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Influence of land—use change on ecosystem services in the Chaobai River region of Beijing—Tianjin—Hebei
GENG Bing—jin', CAO Yin—gui'*, SU Rui—qing', LIU Shi-han', FENG Zhe'

(1.School of Land Science and Technology, China University of Geosciences, Beijing 100083, China; 2.Key Lab of Land Use, Ministry of
Natural Resources of the PRC, Beijing 100035, China)

Abstract: Based on analysis of land—use data from Chaobai River region in 2001, 2005, 2009, 2013, and 2017, land-use change and the
dynamic evolution of ecosystem services during different periods have been illustrated in this paper. A land—use dynamic attitude model,
the equivalent factor method, and the sensitivity index method were used in this study. The results obtained : During the period of 2001—
2017, the area covered by arable land and rural settlements in this region decreased significantly, while the proportion of urban land and
water—cover increased gradually. The main types of land use in this region were arable land, rural settlement, and urban land. In addition,
the specific gravity of the arable land and rural settlements reduced gradually, while that of urban land increased gradually. The dynamic
degree of urban, industrial, and mining lands, as well as that of water—cover, increased greatly, while it reduced greatly for rural settle-
ments, arable land, pasture, and forest. In the past 20 years, the ecosystem service value (ESV) of the region had been increasing, where
the increase in the ESV of water—cover played a decisive role. From 2001 to 2017, the sensitivity index of all kinds of land in this region
had been less than 1. The sensitivity index decreased in the order of arable land > water area > forest > pasture. In conclusion, according to
information on the effect of land—use change on ecosystem services in this region, it is necessary to formulate proper policies and build a ra-
tional land—use pattern to improve ecosystem services.
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Figure 1 Location of the study area
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Table 1 Land use area and its changes in the Chaobai River region from 2001 to 2017

A it H Bt b 1) il A PN J B T4 K3
Years Items Arable land Forest Pasture Urban land Rural settlement Industrial land ~ Water area
2001 T FH/hm? 316 265.92 5301.72 933.48 34 614.36 69 807.42 1111.95 25231.41
e 1/% 69.77 1.17 0.21 7.64 15.40 0.25 5.57
2005 T F/hm? 313 535.68 3 854.97 1578.69 56 664.63 39 450.51 1534.14 36 641.97
H A5/ % 69.17 0.85 0.35 12.50 8.70 0.34 8.08
2009 T AY/hm? 304 520.38 3519.27 1526.13 60 201.36 56 010.06 1631.07 25 849.44
L A51/% 67.18 0.78 0.34 13.28 12.36 0.36 5.70
2013 T A /hm? 279 182.72 4951.97 664.95 69 626.67 58 697.21 2391.56 37736.08
He 11/ % 61.60 1.09 0.15 15.36 12.95 0.53 8.33
2017 TA B /hm? 278 550.79 4835.34 828.45 74 762.01 50 294.97 2101.14 41891.13
L A51/% 61.45 1.07 0.18 16.49 11.10 0.46 9.24
2001—2005  MIBVEf/Am® -2 730.24 ~1446.75 645.21 22 050.27 -30356.91 422.19 11 410.56
2005—2009  mAVEfL/Am®  -9015.30 -335.70 -52.56 3536.73 16 559.55 96.93 -10792.53
2009—2013  mAVEf/AM® 25 337.66 1432.70 -861.18 9425.31 2687.15 760.49 11 886.64
2013—2017  TEFAEL/hm? -631.93 -116.63 163.50 5135.34 -8 402.24 -290.42 4155.05
2001—2017  TEFLAEfE/hm? -37715.13 -466.38 -105.03 40 147.65 -19512.45 989.19 16 659.72
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Table 2 Land use dynamics in the Chaobai River region from 2001 to 2017

T H GEhy Bt it H T AT TR B A T4 i ki
Ttems Years Arable land Forest Pasture Urban land Rural settlement Industrial land Water area
AER AL 2001—2005 -682.56 -361.69 161.30 5512.57 -7589.23 105.55 2 852.64
A“:}‘::‘i:ﬁzgfa‘{fea 2005—2009  -2253.83  -83.93 ~13.14 884.18 4139.89 24.23 ~2698.13
° 2009—2013 -6 334.42 358.18 -215.30 2356.33 671.79 190.12 2971.66
2013—2017 -157.98 -29.16 40.88 1283.84 -2100.56 ~72.61 1038.76
2001—2017  -2357.20  -29.15 -6.56 2509.23 -1219.53 61.82 1041.23
A B AR 2001—2005 -0.22 -6.82 17.28 15.93 -10.87 9.49 11.31
Land use dynamics/% 50052009 -0.72 -2.18 -0.83 1.56 10.49 1.58 -7.36
2009—2013 -2.08 10.18 -14.11 3.91 1.20 11.66 11.50
2013—2017 -0.06 -0.59 6.15 1.84 -3.58 -3.04 2.75
2001—2017 -0.75 -0.55 -0.70 7.25 -1.75 5.56 4.13

R3 PEARBELFARBESERERSNESE

Table 3 Equivalent of ecological service value of different land ecosystem in Chaobai River region

— 2 F First grade G2 F Second grade PRt Arable land b Forest Bl Pasture JK 1%, Water area

HEZ5 AR 55 Supply services joX7/ o 0.98 0.32 0.42 0.52
JE AR A 0.38 2.92 0.35 0.34

JE 45 245 Regulating services ARV 0.71 4.23 1.47 0.50
AV 0.95 3.99 1.53 2.02
IR ST 0.75 4.01 1.49 18.39

Py b 1.36 1.69 1.29 14.55

S H5 R 45 Support services TF 14 1.44 3.94 2.20 0.40
YR A=W Z 1 1.00 442 1.83 3.36

AR 55 Cultural services FRAEE2E 0.17 2.04 0.85 435
A1 Total 7.74 27.56 11.43 44.43
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HY 2% 4 38 P DX A 25 B IR ARAE S R S
R 55 M (B RT 2% B, DU - iR FH 28 R 3R ({28 IR 45
F3 RN IR g b b > > A SR> B R 5 BRI IR 4%

R4 HEAKBEXAMBCARESRERSNEGT -hm™)

Table 4 The value of ecosystem services per unit area of land use in the Chaobai River region (yuan-hm™)

—#2EH First grade T2 Second grade  HFH Arable land R Forest i b Pasture JKI, Water area
BEL S5 Supply services ey 2 104.30 694.42 904.85 111528
R R 820.68 6270.80 757.55 736.50
/Nt 2924.98 6 965.22 1 662.40 1851.78
A5 IR 55 Regulating services SARTE Y 1515.09 9 090.56 3 156.44 1073.19
S 2041.17 8 564.48 3282.70 4334.85
K SIS 1620.31 8 606.57 3198.53 39 497.62
124 b 3 2924.97 3619.39 2771.67 31248.78
/Nt 8 101.54 29 881.00 12 415.34 76 154.44
I HE IR S5 Support services PrEE 15 3093.31 8 459.27 4713.62 862.76
YefEE Y ZFEE 2 146.38 9 490.37 3935.03 7217.73
/it 5239.69 17 949.64 8 648.65 8 080.49
CALJR % Cultural services P2 357.73 4376.93 1830.74 9343.07
&t Total 16 623.94 59172.79 24 557.13 95 429.78

R5 20012017 EHEARBEE LA ALRBENESEERSNMEMZT)

Table 5 The value of ecosystem services of various types of land use in Chaobai River region from 2001 to 2017(10° yuan )

Z ARG i BRMbHB% MR MRl EH EHEB/%e KB KEHBIe At
Category Years Arable land  Proportion Forest Proportion ~ Pasture  Proportion Water area Proportion  Total

M AR RGN S5 i 2001 52.58 65.71 3.14 3.92 0.23 0.29 24.08 30.09 80.02
ESV 2005 52.12 58.07 2.8 2.54 0.39 0.43 34.97 3896 89.76

2009 50.62 65.11 2.08 2.68 0.37 0.48 24.67 31.73 77.75

2013 46.41 54.27 2.93 3.43 0.16 0.19 36.01 42.11 85.52

2017 46.31 51.83 2.86 3.20 0.20 0.22 39.98 44.75 89.35

EBRRGRS MM 2001—2005 046 ~7.64 -0.86 -1.38 0.16 0.14 10.89 8.87 9.74
Cha:fojfi%ESV 2005—2009  -1.50 7.04 -0.20 0.14 -0.02 0.05 -10.30 -723  -12.01
2009—2013  -4.21 -10.84 0.85 0.75 -0.21 -0.29 11.34 10.38 7.77

2013—2017  -0.10 -2.44 -0.07 -0.23 0.04 0.03 3.97 2.64 3.83

2001—2017  -6.27 -13.88 -0.28 -0.72 -0.03 -0.07 15.90 14.66 9.33
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AV IR 55 38 A -2 5 (H 2005—2009 4F 835 Bl 55 1 A=
B RGSS M PE D i B PR IS AR RS
RGP G Rl 5 i Tz S R
GRS B ERIED . AR 3 RTA KIUT REAR ALY 1
R S5 B Y R K, PR AR L RTA, AKR ERRAE
2005—2009 4 KR BED 3 2% W Bol 1 ik 550 1B
WD FE LR . B E] K S A A 16 659.72
hm?, KIS R GRS (B0 15.9012.5€
24 EBRGERESMESBES

2001—2017 4= {19 X 38k AE 25 R G R 45 M (EL Y
TRUSRMEFR R 22 7. BUBESR BT LRI AE S RS
JIR 45 (8 R BOR BUR 754 BEAN A= 25 R IR 45 (Y
PrevEmf 575 . 2001—2017 4E 3 1A ] X8 P 45 2k
() RO B35 /N 1, U TR BN KB/ IMK TR
it > K B> FRHE> FEHL . 2001—2017 4F , #f Hb 114 f5sk
PEFR B I, R 1 SO 1 BN d5 /) UL
XA S RGNS M EX RS RGN E R B = 5
PELZER A5 . AN ORI A 2R3 ) fls i 8 B S A
[i] A b 1) 2R AL 19 A 25 R G R 55 B E B IE AT
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Table 6 The value of ecosystem services of different ecosystem service types in Chaobai River region from 2001 to 2017(10°* yuan)

Sn N Hegnfiess  Hhgsfess  JEAIRSS  IARSS SRS SCREERSS SCiRARSS Scibiss A
i Eh . At
Supply Hefl/%  Regulating — HeAil/% Support Hf51/9% Cultural Lt £5i1/%
Category Years . . . . . . . . Total
services  Proportion  services  Proportion  services  Proportion  services  Proportion
ARG (i 2001 10.10 12.62 46.54 58.16 19.64 24.54 3.74 4.67 80.02
ESV 2005 10.14 11.30 54.65 60.88 20.22 22.53 4.74 5.28 89.76
2009 9.66 12.42 45.60 58.65 18.81 24.19 3.69 4.75 77.75
2013 9.22 10.78 52.92 61.88 18.62 21.77 4.75 5.55 85.52
2017 9.27 10.37 56.02 62.70 18.92 21.18 5.14 5.75 89.35
ERRGMSME 2001—2005 0.04 -1.32 8.11 2.72 0.58 -2.01 1.00 0.61 9.74
=N
gdlan 2005—2009 -0.48 1.12 -9.05 -2.23 -1.41 1.66 -1.05 -0.53 -12.01
Changes in ESV
2009—2013 -0.44 -1.64 7.32 3.23 -0.19 -2.42 1.06 0.80 7.77
2013—2017 0.05 -0.41 3.10 0.82 0.30 -0.59 0.39 0.20 3.83
2001—2017 -0.83 -2.25 9.48 4.54 -0.72 -3.36 1.40 1.08 9.33
F7 20012017 EH RN KB ESTRERS M ENSURIERH
Table 7 Sensitivity index of ecosystem service value in Chaobai River region from 2001 to 2017
) Years Bk Arable land M Forest i Pasture K3k Water area
2001 0.657 1 0.0392 0.002 9 0.300 9
2005 0.5807 0.025 4 0.004 3 0.389 6
2009 0.651 1 0.026 8 0.004 8 0.3173
2013 0.5427 0.034 3 0.001 9 04211
2017 0.518 3 0.0320 0.002 2 0.447 5
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Figure 2 Land use management framework integrated with ecosystem services
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