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Temporal and spatial changes in ecosystem service values in the northern
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Abstract: The northern Sanjiang Plain is an important commodity grain production base, also distributed by the national
nature reserves of Qixinghe wetlands, Sanjiang wetlands and Honghe wetlands, which have been included in the list of
important international wetlands. In the regional economy and ecology, the stability and health of local ecosystems are
closely related to food security and developmental sustainability. Thus, it is desirable to know the capacity of ecosystem
services in this area. This paper used the two cities and five counties in the northern Sanjiang Plain for a case study,
including Youyi County, Raohe County, Baoqing County, Fuyuan County, Fujin City, Tongjiang City, and Suibin County.
Based on RS, GIS, and land use data, the ecosystem service values during 1954—2009 were calculated to reflect the
temporal and spatial variations according to multiple assessment models. The results showed that (1) the area of different
land use types was drastically changed: farmland increased fastest at 1.08% per year and wetlands followed at a speed of 0.
85% per year. The forest land, grassland, built-up land, and waters changed a little, within 10% , and undeveloped land
was almost unchanged. The increasing demands of population and grain production were the main driving forces. (2) The

total ecosystem service value of the northern Sanjiang Plain declined from ¥ 1.19x10" in 1954 to ¥7.80x10" in 2009.
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Long-term land development and cultivation were the main reasons for the variation of ecosystem service values, which
caused the loss of wetlands, forest and grasslands, and farmland expansion. (3) During the past 55 years, only the values
of farmlands and waters were increasing. By contrast, the other land types had a decrease in ecosystem service values. The
value of wetland ecosystem services was reduced the most, reaching ¥ 8.56x10" , followed by woodlands at ¥ 4.19x10°.
The greatest increment in ecosystem service value occurred in farmland, reaching ¥ 1.96x10°. In conclusion, of all the
ecosystem service functions, only the ecosystem service values of food production exhibited a rising trend with an increase of
¥1.23x10°, whereas the others were decreasing, characterized by a decrease of ¥2.02Xx10" in water conservation, a
decrease of ¥2.19x10" in waste treatment, and a decrease in ¥ 2.25x10" of climate regulation. All in all, the ecosystem
services of the northern Sanjiang Plain deteriorated seriously in 55 years and the resilience of ecosystem services should be
enhanced. (4) The total ecosystem service value and per unit area ecosystem service value of all regions were both declining
from 1954 to 2009. The loss of ecosystem service value per unit area in different parts was not the same. The areas with a
vast decrease of wetlands and forest as well as a fast increase in farmland had a significant loss. The ecosystem service value
per unit area in Tongjiang City lost most by ¥ 2.53x10" per hectare from 1954 to 2009, followed by Tongjiang City, Fujin
City, Youyi County, Fuyuan County, Suibin County, Raohe County, and Baoqing County.

Key Words: Ecosystem Service Value; land use change; Temporal and spatial variation
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Table 1 Ecosystem services value per unit area of Northern Sanjiang Plain ecosystem

17 8 City b L A Vi K35k A A Hb
Forest Grassland Farmland Wetland Water Unused land
iRz 14073.95 4663.53 4450.83 40392.55 29609.89 270.36
TG L 15359.99 5089.68 4857.54 44083.51 32315.57 295.06
FIHE 14839.13 4917.08 4692.81 42588.62 31219.73 285.05
=L 15001.23 4970.79 4744.08 43053.86 31560.78 288.17
EbNT 14571.84 4828.51 4608.29 41821.50 30657.39 279.92
Prim 16109.06 5337.89 5094.43 46233.36 33891.52 309.45
(RS 15075.47 4995.39 4767.56 43266.94 31716.98 289.60
F2 ZIIFREALBMRESRERSNES
Table 2 Ecosystem services value of Northern Sanjiang Plain
‘Vﬁfﬁ;ffj T www oomg gwR o REw R josk Tk
BAME/ (10850) 1954 278.74 53.81 153.97 208.17 215.32 208.05 76.70
Total value 1976 210.99 24.78 118.00 170.83 185.44 168.50 38.58
1996 150.14 14.59 95.91 98.17 111.03 120.02 32.68
2009 70.89 10.41 78.54 53.19 103.87 68.27 30.08
A TR 55 1954 32978.88  29511.12 24057.46 34160.11 21632.66 34552.14 22952.53
e/ (58/hm?) 1976 25146.89  13851.66 18513.13 28187.11 18729.45 28043.23 11765.03
Ecosystem services 1996 18000.06 8228.24 15084.22 16219.11 11322.08 19974.82 9969.28
value per unit area 2009 8524.23 5888.37 12398.97 8833.63 10591.22 11413.21 9199.83
3 BR55H
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Table 3 Change in values of ecosystem services in 1954, 1976, 1996 and 2009

AEfy By N i A% H 1 K38k A 4 FERIg(EN
Year Index Forest Grassland Farmland Wetland Water Unused land  Total value
1954 ESV 164.71 22.55 16.06 946.93 44.52 0.00 1194.76
TIRRR 13.79% 1.89% 1.34% 79.26% 3.73% 0.00%
1976 ESV 162.65 25.00 47.39 644.41 37.67 0.00 917.11
THRA 17.74% 2.73% 5.17% 70.27% 4.11% 0.00%
1996 ESV 183.40 4.42 96.88 268.78 64.88 0.00 618.35
TIRkR 29.66% 0.71% 15.67% 43.47% 10.49% 0.00%
2009 ESV 122.84 4.35 135.66 90.88 61.52 0.00 415.25
TRk R 29.58% 1.05% 32.67% 21.89% 14.82% 0.00%
1954—2009 4EA5fk &t
Value change from 1954 10 2009 41.87 18.20 119.60 856.04 17.00 0.00 779.51
1954—2 B Ak
93 009 A £y fL it -0.76 -0.33 2.17 -15.56 0.31 0.00 -14.17

Annual value change from 1954 to 2009

ESV: Ecosystem Service Value
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Table 4 Ecosystem services values of different function from 1949 to 2009

TR LY

YL BARRE AR RIET KRS pAba BRI

(a8 = W
& Food Raw Gas Climate Water Waste . Iﬁﬁéyﬁ fﬁ:{;‘ﬁﬂf’ Entertainment
Year i . . . . Soil formation  Biodiversity

production material regulation regulation  conservation treatment . . culture

and protection conservation
1954 8.64 21.05 57.22 283.88 281.79 309.89 42.31 69.78 97.80
1976 11.80 20.94 50.74 205.40 206.67 227.24 40.71 60.63 70.32
1996 16.42 23.57 44.69 110.86 132.05 139.59 38.47 52.35 41.23
2009 20.94 16.72 32.58 58.59 79.99 91.03 33.50 39.88 21.27
AR A B

a7 e 12.30 -4.33 -24.64 -225.29 -201.80 -218.86 -8.81 -29.90 -76.53

Value change
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