 88638.79 88638.79  1230116.98 676.63
Biodiversity conservation 48040.87 48040.87 220582.03 73752.89 168481.37 23005.49
Food production 67663.20 67663.20 6766.32 20298.96 6766.32 676.63
Raw material 6766.32 6766.32 175924.32 3383.16 676.63 0.00
Entertainment and leisure 676.63 676.63 86608.90 2706.53 293658.29 676.63
Total 467552.71 467552.71 1478440.92 489881.57  3110477.30 28418.54
223
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Table 2 Indexes on landscape class level of the Nihegou River watershed from 1986 to 2016
¢ P LUMPY PD AREA_MN/
Type Year CA/km?  PLAND/% LS CLu LP1/% -
m
Arable land 1986 348.7619 37.2284 28 11.4387 0.892 2.9888 16.1087 12.4558
2002 304.0734 32.6563 18 1.9331 13.5879 9.622 16.893 0.9109
2016 296.4341 31.6497 42 4.4843 8.8725 10.6189 7.058 0.9008
Orchard 1986 158.3433 16.9023 35 8.933 0.9076 3.7361 5.0901 4.5241
2002 196.4211 21.0949 17 1.8257 5.738 6.812 11.5542 0.9361
2016 141.9609 15.1569 39 4.164 4.2666 9.0606 3.64 0.9028
Woodland 1986 149.849 15.9955 80 15.2353 0.8308 8.5396 2.0165 1.8731
2002 231.3709 24.8483 18 1.9331 18.3267 11.185 12.8539 0.8917
2016 263.0196 28.0821 26 2.776 23.1724 10.5222 10.1161 0.9006
Grassland 1986 115.9152 12.3733 90 17.2682 0.7895 9.607 4.4406 1.2879
2002 74.6097 8.0128 26 2.7923 3.0925 9.5347 2.8696 0.8688
2016 103.5676 11.0577 25 2.6692 7.0655 9.9408 4.1427 0.8795
Water body 1986 8.8428 0.9439 6 5.22 0.8176 0.6405 0.6758 1.4738
2002 7.4118 0.796 1 0.1074 0.796 3.8261 7.4118 0.8663
2016 8.5786 0.9159 1 0.1068 0.9159 3.3673 8.5786 0.8967
1986 48.4831 5.1753 32 8.2069 0.8656 3.4158 1.1687 1.5151
Build-up land 2002 54.6714 5.8715 54 5.7994 1.7472 9.3065 1.0124 0.853
2016 74.348 7.938 31 3.3098 1.4119 7.9722 2.3983 0.892
1986 106.6222 11.3813 31 16.4244 0.7937 3.3091 2.7651 3.4394
Unused land 2002 62.5745 6.7203 41 4.4032 1.9939 11.3258 1.5262 0.8287
2016 48.6993 5.1995 49 5.2316 1.6877 9.7241 0.9939 0.8381

CA: Class area; PLAND: percent of landscape; NP2 Number of patches; LSI: Landscape shape index; CLUMPY : Clumpiness; PD: Patch density;
LPI: Largest patch index; AREA: Area
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3 1986—2016
Table 3 Indexes on landscape level of the Nihegou River watershed from 1986 to 2016

2
Year NP PD SHDI SHEI LSI CONTAG PR AREA/EII\Y/[lN LPL/%
1986 302 32.2368 1.6647 0.8555 16.4126 44.4768 7.0000 3.1020 16.1087
2002 175 18.7943 1.6284 0.8368 12.2874 48.331 7.0000 5.3208 18.3267
2016 213 22.7416 1.6481 0.8469 12.6169 47.2997 7.0000 4.3972 23.1724

NP: Number of patches; SHDI: Shannon’s diversity index; SHEI: Shannon’s evenness index; CONTAG: Contagion index; PR: Patch richness;
AREA_MN: Mean area
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Fig.2 Land use types in Nihegou River watershed in 1986 2002 and 2016
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4

Table 4 The landscape area change and percentage of the Nihegou River watershed

1986 2002 2016

Area change/km?

Landscape type 1986—2002 2002—2016 1986—2016
Area/km?  Percent/%  Area/km®> Percent/%  Area/km®>  Percent/%

Arable land 3.5008 36.93 3.0382 32.05 2.9631 31.26 -0.4626  -0.0751 -0.5377
Orchard 1.5829 16.70 1.9633 20.71 1.4207 14.99 0.3804  -0.5426 -0.1622
Woodland 1.5069 15.90 2.3129 24.40 2.6323 27.77 0.8060 0.3194 1.1254
Grassland 1.1692 12.33 0.7477 7.89 1.0370 10.94 -0.4215 0.2893 -0.1322
Water body 0.0890 0.94 0.0743 0.78 0.0851 0.90 -0.0147 0.0108 -0.0039

Build-up land 0.4871 5.14 0.5470 5.77 0.7432 7.84 0.0599 0.1962 0.2561

Unused land 1.1441 12.07 0.7963 8.40 0.5986 6.31 -0.3478  -0.1977 -0.5455
Total 9.4800 1.00 9.4800 1.00 9.4800 1.00 0 0 0

5 1986—2016 /km?

Table 5 Transition matrixes the Nihegou River watershed landscape area from 1986 to 2016

2016 Landscape type in 2016
1986
Landscape type in 1986 Transfer
andseape ype i Arable land Orchard Woodland Grassland Water body Build-up land Unused land ransier-out
area
Arable land 2.106 0.508 0.491 0.124 0.272 0.003 0.032 1.430
Orchard 0.440 0.778 0.209 0.078 0.129 — 0.007 0.863
Woodland 0.156 0.057 0.878 0.287 0.045 0.009 0.064 0.618
Grassland 0.120 0.038 0.495 0.328 0.009 0.005 0.162 0.829
Water body 0.104 0.034 0.045 0.022 0.281 — 0.000 0.205
Build-up land 0.004 0.000 0.024 0.002 — 0.045 0.013 0.043
Unused land 0.032 0.003 0.557 0.251 0.005 0.021 0.207 0.869
Transfer-in area 0.856 0.640 1.821 0.764 0.460 0.038 0.278 4.857
34
3 231 ( 6) « »_ o« ”
o 15
6 1986—2016
Table 6 The integrative indexes of land use degree from 1986 to 2016 in Nihegou River watershed
Year 1986 2002 2016
Land use degree 251.86 255.90 255.64
3.5
3) 3 0.7248.0.7148.0.7219
1986 ;2002
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Table 7 Different landscape types ecosystem services value of Nihegou River watershed

ESV/x104/(  /a) 1986—2002 2002—2016 1986—2016
/ / /
Landscape type 1986 2002 2016 1% 1% 1%
(x10* ) L0t ) L0t ) :
Arable land 163.68 142.05 138.54 -21.63 -13.21 -3.51 -2.47 -25.14 -15.36
Orchard 74.01 91.79 66.43 17.78 24.02 -25.37 -27.64 -7.58 -10.24
Woodland 222.79 341.95 389.17 119.16 53.49 47.22 13.81 166.38 74.68
Grassland 57.28 36.63 50.80 -20.65 -36.05 14.17 38.68 -6.48 -11.31
Water body 27.68 23.11 26.47 -4.57 -16.51 3.36 14.54 -1.21 -4.37
3.25 2.26 1.70 -0.99 -30.46 -0.56 -24.78 -1.55 -47.69
Unused land
Total 548.69 637.79 673.11 89.11 16.24 35.31 5.54 124.42 22.68
3.6.2
ESV ( 8) ESV
. 1986—2002 ESV 46.06%+39.09%
27.92%:; 15 2002—2016 N N ESV o
ESV : > > >
> > > > > o
19.86%; N 13%
; 3% . 2015 “
”» (
3.6.3
( 4 CS N N N N N 1.
2016 0.58 1% 0.58%
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ESV

8 1986—2016 ESV
Table 8 Changes of structure of ecosystem services value of Nihegou River watershed during 1986—2016
ESV/(x10* ) 1986—2002 2002—2016 1986—2016
/ / /
Landscape type 1986 2002 2016 /% 1% 1%
(x10* ) Ca0t ) L0t ) )
59.21 75.74 82.78 16.53 27.92 7.04 9.29 23.57 39.81
Gas exchange
- . 65.54 77.16 81.07 11.62 17.73 3.91 5.07 15.53 23.7
Climate regulation
. 72.1 84.84 92.26 12.74 17.67 7.42 8.75 20.16 27.96
Water conservation
Soil formation and 105.57 120.42 126.54 14.85 14.07 6.12 5.08 20.97 19.86
protection
§ 91.16 91.82 91.68 0.66 0.72 -0.14 -0.15 0.52 0.57
Waste treatment
e . 70.42 83.64 89.58 13.22 18.77 5.94 7.1 19.16 27.21
Biodiversity conservation
. 37.93 37.03 33.65 -0.9 -2.37 -3.38 -9.13 -4.28 -11.28
Food production
. 30.35 44.33 49.63 13.98 46.06 53 11.96 19.28 63.53
Raw material
N . . 16.4 22.81 25.91 6.41 39.09 3.1 13.59 9.51 57.99
Entertainment and leisure
Total 548.68 637.79 673.1 89.11 16.24 35.31 5.54 124.42 22.68
0.7
4
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24 26 705
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