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Abstract: Northeast forest belt is an important carrier of ecological security pattern of China. It is
of great significance to optimize its ecological pattern for improving the ecosystem function and
stability. In this study we analyzed the spatial and temporal patterns of land use and ecosystem
services and identified the major driving factors. With the aim to improve the dominant ecologi—
cal functions of the Northeast China forest belt we coupled the driving mechanism of ecological
services and used a cellular automata model to optimize its land use pattern. The results showed
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that the effects of different driving factors on ecosystem services were significantly different. Habi—
tat quality had the strongest correlation with land use ( R=-0.420 P<0.05) . Water supply was
significantly affected by annual precipitation ( R=0.602 P<0.05) . Soil conservation was signifi—
cantly affected by elevation ( R=0.358 P<0.05) . Water conservation was closely related to pre—
cipitation ( R=0.760 P<0.05) while food supply was affected by elevation ( R =—-0.418
P<0.05) slope (R=-0.225 P<0.05) and temperature ( R=0.306 P<0.05) . The coniferous
and broadleaved mixed forests were the most important for water conservation and habitat quality.
Paddy field was more important for food production than dry farmland. The results of land use op-
timization simulation showed that the proportion of ecological land ( including forest grassland
and wetland)  productive land ( paddy field and dry farmland) and living land ( construction
land) was not significantly different from that before optimization. However forests in Changbai
Mountain and Lesser Khingan should be changed from deciduous broadleaved forest to coniferous
and broadleaved mixed forest to improve water conservation and habitat quality. The Greater
Khingan region should transform part of the deciduous broadleaved forest into wetlands to improve
water conservation in the area. Under the condition of controlling the total amount of cultivated
land without obvious change increasing the proportion of paddy field in the intersection area
between Lesser Khingan and Changbai Mountain and Sanjiang Plain can improve food supply
service. In conclusion this study could help optimize the ecological pattern of the study area
without further aggravating the spatial contradiction between ecological land and other land use
types which provides a scientific basis for promoting the dominant ecological function of North—
east China forest belt and giving full expression of its barrier function.

Key words: ecosystem services, Northeast China forest belt; land use optimization; ecosystem
services tradeoff and synergy.
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Table 1 Threats to habitat lit
able reats to habitat quality LS I S
Threat factor Maximum impact Weight Attenuation linear ; C o
distance ( km) correlation ( 4) InVEST
Cropland 8 0.7 Linear .
Residential area 5 0.6 Exponent (Water y161d) ( Sharp et
Town 10 1 Exponent al. 2015) - InVEST
Railway 3 1 Linear
Road 3 1 Linear
Sandland 1 0.7 Exponent °
Saline land 1 0.02 Exponent AE Tx
v=(1-2) P, (5)
P;\?
( 2009: 2013) Y, (mm) ; AET,
x ( mm) ; P, x
j ( mm)
TQ =Y (P, - R - ET) x4, x10° (2) /
i=
. 3
1 TQ (m’) P, ( mm) AET,
R, (mm) ET, (mm) A, i P,
(km®) i i AET,  PET, PET )\ “1"*
. =1+ + (6)
J ° P, P, P,
PET N -
R=Pa (3) .
‘R (mm) P PET,
(mm) « o PET =K (L) ET, (7)
(3) ET x K.(1)
( RUSLE) ( x /
2018) ( ) . ET
A, =A,~Ag =RXKXLxSx( 1-C) (4) .
A, A, s Ay Invest N
2
Table 2 Sensitivity of land use to threats
Land use type Habitat Cropland  Residential Town Railway Road Sand Saline
area land land
1 0.80 0.85 0.9 0.6 0.6 0.80 0.6
Broadleaved deciduous forest
1 0.80 0.85 0.9 0.6 0.6 0.80 0.6
Coniferous forest
1 0.80 0.85 0.9 0.6 0.6 0.80 0.6
Mixed broadleaf-coniferous forest
Shrub 1 0.40 0.45 0.6 0.2 0.2 0.40 0.4
Other green space 1 0.90 0.95 1 0.7 0.7 0.80 0.3
Grassland 0.8 0.40 0.45 0.6 0.2 0.2 0.50 0.4
Grassy marshland 0.8 0.40 0.45 0.6 0.2 0.2 0.50 0.4
Paddy field 0.6 0.30 0.35 0.5 0.1 0.1 0.10 0.1
Dry farmland 0.6 0.30 0.35 0.5 0.1 0.1 0.10 0.1
Wetland 1 0.85 0.40 0.5 0.2 0.2 0.40 0.2
Water 1 0.70 0.75 0.9 0.5 0.5 0.45 0.5
Construction land 0 0 0 0 0 0 0 0
Other land use 0 0 0 0 0 0 0 0
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Table 3 Parameters of InVEST FLUS
Land use type K. Root Vegetation ( BP %NN) 2015
Land use depth
code ( N N N
1 1.2 6000 1 N N )
Broadleaved deciduous forest
2 0.8 7000 1 °
Coniferous forest . 3
3 0.9 8000 1
Mixed broadleaf-coniferous forest .
4 Shrub 1 3000 | o
5 0.8 5000 ! sglg k1) = z W, , X sigmoid( net,(g t))
Other forestland "
6 Grassland 0.65 2000 1 =YW, x1/(1+e™)  (9)
7 Grassy marshland 0.65 2000 1 "
8 Paddy field 12 1000 | sglg k1) k g
9 Dry farmland 0.65 1000 1 t : W" '
10 Wetland 1.2 7000 1 L. . .
; sigmoid () ; net,
11 Water 1 0 0
12 Construction land 0.3 0 0 ( g t) n l g
13 Other land use 0.2 10 0 o
sg( g k 1) t g
N N N 1 :
A > ZSg(gkt)=1 (10)
( 3o *
(5) .
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12
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2.1 ( 2000—
2015 )
78.2%( 2015 )
20.4%( 2015 )
( 2o
2000 24.82x10* km*> 2015 25.02x10* km®
2000 0.8%( 4). 2015
36.5%+40.0% 51.5%; 2000 10.32
x10* km* 2015 10.33x10* km*(  4)
( 2ab);
1.4%.8.0% 7.9%(2015 ).
N ( 2a 2b) 2015
12.5% 8.6%. 2000—
2015 2.1%.
2015
17.0%( 4) 2000 6.1%
( 2ab).
2000—2015
42.0%
2000—2015 ( 200 km?)
1.60x10* km’ .
( 2o
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Table 4 Area and change of different land use types in
Northeast China forest belt ( 2000-2015)

Area ( x10* km?)

Land use type 2000 2015 Percentage
Change (%)
24.82 25.02 0.20 0.8
Broadleaved deciduous forest
10.32 10.33 0.01 0.1
Coniferous forest
3.06 3.09 0.03 1.0

Mixed broadleaf-coniferous forest
Shrub 0.20 0.23 0.03 15.0

0.33 0.00 -0.33 -99.3
Other forestland

Grassland 2.23 2.35 0.12 5.4
Grassy marshland 0.31 0.29 -0.02 -6.5
Paddy field 1.43 2.03 0.60 42.0
Dry farmland 10.79 10.13 -0.66 -6.1
Wetland 5.22 5.11 -0.11 -2.1
Water 0.53 0.55 0.02 3.8
0.80 0.90 0.10 12.5
Construction land
0.06 0.06 0.00 =35
Other land use
1933.18 km’
o 2000—2015
2358.83 km?’ ( 20).
2.2
( 3al a2) .
2000—2015
( 0.1%) .

16.75%10* km?
19.15%10* km?*;

2000—2015 2000
0.889 2015 0.888,
15.3%
; 4.3%
N ( 3b3);2000—2015

( 3¢3). 2000—2015
9.8%.
93.0%
2.8% (
3d3) “
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Fig.2 Land use change of forest belt in Northeast China ( 2000-2015)
» ( 3el  3e2). 2000—2015 .
132.9% . o
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km’ 1.0% ;
( 3e3). . o
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Table 5 Spatial correlation between different driving factors and ecosystem services ( P<0.05)
Ecosystem services Topographic condition Human factor Climatic conditions
GDP
Elevation Aspect Slope Population Land Prec.ipi— Temper— Eva.pot.ran—
use tation ature spiration
0.367 0.016 0.302 -0.204 -0.212 -0.420 0.038 -0.229 0.002
Habitat quality
-0.150 -0.013 0.043 0.145 0.181 -0.035 0.602 0.300 -0.013
Water supply
0.358 0.01 0.465 -0.008 0.037 -0.269 0.293 0.096 0.015
Soil conservation
-0.075 0.001 0.125 0.104 -0.153 -0.168 0.760 0.295  -0.254
Water conservation
-0.418 -0.016 -0.255 0.176 0.191 0.344 0.110 0.306 0.162

Food supply

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.3 Spatial pattern of the importance of ecosystem services in Northeast China forest belt

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.4 The minimum suitable area of different land use types in Daxinganling Lesser Khinganling and Changbai Mountains
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Table 6 Mean importance value of the six ecosystem services under different land use types

Land use type Importance of ecosystem services
Water Habitat Soil Carbon Water Food
conservation quality conservation fixation and supply supply
oxygen
release
Broadleaved deciduous forest 0.148 0.954 0.047 0.707 0.570 0.043
Coniferous forest 0.131 0.970 0.042 0.680 0.506 0.010
Mixed broadleaf-coniferous forest 0.169 0.960 0.046 0.736 0.573 0.049
Shrub 0.124 0.947 0.038 0.656 0.569 0.047
Other forestland 0.084 0.570 0.033 0.462 0.635 0.165
Grassland 0.058 0.804 0.025 0.382 0.407 0.053
Grassy marshland 0.103 0.884 0.028 0.512 0.526 0.050
Paddy field 0.146 0.640 0.007 0.362 0.554 0.688
Dry farmland 0.136 0.718 0.019 0.426 0.000 0.395
Wetland 0.117 0.888 0.025 0.485 0.690 0.051
Water 0.130 0.874 0.021 0.256 0.650 0.141
Construction land 0.078 0.619 0.022 0.378 0.000 0.300

Other land use 0.035 0.796 0.007 0.382 0.000 0.032
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Table 7 Maximum suitable area minimum suitable area actual area and optimal target area of each land use type in

Northeast China forest belt

Land use type Maximum Minimum Actual Target
suitable area suitable area area area
Broadleaved deciduous forest 352378.23 189793.00 257910.20 204562.00
Coniferous forest 143000.10 70945.36 104343.70 104015.00
Mixed broadleaf-coniferous forest 71002.57 3299.86 30452.02 71002.57
Shrub 0.00 0.00 2034.39 0.00
Other forest land 0.00 0.00 2898.31 0.00
Grassland 31959.53 17082.23 20956.57 0.00
Grassy marshland 1.37 0.18 2797.07 0.00
Wetland 66207.44 15741.01 48295.83 66207.44
Water 6581.45 2679.35 5295.56 5295.56
Paddy field 22602.68 8459.54 20954.14 22602.68
Dry farmland 134949.97 76825.70 102865.90 97665.00
Construction land 513.20 2.70 8077.21 8077.21
Other land use 0.00 0.00 512.43 0.00
. 47.90x10" km® 0.7%
3291.2 km® 2.6%( 6) -
( 6)- o
2.4.2 20.0% 134.7% o
N N \ 13.1%-
6.6%-4.7% 4.2% . 32.5%
8.3%
20.0% 14.8%
)
. 0 105 210km
7.
2.4.3
34.5%
3
) o ~
0 BR{ X Restricted areas
1 JEFRHIIX. Nonrestricted areas
(5
2.4.4

5
Fig.5 Distribution of restricted areas for land use conver—
sion
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Fig.6 Comparison of the area and spatial pattern of different land use types in 2015 and optimized land use
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8 2015 ( %)
Table 8 Proportion of land use transfer between land use in 2015 and simulation

(2015 ) Land use in 2015

Land use
by simulation Coniferous Shrub Other  Grassland ~ Grassy  Paddy Dry Wetland ~ Water Construction  Unused
Broadleaved  forest Mixed forest marshland  field farmland land land
deciduous broadleaf land
forest coniferous
forest
0.00 0.35 0.72 3.05 4.78 0.53 1.87 0.09 24.69 7.12 0.02 0.21 0.55
0.35 0.00 0.46 0.07 0.13 0.01 0.66 0.00 0.70 1.01 0.00 0.00 0.21
14.87 0.56 0.00 4.16 0.43 0.15 3.72 0.05 35.49 1.82 0.03 0.57 2.43
0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.42 0.01 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00 0.22 0.00 1.34 0.04 0.00 0.00 0.00
0.07 0.00 0.00 0.00 0.14 0.00 0.14 0.00 1.66 0.41 0.00 0.01 0.34
0.07 0.01 0.00 0.05 0.12 0.04 0.00 0.00 0.32 0.06 0.00 0.00 0.19
0.38 0.01 0.02 0.13 0.00 0.02 0.23 0.00 15.31 0.48 0.01 0.08 1.72
0.70 0.01 0.13 0.48 0.36 0.37 0.62 0.15 0.00 1.47 0.01 0.31 0.41
4.92 0.50 0.41 3.03 7.27 4.80 13.69 0.13 58.58 0.00 0.05 0.42 11.28
0.02 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.47 0.05 0.00 0.00 0.15
0.02 0.00 0.02 0.00 0.00 0.02 0.04 0.00 0.68 0.02 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
. 3.3
GeoSOSFLUS
3.2 o
«
” “ ”» 113 »
( ) ( Lu et al. 2014; Cabral et al. 2016; ( Garcia et al. 2017;
2020) 2020; 2020; 2020)

( 2020) .
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