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Priority area identification for vegetation in northwest Yunnan, based on

protection value and protection cost
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Institute of Ecology and Geobotany, Yunnan University, Kunming 650091, China

Abstract ; Biodiversity losing and unreasonable use of nature resources are two important environmental issues. In order to
protect biodiversity rescources, many countries have established numerous nature reserves and other types of protected areas.
However, degradation of natural resources is a big challenge in conservation projects, and we cannot prohibit all the
activities associated with economic development in the conserved areas, particularly in southwest China. There is a serious
conflict between two aspects. One aspect is the rich biodiversity, increasing its importance for conservation. The other is the
backward economy that requires more resources for local development. Therefore, land zoning is an important approach that
can reduce conflict by partitioning the landscape into various land use units that are managed according to different levels of
human activity. Our research focuses on the Three Parallel Rivers of the Yunnan Protected Area. We present a systematic
methodology that integrates vegetation plot data with Geographic Information Systems ( GIS) using a multi-criteria decision
analysis ( MCDA ) technique to guide a zoning scheme. The vegetation plot data include species richness, rarity of
vegetation, number of endangered plant species, ranking of endangered species, and quality of habitat. Based on these

data, the protection value scores for the sub-vegetation in northwest Yunnan were obtained. Then altitude, distance to
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villages, distance to roads and distance to rivers were used as the impact factors to simulate the pattern of protection cost.
The protection value and protection cost were integrated to generate a final combined suitability map. A K-means cluster
analysis was performed to classify the suitability map into four priority levels . In this study, the area considered under level
1 was 16983 km’, accounting for 25.58% of the total research area. The targeted areas for protection in level 1 included
sub-vegetation of monsoon evergreen broad-leaved forest, cold-temperate coniferous forest , alpine and sub-alpine meadow,
cold-temperate shrub , and areas covered by snow and water; level 1 accounts for the most important protection areas where
important forest ecosystems, grassland ecosystems, and wetland ecosystems can be found. The areas under level 1 can be
further divided into six parts. Part 1 is located northeast of Zhongdian; the average altitude is above 3000 m, and it is
covered by cold-temperate coniferous forest. Part 2 comprises most areas of Denqing and northern Weixi, which include the
Meili and Baima snowmountains. Part 3 forms the main part of the Nu mountains in Yunnan, and it appears as a line. Part 4
is located in Gongshan and Fugong, including the main part of Gaoligong National Nature Reserve. Part 5 comprises regions
of southeast Zhongdian, northwest Ninglang, and northeast Lijiang. Although this part has a large area, its distribution is
scattered. Part 6 comprises the Erhai Lake in Dali, which has a small area, and it is the only critical conservation region
southeast of our research area. Level 2 accounts for the main areas for the conservation of forest ecosystems. Therefore, we
suggested that an equal protection effort as level 1 should be made. Level 3 had a low protection value and we could use it as
a buffer zone. Level 4 had no protection value and was considered the traditional land use area. According to the priority
levels, we determined the area under level 1 as the priority area. We believe that our results will be useful as a reference for

extension of reserves in northwest Yunnan in the future.

Key Words: priority area;protection value ;zone division; MCDA ;human disturbance
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Fig.1 The location of the research area
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Table 1 The evaluation indicator system of protection score of different subvegetation types

HAR)Z Target(A) YEN]Z Criterion(B) 15F5)Z Indicators(C)
TR A= Y 2RV TR IR M TR (B1) YR EEEE(CL)
Protect biodiversity resources( A) TR APE(C2)
a5 (B2) | R AEAE R A (C3)
BRISEAU D FEL(C4)
WEHFH(C5)
IR A B YRR (B3) A BRI (C6)
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WL B Aok B R RS 53 ] & (Endangered ) (¥ fz ( Vulnerable) FIFi 47 ( Rare) = A~ | [ i AR 4z
(BB BRI ERY 2 ST ) B Gy 1.2 3 =440
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Table 2 Pariwise comparision matrix among impact factors and calculated importance weights

e Ykh ik EREHfE ARG Wife Ak &

Code FE B Cl it c2 MR C3 HmFE Cc4  Egcs FrikE co Weights
YR ERE(C1) 1 0.3261
FEWRA 1 (C2) /5 1 0.0798
= FRBEAE gL (C3) 1 2 1 0.2141
BYIRFEAEYFIEL(CL) /3 1 1/2 1 0.0976
WY (CS) 1/5 1 1/3 172 1 0.0659
AR (C6) 172 3 1 3 3 1 0.2164

CR =0.02<0.1; C1: ¥ F F & J& Species diversity; C2; #i 8 #5 H £ Rarity of the vegetation; C3; [E 5 2 i f& A8 #) F# £ Number of national
endangered plants; C4: 2 %% Wi & #5 ¥ # $0 Number of provincialendangered plants; C5: ¥l f& %6 ¢ Endangered category; C6: & 55 45 Bk %

Habitat specificity
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Table 3 The 1-9 rating scale used to prepare the pairwise comparison matrix
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Fig.3 Use hexagon area to calculate the scores of protection value
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Table 4 The weight of impact factors

Tﬁt%" %73 R R S T T P T B Weights
Disturbance factors ALT DSE DRO DRI

MK (ALT) 1 0.3564
B RSB ES (DVI) 1 1 0.3257
I8 % BE 25 ( DRO) 1/2 172 1 0.1986
HE 3 RE 25 ( DRI) 1/3 1/2 1/2 1 0.1243

CR=0.02<0.1,ALT ;4% Altitude ; DSE ; B J& [ 55 5 % Distance to villages; DRO; I J& [ 55 B5 B Distance to roads; DRI B AT i 5 B Distance

to rivers

B R BB DVI FER M DRO VB 2 DRI N
' — A
R/

I B 255

300km

B4 FIHEFIrAEN Fig.4 Standardization of impact factors
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K-means 522 FH BRI 22 I B n S8 0) G and 3k AUs 3 R B 19 k A0, ARSI Z N
ARSI 22 S /N TS [ 286 501 2 T 7 26 SR, LAk 300 36 0 Xt G AT U 28 1 L i 070 AR S 400K B 51X
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Table 5 The score of different subvegetations before ( after) weighting

il Y 784 YRR MWREYE EREERY BREEAY  BSENR A SRR

Sub-vegetation types C1 Cc2 YFhEL C3 YIFhEL c4 C5 C6
'S

BRI 90(29.35) 95(7.58) 95(20.34) 95(9.27) 90(5.93) 65(14.07)

Monsoon evergreen broad-leaved forest

[ N

Deciduous broad-leaved forest 28(9.13) 90(7.18) 85(18.20) 70(6.83) 80(5.27) 40(8.66)

FE TR Ly Ml T PR gt o) A

Cold-temperate sclerophyllous evergreen 52(16.96) 60(4.79) 30(6.42) 20(1.95) 30(1.98) 35(7.57)

broad-leaved forest

L 365 P ¢ ] b

Montane moist evergreen 58(18.91) 57(4.55) 90(19.27) 80(7.81) 77(5.07) 55(11.90)

broad-leaved forest
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T YRhEEE  EyEATE ERYSEEY AYSEEY  BESs A SRR
Sub-vegetation types Cl Cc2 YFpE C3 YFhEL Cc4 C5 C6
SRR SR
Semi-humid evergreen 15(4.89) 85(6.78) 75(16.06) 65(6.34) 75(4.94) 45(9.74)
broad-leaved forest
TR 1
R EEFFIEAE 33(10.76)  38(3.03)  70(1499)  60(5.86) 70(4.61) 60(12.98)
Cool-temperate coniferous forest
FER LA
;:%{”ﬁﬁ— P . 50(16.31) 20(1.60) 80(17.13) 70(6.83) 80(5.27) 80(17.31)
Cold-temperate coniferous forest
7 yH | I
BRR R e A . 30(9.78) 18(1.44) 55(11.78) 40(3.90) 55(3.62) 20(4.33)
Worm-temperate coniferous forest
FEIRPEHED
N L PETE A 70(22.83) 45(3.59) 60(12.85) 70(6.83) 68(4.48) 75(16.23)
Cold-temperate shrub
Fitle il 90(29.35) 82(6.54) 55(11.78) 75(7.32) 30(1.98) 80(17.31)
Alpine and sub-alpine meadow

N ey
W.EJUJ(n/jFE/@ 60(19.57) 70(5.59) 40(8.56) 55(5.37) 25(1.65) 80(17.31)
Sub-alpine marsh meadow
T RT3 T 3 ¢ ] - A
Dry-hot valley sclerophyllous evergreen 15(4.89) 90(7.18) 20(4.28) 20(1.95) 10(0.66) 15(3.25)
broad-leaved forest

R 1T 4% VR L DA S THE N
TR AR 20(6.52) 75(5.99) 20(4.28) 25(2.44) 15(0.99) 15(3.25)
Dry-hot valley shrub
T P HE R A
BEAA R 2 A 20(6.52) 90(7.18) 30(6.42) 25(2.44) 20(1.32) 15(3.25)
Worm-hot shrub
% Hi P VR A
W PEHE S 23(7.50) 25(2.00) 30(6.42) 25(2.44) 20(1.32) 15(3.25)
Worm-temperate shrub

TR RS A
TR 35(11.41) 75(5.99) 30(6.42) 25(2.44) 20(1.32) 15(3.25)
Dry-hot shrub
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