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Abstract: As the construction of ecological civilization has become a national strategy, the ecological space identification
has become an important part of the contents of ecological protection in territory development plan. To promote regionally
ecological protection, restoration and effective management, it is necessary to analyze and identify regional ecological

security and restoration patterns. In this study, Habitat Quality module of InVEST Model is used to analyze Altay
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Prefecture’s habitat quality changes in 1995, 2005 and 2018.We constructed regionally ecological security pattern from the
perspective of ecological environment protection. The following conclusions were drawn.(1) From 1995 to 2018, the habitat
quality in Altay Prefecture was at a medium level and showed a decrease trend which indicated that the local ecosystem had
a continuous tendency of degradation. (2) Aiming to maintain systematicness of ecological structure and the integrity of
ecological process, based on the morphological spatial pattern analysis ( MSPA) combined with landscape connectivity
method, there were fifteen ecological sources, which located in the north intermountain forest land and around Ulungur
Lake. Thirty-eight effective ecological corridors with a length of about 2466km and about 80.08km’were identified which
crossed among the grassland and forest in Altay Prefecture using Cost Distance toolbox of ArcGIS software. Fifty-two
ecological nodes were mainly distributed in grassland and forest, which were identified at the intersection of least resistance
paths and ecological corridors. (3) According to the habitat quality and the minimum cumulative resistance value, three
types of crucial areas for ecological protection were classified, namely ecological conservation area, ecological maintenance
area, and ecological breeding area. The research puts forward different ecological protection directions and proposes major
tasks according to ecological-environmental problems in different crucial areas for ecological protection. The research
provides different directions for ecological protection and restoration. Three ecological protection zones, which can offer
references for identification of crucial areas and the comprehensive ecosystem protection and formulate sustainable

development policies in Altay Prefecture.

Key Words: habitat quality; ecological security pattern; ecological protection and restoration areas; Altay Prefecture
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Fig.1 Research area

1.2 BikiE

R 350 28 b X EL 2 4T B0 B AN 23 18] 43 3E% 0 30m x30m [ 1995 2005 2018 4F () 1 M 1) FH %503k Sk U5 T
Bl B BRI B 2B G 0 (hitp . //www.resde.en) 53l i CASA YEHEF) SRR AT BUS ) NPP 4
22 B3 HEFR Tkm ; 25 [B] 43 BE2 R 30m x30m (1) 51 72 5 3l B8 B0 1 R T 3 21 25 8] Bl = P93l (http ;. // www.

gscloud.cn) ,,

http ; //www.ecologica.cn



19 1 PR A RET AR BEJCAR N AR 25 AR S B ] 2 s DX A 2 DR S R DX 3 ) 7617

2 MIRAE

2.1 BRI

FH 2E [Er B AR K2 K B AR PP P32 (The Nature Conservancy ) 5 {5 H S8 3 4 2 (World Wide Fund for
Nature or World Wildlife Fund) BX & FF & B9 InVEST #% % ( Integrated Valuation of Ecosystem Services and
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Table 1 Threat Data

U IR F R B/ km U B EE S
Threat source Max-distance Weight Spatial decay function
Bt Cultivated land 8 0.7 g

IR4E A Urban land 10 1 o3

Akt fE R 5 Rural land 5 0.6 e

T4 Fi#th Industrial and mining land 3 1 o

F2 %L % Main road 3 0.5 Yk
KA HL Unused land 6 0.8 2t

2.2 HERLHE R

HE ARG SR RN AR DX B N A A 2 4 AT F AR S B U 2 A% ), A8 X e R e AR S B LA
SCHAE M BEE JRGE | XA A S e i B B AT LI 2% Knaapen %5 IR ArcGIS 1 A%
AN B A ACR S ) e/ NBEL B (MCR ) 7 e 1852 v A 285 U b 1) SHC At 233 18] B0 37 B0 /N BH D (3%
FRY I DX I 3 B s s AR BE T, Pl e D A 2 e 3] 4% 2 ) BT Rl e S Tk, A EOR

MCR meinlim(Dinij) (3)
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Table 2 Sensitivity of habitat type of each threat

A EERE g omee giERE U T kR
Land use type uitability Cultivated land  Urban land Rural land mining land Main road Unused land
#HH Cultivated land 0.5 0 0.8 0.6 0.7 0.3 0.4

F MHb Arbor forest land 1 0.7 0.9 0.8 0.8 0.6 0.5
TEAH Shrub land 1 0.6 0.8 0.7 0.7 0.65 0.4
BibkH Sparse forest land 0.9 0.7 0.9 0.8 0.8 0.65 0.5
HoAb b Other forest land 0.9 0.7 0.9 038 0.8 0.6 0.5

1 B 35 5O High coverage grassland 0.9 0.8 0.7 0.7 0.7 0.7 0.7

H SR Medium coverage grassland 0.8 0.75 0.75 0.75 0.75 0.65 0.7
{IC7E T5 5 Low coverage grassland 0.7 0.7 0.8 0.8 0.8 0.6 0.7
7K Water Body 0.9 0.5 0.6 0.7 0.7 0.5 0.5
ISHUH Urban land 0 0 0 0 0 0 0
4K FE R Rural land 0 0 0 0 0 0 0
HAbZEB I Other construction land 0 0 0 0 0 0 0
Vil Sandy land 0.2 0.3 0.4 0.35 0.6 0.6 0
XEE Gobi land 0.3 0.3 0.5 0.45 0.6 0.6 0
EbBsiH Saline and alkaline land 0.1 0.2 0.5 0.45 0.6 0.6 0
THEH wetland 0.6 0.4 0.2 0.2 0.3 0.3 0

# 11 Bare land 0.1 0.2 0.5 0.45 0.6 0.6 0
A A1 5T Bare rock stony land 0.1 0.2 0.5 0.45 0.6 0.6 0

221 AAUEHN

AESTEHNAES RS ERE , B —E NP R A B IRS TRE i se 3%, v o AR PR 1L KA A A 1730
Be AR SCUIE S S50 R Ge AR SRR S 8 o B AR, i 3 T A 24 25 04K =) 40 BT (MSPA ) 43 A1 07 1k 5 5 L%
TN AR A 0 U AR AR TR

AR 3 i B A B R R AR R AT R, B GuidosToolbox #AFEHEFT MSPA 43T, /34 4% S 45 21 1)
7 Fh SR BRI BEER A0 X, AR 6452.26km” , i RTSZER (1 80.23% (£ 3) , HAZ O X 650 3% 5
PEEAEERE X, FAIH Conefor2.8 FA: X A% 0o X BEHHEAT 50 L% 30 P PEA, FH S XL BRE B 328 30 1 46 0 (PC)
B E 2 (dPC) Al A0 X SOMBEH 7@ 1 . TN ZE SR K I, dPC (/N T 2 A0 IXBESR AR 4R
N SOWAEE M 2%, HPE B AE X T AR RGE , 45 5 52 NG s T8, AN B 8 R AR A8 TR b, Befs dPC{E
KT 2 BIAZO X BEHA A A b

&3 MSPA Sir=MH KLkt
Table 3 Landscape classification statistics of MSPA analyzes

AR i AL/ km? RS ER E il % di IR L/ %
Landscape types Area Proportion of foreground objects Proportion of total area
# IX Core 6452.257 80.228 5.469

I Islet 4.370 0.054 0.004

FLP Perforation 29.353 0.365 0.025

AL IX Edge 1284.619 15.973 1.089

15 Loop 4.514 0.056 0.004

HEFEF Bridge 83.748 1.041 0.071

%%k Branch 180.198 2.241 0.153

MSPA . JE& A2 [0 R Hr Morphological spatial pattern analysis
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222 f/NBH TR

AN T) B s BB A% S5 2 235 TR 0 o B 5 50 R LA R IR ), AR SCHE 2 %5 A S 25 (i 3
fili b LR IR IX Y A AR AR (R 2 25 e B bR AR B NPP) Rkt s 2 B IR R (KR
PG M R R HE R R R ) I 8 AN A HERH ) SRR (3R 4) R A S R b ik BE T B /NEI R
WA 1.2.3.4.5 AABEI SR AR AHP 155 L ATk 25 A 00 7 VR0 45 B0 PR TR0, 38007 DU 67 AF 5
A A A A SRR P A0 R TR SIS AE A ORI AR SEIIF 5T, S BEL ) 45 G0 3% PN 45 F8 B b 368 %) 4 OB 05 4 4T
43 5 BARAREE A CT A 0.067 /NT 0.1, 38 3 —BUEAG S, 75 2145 BH ) 7 B4
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Table 4 Resistance level
BH 7 1+ FH S22 Resistance Level W
Resistance factors 1 2 3 4 3 Weight
- b 5 A . B
H b b -4 ) 0.037

Land Cover Type L i kg, Bt KA
=72 Elevation/m 2378—4370 1681—2378 1117—1681 736—1117 301—736 0.074
Y5 JE Slope/(°) 30—70 21—30 12—21 4—12 0—4 0.115

AN
iﬂlﬂ/iﬁ(,&: . 57—321 36—57 21—36 10—21 0—10 0.094
Topographic relief /m
NPP/(gC/m?) 386.86—648.42  282.01—386.86  178.24—282.01  81.18—178.24 0—=81.18 0.229
1 7K dal B
EE,WJ( B 5/ ki <0.5 0.5—1 1—2 2—3 >3 0.396
Distance from water area

S R B
EE.LE%EE%/km >5 3—5 1.5—3 0.5—1.5 <0.5 0.030
Distance from the road

Rk

FELJ2 B3 BE >10 5—10 3—5 1—3 <l 0.025

Distance from residential land

2.2.3  AEAEEP

A A AR T 2 T PSS X YR b TR AT S I AN BICRA R SR B A, A SR dR /N R AR
RH 7 4B RN /N S AR AR AR T 28 X A= 25 JBRTE , A AreGIS BAF A4 Cost Distance T 15 AR REHLAY JL
Aap e O AR A A A, TSRS TR 3 T B A 5 1) e/ AR B A AT 5 2 L IX AR5 31 105 ZR T T AE 2SR
1, S A RN 28 aak [ — SRR T i UTCAR VR TE A A RRE , 753 38 A AR A ERE , E MM BT
AR SO AR 28, — My LU % ST i AT ot PR R b o0 AT 3 e SO AR A: B o s 04T
2.2.4 EZETEPUN

AR ST R AR S TR Z A EA T RE R W S Tt ik v B AT B A SRR A A g A A U M ) A ) 1 A
ASHR R FEARM TR AT 5 AR Y AT G B0 SN 5 AT RE A5 R A (), R A 2R T 1Y) 34 E PR RN AR AR A
MR R E e A AR . R AT SR B SO A o B8 B K, 5 5 S AN T R A A A 2
A= ST RE AR 55 0 bR BT 2 b DX A 55 AL T AR AR T A AL 5 R TR B R B/ N B R B AR S
[STENIET S

3 ZBREHS

31 ABEE

H1 & 2 A1 5 AT LAFE Hh AR 05 5 ks ) A A SRR IR 2 B AR b e U AT, Ll X, P ISR, A e B
023 ) o3-S | A 5 T i v L DX 3 A PRI S IX AL B BT 2% 2 L DX AR D, ey L 9 L 55 AR B R v 4
AR RV B 2 AR 9 G (L X R PR AR B o 2 B S oty K PR o D B X R X
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Fig.2 The Changes of habitat quality from 1995 to 2018 in Altay Prefecture

R5 MEHRMIX 1995 £F 2018 FAEERET ST
Table 5 Statistics on Variation of habitat quality from 1995 to 2018 in Altay Prefecture

1995 4 2005 4F 2018 4
B T SR SHE X . B . B . Eipiealiel
L Hbe 8 ’ Hbe A8 ’ A% !

Habitat quality Score L fil average L fil average L fil average
ade interval Number Proportion/ % nd Number Provortion/ % nd Number Provortion/ % nd
g of ids/ roportion/ % index of gids/ roportion/ % index of ids/ roportion/ % index

number number number
£ Excellent [0.8,1) 39713421 30.34 0.5041 34190934 26.12 0.4951 33711444 25.76 0.4847
K Good [0.6,0.8) 27062235 20.67 24807351 18.95 23980433 18.32
1 Medium [0.4,0.6) 3527171 2.69 3973472 3.04 6101114 4.66
2% Poor [0.2,0.4) 34135901 26.08 43542465 33.26 45803611 34.99
2 Bad [0,0.2) 26460710 20.21 24385216 18.63 21302836 16.27

AT A i) 2% 1l DX AR AR B oAb T R AR OKOT PR AE BRI AE 0.4 DL BRBAE TR I RAE
JOMAE B  LEAE T REE T B B A 28 b DX AR S IR A R R AR R R . AHER T 1995—2005 AF AR fh i #
2005—2018 4FA:5E ot iR A g 4G 5 . 1995 A1 Bl 8y 28 i X A= 455 B m 48 A 10 0.5041, Hrp B98I0 L R
PR £5 53] o 4 b DX 1Y 30.34% Fi1 20.67% ;2005 4FAE B BT F5 O A T RS 0.4951, FF9CR 0 | R A
B LT RS 26.12% F11 18.95% 52018 4FAEBE BT 8 HCT- S 0.4847 %58 2005 4FiA 2 F FEkaH 1L | R A
FEE b7 T BE R 25.76% F1 18.32% , fH L 1995—2005 4F- 11 T REHF AR AIHGE . 1995 F5H N2 2= s
T AE B 28 BAAE IS L X, 20 B 4 b XY 26.08% 1 20.21% 5 2005 4F % 9% o 25 O M AS Bk 1 TF &
33.26% , W% 2 A BT B 2] 18.63% 52018 4R A5 9 22 WA 50 5 bb 1 T 31 34.99% , 1M i 22 PG 50T B =2
16.27% , 5 53 S5 i 22 A b X R AL | A AR B R A i
3.2 ARG R

& 3 AIAT, I\ - b7 35 2R B SR AR A b X 32 B 40 A e 2 IX A A B i A R S5 4
P S RA AR | R KSR X P A AR S TR A R 2 5 Bk i DX BH T AR R ) XSk 2 R
A A | b SR A R YD RRE RS M M DX FE L X i A R 8 R B S AR, AR S
MR 45 M B , A 2 Ak 3 A 2 IR b e 8 0 2 1, HL A 25 R i X DA e L % SR 15 b T O 1, BHL T 25 AR Y
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HIX 2T 1L DX WA R BT 3B AR BE A A 1 DX B T 25 R A R M DX 1 Dt T AT, Wi B ¢
NV SR /INE M IX s B B ) 9 26 7 1K1 (NPP) B9 A1 JBE R TR, BHL 7 A5 G AR Y DX 4 2 A T A
A2 HASE BRI R DX B B AR A i D7 T g A PR B el b S5 P 8 i/ sl G i )
X s A2 2855 R 0 A R, FHL ) S5 G AR A0 i XAk T 7 SRR 30 3 3% -5 s IRy M X, BHL 7 45 4555 119
i DA T B AR A I B e RS A X P 4 Al BT IX 2R B LR KR 1192866, Hh i BHL
T3 X3 A AR B A 25 B S A vl K B vy e VI 1 A7 - BT o 2 A DX b DX S0 2K TR DA [
AT E YD ok AR B X AR FE AR L R 2B 35 ELAETE me TL T B R R AR B, A AL R R
INERY DA T BT AR LR B B R A8 L DY R T MK, B AR SRR AR S0 2 Wik, bR L, 32
NG SN AR TEE Y A 50 . BT Ze it DCHAFUI Y 15 S 2508, 328 3 A 7E BT 7R 28 1L g 7
ftg iy CLAT B A R B A LA L DRI Ve B S AR T I M X, (07 e R UM Ml MR S B, HLAR A T A 85
AL R XK

o 7 HuFE AR S

Boh%s 1 BN []3 E@4 EES

B3 BREFHEIESR

Fig.3 Resistance Level of Single Factor

A 285 R T A 285 U [ (A I SR AR g X, DX A A Aol AR 1) B LM 3, AR DX IS W R B | R
T AME B A Y R RS, Pl 2 L X R 38 4% 25 AS R, AR DX U 9 R
P F A 25 BRI 200m 25 v X, AT 35 2 4t [X A 25 Bk 1 24 2466km , BT AR 80.08km™ (5 6) , 24 (5 BIFST IX i 1
T 0.68% , Horp Rbb &A= AR IE 1Y B SO EER | 1HIFRZY 39.82km? , (i A= AR IE BRI R 49.73% , i B #E
Hi AN SR ol B (G B M, X A A B EL A E S R 5 LR AR T A 1) FH b (A 1) b o DA
FA TN ) A2 22.25km® Fi1 10.22km?, 2351 5 Az SRR TE BV RTER Y 27.77% F1 12.76% 5 7KAR B 1l A
BB TR 5 EEE /N, 43 5 2 o A 2R JRR T S TETFR Y 5.54% .3.94% 11 0.24%
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Fig.4 The Ecological Security Pattern in Altay Prefecture
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Table 6 Ecosystem Constitutes of Ecological Corridors and Ecological Nodes in Altay Prefecture

o HZSJEIE Ecological corridors HEZSH 5 Ecological nodes
Landscape types T AV km? TR & L/ % Kokt Bt it/ %
Area Area Proportion Number Number Proportion

Bt Cultivated land 3.16 3.94 5 9

FRHL Forest land 22.25 27.77 18 35

HiH Grass land 39.82 49.73 25 48

K AA Water 4.44 5.54 2 4

F I HL Construction land 0.19 0.24 0

KA FH Unused land 10.22 12.76 2 4

33 BRI

T 2018 AFAEBE i 5 A B S A 2R 8 A SRS N, B R 3 28 M DX A SRR IX (K 6)
Fe BT 2R M IX I3 Ry = 2R AR SR OCHE IX, i AR AR AR IX, AR SRS X AR SR X AR ST IR XA T AR 35
JBT e B, RS A AR T A IS REA BB /N DI A A 4 DX A T A B R 2, AR S B B
BORB X AR AR AL T AR SR B 22 2R 28R 0 R A S Rk L il DX

4 e

TEFR FE B 1 = X =27 5] b s () LI s 7 5 1, A 25 s ] A 8 2 I 55 B O [l 4 2 1) AL A )
B RGHRr , HEORHE FEZAE S R G PUN IR, SR AR A RS UK R M R Gt AR REE I, 4E 5
F AR HAURAE , B8 A2 A5 B B A AR MR 25 R GE RIS S, B AR A BR3P 5 18 B 1) B X, 7 X o
HET A SCLABT ) Z8 0 XA BT X, 73007 T 1995—2018 4 A 45 it A8 Ak, 44 1 -2 - TR 1 A2 25 DR 9P A% A
HEEBPIE I 0 I = AR X, AR SO A2 18] 2R GE LA 2 M 17 Bl 880 28 3t X 94 A 05 T o 1 2R 2 2 4
WeJmy BTG T AR SR U S NI AR TR SRR SRR R, SEBRE 1 LA X XA 25 s M e i AR e 22 46 32 X
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