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Abstract; Nature reserves play an important role in maintaining biodiversity and improving ecological environment quality.
It is not clear how the ecological environment quality in nature reserves changes and its response to the natural factors and
human activities. Understanding these rules is of great significance to the construction of ecological civilization and the
biodiversity protectionin China. Based on China’s high-resolution eco—environmental quality (CHEQ) dataset and natural
factors from 2001 to 2019, the changing patterns of the ecological environment quality of the nature reserves in China were
investigated and the corresponding contributions of the main driving forces, natural factors and human activities to these
changes were distinguished using the methods of trend analysis and multiple regression residuals analysis. The results
showed as follows: (D CHEQ index of nature reserves in China indicated multi—stage fluctuation change and an overall
slightly decreasing trend, with an average trend rate of —0.54x107*/a. Overall pattern of CHEQ was high in the south and
east region and low in the north and west region. @ The combination of natural factors and human activities was mainly
distributed in the experimental zone and buffer zone of the nature reserves and was the main factor of environmental
degeneration. The impacts of natural factors on CHEQ change ranged from —3x107"/a to 0/a, while the impacts of human
activities changed from —1x107/a to 2x107/a. (3 The contribution rate of natural factors to CHEQ change in China’s
nature reserves was more than 75%, and the contribution rate of human activities to CHEQ change was less than 45%.
Among the natural factors in this study, precipitation had the greatest impact on the ecological environment quality of China’
s nature reserves, while surface runoff factor had the least impact. While making up for the shortcomings of the existing
studies, this work is expected to provide the quantified support on the coordination between ecological conservation and

economic development in the future, and provide scientific knowledge for formulating the corresponding policies.

Key Words; China National Nature Reserve; CHEQ ; natural factors; human activities ; residuals analysis; change trend
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1 HiESHZ®

1.1 BRI b

A FE A0 ] 4 50 A 358 v 1 5 R A S PR B o B KUl 4 ( CHEQ) /il (TEMP) M) [ 7K (PRE) P |
SCPRZEH (AET) WEEZEHU (PET) (UKL (DEF) MRAR & (RO) T R85 (PDSI) (KK (VAP) |
HIRKIAE2ZE (VPD) S FAT 585 (SRAD) JXUH (VS) |+ 37K 43 (SOIL) LA R A7 B X XI5 . B ab 3 it
FRALFEEIE R BY At | LT B30 A BB, 18 BT A S0 15 S R ) 104 23 18] 23 e AL b
. BIETEAER R 1,

x1 BIREREHGA
Table 1 Detailed description of data

Kl 44 Z3 [ 4 g ] 43 4 P[] 728 He
Data name Spatial resolution Time resolution Time range Source
AT A CHEQ 1000m iE 2001—2019 4£ [ K Bk R SRR B o0
IR Temperature 1000m H 2001—2019 4 [ F HuFR R Ge Rl s
F4FR Precipitation 1000m H 2001—2019 4¢ [ K Bk R GE R 2= Bl 0
T limate % = . N

erra Climate A5 1000m A 2001—2019 4 AR S|
Terra Climate Datasets

FEI 5 A SR ORAP X L 5

National nature reserve

/ 2018 4F 2018 4F PRI B R 5 8 oL

12 Hik
1.2.1 BT

Theil-Sen Median 3T E—FMRAERIESEG T EFEITR Ik, 7T LU R AR, It BT A
RO HH T ) F 5 B0 a3 B Y ARHIESE B Theil-Sen Median 4 #5434 1) Jy 1% 1155
2001—2019 4F CHEQ AR fbita s, i1 A0 T .
CHEQ, - CHEQ,

J -t

31, Slope 278 CHEQ Z2ALi#a# , CHEQ, Hl CHEQ, 731 4% j 4F A% i 4F CHEQ {E., #5 Slope<0, U] CHEQ 7&
AR5 1 5 R A e AR ) ) B N A S AR T AL T AR B0 AR A s #5F Slope>0, W CHEQ 7E T[]
JPH) T2 T R BRI ] B N AR A REE 0 i A T el sl R R A

ZRHFFE T Mann-Kendall K2 5545% HIFX%F CHEQ #3417 i M L Ge b6t S f Zg, STHRANE

Slope = Median[ ] , 2001 =i <j =< 2019 (1)

S = i i Sgn(CHEQj - CHEQ,) (2)

i=1j=i+l
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1,CHEQ, - CHEQ, > 0
sen(X, - X,) { 0,CHEQ, - CHEQ, = 0 (3)
- 1,CHEQ, - CHEQ, < 0

_n(n-1)2n+5)
Var(S) = 18 (4)
St ss0
VVar(S)
ZSlope = 0, S=0 (5)
S+1 ’ S <0
v Var(S)

=, CHEQ, Al CHEQ, s (8] Fp 81 vh 4473 i A1 j B 107 ¥ CHEQ {8, n S ARER I RNF 51 A BE Sy 19, KB SETT
i Z g IEAE T (-0 ,+o0 ) N, TELE BEMWAKT o T, Y12y, | >Z, 0, RRE R FIIFE o KT 1254
B ARSI, B a=0.05, HIWIE 0.05 B AF/AKF /I Zg, . >1.96 I, 2001—2019 4F [ [ S8 L4 X
CHEQ ZE fkfadim & 1:
1.2.2  ZJolnlIHR2E 5T

RS E R 223 T oK AR BRI [ R R R XS RG> HEmASREMHNEZL
B BN FIK IR | R EK S SEPRZE UL S AR IR RS0 A S R G s i . R AR T 20
[ 5 5% 22 1 7 258 B3 HT T SRR 255 A0 3% CHEQ 28 Ak AN BTk, B SEik a2 ek e [ R | 1)
CHEQ Jy /e, LIl (TEMP) FIFERT (PRE ) SEPRZSHCE: (AET) JETEZEHIE (PET) (UK (DEF) MRS
B (RO) TRAEH(PDSI) (KSR (VAP) MAVKIUEZE (VPD) A F 1745 (SRAD) KU (VS) LA K + 87k
43 (SOIL) ¥ A AE &, 7 H AR R A8PR S CHEQ Z [ R JH 5C 28 AR, B T IR ) R AL B AR
T3] CHEQ A (CHEQ ) , BMWAZ F AR RS L 5200 T (1) CHEQ; #:& , FI ] CHEQ LI {E F1 CHEQ Fil
DA 228, B CHEQ 5%22 (CHEQy,, ) , RFIRNSZ NG S m T 1Y CHEQ, AT .

CHEQ, = 2 a x +b (6)
CHEQ,,, =CHEQ,, ~CHEQ,. (7)
K CHEQ o0 36 F [l A B A () CHEQ WA, «, & A SR T, a,, b I IH BB S 4 CHEQ,,, M 5% 22,
CHEQ,, . AWM AA
1.2.3  CHEQ ZRfbURsh R ZE i At
RIS (1) HE 2001—2019 4EHHE RS X CHEQ . Il CHEQ,,, 9728 fk#a % 15 2] 1 45 543 At %
EHAHER S AZSEG S m F CHEQ BBk s, IR T 0 BF FRon A SRR 2 s A 287 3 ol 42 it
CHEQ M L7+, AR TR S ; 2, FRom ARR RS AKE I ESIHEBAMEIEN, S%5£2, kA
H SR 5754 CHEQ,,, .CHEQ . Ml CHEQ,,, Y748 fb & $di B e — R At R 4 8 N34

#2 BREZREAXFEHN CHEQ WEMBEE SR

Table 2 Classification of impacts of natural factors and human activities on CHEQ

FEE A ke FEE S T BE

Slope Degree of influence Slope Degree of influence
-0.035—-0.007 B & 4 0—0.002 ANHH A
-0.007— -0.003 ehEE AR 0.002— 0.006 R AR
-0.003— -0.001 B 0.006— 0.012 rh A ik
-0.001— 0 PN RETE 0.012—0.045 W f A2 E

CHEQ: P &3 HR A 25 R B B China’s high-resolution eco-environmental quality
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Table 3 Determination criteria of driving factors of CHEQ change and calculation method of contribution rate

93l PR 2R 13 oy b UK K 1Y DTk %
Ha#(CHEQ,,.) ESmilrSES Classification criteria of driving factors Contribution rate of driving factors
Slope( CHEQ,;..) Driving factors HH( CHEQ() Y CHEQy,) EP/NEES NGB

Slope (CHEQ ) Slope( CHEQy;, ) Natural factors Human activities
Slope (CHEQ ) Slope (CHE )
K70 CC & HA >0 >0 P Qe ’ Qi
Greater than 0 Slope (CHEQ,,.. ) Slope (CHEQ,,,. )
cc >0 <0 100 0
HA <0 >0 0 100
Slope (CHEQ ) Slope (CHE )
Ao cC & HA <0 <0 " Qe b i
Less than 0 Slope (CHEQ,,..) Slope (CHEQ,,..)
cc <0 >0 100 0
HA >0 <0 0 100

FR2E#a R b BN (A A S AN Bk 22 I RE B G A AR R AN S T I CHEQ ZE{L 4%

2 #R

2.1 CHEQ If2s AR L HRAE

ME 1 AT LAE H,2001—2019 4EH E J ALY X CHEQ “FHI{E >l 0.424, i

CC HA Slope( CHEQ,,,.) .Slope( CHEQ¢. ) Fll Slope( CHEQy;, ) 435124 1 2k R 26 A 2K15 3 . CHEQ WM 4434 . CHEQ TRt #4354 L K CHEQ

% (H M 2005 4EAY 0.433, Fe ik

{E>H 2016 411 0.413, & [,2001 —2019 4EF8 E A SRR 97 X CHEQ T FE K -0.54x107/a( P<

0.001) , X F I E H AR XA SBT3 A ka5, & ANt a] Jp 5 o] R8sk 3 BB,
H— Bk U B TR (2001—2006 4E ), CHEQ 754k
R 0.13% 5 55— Br BOA P T BRI (2007—2016 4F) e BE AR
CHEQ 7516 %y - 3. 12%; 45 = Wy Bt 2218 1 0] ol T SR
(2017—2019 4F) ,CHEQ ZE{L3 K 2.16% . ,

& 2 24 2001—2019 4 [ 2R3 X CHEQ 221k g ~ : W\ ' /
B R BT 20012010 4 58 T/ N
[ AR X CHEQ 8 (s 3 FLAT B as o S e, = 2 Ll - .
CHEQ S FREAR A X 8 T AL 4351 K 19.14x10* km < ! 1/
A157.33%x10% km®, H:Hr CHEQ 3% K B & % [X 2k 17 1 ' y=-5351074+ 150 ¥
H 0.21% 10* km? , 354345 7 7T 7] 74 BL [ SR 1947 1K 4R a Pearson'sr=70.60
#B s CHEQ FAA A & Y X 38k 181 AL A 0.45%x10% km?, E &L 200120042007 2010 2013 2016 2019
SIGAE T 1SRRI IX AR F 30 3 249 74.97% [X B T BEL g Flly Year
A R R EAR 22, H AR AR L 1 e - B1 2001—2019 £ E E KR K CHEQ £ IRZ{L
3x107/a— 0/a JLFIN . Fig.1 Interannual variation of CHEQ in Nature reserves of

ZIiu\ﬁﬁﬂtE’JE?ﬁE ROEPIX 3645 139 MR
B S M A B A S PR o A A I Y AR
Tﬁlzjbﬁl‘fﬁﬂ( H RGP X, BB N 5.38%107° /a, Hik

China from 2001 to 2019
CHEQ.: M=l 43 ¥ 2% A5 25 PR 45 o

eco-environmental quality
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B2 2001—2019 £HEBARPX CHEQ B BB = H 5 E
Fig.2 Spatial distribution map of CHEQ change trend in China’s nature reserves from 2001 to 2019

2.2 CHEQ Ha]Z2 L IK 5l [H & 734

&3 W], AR E 5 A shnt [ AR X CHEQ 25k 5% i Y A7 A AR K0 23 1) S ik, 9 5L
FKHEX CHEQ L sZ AR K2R, k34 v, AR ZEX ER AR X CHEQ ZEfk 52 1 A B
1 DX (S B A R A B AR ) TR Z4°H 47.24x10* km?(60.53% ) 5 F AR 2% B % A /4557 [X. CHEQ
AR VR A ORGSR AL IE ) 19 X3 A2 4.83%10* km? (6.19% ) 5 H AR I R X E & H AR A X
CHEQ ZZ Ak &AM /R F N5 A B A ) ) 19 X AR 298 25.97%10% km*(33.28%) .

J3—J7 1, B 3 Figk 4 AT LA AR S B K 3 SR IR X CHEQ 28 £k 52 Ml AS BH I 119 DX 8 (AN B fd A1
HEFUASER S0 ) 2928 75.28%10" km*(96.47% ) . ANJEiEZh%F E K A R4 X CHEQ B fb & 2 s VE F (A
FEANH AR ) 1Y X 8 0 A2 0.67 x 10* km® (0.87% ) , o rp b i 4 33 1% IX 38 i AR 24 9 0,02 x 10* km?
(0.03%) , NZEIEXER AR X CHEQ A8 AL A2 M il 4 F (NG AN B 0] ) 19 XS T B 2 Ry 2.08 %
10* km*(2.66% ) , Horfroh BEAM ] X IR TR 204 0.09x10* km?(0.11%) o ST &, AL T ARG D), AR E
X CHEQ ZBAL s 5 SRy 5 | H [ R PR 3R AR B i 3 25 ] 4347 Al CHEQ AP AR fb  B 1 2 T) 3 A AR AR

F4 BREZREALFEHNPEBARP X CHEQ BHMHMERIUKE St

Table 4 The area and proportion of impacts of natural factors and human activities on CHEQ change in Nature reserves in China

T2 A0 H A B AMEmE ARRfek R O fe ik M 2. fe it

Obvious Moderate Slight Indistinct Indistinct Slight Moderate Obvious
Influence factor A, A L S . . . .
inhibition inhibition inhibition inhibition promotion promotion promotion promotion
ASRINE 0.26 km? 2.18 km? 23.53 km? 31.90 km? 15.34 km? 4.13 km? 0.60 km? 0.10 km?
Natural factors 0.33% 2.80% 30.15% 40.88% 19.65% 5.30% 0.77% 0.12%
NEKEE 0 0.09 km? 1.99 km® 52.54 km? 22.74 km? 0.65 km? 0.02 km? 0
Human activities 0 0.11% 2.55% 67.33% 29.14% 0.84% 0.03% 0

i€l 4 A1 5 AT, CHEQ A2 AL 3R 2y K 2% i [ 4K PR 25 R AN 20 2l i) 2 ]/ T i) DX Bl T AR 29 58.59 %
10* km*(76.64% ) , Forft I HIBOR 1 K 15 A2 45.63%10* km®(59.69% ) . “EEAMATEIE I H AR X
G nh DRI | =TT FL AR B HOSCIRK C B 9 0 L B S RSk O 8 0530 R
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Fig.3 Spatial distribution of impacts of natural factors and human activities on CHEQ changes in Nature reserves in China from 2001
to 2019
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Fig.4 Spatial distribution of driving factors of CHEQ change in Nature reserves of China from 2001 to 2019
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(1 XS IET AR LY 12.96%10% km?(16.95% ) , B 43 A 76 7] A PG HL [ SR ORAP XA A0 X TETE AR R P X A A%
O XD E AR AR X, CHEQ A2 4k B A5 3l R R 8K 2l 1) X Sl 1 AL 24 10.56x 10 km*(13.81% ) , H
R I X SR 22 9.05%10° km® (11.84% ) , A AL PU#L H IR X A S RTH O B 2R -3 X
) S X R o DX 5 AR R A8 SR ) X T AR 2 Ry 1.51x 10 km?(1.97% ) , EBAMG7E = VLR SRR 3 X 1 8%
O X TR AR X AR L A SRR X AL, CHEQ 7284k H iy 1 4K B 28 3K 8l 4 DX T AR 7.30% 10°
km*(9.55% ) , H1 4R PRI 2 BR B0 11 X 4o 32 2 43 A 70 A= 25 M 55 X LN 28 2% B IR 1 i X, Gn 2R A8 1 B e | 4R PR
X, VTR F AR DXRa] o] 9 B ARG X A% 0 X, B UL, 1 SR PR 2R A 286358 3 ) e [ T 7 o [
FAR A X CHEQ A8 fb i 3= S FH (B ) , L 322200 A 76 F AR DR X 1) 256 XORIZE o X

#*5 HEAARIPE CHEQ TUMEIHERERUR St

Table 5 The area and proportion of driving factors of CHEQ change in Nature reserves in China

o Kk & oo w K & et

iz AR AEES  ARHE || g AR KD (R %
Infl sult AR HA cc Infl sult FARIHE HA cc
nitliuence resu. HA&CC niluence resu HA&CC

et 12.96 km? 1.51 km? 4.65 km? eI 45.63 km? 9.05 km? 2.65 km?
Promotion 16.95% 1.97% 6.08% Inhibition 59.69% 11.84% 3.47%

2.3 A[EIIKS P EXT CHEQ W ] 25 4k Ao A X 5 ik J

& 5 f 6 £H], AARFZE TR E [ RGH X CHEQ 284k 1) ik % 5 T 60% 1Y X I i A1 25 4 60.67x10*
km?(79.92%) , v, 149K 25 1 SRR TE 90%—100% 115 Bl 9 1 T AR 26.93%10* km*(35.47%) , 7E 75%—
90% L FEl N BT AL A 21.81%x10* km*(28.73% ) , ] LA H A SRR E ST [ H SR AP X CHEQ AR {2 sk,
X5 3.2 W Ie—E,

& 5 f1e 6 £, NZIE Stk E A AR X CHEQ ZR 1k Ay BTkl 45% LLF By IX I8 i AR 24 |5 63.98 %
10* km?(83.08%) , I H A3 3 5Tk FAE 0%—15% 31 Fl 5 IX 1 i AR K, T AR 29 35,68 10* km?
(46.60%) , FEAMGLERA H ARG X B0 XM p X, B0k BF , ARG s K E [ R AP IX CHEQ K
TUEkES T H SRR sTilk x5 3.2 WA LS e — 2

®6 BAERMAXESNFEBARRIPK CHEQ EUMAHETMRIAK &Lk

Table 6 The area and proportion of contribution of natural factors and human activities to CHEQ change in Nature reserves in China

AN ES FiRk# Contribution/ %

Influence factor 0—15% 15%—30% 30%—A45% 45%—60% 60%—75% 75%—90% 90%—100%
ERNFSES 5.18 km? 1.65 km? 2.84 km? 5.57 km? 11.93 km? 21.81 km? 26.93 km?
Natural factors 6.83% 2.17% 3.75% 7.34% 15.71% 28.73% 35.47%
N B 35.68 km? 18.68 km? 9.26 km? 4.42 km? 2.34 km? 1.40 km? 4.79 km?
Human activities 46.60% 24.39% 12.09% 5.77% 3.06% 1.82% 6.27%

2.4 CHEQ 7 [a)53 41 SR 5l [ 2R 43 By

R T ERGEIRE A SRR XA S P B At 114 23 1] 43 A SR S LI, A< SC LA 2001 ,2005,2010,2015,2019 4F
B R ], BT REALARARE A0 HT T H SRR Z A S PR 0 a7 4 (8] /0 A L (R R T 22 PPN FE AR L 6 <
T BEK SEBRZE R R AR ROk RN E T RAR A RSE MRUKIRE 2 I T AT R
G DL e 133K 53 Bl 6 RTLLE Bk SEPRzE Uk KR R FHER ST 5 R S FRAn X A SR DRI XA 28
IRE 0T it (0 25 ) A3 A AR A BK YA ZE B LA BT S8 B S 8 A X (R 4 DX P 2B A8 PR o 2 119
245 [B] 4347 A AF X B B DI s Lk, IR Thn] LU Y BEATLAR AR L (9 485 B R? YR T 0.86, Pearson ¢
RESIEET 0.93, M RR2ZEHLT 0.08 , X K IS F AW HEER Y 12 101 [ 8K B Z 48 brv] ARG Y48 7R
FE PR X A A PR o 119 225 (8] 40 A R SR Bl 7
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Fig.5 Contribution of natural factors and human activities to CHEQ change in Nature reserves of China from 2001 to 2019
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Fig.6 Importance ranking of driving factors for spatial distribution of ecological environment quality in China’s nature reserves
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Fig.7 Accuracy verification of CHEQ predicted values before and after correction of residual dodel
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