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Evaluation of effectiveness of nature reserves of the Yangtze River Economic Belt

in reducing human disturbance

LIU Haofu, LI Shicheng®, LUO Quanxin
School of Public Administration, China University of Geosciences, Wuhan 430074, China

Abstract: Evaluating the effectiveness of nature reserves is crucial for promoting regional sustainable development. The
Yangtze River Economic Belt of China is a hub of biodiversity. So, evaluating the effectiveness of nature reserves in this
region is important to enhance its management and ecological civilization. Based on global human footprint datasets, this
study analyzed the changes of the human disturbance in nature reserves in the Yangtze River Economic Belt during 2000—
2018 from the perspectives of management levels, geographical economic zones, and functional zones. Then the propensity
score matching method was used to assess the effectiveness of nature reserves in reducing human disturbance. The major
findings are as follows: (D The number of nature reserves with excellent, good, and poor protection effectiveness in the
Yangtze River Economic Belt accounted for 35.12% , 50.30% , and 14.58% , respectively. 2 The human footprint values of
the Yangtze River Economic Belt and its nature reserves were increasing overall, but the latter increase was less than half of
the former. It suggests that although establishing nature reserves in this region has not changed the trend of increasing human
footprint, it has effectively slowed down its growth. 3 The higher the management level of nature reserves and their
functional zones, the better protection effectiveness. @ The effectiveness of nature reserves in the upper and middle reaches
of the Yangtze River Economic Belt was better than that in the lower regions, particularly in the Ba Mountain-Wu Mountain-

Wuling Mountain-Xuefeng Mountain area and the western part of Yunnan. These findings can provide a reference for
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enhancing the management of nature reserves in the Yangtze River Economic Belt and promoting ecological civilization

construction for this region, and even in China.

Key Words: nature reserve; human footprint; propensity score matching; effectiveness evaluation; Yangtze River

Economic Belt
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Fig.1 Spatial distribution of nature reserves and the functional zones of national nature reserves in the Yangtze River Economic Belt
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Table 1 Datasets for the evaluation of the protection effectiveness of nature reserves in the Yangtze River Economic Belt
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Fig.2 Changes in human footprint of nature reserves of the Yangtze River Economic Belt from 2000 to 2018
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Table 3 Statistics on the changes of HF in nature reserves
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Inside and outside Management levels Geographical economic zones Functional zones
y - N ; . \ - SRl
b 2 X% e i i i Bt X, ZwhIX. —_—
Outside Inside National Provincial Upstream Middle Downstream  Core zone  Buffer zone P
zone
HF $J{f Mean 14.60 7.76 7.05 8.32 7.07 8.97 11.15 5.31 7.06 9.42
HF AEHE LA
Mean annual rate of HF 0.60 0.23 0.10 0.31 0.20 0.06 0.70 0.26 0.18 0.35
change/ %
HF ZEb{E <0 M4 X 4L
i
48.51 55.15 44.00 42.20 56.30 52.27 52.17 56.04 52.75

Proportion of nature reserves

with no HF increase/%
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Fig.3 Spatial changes in human footprint in nature reserves of the Yangtze River Economic Belt from 2000 to 2018
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Table 4 Balance test results of propensity score matching in 2018

- HI{H Mean B ﬁ(ﬁﬂ:ﬁ%% TRl T-test
b UM R/ % VAR BE 7 %
Variables Tl Fell . Reduction  T4GHE T RAERE
Treated Control I bias| T-statistic p>lel
Y Slope U 11.468 5.9838 75.7 74.65 0.000
M 11.455 11.555 -1.4 98.2 -0.78 0.434
EFE Elevation U 1846.6 1079.3 58.4 53.36 0.000
M 1844.2 1878.4 -2.6 95.5 -1.43 0.153
i % Road U 0.04176 0.01887 47.0 54.48 0.000
M 0.04176 0.04200 -0.5 929 -0.27 0.784
+ 7 3 Land cover U 2.3971 2.0958 22.6 17.55 0.000
M 2.3951 2.4093 -1.1 95.3 -0.75 0.455
SRR MR U 16.269 20.666 -99.7 -94.75 0.000
Mean annual surface temperature M 16.283 16.252 0.7 99.3 0.38 0.706
IR U 3.5019 3.3832 13.7 12.82 0.000
Mean annual precipitation M 3.5018 3.5031 -0.2 98.9 -0.09 0.930
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Fig.4 Mean control effectiveness index of nature reserves and distribution of sampling points within nature reserves for 2000—2018

20 30

ndex

M EH RO X AR R R, 2000—2018 4F [E K AR X 548 BAR I X BEAF 1) 42 1 0 $5 51
BIEBIR (R S) , B R R X A SR BUEAR TA AR X (B 5) . FFH 19 4 [H 4 78.68% 11
FRPAR X B H A B AR IE 1, A AR XA 76.00% (2 5) . B KGR P X ¥ il A 8500 48 50 e
2000—2015 4F 3B #  (HAE 2015—2018 4FEAT I 3K (K 5) o BEAh, B AR X 2000—2018 4FAE 1L
PR, R, BT RO DO A2 A F I 0y, o B R GRS A T8 R X

http ; //www.ecologica.cn



3180 JAE = 44 %

®5 2000—2018 FTEFHBRRIPE CEI Gt &R
Table 5 Statistics on the CEI of nature reserves in the Yangtze River Economic Belt from 2000 to 2018

(el HHEF X IReX &l
its Management levels Geographical economic zones Functional zones
TRIIX . N N ) - FHIX
O S S T B S
National Provincial Upstream Middle Downstream  Core zone  Buffer zone 0
zone
CEI #{H CEI mean -1.9207 -2.0403 -1.839%4 -2.3675 -2.3962 0.1233 -2.7437 -2.4016 -1.1392
fRA1IX CEL >0 HyHCE L LL/ %
Proportion of nature reserves with mean 22.92 21.32 24.00 20.23 16.81 50.00 13.83 22.58 30.11
CEI >0
TR CEL I <O 8 5t/ %
Proportion of nature reserves with mean 77.08 78.68 76.00 79.77 83.19 50.00 86.17 77.42 69.89
CEI <0
CEL #5145 B8 5L Control effectiveness index
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Fig.5 Statistics of nature reserves control effectiveness index of nature reserves
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Fig.6 Spatial distribution of control effectiveness index in nature reserves in the Yangtze River Economic Belt
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Table 6 Statistics on the number (N) and area ( A) proportion of nature reserves protection effectiveness

o PRI Management levels HIZH 43X Geographical economic zones
PRI R -

_ FrARIX Al — — — — —
Protection [EEE o i i T
effectiveness National Provincial Upstream Middle Downstream

N A N A N A N A N A N A
RAF Good 35.12 26.78 41.91 29.91 30.50 22.27 30.64 23.52 42.86 42.04 31.82 19.99
] Fair 50.30 61.95 49.26 64.29 51.00 58.57 55.49 65.38 49.58 51.57 31.82 40.67
524 Poor 14.58 11.27 8.82 5.79 18.50 19.16 13.87 11.10 7.56 6.39 36.36 39.34

N. % Number; A ;[ Area

MATE AR R TE (£ 6) , FFHAR P XA 41.91% R izl B 47 A & 29.91% ;49.26% 4
PO ] AR 1 64.29% ;8.82% AR Y LA 2, IR 5.79% ., Ay ARAE < VY i R - R T 1L k-2 B v SR
BF I B9 R 8 AR DX AR AP R LA R AT 3 A 7 AR L - s L -5 0 L 31X A ) 58 G A 4 X AR B s DA R
Gk 3 A AR VLR U A B R AR DX AR A B 2 RAE IR (B 7). BRI XA
30.50% AR B R AT, TRTARAY (5 22.27% 5 51.00% B AR~ 3 BLRL % AT, TR (5 58.57% 5 18.50% [ PR 37 iR 5%
2 RN 19.16% , 385 HEEAS 2R RS 5 R, R B I AU R AR X, AR R by, R G
P IR AR AR I G AR X, B 8 s 1) SR AR DX R SR 4

MA[FIHBFRZE BEHIX R (3 6) ,(RILEEFT b T Wb IX 3 51 A 2 30.64% 42.86% ,31.82% 1) {4
DX AR Rk B, T AR 591 o DX SR B XS TR AR 23.52% ,42.04% ,19.99% 5 2 55.49% 49.58% 31.82%
B AR DA T T AR 0 65.38% 51.57% 40.67% . b5 i XA 47 DA 4P s A B 35 ] Sy
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Table 7 Statistics on the number (N) and area ( A) proportion of protection effectiveness of each functional zones in national nature reserves

4 Bk #L X Core zone 21X Buffer zone FH X Experimental zone
Protection effectiveness N A N A N A

R4 Good 40.43 27.95 39.79 28.35 41.94 33.13
W] Fair 54.25 68.64 47.31 65.05 43.01 47.41
7% Poor 5.32 3.41 12.90 6.60 15.05 19.46
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BOE T AR 68.64% 65.05% (47.41% 3 R 24 )
5.32% ,12.90% . 15.05% A9 PR 37 BN A 22 , TR AR 43 331 o :
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Fig.7 Spatial distribution of protection effectiveness of nature
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