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Abstract: Northeast China forest belt is an important part of the national ecological function
regionalization “two screens and three zones” which is of regional and national significance for
ecological security. The construction of ecological security network in this region is an important
basis for the optimization of ecological pattern and its function improvement. We used the habitat
quality analysis module in InVEST model and the circuit theory to identify the ecological sources

corridors  barriers and pinch points and constructed the ecosystem service security network of
Northeast China forest belt. The results showed that there were 30 ecosystem service sources in
the study area with a total area of 16.40x10" km*> accounting for 27.3% of the study area and
that woodland wetland and other ecological lands were the main components. There are 42 key
ecological corridors with a total length of 2475.55 km and 20 potential ecological corridors with
an average length of 420.55 km. The area of the ecological improvement zone is 56.45x10* km®.
According to the improvement degree of accumulated current value the restoration area is classi—
fied into three levels with the first and second level restoration zones accounting for 12.8% and
24.3% respectively. Based on distribution pattern of the ecological sources ecological corridors

ecological pinch points ecological barriers and ecological restoration zones we constructed the
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ecosystem service security network of the study area and provided suggestions for restoration and
improvement according to its characteristics. Our results would provide scientific basis for its eco—

logical pattern optimization and function improvement in the study area.

Key words: ecosystem service security pattern; ecological source; ecological corridor; Northeast
China forest belt.
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Fig.1 Location and land use type of the study area
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Table 1 Methods of evaluating the importance of ecosystem services

Ecosystem services Evaluation Equations Definition of indicators
methods
J 3
Water conservation = ; (Pi =R = ET) x4, x TQ( mm) ET; ( m( znm}))’ 4, i L ( km?)
10° i i j
R=PXxa iR (mm) P (mm) o
" E VE;
Biodiversity maintenance E, = ,_ZT E; ! Gk ¢
A, =4, -Ag =RXKXLXSX( 1-C) A, A, VAR
Soil conservation 'R K v LS
L S ; C
NPP NPP=APAR( x t) XE(x t) APAR (MJ*m™2-10d7"); E
Carbon fixation (gCMJ7")
- SR=S, =S, SR (tekm™?+a’ly; s (te
Sand storm prevention km™2 a—l) 0 S, (te km™2 - a’l)
" E x4.187 kJ) ; E; i
Food supply Ey = 21 E; ' (x4.187 KJ) . ( ) ArcGIS
2 o
Table 2 Threats to habitat quality
Threat factor Maximum Weight Attenuation o
impact ( km) linear
distance correlation
Cropland 8 0.7 Linear o
Residential area 5 0.6 Exponent -
Town 10 1 Exponent 0-~1 ( 3) °
Railway 3 1 Linear 1.3.3 N
Road 3 1 Linear o
Sand land 1 0.7 Exponent
3
Table 3 Sensitivity of landuse to threats
Land use type Habitat Cropland Residential Town Railway Road Sand
area land
1 0.80 0.85 0.90 0.60 0.60 0.80
Broadleaved deciduous forest
Coniferous forest 1 0.80 0.85 0.90 0.60 0.60 0.80
Mixed broadleaf-coniferous forest 1 0.80 0.85 0.90 0.60 0.60 0.80
Shrub 1 0.40 0.45 0.60 0.20 0.20 0.40
Other green space 1 0.90 0.95 1 0.70 0.70 0.80
Grassland 0.80 0.40 0.45 0.60 0.20 0.20 0.50
Grassy marshland 0.80 0.40 0.45 0.60 0.20 0.20 0.50
Paddy field 0.60 0.30 0.35 0.50 0.10 0.10 0.10
Dry farmland 0.60 0.30 0.35 0.50 0.10 0.10 0.10
Wetland 1 0.85 0.40 0.50 0.20 0.20 0.40
Water 1 0.70 0.75 0.90 0.50 0.50 0.45
Construction land 0 0 0 0 0 0 0
Tundra 0 0 0 0 0 0 0
Sand land 0 0 0 0 0 0 0
Bare land 0 0 0 0 0 0 0
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Table 4 Areas of important zones with 6 ecosystem services
Ecosystem services Greater Khingan Mountains Lesser Khingan Mountains Changbai Mountains
General  Important Very General  Important Very General  Important Very
important zone important important zone important important zone important
zone zone zone zone zone zone
11.82 14.83 0.15 7.34 5.15 0.00 10.74 6.27 3.70
Water conservation
19.22 7.58 0.00 9.12 0.00 3.37 13.34 5.16 2.22
Biodiversity maintenance
23.88 2.93 0.00 10.83 1.65 0.00 10.22 9.90 0.59
Soil conservation
8.13 16.18 2.49 4.20 6.40 1.88 4.82 5.01 10.89
Carbon fixation
20.60 3.75 2.45 12.49 0.00 0.00 20.72 0.00 0.00
Sand storm prevention
25.11 1.69 0.00 10.41 1.31 0.77 9.65 8.77 2.29

Food supply
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Fig.2 Spatial distribution of ecosystem services importance in Northeast China forest belt
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Fig.7 Distribution of ecological improvement zones of
Northeast China forest belt
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Fig.8 Ecological security pattern of Northeast China forest
belt

10 km 10 km
. 16.40x 10"

km? 27.3%.

20.91 x 10* km? 34.9%.
1.17x10* km*>  1.9%. 0.90x10*
km? 1.5%. 16 2426.90 km.
17 7982.80 km.

8 o

3

3.1

http://www.cnki.net



3471

3.2

43

2020) .

€«

@

[

. 2017. “ - -
36(3): 471-484. Chen X PengJ] Liu YX eral. 2017.
Constructing ecological security patterns in Yunfu city
based on the framework of importance-sensitivity-connecti—
vity. Geographical Research 36( 3): 471-484.
. 2005. .
25(4): 861-868. Cui SH Hong HS Huang
YF et al. 2005. Progress of the ecological security
research. Acta Ecologica Sinica 25(4): 861-868.
. 2021. SENCE
— 17
41(4): 1332-1340. Dai WY Chen NL
Li JX et al. 2021. Regional water ecological security eva—

luation based on SENCE conceptual framework: Taking 17



3472

40 11

flow sections in Gansu Province as an example. Acta Eco—
logica Sinica 41( 4): 1332-1340.
. 2020.
. 35(1): 190-203. Fang Y
Wang ] Huang LY et al. 2020. Determining and identif—
ying key areas of ecosystem preservation and restoration for
territorial spatial planning based on ecological security pat—
terns: A case study of Yantai city. Journal of Natural Re—
sources 35( 1) : 190-203.
. 2019.
. 30( 3): 1015-1024.
Hao Y Zhang N Du YJ et al. 2019. Construction of
ecological security pattern based on habitat quality in Tang
County Hebei China. Chinese Journal of Applied Ecology
30(3): 1015-1024.
. 2019. “ - - 7

30(2): 615-626. Huang LY Liu SH Fang Y et al.
2019. Construction of Wuhan’ s ecological security pattern
under the quality—risk—requirement ” framework. Chinese
Journal of Applied Ecology 30(2): 615-626.

. 2019. MCR

34(4): 771-784. Huang MY Yue WZ Feng SR et al.
2019. Analysis of spatial heterogeneity of ecological security
based on MCR model and ecological pattern optimization in
the Yuexi county of the Dabie Mountain Area. Journal of
Natural Resources 34(4): 771-784.

. 2004.
13(3): 229-233. Li Y Zhao K Fang JY ei al. 2004.
Land use change in urban lake watershed: A case study at
Donghu Lake Wuhan. Resources and Environment in the
Yangize Basin 13(3): 229-233.

. 2020. Circuit
29(8): 1812-1824. LiJL XuJG Chu JL. 2020.

Constructing the urban ecological security pattern of Anging
City by circuit theory. Resources and Environment in the
Yangize Basin 29( 8): 1812-1824.

. 2020. “ - ”

40(22) : 8230-8238. LiuZZ Wu W Liu WF
et al. 2020. Study on construction land reduction based on
“Source-Corridor ” ecological security pattern paradigm.
Acta Ecologica Sinica 40(22) : 8230-8238.

. 2020.

40( 18) : 6486-6494. Mao CR Dai LM Qi L
et al. 2020. Constructing ecological security pattern based
on ecosystem services: A case study in Liaohe River Basin
Liaoning Province China. Acta Ecologica Sinica 40( 18) :
6486-6494.

. 2012.
. 32(21): 6755-6766.
Meng J] Zhu LK Yang Q et al. 2012. Building ecologi—
cal security pattern based on land use: A case study of Or—
dos Northern China. Acta Ecologica Sinica 32 ( 21):
6755-6766.
. 2020.
35(1): 204-216. Ni QL Hou HP
Ding ZY et al. 2020. Ecological remediation zoning of ter—
ritory based on the ecological security pattern recognition:
Taking Jiawang district of Xuzhou city as an example. Jour—
nal of Natural Resources 35( 1) : 204-216.
. 2008. . :

21-22. Ou-Yang ZY.2008. National ecological
function regionalization. Beijing: China Science and Tech—
nology Education Press: 21-22.

. 2017a.

28(2): 627-635. Peng] Guo XN Hu
YN et al. 2017. Constructing ecological security patterns
in mountain areas based on geological disaster sensitivity:
A case study in Yuxi City Yunnan Province China. Chi—
nese Journal of Applied Ecology 28(2): 627-635.
. 2018.
. 29(6) : 1990-1998. Peng
J Jia JL Hu YN et al. 2018. Construction of ecological
security pattern in the agro-pastoral ecotone based on sur—
face humid index: A case study of Hangjin Banner Inner
Mongolia Autonomous Region China. Chinese Journal of
Applied Ecology 29(6): 1990-1998.
. 2017b.
36(3): 407-419. Peng
J Zhao H] Liu YX et al. 2017. Research progress and
prospect on regional ecological security pattern construction.
Geographical Research 36( 3) : 407-419.
. 2016.
. 27( 10) : 3344-3352. Song
LL Qin MZ. 2016. Identification of ecological corridors
and its importance by integrating circuit theory. Chinese
Journal of Applied Ecology 27(10) : 3344-3352.
. 2018.

29(8): 2675-2684. Tang F Zhang PT Zhang GJ et
al. 2018. Construction of ecological corridors in Changli
County based on ecological sensitivity and ecosystem ser—
vice values. Chinese Journal of Applied Ecology 29( 8):
2675-2684.
. 2019.

39( 10) : 3455-3467. Wang Y Pan JH.

2019. Establishment of ecological security patterns based on

ecosystem services value reconstruction in an arid inland



3473

basin: A case study of the Ganzhou District Zhangye City
Gansu Province. Acta Ecologica Sinica 39( 10): 3455-
3467.
. 2020. 1999—2019
. 10( 6) :
845-854. Wang JN Chen QF Chen QX er al. 2020.
Summary of research progress and hotspots of Chinese eco—
logical security pattern from 1999 to 2019. Advances in En—
vironmental Protection 10( 6) : 845-854.
. 2019. “ 7
. 38(7): 2138~
2148. Wang XF Lesi MC  Zhang MM. 2019. Ecosystem
pattern change and its influencing factors of “two barriers
and three belts”. Chinese Journal of Ecology 38(7) : 2138
-2148.
. 2016.
. 25(12) : 2035-2040. Wang XF
Yin LC Zhang Y. 2016. Discussion on some issues of eco—
logical barrier. Ecology and Environmental Sciences
25(12) : 2035-2040.
. 2020.
. 40( 10) . 3375-
3384. Wang XY Chen TQ Feng Z et al. 2020. Con—
struction of ecological security pattern based on boundary
analysis: A case study on Jiangsu Province. Acta Ecologica
Sinica  40( 10) : 3375-3384.
. 2019.

39( 13): 4720-4731. Wu MQ Hu MM Wang T et al.
2019. Recognition of urban ecological source area based on
ecological security pattern and multi-scale landscape con—
nectivity. Acta Ecologica Sinica 39( 13) : 4720-4731.
. 2002.
. 13(3) : 354-358. Xiao DN
Chen WB  Guo FL. 2002. On the basic concepts and con—
tents of ecological security. Chinese Journal of Applied Eco—
logy 13(3): 354-358.
. 2019.

40(8): 113-121. Xie L Deng XJ Lu YY et al. 2019.
Ecological risks caused by land use variations in the rocky
desertification mountainous area in Guangxi Province. Chi—

nese Journal of Agricultural Resources and Regional Plan—

ning 40(8): 113-121.
. 2020.
. 40( 20) . 7165-7174.
Yang M Gong JG Zhao Y et al. 2020. Analysis of
dynamic changes and trends in the landscape pattern of the
Baiyangdian Region. Acta Ecologica Sinica 40( 20) : 7165-
7174.
. 2001.
21(1): 64-
69. YuH ZengH Jiang ZY. 2001. Study on distribution
characteristics of landscape elements along the terrain gra—
dient. Scientia Geographica Sinica 21( 1) : 64-69.
. 1999.

19(1): 74-78. Zeng H Tang J] Guo QH. 1999. Study
on the transfer model and dynamic changes of landscape
components in Changping Town in the east of the Pearl
River Delta. Scientia Geographica Sinica 19( 1) : 74-78.
. 2018. 2010

: ( )
3(4): 11-23. Zhang L. Xiao Y Zheng H et al. 2018.
A spatial dataset of ecosystem services in China ( 2010) .
China Scientific Data 3(4) : 11-23.

Gao JB Du FJ Zuo LY et al. 2020. Integrating ecosystem
services and rocky desertification into identification of karst
ecological security pattern. Landscape Ecology 36: 2113-
2133.

Huang JM Hu YC Zheng FY. 2020. Research on recognition
and protection of ecological security patterns based on cir—
cuit theory: A case study of Jinan City. Environmental Sci—
ence and Pollution Research 27: 12414-12427.

Peng J Yang Y Liu YX et al. 2018. Linking ecosystem ser—
vices and circuit theory to identify ecological security pat—
terns. Science of the Total Environment 644: 781-790.

Wu X Liu SL Sun YX et al. 2019. Ecological security evalu—
ation based on entropy matter-element model: A case study

of Kunming city southwest China. Ecological Indicators

102: 469-478.

1992 .
o E-mail: qizhuahau@
163.com

. 2021.
(11): 3463-3473.

40

Zhu Q Yuan Q Yu DP Zhou WM Zhou L. Hang YG Qi L. 2021. Construction of ecological security network of Northeast China

forest belt based on the circuit theory. Chinese Journal of Ecology 40( 11):

3463-3473.



