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Abstract: At the 37th World Heritage conference in 2013, Xinjiang Tianshan successfully applied for World Natural
Heritage. Xinjiang Tianshan has world-class aesthetic value and ecological value. However, with the continuous development
and utilization of tourism resources, the ecological environment here is inevitably disturbed by human activities. It is a key
problem how to accurately diagnose where the ecological environment has been damaged when we planning and managing
natural heritage sites. To solve this problem, we need to build a landscape health diagnosis system based on RS and GIS
technology and landscape ecology theory. This paper selects the Xinjiang Tianshan Natural Heritage Site Karajun-Kurdening
region as the research area. Based on Landsat and sentinel-2 remote sensing images of 1977, 1990, 1997, 2013 and 2017,
the ecological landscape of the study area was classified and interpreted by using the method of supervised classification. The
landscape pattern index was calculated by fragstast software, combining landscape ecology theory and Chinese scholars’
research results from the landscape stress degree, landscape vitality, natural heritage sites outstanding universal value, and
landscape resilience 4 aspects. We constructed a landscape health diagnosis system suitable for mountainous natural heritage
sites in arid regions using regional grid analysis and spatial interpolation method. The landscape health in Xinjiang Tianshan
Natural Heritage Site Karajun-Kurdening region was diagnosed. In July, 2018, we carried out 17 aerial photogrammetry in
the research area using unmanned aerial vehicle (UAV) to verify the accuracy of landscape health diagnosis system. Then,
we used the Smart3D software to get 17 high-resolution orthophoto images, through comparing the orthophoto image with
diagnostic image. The research results can be obtained. 1) In the past 40 years, the landscape of ice, water and
theropencedrymion decreased seriously. The annual change rate of bare land obvious expansion was as high as 62.54%. 2)
The landscape health status of the study area was average except in 1997. Since 1997, the landscape health value in the
study area has been continuously increasing. 3) From 1977—2017, the landscape health in the north is better than that in
the south of the study area. At the same time, the scattered distribution areas with poor or extremely poor landscape health
status should be regarded as the key objects and typical areas of future protection work. It is worth mentioning that our
landscape health diagnosis system has stronger applicability, landscape health diagnosis system can better monitor and

diagnose the landscape health condition in the study area.

Key Words: landscape health diagnosis; landscape health pattern evolution; landscape index; Xinjiang Tianshan Natural

Heritage Site
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Fig.3 Landscape classification map of the study area from 1977 to 2017
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Fig.4 Xinjiang Tianshan natural heritage site Karajun-Kurdening landscape health diagnosis conceptual model
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Table 3 Assignment of landscape resilience of different types by Xinjiang Tianshan natural heritage site Karajun-Kurdening

FWZEAY Landscape type YK J1 Resilience  F#fiE Characteristic
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1 7 5 R High coverage grassland 0.7

FPAE 5 RO Medium coverage grassland 0.6 XSRS AR FOW IR 1A EEAEH,
# R Tundra 0.5 ASRA AT W2 5 S BRI 17T B
7KZ Ice and snow 0.4

R EE R Low coverage grassland 0.1 XS Y TTER A XTAR N

SR iR AR

(10)

http ; //www.ecologica.cn



6458 JAE = 41 4

K, R NS RGN 15 A, 055 o PRI AL R, WA @ PRBSEAIKAT T3 25, A NFFE X AL,

SRS M E (LSV) <2 SO R GRS NSt 3R (Y DR A AP R e RE 17 B T e S ng %) 45
NBIBEFE , il AL Hu X 2001—2012 4F A 25 MR 55 0 (- 24 -5 oW SR RSP S (R R (L, R AR ST X
B TR U 55 8, e AR MR i 55 LA vy i v G i AR /N S 2 () o 5 3 R P IG5 XS B AR AT
(%£4),

F4 FEXLBRESHENIR-ERETXESUREME

Table 4 Landscape service value by Xinjiang Tianshan natural heritage site Karajun-Kurdening
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Table 5 Weight table of landscape health diagnosis indicators by Xinjiang Tianshan natural heritage site Karajun-Kurdening

—2% One level

9% Two level

=4 Three level

SOV RRE S W Ay SEOLE SR AR K SO B AR K
Landscape health diagnosis 1977 0.38 0.27 0.11
1990 0.31 0.18 0.13
1997 0.31 0.21 0.1
2013 0.33 0.2 0.13
2017 0.34 0.22 0.12
LI T (L ECE e SRR R SONEEA AR K
1977 0.13 0.08 0.03 0.02
1990 0.12 0.08 0.02 0.02
1997 0.13 0.09 0.02 0.02
2013 0.11 0.09 0.01 0.01
2017 0.12 0.07 0.03 0.02
SE AR Shannon ZFEPEFEEL  Shannon ¥J5J FEHEEL FAE AR
1977 0.27 0.01 0.19 0.07
1990 0.28 0.03 0.17 0.08
1997 0.3 0.04 0.2 0.06
2013 0.28 0.03 0.18 0.07
2017 0.27 0.07 0.06 0.14
SO ) SV WIk o id
1977 0.14 0.13
1990 0.14 0.14
1997 0.13 0.13
2013 0.14 0.14
2017 0.14 0.14
SRS (A SO (HAE 2K
1977 0.09 0.09
1990 0.15 0.15
1997 0.13 0.13
2013 0.14 0.14
2017 0.13 0.13

®6 FMEXLAREBETHRENBRISHERIS R

Table 6 Classification of landscape health diagnosis grade by Xinjiang Tianshan natural heritage site
TR bRkl o3 {RRR S i) 43
Health status Categorization Health status Categorization
KA Good >0.8 2% Worse 0.2—0.4
B Quite good 0.6—0.8 W2z Very bad <0.2
—JB¢ General 0.4—0.6
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Fig.5 Sketch map of Gridding of study area
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Table 7 Changes of landscape types by Xinjiang Tianshan natural heritage site Karajun-Kurdening in 1977—2017 years

B 1977 ir 1990 i[: 1997 i[: 2013 i[: 2017 i[: 1977—2017 4E
Hems B2/ % B2 % B2 % 5B % B2 % AR/ %
Occupancy Occupancy Occupancy Occupancy Occupancy Variability
VKET Ice and snow 4.09 2.39 1.58 2.07 0.64 -84.49
R Tundra 8.73 4.75 9.27 5.67 6.78 -22.34
£k Coniferous forest 16.38 17.69 16.29 13.37 18.35 12.00
£ RER A MK Theropencedrymion 5.33 1.23 2.23 2.51 1.23 -76.89
78 35 % Wb High coverage 29.39 41.12 10.39 42.60 35.75 21.64
7 35 RO Medium coverage 17.67 10.05 30.83 11.89 13.07 -26.02
IR % FE R Low coverage 7.07 7.77 13.74 7.04 6.42 -9.23
IR Water 0.80 2.09 2.14 1.53 0.65 -19.11
#Hh Bare land 10.53 12.90 13.54 13.33 17.12 62.54

H 2 7 Al AR H 0 1977—2017 AE0F5 X 3 B UM BT I AR B A2 i (i o (IR S5 it ), i AL
90 5 A BEBFSE X AR 70.51% 76.64% 71.24% [74.89% 73.58% , 454 O A 5 WA /5 800 Hr A
AU A AR B0 B I AR EULAS A A R AR AR IR /N, 1977—2017 4F 1 AU i 37.16% , A LR K

12% , 5o BERAS B 5 4 FRTR M 5 A SR R M1, 40 4F ) 251k % —76.89% , 5t W EE R 248 BELAA 5 B b 2k
WA ST XA FEAA S, 40 AT [] 25 2 70 B 1l 7 A7 238 A48 A0 B AR RS | S UDIR S g B AR, U B I 53 IXC 1L
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Table 8 Results of landscape health diagnosis by Xinjiang Tianshan natural heritage site Karajun-Kurdening in 1977—2017 years

Ay S 2 KA SO AR
Year Landscape health diagnostic value Landscape health
1977 0.33 B
1990 0.56 — i
1997 0.41 —
2013 0.48 — i
2017 0.52 —fi&

% 8 W] LA H A5 i B Y 50 0L (g 12 W H v BARHE S O 2 1990 45 5% {5 12 Wi B fe =5 Ry 0.56,
2017 AFE SR FRIZWHE A 0.52,2013 4ESOULE 2B E N 0.48 1997 4F SR FEIZWHE M 0.41,1977 4F 5000
AR IZWHE R 0.33;1977 & 1990 AEAF 5T X Mg FARAS I 5t 55, 1990 2= 1997 41 B W 5% X 5 U0 fdt AR
AR, 1997 2 2017 A B 5 DX 50U it B R A5 4 2 T w8 5 S5 00 f R A5 7 THT - 1977 4 S5 R fdt MR D A 2%
19901997 ,2013 2017 4F-5 Mg FEAR LI A — i
3.2 SOAEERIZ WS [RG(E Hr

AN ] XI5 DR BRI Wi 25 SR v] LU Y, e g SRRl T i S5 A4S , U — BB e ik e — 4 A
WFFE DX S g ERIR T, TCik T 5 DX P 3 S O g BRTR 0 76 2 ] B i) 40 A 528 A o, R DA 273 AN A%
HRU SRR DA DX 8K, 0 UL 2 W (R T o0 s 2 B Flad AreGIS 28 [ B 15 X AF 5% X 5 WL
R HEAT I3 5 Ab B 45 B BB % DR [R] 52 8] 1 S b stoU e R B2 Wi s SR 1 (181 6 B ) o[RBT AR 45
SO RIS W R0 43, % 273 S SORAEBEZWHE S T G150 B (3R 9) , B b 32k — 25K i S iz IX 35
S LA RRAR SR TR AR IR L A B 45 R R A R S L

R9 19772017 ERAREXEMBEREMERSHES RO R(%)

Table 9 Classification of landscape health diagnosis value in each grid area by Study area

A 0—0.2( % 2%) 0.2—0.4(%9%) 0.4—0.6( —fi%) 0.6—0.8 (%4 ) 0.8—1( RLIf)
Year Very bad Worse General Quite good Good
1977 0.73 90.11 8.8 0 0.36
1990 0.73 7.69 54.21 32.97 4.4

1997 1.1 49.45 45.79 3.3 0.36
2013 0.73 29.3 53.11 13.56 3.3
2017 1.47 17.95 53.11 24.54 2.93

L 6 FiIZ 9 151 FFE IX 1977 4R 1] 90.119% Y DX IS W fa FROTR A 22, bR e &L HH 3 8.8% ) IX 35,
R RRE | AR XA T S WLAE e 24 4 2% . 1990 4E[R] 54.21% A X S8 filt e 2540 kg — i, )92 40 A T-0F
FEIX S AR R 0 LA B P R 43 X 3, 5 32.97 9% 11 1X 55 WA ik B At B S A 4, B AR AE 5T X AR AL | v i 78 3
A3 DRI, DA K VG R /DA K R A 4.4% 7.69% (0.73% 1 X I 5 AR e 45 9043 ) ol B A 25 MR 2%, U )
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Fig.6 Results of landscape health diagnosis by Xinjiang Tianshan natural heritage site Karajun-Kurdening in 1977—2017 years

AR L PR — S A A I N IR AT AR RS 22 S 22 A 5. 1997 4F 18] 45.79% F IX 38 5 WAt e R 25 o — M, HL
FE A TG IX I 549.45% 1 DX Saf 7 WL Agk e S5 2 Ry 4 25, 2 243 A T 1 0 DX 5 3.3 9% ) X3 08 e B 4%
I H 22 5L AR A RREIR 0 — e 1) X35 5 B A7 A — PR Ag BRE 1) X35, 2013 4F (1] 53.11% F) DX 358, 5 R i S bk
R — M FLAT AR T 12 529.3% A IX el A AR 0 4 25 | 322404 0015 DX o Al i 8 v L LT 5 13.569% IX 3 5%
W R R Ay, 2 BEAE AR X ok, L8 A3 g 14 DX 3 A R A 1 B 3.39% S WA RRCBR 5 Ry L i ) IX sk, 2017
A [R] SO0 g FRETR 10— 1) DX 3 B BT AR Y 53.11% , 43 A 55 2013 4F 25101524, 54% 1) DX 358 550 WA £ B 25 0 R ¢
U, 5 T A G VG R AR G B 43 X35 17.95% DX 38 s R ft e e P A 2, E I BLAE p AR WE AL AR, LR G
1977—2017 4F KT , Wk 253X — 5t A R A5 4 H0 B 1) DX 350 B0 AR, o bedie /D L0 A 3R 0 s e 22 1 4
WAE 1977 4F 5 Wi 2, HOREAE 1997 4F i HL.A 1997 LU 522 09 7 L2 i 52 PR B 34, [al ik & s 22
{147 DX 38 T B A R AF 9 XA T 35045 P e e v 1L 3 X5 UL B Sk — B 5 EEBR T 1977 4E LIS A AR
AR R HL 5 H AT 50% ,1990 2013 2017 4E43 AR 8 R )12 5 5 WAt 1 45 2 e 4 1) IX s A 1990 4F
7 FARe R 32.97% , 1997—2017 A [l 55 e i) X 3R o AR AR SR AF 3G N 5 SRS 00 R G A IX ek e > HL 43 A
BTG W 2 S AL
3.3 TANLESHEAR S UEIZ Wi s

A AR AT A S A I W2 SR 7 206 v A M i — 2 A0 ik s B s R AT I, 2018 4F 7 A 8 H
17 H AT X MR I I AU ZS S i, Zad Ab BEAS 2 T 1E SR, JC AMLIE SHEAR G 20 9
RN KLY, ISR BB T A8 IR 8 | P UL B2 I 4% SR A 7 0 IE 0 A LA B3 . K E A
G5 SO W s R T 7.

WA 2017 AE SRR RIS A R 5 T AMLESHZ RS TLLE 2018 4E 7 H 10 H 4#8 1 EH KA

http ; //www.ecologica.cn



16 48] s AR TR LT UERS T RS SR AR —— LUBTHER L [ SR0E ™ M R R 8 T A 6463

THOH 145 THOH2#M THOH3#M TH10H 145

THI2H4#5% THI3H 1445

TH I3 HA4# S THI14H 145,

0100 m
| S—

SAERES W 4R
. 2
g
I
[ &4
R4

7 HEXRLBRESHENIR-ERETXESMERSEER ESZEEIER

Fig.7 Landscape health diagnosis results orthophoto verification chart by Xinjiang Tianshan natural heritage site Karajun-Kurdening
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