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Abstract: Assessment of the conservation effectiveness of nature reserves (NRs) is an important basis for the management
and optimization of NRs. National NRs (NNRs) and provincial NRs ( PNRs) in Yunnan Province were chosen for this study
and the normalized difference vegetation index ( NDVI) was provided by SPOT_Vegetation. Based on the trend of NDVI
change (the method of single linear trend) and the stability of NDVI change (the method of coefficient of variation) , the
study compared and analyzed the differences of plant production between internal and external NRs to evaluate the
conservation effectiveness of the NRs. The results showed that: (1) the whole conservation effectiveness of NNRs and PNRs
in Yunnan Province was good from 1998 to 2015. The NDVI of internal and external NRs increased significantly, and the
proportion of the number of internal and external NRs with significant NDVI growth was 64.81% and 79.63% respectively.

In terms of spatial distribution, NRs with significant NDVI growth were concentrated on the central, northeast and southeast
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of Yunnan Province. (2) There was no significant difference in the NDVI coefficient of variation between internal and
external NRs in Yunnan Province. 51.85% of NRs had better conservation effectiveness because the internal vegetation
growth was more stable than the external vegetation growth of these NRs. They were mainly distributed in the west,
southwest, southeast and northeast of Yunnan Province. It failed to reflect the significant difference between the internal and
external protection effectiveness of the NRs. (3) The protection effectiveness of NNRs was generally better than that of
PNRs in Yunnan Province. (4) In terms of the type of NRs, the protection effectiveness of forest ecosystem NRs was good ,
while wild plant NRs and wild animal NRs had moderate conservation effectiveness, and the conservation effectiveness of
wetland ecosystem NRs worsened in effectiveness. This research can provide a reference for exploring the assessment
methods of conservation effectiveness of the protected areas network on the regional scale, and support the optimization and

perfection of NRs in Yunnan Province.

Key Words; NDVI; nature reserves; protection efficacy; coefficient of variation; Yunnan Province
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Fig.1 The trend of NDVI change of National Nature Reserves
(NNRs ) and Provincial Nature Reserves ( PNRs ) in Yunnan
Province during 1998—2015
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Table 1 The profile of NDVI change of NNRs and PNRs in Yunnan Province
g AN NDVEAR B2 7 5 1998—2015 7553 £ %1
H AR IX The trend of NDVI annual change in different periods Coefficient of
Nature reserves L
1998—2002 2003—2010 2011—2015 1998—2015 variation
NEB Internal -0.0138 0.0021 0.0136 0.0037 0.0445
P<0.01 P>0.05 P<0.01 P<0.001
AN External -0.0122 0.0027 0.0129 0.0042 0.0434
P<0.05 P<0.05 P<0.05 P<0.001
AUEAATES
i B P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

Significance of mean difference
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Table 2 The number of NNRs and PNRs in Yunnan Province according to different NDVI increase during 1998—2015

EE/SVS RIS JC A (P>0.05) LE K (0.01<P<0.05) Mt 18K (P<0.01)
Nature reserves No significant change Significant increase Extreme significant increase
A ER Internal 19 7 28

A8 External 11 8 35
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Fig.2 Maps of NNRs and PNRs in Yunnan Province according to annual NDVI variation during 1998—2015
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Fig.5 The trend of NDVI change of different types of NNRs and PNRs in Yunnan Province during 1998—2015
INFET: ZRARA 528 H A8 PR 47 X U (internal NRs of forest ecosystem type ) , ENFET: FRARAE A5 A AR R4 X IMHE (external NRs of forest
ecosystem type) , INWPT: BFAEAEH)E H SRR XN (internal NRs of wild plant type) , ENWPT . BFAEAEH)SE B R {Y XS (external NRs of
wild plant type) ,INWAT; BFA= 52 4 98547 X N 7 (internal NRs of wild animal type) ,ENWAT . 25 5h#25 [ SR {E4P X AN (external NRs
of wild animal type) , INWET; 3 H2E 2525 [ 484447 X N 75 (internal NRs of wetland ecosystem type) , ENWET: I Hb Az 252 H SR 547 X AT

(external NRs of wetland ecosystem type)

R3 19982015 FAEATERI B AR XN SME NDVI UL HIEE
Table 3 The profile of NDVI change between NNRs and PNRs in Yunnan Province during 1998—2015

P S &3l NDVI 4FPRAS L5 A S R EEE
Internal or external Grade The rate of NDVI annual change Mean value of coefficient of variation
P Internal P 0.0032 0.0389
BHR 0.0040 0.0478
YfE 25 5 P>0.05 P>0.05
SN External P 0.0038 0.0397
BHR 0.0045 0.0456
BIE 2 5 W3 P>0.05 P>0.05

F4 1998—2015 EFARERE BARIPR K, SN NDVI B HFIEE

Table 4 The profile of NDVI change of different types of nature reserves in Yunnan Province during 1998—2015
IS B AR LR X S (Bl ) NDVI 4EFrAsfL 4% s 5 A E
Internal or external Type of nature reserves ( number) The rate of NDVI annual change Mean value of coefficient of variation
PIE Internal SRR (3 1) 0.0050 0.0466
S BZE (8 1) 0.0038 0.0474
BRI (10 4) 0.0051 0.0598
BRMERZ (33 0.0031 0.0390
e 25 5 3Pk P>0.05 P<0.01""
SN External B A AR (3 1) 0.0057 0.0474
HPE B (8 1) 0.0038 0.0481
MBS (10 1) 0.0050 0.0512
FRMEBZ(33 ) 0.0040 0.0395
PIME 2 5 W P>0.05 P>0.05

sk FER 0.01 K Ay

http ; //www.ecologica.cn



7320 JAE = 40 4

M NDVIAEBRARE R A (F 1 FZR 1), A B R HEME % A SR X NDVI AR LE 2002 F1 2011 4
LT B0, AR AR ET 4k 1998—2002 AFHFEE T [ 2003—2010 4 9% 3% K A1 2011—2015 48
et K], X —AR LRI BRI T B NDVI(HE#E 2B K ) 323284k (AR AN K ) B9 52+ i
SRR XA AR SR R, BN, 2010—2012 4E < T RSP ETREERAE T2, A T2
FREE I AR B4R I LIRS | 3K 23 % 2010—2012 4F = B 48 [ R B4 D H SR R4 X NDVI (A8 8% 4
o) e — 2 B SRR ST 2 A 2 2 T 4 A S B A B ISR R Bl DK R TR S A RN 481
W, 7€ 2002 47, 25 B8 AT 8 SEHAE — S0 IR BHA MR FEBOR | 72 2007 4F A& A B 55 Be 56 T 58 5 R A
RIBUE SO0 52 75 D) AT [ 1B B MRORR: | 76 2014 4F | XU 8 52 37— 40 1B #hR bRk 55 T2 78 2011 4F,
=M NRBUF WA OCTiE— g B SRR X EiR A B A BUL Y | X RBOR 1 1 & FI L = j A (R
AASE: SRR DX PO ) A Bt A A5 R 2= AR IR TR R Y 0 598k, A 2011 4R RIK , — 5 T = F 8 F AR AR
XA AR R XS SEAR ST AR X B TR 1) T A AR S — T i, E R s
B E R GG R AR X PR A S IR TR AW N (3R 5) , Mg 35 ARG < 3028 1 AR T R A
MIERZEAVER RS R T RS =~/ 8 E R GO A 9 F SRR P X NDVI AR {EAE 2002 A1 2011 4F H Bl 45
S EZIRSIH R, B ARG X P R0 A S A 5 A TR A0 St T e S BOH A g A S AR v
AR AR fr T LA

R5 EFRZHEEREMERBARPRESERER
Table 5 The ecological construction of NNRs and PNRs in Yunnan Province in recent years

R R %4

Name Area/Fund 2011 2012 2013 2014 2015
KR T A2 AR/ hm? 81.97 40.88 42.33 42.62 46.32
Natural forest protection project BAR S/ TiT 324.63 718.35 1121.85 1150.38 1416.93
IEHHA M TR AR/ T hm? 261.13 0.07 0.07 0.09 0.08
Conversion of cropland to forest project N I 204.1 441.06 421.06 129.08 1418.5
A wR R AMETH R/ T hm? 52.11 58.25 71.38 103.91 141.56
Public ecological forest compensation N AP 2900.58 3669.65 3787.3 6402.015 4844.33
BEYSPAL TLE N I DD 4388 DD 5602 4900

Wetland protection and restoration project

DD ( ( Data deficiency) 4R EEZ ; ORISR . 2 B A MOl AR 5UR =8 H AR X AR (2011,2012,2013 20142015 4F)

3.2 A[FEZER A RO X LRI AL

ABRFERBL A ISR H SRR ORI BT 5, BRARA SIS B AR ORI IX R Pl ey, B A AR 26
PP AL SPIE R O — i WM A S22 (36 4) o WLIRAET B sE e W], BRpR A 2526 I R G A SRR 37 X
Wl DA 35 B P PR R, TR A 2SS R F AR PR AP X B2 AR TG B B8 TR, PR P sk i 2%
Zheng "1 EWFIAL K I A A TR A 528 AR DRI X P PR B U 2, TR SE AR AT T R G F AR IR
XA SR G Rsh B840 SRR AR MAEZS PRI 2E A AR IR I IX AR S R A GE A RCE 2 TR ALY A 48
TR DB, FLOR P RICR BT TR M A 252 A A R GUB ALY A SRR 37 X B 22 T ElGs RO DR DR, LR
WA ZE . N LR AR B SCITFER T, 2T RGP X I N NDVI I PR fE S 5 RBL(CV) 225+
PRI 3T, A AT ARG S ke AR R4 XA DR

4 it

=FE E R RHE Y H IR IX 1998—2015 4FE P M NDVI 24 AT 432 1998—2002 4F & 3 T [ |
2003—2010 4F 3 S HE KT 2011—2015 47 0 0K, SR - BN D K R A AR R 3 X AR B A
BT BRI K

=8 E R PG R A RAIX 1998—2015 4N M NDVI AR 5 2500 W F M2 5, R X — i LA
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NDVI ZRAER) F RGP X A SME A A4 AR AR 2 PRI W] S 25 57, R BE ST W iy |1 SR P47 DA e i DR3P s
(R P A A 3 5

A ERH AP AR IXAE 1998—2015 A9 SN NDVI AEBRAZ AL 35 5 S Ao 3 AR — 2L
L BT, ERE AR XA GRS R E 2 T A R A R IX,

SEAS [FIZERYE) F AR ORI DX, AR AR 25288 F AR DR DX OR3P s s -, BB A M D MY A Bl 2 OR3P i
R, M A AR A
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