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Research on spatial identification of priority ecological reserves
by coupling ecological quality and service

—a case study of Changsha-Zhuzhou-Xiangtan urban agglomeration
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Abstract: [Objective] This study aims to achieve ecological protection and restoration based on ecological
environmental quality (EEQ) and ecosystem services (ESs) , protect areas with significant ecological value and
important ecological functions, and maximize the benefits of ecological conservation. [ Methods] 23 county-level
administrative units in the Changsha-Zhuzhou-Xiangtan urban agglomeration (CZT) were selected as the research
objects. The remote sensing ecological index (RSED) was utilized to represent EEQ, and the comprehensive
ecosystem service index (CES) was integrated to delineate county-scale priority ecological reserves (PERs) in
CZT. Multiscale geographically weighted regression (MGWR) was applied to analyze the driving factors from
both natural and social perspectives. [Results] (1) From 2003 to 2023, the RSEI of the CZT showed a
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fluctuating downward trend. The proportion of excellent-quality areas first decreased from 5.70% to 3.83% , then
increased to 4.21%, peaked at 12.61%, and finally returned to 5.93% in 2023. The CES showed a continuous
decreasing trend, with the proportion of poor-quality areas increasing from 2.12% to 5.99% , and average-quality
areas decreasing from 1.77% to 0.64% . Spatially, it manifested as a gradual degradation of EEQ in central urban
areas, contrasted with steady improvement in non-central urban areas. (2) The top 10%, 20%, and 30% of
counties ranked by comprehensive performance were extracted. CES reserves were mainly distributed in the
eastern part of the study area, ecological quality (EQ) reserves were mainly located along the edges of the study
area, and comprehensive ecological reserves were primarily concentrated in the eastern and central-western parts
of the study area, all primarily characterized by forest land use type. (3) During the extraction of PERs, natural
factors had a significant impact on EEQ and ESs. However, with ongoing socioeconomic development, the impact
of socioeconomic factors such as nighttime light intensity on ecology gradually increased. [ Conclusion] Both
RSET and CES in the CZT exhibit declining trends from 2003 to 2023. Based on the Marxan analysis results, it is

recommended to designate at least 1 718.42 km® as PERs in the CZT.
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Fig. 1 Overview of the study area
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Table 1 Data sources of ecological quality and driving factors
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Table 2 Data sources of ecosystem services
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Table 3 Principal component analysis results of remote sensing ecological indices
GG PCA NDVI WET NDBSI LST FHAE(E TR/ Y
PCA1l 0.545 0.300 —0.585 —0.52 0.012 74.38
2003 PCA2 —0.080 0.507 —0.459 0.725 0.002 14.91
PCA3 0.716 —0.534 —0.007 0.449 0.001 10.17
PCA4 0.429 0.605 0.669 0.047 0.000 0.55
PCA1 0.581 0.296 —0.591 —0.475 0.01 69.67
2008 PCA2 —0.323 0.682 —0.404 0.497 0.003 17.47
PCA3 0.607 —0.294 —0.134 0.726 0.002 12.26
PCA4 0.412 0.600 0.685 0.025 0.000 0.59
PCA1 0.609 0.225 —0.552 —0.524 0.014 81.23
9013 PCA2 0.169 0.333 —0.449 0.812 0.002 11.62
) PCA3 0.670 —0.659 0.228 0.256 0.001 6.83
PCA4 0.390 0.636 0.665 0.025 0.000 0.31
PCA1 0.611 0.253 —0.566 —0.492 0.016 83.05
) PCAZ2 0.251 0.221 —0.380 0.863 0.002 9.80
2018
PCA3 0.673 —0.649 0.334 0.118 0.001 6.80
PCA4 0.333 0.682 0.651 0.015 0.000 0.35
PCA1 0.566 0.244 —0.569 —0.545 0.014 79.06
PCAZ2 0.327 0.171 —0.403 0.837 0.002 13.03
2023
PCA3 0.686 —0.62 0.377 0.040 0.001 7.50
PCA4 0.32 0.725 0.609 0.021 0.000 0.40
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Fig. 2 Spatial distribution of RSEI in CZT and proportion of different grades in each year
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Table 4 Average annual outputs of water yield, carbon
storage, soil and water conservation, and
habitat quality in CZT (2003—2023)

KA/ AR/ KRR/

o mm (t*hm™?)  (t+hm™?) EREE
2003 625.85 5.60 163.72 0.535
2008 817.31 5.54 214.86 0.525
2013 727.69 5.45 191.6 0.510
2018 907.11 5.41 245.52 0.502
2023 868.69 5.40 234.97 0.500

2.3 PERHINE
E 4578 T CZT # X PER {5 14 23 (6] #% J&) , K3 4

A B R S R E . EQR EZE i fE CZT Y
JAh % P AEAR T S VR A . X L DA T R Y
R M A0 A BE M, 28 B R R RS A A A A B
R4, ESR EESMAE CZT W &RH—M , 45 K
RIS 7 I 1 W [ A TN 1/ B SO N s 7 214
R B A KB, B AR SRR AT, & R TR AKOE
KA ESs 8 7 o IER F 2407 42 AR M 5 v de ),
DIARHL 58 o 320 s il XA SR R4 EEQ
M ESs 8 /. Hi, 2018 4F RSETR & 5 4 , 2003 4
CES R L 5 4, 2023 4F W5 4 BOE ¥ 8% . B 4D
R T IX SR A5 R G B9 PER b 32w ) ] 26 R
L. EQR DB B A 3, JH obfcsh B
70% L I
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Fig. 3 Spatial distribution of CES in CZT and proportion of different grades in each year
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Fig. 4 Spatial distribution of priority ecological reserves in CZT based on RSEI and CES at county scales of 10%,20%,30%,
and proportion of land use types in different types of priority ecological reserves
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R5 2023FETRPR P ALBER SRR

Table 5 Area proportion of land use types in ecological

reserves in 2023 %

S < H b K% HoAb
EQR 10% 17.99 79.57 0.37 2.06
EQR 20% 23.42 73.73 0.57 2.27
EQR 30% 30.69 66.20 0.87 2.24
ESR 10% 17.99 79.57 0.37 2.06
ESR 20% 23.42 73.73 0.57 2.27
ESR 30% 26.27 70.69 0.85 2.43
IER 10% 17.99 79.57 0.37 2.06
IER 20% 23.42 73.73 0.57 2.27
IER 30% 26.27 70.69 0.85 2.43

T EQR E R A BHEL i % ESR B RESRREMSHIIX;
IER #REEA SR IX

R 45 2003—2023 4F A [A] B % {E 38 15 1) PER
CE 5, B =k DL B B AR N & PER, T
9 4 6 992.53 km?, 12 177.167 km?, 15 393.07
km®, Hp EQR EEA T CZT A6 % LA K rd i o
ESREIEREAE A RBENMAERB —H. 456
50 LLF H, PRE X 38k 32 22 phy AR FnBf o 20 A, 32 %2
YARTE CZT AR —4f , LI R —af o X 26 i X
J&F CZT W IREE 5 FAH X 54 i b X, AR LA | 45
B, B FH Marxan 5 DR 30 % TER #b X 3% 8 4 37 H b5
HEAT AL PLR KB A AR SR X S5 e R
BRI, R UL A S OR3P X di 9 512.00 km* 44

AP AE SR IX b 1 718.42 km?,
D Marxan
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RAEERPE sn
BRAESRPK 20

5 EQR,ESR,IER,Marxanfi £ &SRR ZEKRE
Fig. 5 Spatial patterns of EQR, ESR, IER, and Marxan priority ecological reserves
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T MGWREEA 52 AR 2l LA 1 7
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KT N B 3 % RSET ™= A T %5 5 480 Y 1 1 5%
Wi o A T B2 p b e R, N TR B T
M) 328 347 0 /0N o R ) R ) ER P A e AR R
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*6 ZREHEMZEIFX RSEL,CES B354 %
Table 6 Regression analysis results of RSEI and

CES by MGWR
1) Z 5 a(RSET) W & £ b(CES)

BME BORE BE BAME O BRKRE BE

(£33 0019 0073  0.039 0.039 0.074  0.039

AR —1.23 0.675 —0.043  0.856  0.856  0.856
A —0.025 —0.021 —0.023 —0.025 —0.021 —0.023
T3 —0.011  0.006 —0.01 —0.011 —0.006 —0.010
WK —0.005 —0.001 —0.004 —0.005 —0.001 —0.004
A0 —0.016 —0.074 —0.032  0.016  0.074  0.032

AgEAKE —0.13  —0.003 —0.053 —0.130 —0.130 —0.130

242 % CES#IKZHFEAF F6ELE T MGWR
BIALR [ AR S CES P A IR sh /1 . i e
W RIAT Xt CES Y 17 1T 52 24 28 100 %0, H i k¥
KT 80% ., BE/KH I EFm CESMHLIX [ 75.32%,
VLA K A7 B Tk CES Bk . CZT X852 A i
K TRT VAR 259 T8 ) 1 X e R /N (<1 %), R X
WSS % CES (52 A 35

FT MGWR Z5 5L, H o HUA% 4 {4 1 25 71 D) 1
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Fig. 6 Spatial distribution of driving factors influencing RSEI
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Fig. 7 Spatial distribution of driving factors influencing CES
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