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Spatial Ecological Security Pattern Construction Based on Ecosystem Service Function Evaluation
——A Case Study of Harbin

XU Jia, XU Da-wei” ,QU Chen

(College of Landscape Architecture s Northeast Forestry University s Harbin 150040, Heilongjiang s China)

Abstract: Constructing the ecological security pattern is an important way to ensure the ecological security
and sustainable development of the national land space,and it is crucial for the improvement of urban eco-
logical environment. Taking the Harbin planning area as the research object, based on the evaluation of
biodiversity, water supply, soil conservation,and carbon storage service functions, ecological sources were
extracted,and ecological corridors were identified after calculating the resistance surface by using the mini-
mum cumulative resistance model. Quantitative measurement and qualitative analysis were combined to
construct an ecological security pattern. The results showed that Harbin's urban ecosystem services presen-
ted significant spatial heterogeneity,with a distribution pattern of high in the southeast and low in the ur-
ban center. Seventeen ecological source points were identified,11 important and 40 general ecological corri-
dors were extracted. The study area was divided into high, relatively high, medium and low safety areas.
Thirty eight important and 18 general ecology strategic points were identified. According to 78 ecological
break points,restoring and connecting measures were proposed. On the basis of constructing the ecological

security pattern,the optimization strategy of the "one axis,one belt,four districts" ecological security pat-
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tern was proposed. The study comprehensively takes the ecology related aspects into consideration,inclu-

ding the importance of ecosystem services, the flow stability of ecological elements,and the integrity of ec-

ological structure,to realize the construction of an urban security pattern from passive restoration to active

adaptation, which provides a reference for the ecological security protection of Harbin’s urban territorial

space and regional sustainable development.

Key words: territorial space; ecosystem service; minimum cumulative resistance model; ecological security

pattern; Harbin City

Wit 7 S AR A o A O L N DS oK 5 R B AR A (]
(08 JE 2 B e i BT K R A 2 R
BUIBL 7K AR 251 A R 9 A A 25 B B [R) R R T ki
MR RS R R L AR A SR A S S B X A 7
T P AR R A A AR o, R [ b s A S AR
BRPBE R R T2 R a6
0 2 ) RUBE YL 1Rl PN A7 75 1) 465 0 35 L L 0 RE 52 i
Il P A A e A T Y X A S R ST L
ik ] o A 2 () 45 K 9 A R A 2 e 5 X B AL
977 2 P T AR 25 R GE MR 55 BE T AR T IR B
PR s ) X A

A 25 AR Jay i 3 PR O DR A T A A 2 O i
RS BUX A A i A R A M S B A DX I
WS RGERE A ZHNE EE RGNS Frsft
0 T R de /s R BB O A5 A 4R B 2 U
M) 5 BEL 'y T I 40 5310 R G R AR 2 A A% JR) B
FERY WL, ) A0 A O AT 5 T 2 1 ) A
B 5 AR R o AT AR SR B 5 B AP A B A
[E] 3 R RS AR R AR BhAS A R AL AR S
AT . 2R 2 U b R 3 5 R R B
N B A A K R AT A A R IR 5 (O
A A B B By TR A D T A AR A R S
R S8 S OB AL Ay T B A i R T 2%
A RE R A O R AR SRR SE Y R
G AL R S /B ) AR (MCR) B 400 el s P8 452
A R RIT S DX A 25 0 265 Ay 3 19 AT 5 A BT B3R L H il
B AT N [ A W] AR S 7 ek R R T 2
5 A O AR A . (A [ s A T P A A
SR A8 BEAR SUAR S PR P AR S s DA 2R 25 28 18] 22 2 A% )
TR ZATI K Tl 2 PR

Wy JR VT A Sy o AR I b DX v T X
T Y JG e 2 3 e 2 ol v ) B AR AR UL R AR AR
BRGMIF IRE T W 2R e 55 P T v 2 T A, A
WFFEHE T A2 2522 A A Jay (R AR A B 0T I Z0 45 i R
DX AR S FR BT AR JIE A AE L 23 301 % A2 W) 22 B A L K TR AR
25 LR LR AE E 4 M AR S R GEIR 55 B AT
VAL AR 4 2R A B 25 R 5 255 75 B H AR IR A
ENCPNY R NS EN o CDANTTRE k2N AR R

) 55 T B RG5O D B 2R
UGS AE R . RS R GRS TIRER
TE W AR A T TR A R BR AR 2

1 B 58 KA R84 R R

1.1 HAEXHFR

M IR ST A T B VL AE B 3K A2 AR b Hi X Tl
K BONX A RN B AR T M2 AR AL IR A
R A PRRIT 5 U P B A A g AR D AR L AR
ML A — BRI X, AR RS IR B T
PR T AL RI (2011 —2020) ), DA R 35 T BLA X A
O BIEFENE L BE AT HE S L I IR 5 AL X 126° —128°
E 45" —47°N, K H i 3 I, B R 4, B
TR FEFE R . I RS Tl JRR ey s B A G
b % J K 3T 2 AR B T A SR Y P G 22 0
KRS AT E 425 o) i L ok, AT R A 5
A SR o ot < O LIL /I A
1.2 HiERR

ABIF 58 H A O 5 32 AL A 2020 AR IR T AL R
X+ 7 55 505 ok B Globalland30 Chttp://www.
globallandcover, com) , 73 ¥ 4 30 m; DEM (¥
ok B # ¥ 25 8] 8L 4G = Chttp://www. gscloud. cn)
30 m 3 PERBCF AR R ROk A T R 50K
JIR LV R =R e 1 100 7 5+ e
£E (http://www. ncde. ac. cn) ;s R 55 K IR T
E S 458 M (http://data. cma. cn) 4R & 5
ARV A ZE TR A A ) v L A VA AR 1% . NVDI
B ok 1 36 B R B NASA 19 MODIS13Q1 $4f
HEFER 250 m, Zad FiAh B ROt ST S #2020
£ NDVIL, %A AT GECE R I T 58 [ [ 508 v F R
AEHJRE ML BRI 2020 AF S-S AT R B 8O .
A7 B X R % 5 3 KA ok P81 v [ R g W IR ER B
Bl 5 ot Chttp: //www. resde. en)

2 HtRF &

2.1 EBTZRERBZDEEZHEIEM
AT 45 A W IR T X9 AR 25 R B0 AR
Y2 REME KIRAESS B kg 4 D E TR



306 PO LA B 2 4 38 &

55 T R A B 0 JR T S AR S R G R 55 b AT B
WA . R T AR RGNS WY LR AEH i
2R InVEST BRI gE 17374l

2.1.1 A% $#EFHaFHh HET InVESTS. 10
AR g A R O AR TR B A I T B A XA 85 o
T BRI L) 2 RE P 38 5 2 2 A AL (] U B Y 3
fitlh b, S ZBEIBOK FH 51 3ok B P R ) R SR
Atk A 15 FH A Sy W VR R B b X SE PR S %
AR I 7 LULC 4 43 25 gl W A 1 AH XoF 4
JRAENT B AT

Qfﬁa{—&fzj} (D

Kb .Q,, F/RAE j P BRI A ST o A% 4 2R
B H, N SRR ABE D, A
Mo o B B AL B s = O R W B 2 2k i AN
WH

2.1.2 KREHELHRFEN FET InVESTS. 10 #
RIPEAL KPR BE LA IR 55 . %A 3L F Budyko 7K $HHH

TR FK IS, AR
_ Agpro
A T S
AE’[‘,I-I o Pl{’l‘,r] . P]'f'l“zj w] 1/w
¢ =1+ P {1+< P, ) (3

AY,, KR KE; Ape,, N RHOR IR
EXFRE o AUAR B SEBRAR P 2R A i P, O AR«
AR IR TN 45 Prr, AR ¢ AW FE 28 B s w0
PR A S K

2.1.3 XEH/FIH TN ETF InVEST3. 10 19
I LR REAAY 38 Gk WA AR el i RN S PR AR ok i 2 2%
FORAEBRGM A H A5 5 i AR A= P TR
R, PR AT
S, =Rusi —Usie, 4)
Rysi =R, Xk, XLy, (5)
Usgp: =R, Xk, XL, XC,XP, (6)

e Sy, Rom BT R, NI FE R A
Usip: AIFPRRIME R, AR N T 56, 0t
BRI T L, ARRREMHENT;C, I
Vi e B HIN T P, K LRSI
2.1.4 mAEZHaeFMm AT InVEST3. 10 19 +
S DR R AL S i - ] B8 45 A BF 5 IX S PR A
DU AT 58 2 25 3t S7 it o T 380 DX Il 5 ik
AT

C o = C oot TCopove T C et T Caean YD)
A C o F IR A 25 C o N IRR A 5 C e
Jo s ERRAE R 3 C o N LR BRAE 5 Coa AIETAH
DIR7/E 3y

2.2 AEFIEHIRF

A VRO IR RS K AR B R G E R IX
WAS RGNS V168, & B A 46 5 U8 1Y R ik AR S
BEYe W XUAE SR e A EEE L, ARG EE
BRGNS VP 1 2 X AR A ST AR R
55 1 55 45 TUHE B 235 5 30F A7 A 25 A v 1 Ak B9 o 4 M
RO, AU E LR A R AR bR 2 1] A S 1 L
We 22 bR AEAL IS B A2 ) 2 R v R TR BE 45 L R R
it FE AR 45 SR A ArcGIS %143 5 km X 5 km 1)
582 A% HL 4 A48 AR A AR 9 19 - 24 4E , R
SPSS27. 0 34k 3 B4 B 4 A vk 358 32 Lo OF
B AR, WA 45 R KMO Bl 0. 648, & B % 24
P& LI 1S o O 1 P e a1
PN . W BCE 4 BN 0. 34, 0. 25, 0. 27,
0. 14, F M43 A 2R FH H R Wt 23 2047 40 2400 43 Ty i
R AERHEE B WBEEEN - REE, ES
U5 b 75 5K B — 2 BB A R R IR A B SR IX 1
XIARIE . S H MR R BUE S R R 55 3E % &
P >3 kem” (R BEHRAE R AR S
2.3 HEMBRNE

Az 25 BHL ) T2 7 AR AR W oA AR A U b ) 3 B
TR R AR S 5 Rl A% R 0L A 25 T R R AR S
28 M FR A R A S AT R . AR A R T T 4 A A
3 AR s T8 A R 28 AR v R 3R RH — fe e
BIHNDVD 4 AN . S5,
LR R TE M R G M )RR AE 25 S - M 28 R
TE b 550 A0 R0 7 25 1 0 S B0 A Bl R 25 S LB
IR O D A X 2% BH O R R G a2 R e
T LR L AL BEL 7 B A 0 e R AT — M A
5 ARAHALE (R 1) A ArcGIS10. 8 B4 XF % BH
JITE AL B A5 B 254 BH . B RN GO RE
LEARAE N TR B, N A I 52 2R AT R AE A
B T PR B A A1 KT e HE IE A A B O R
B, DA T JEG G o R B
2.4 EBEERN

A= 25 R T R X8R PN A R I B A AR AL
PRFEA AR A2 25 T AE 7 DX S8 PN 3% 1Y O B A S
A3 58 R MCR A5 89 A8 1 BH ) i 9 HLAS 2
BREMY, FEFAEIE G W 5/ 2B 7w, #H
A R B8 43 AT 09 5 vk TR TR b 22 ) Y I AR B
T JER 3, B T8 22 6] 43 A7 55 95 A7 AE 5 G 5ORE RL Y JRR
A AR B 3 g g A R A e s R JER T ) A G
HEM, HHEAKX T

M =fXmin2 2" (D; XR,) (&)
KMo R A4S A AL R/ B3

TELs f 0 Fe/N BT BB A P2 9 IE R B D,



Bal &

W E L ET RS RGMR S TR E A W AR A A R

AW ZR 15 1T 3550 191 307

x1 BEABEFRENER

Table 1 Resistance factors and their weights
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Table 2 Area and proportion of ecosystem service function
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