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Analysis of forest degradation characteristics in Northeast China based on spatial
distribution of canopy closure and NPP decreasing trend
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Abstract: [Objective] Forest canopy closure is a key indicator characterizes forest structure and growth
conditions. Quantitatively assessing the current and potential canopy closure of forests in Northeast China,
and dynamically evaluating degradation characteristics in conjunction with net primary productivity (NPP),

is of great significance for enhancing regional forest quality with precision and for responding to climate
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change. [Method] Based on 11 472 forest canopy closure datasets at 0.5 m resolution, field plot
measurements, a multi-forest-type random forest model was constructed to map the spatial distribution of
forest canopy closure in Northeast China at a 100 m grid scale. Building on this foundation, by integrating
climatic, soil, and topographic factors, potential canopy closure was estimated using gradient binning and
conditional screening methods. Combined with areas exhibiting a decline trend in NPP, the extent and
degree of forest degradation were identified. [Result] The R* of the random forest model ranged from 0.567
to 0.774, indicating a relatively high fitting accuracy. The spatial pattern of forest canopy closure in
Northeast China generally exhibited a “low in the north and high in the south” distribution, with values
ranging from 0.264 to 0.976. The average canopy closure values for natural and plantation forests were
0.716 and 0.689, respectively. At the provincial scale, Jilin showed the highest mean canopy closure for both
natural and plantation forests (0.738 and 0.717, respectively), whereas Heilongjiang and Inner Mongolia
exhibited comparatively lower values. Statistical analysis revealed that canopy closure differed significantly
between forest origins (natural/plantation) and among forest types (p < 0.001). The study identified a total of
9.936 million hectares of forest experiencing varying degrees of degradation in Northeast China, accounting
for 24.27% of the region’s total forest area. [Conclusion] Northeast China’s forests generally exhibit high
canopy closure with a wide range of values. Natural forests outperformed plantations, and broadleaf forests
surpassed mixed and coniferous forests. However, substantial areas of degradation still existed. This study
employed remote sensing spectral data, climate data, and soil and topographic data as key parameters, and,
based on estimates of potential canopy closure and NPP trends, was able to accurately, rapidly, and
comprehensively identify forest degradation in Northeast China. It provides a novel approach and
perspective for assessing current forest structure and for further quantitative studies of forest functions in the
future.

Key words: Northeast China; canopy closure; potential canopy closure; forest types; random forest model;

degradation severity
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Tab.2 Parameters and important variables of Random Forest models for different forest types

WA SRR S R 5 YO S
PDBF My~ ! NDVI, RVI, EXG, BIO6, BIO16, BIO1, VEG, SAVI, BIO10, BIO18, EXGR, B12 ey iz
Ayee = 100 Nyee = 100
PDCF Moy~ N RVI, EVI, NDVI, VEG, MSAVI, SAVL, EXGR, GLI, EXG, B4, B12, B2 My = 2
Ayee = 100 Tyee = 100
PECF My — ! RVI, NDVI, GLI, SAVI, MSAVI, EXG, EXGR, EVI, VEG, BIO6, BIO5, BIO2 My~ 2
Ayee = 100 Tyee = 100
=4 -7
NDBF My~ NDVI, BIO10, BIO1, BIO2, RVI, BIO12, BIO14, BIO16, BIO18, BIO13, BIO6, BIO19 ey~
Ayee = 100 Niyee = 100
NDCF My~ 4 NDVI, BIO1, RVI, BIO14, BIO19, B4, DEM, BIOS, BIO10, BIO18, BIO11, BIO6 Moy~ 2
Aygee = 100 Niee = 100
NECF ey~ 4 RVI, VEG, NDVI, EXG, MSAVI, SAVI, GLI, BIO1, EVI, EXGR, BIO5, B8 ey~ 2
Rygee = 100 Niee = 100
MCBF :':"Y - Too RVI, NDVI, MSAVI, SAVI, EVI, GLI, EXG, EXGR, VEG, BIO3, BIO14, B4 :,”“Y _ ?00
tree tree
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Fig. 4 Validation of random forest model based on field measured canopy closure data
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Fig. 5 Canopy closure distribution of natural forests and
plantations in Northeast China
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Fig. 6 Spatial distribution of canopy closure in natural forests and plantations in Northeast China
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Tab.3 Provincial-level statistics of canopy closure in natural forests and plantations within Northeast China

IS P
FRRHA e iy S ATHIAR/10* hm? —
’ M Bkt T

L RS 1 482.547 0.285 0.925 0.712

. HRE 607.469 0.299 0.976 0.738
KAIRHR N

TTH 241.193 0.329 0.950 0.737

REGEREIRS 1034.811 0.294 0.916 0.704

BT 356.595 0.264 0.900 0.680

HHA 89.392 0.279 0.924 0.717
AT NI

T 68.030 0.287 0.896 0.714

AEHHRX 186.179 0.269 0.912 0.684
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Tab. 4 Significance analysis of canopy closure
distribution variations across forest types using Kruskal-
Wallis with Dunn’s post-hoc tests

A of Hepk Y piA
P 0.000
PECF 0.000
PDBF 0.000
PDCF 0.000
MCBE NECF 0.000
NDBF 0.000
NDCF 0.000
PDBF 0.000
PDCF 0.000
PECF NECF 0.000
NDBF 0.000
NDCF 0.000
PDCF 0.000
NECF 0.000
PDBE NDBF 0.000
NDCF 0.000
NECF 0.000
PDCF NDBF 0.000
NDCF 0.000
NDBF 0.000
NECE NDCF 0.000
NDBF NDCF 0.000
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Fig. 8 Spatial distribution patterns of forest canopy closure in Northeast China
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Tab. 5 Provincial distribution of forest canopy closure by forest type in Northeast China

I A 1
A H S AT AY/10* hm? - - -
T/ME ISON: I P
Y MK 16.034 0.467 0.863 0.721
HRE 8.201 0.526 0.863 0.711
MCBF }
ST Y 0.031 0.611 0.856 0.705
AEHTHBX 0.087 0.506 0.780 0.706
L) K 102.934 0.295 0.835 0.677
A 27.277 0.358 0.855 0.685
NECF R
TLTE 13.050 0.349 0.844 0.686
REG=FEIRS 27.374 0.294 0.796 0.645
BT 947.733 0.327 0.913 0.715
FHIAE 536.058 0.333 0.976 0.743
NDBF R
LT4H 227.429 0.329 0.950 0.741
NES=N =R 561.996 0.332 0.916 0.706
Ly Ak 432.840 0.324 0.925 0.713
HRE 43.363 0.299 0.913 0.706
NDCF e
U 3.917 0.372 0.873 0.675
WEHHIEX 451.338 0.321 0.915 0.706
L) K 20.051 0.380 0.864 0.692
A 6.802 0.401 0.864 0.704
PECF R
TLTH 5.550 0.380 0.860 0.670
REG=FEIS 7.445 0.389 0.861 0.707
BRI 239.465 0.301 0.851 0.685
FHIAE 77.271 0.283 0.909 0.721
PDBF R
LT4H 62.686 0.291 0.883 0.718
NESUI= IR 135.242 0.296 0.856 0.689
Ly Ak 100.986 0.264 0.859 0.664
HRE 6.770 0.279 0.886 0.671
PDCF e
ST 1.558 0.273 0.826 0.650
WEHHIEX 45.628 0.269 0.830 0.664
BT 1 849.740 0.264 0.925 0.705
A 700.588 0.279 0.976 0.735
Syl LrE 314.194 0.273 0.950 0.731
REG=FEIS 1229.078 0.269 0.916 0.701
ARAbH X 4093.599 0.264 0.976 0.711

SRARAR A FEE v T N AR il B 285 R4 R b b X AR
R SEBRIE I« LEASHIE T HAG SRE45 R, AS[R] AR R
SO i M S 7 NN R a7/ NN R o L B
(3R 5)0 X — KA L5 48 b 1) A 0 2 e 1k S FL o0 A B8
BRSERZH A K. W5 AR Quercus mongolica) A
(Betula platyphylla) P55 RE AR By 56 K B4 7 T F2
T B TR e JE 45 R B A AU 204, AT ik
B v BAR P E 5 1M Z0 K (Pinus koraiensis) 1§ Fi

(Pinus sylvestris var. mongolica) MR 55 &1 H Wk FL 4 7t
2 ONAHEIE, ek 2 AR Mg HLIZ e PR R, S EUAR A
FERUR I A PRI, AR 2 23 A T K
PO BT AR SO R R BRI, A 7 T 5 )2
KA MEHARZ A0 T 5674 T 58U 30K 1+
B DI RITR N 220 ), PR I BRI T AP
LEAb, IWBEAR X34 KA, 7 M ML T 48 AR
AR P RE K R BT, X W] R K Ll ik A 20 AT



54

T RN T TR A BE A S NPP 5% 1 AR L X AR IR AL VP 57

115°E 120°E  125°E  130°E  135°E 115°E 120°E  125°E

130°E  135°E 115°E  120°E  125°E  130°E  135°E

NECF i\l\ NDBF )I\i NDCF }\I\
Zl 1z Z| Z Z |7
S S (=} (=} (=] (=}
wy w wy w w wy
Zl 1z Z| zZ Z 1z
wy wy w) w) wy w)
< S < < <
Z zZ Z zZ Z , z
2l 4 (B C s 13 gf § [ S

0 500 ° 1000 km COARILHIX 0 500 * 1000 km COALILIX 0 500 1000 km AL

—_

15°E  120°E  125°E  130°E 135°E 115°E 120°E  125°E

. . I —" . .
130°E  135°E 115°E 120°E  125°E  130°E 135°E

15°E 120°E

125°E  130°E

PECF PDBF

N
A

135°E 115°E  120°E  125°E

£l 12 #l 1€ #| 1z
2 2 R 2 2 R
L 1z #l & Z| 1z
2 2 % 2 % %
z z 7 , — £ Z , — z
Oo I b J Fﬁij—lﬁ | Oo <or = — i— ] <ol' g = — i— | Sl‘
T 500 £1000km oA [T Tlo 500 T 1000 km T ARAEHEIX 0 500 ° 1000 km COARIEHLIX

130°E  135°E 115°E  120°E 125°E 130°E  135°E

N | N
A A

PDCF

(- )

115°E 120°E  125°E  130°E 135°E

115°E 120°E  125°E 130°E 135°E 115°E 120°E  125°E

130°E  135°E

115°E 120°E 125°E  130°E  135°E 115°E  120°E  125°E

R N
MCBF N
A A NPP & F ¢
2| 12 8] 2 R 12
Z 1 £ & zZ Z | &
N ¢ 3 2 % 2
z z Z o Z
ST =l Y =11 L R & TR E
0 500 1000 km COARALHLIX 0 500 ° 1000km COARALHIX | Sy 500 %1000 km %ﬁEﬂﬁlZ

130°E  135°E 115°E  120°E 125°E 130°E 135°E

115°E 120°E 125°E 130°E 135°E

115°E  120°E  125°E  130°E 135°E 115°E  120°E 125°E  130°E 135°E

0.714 ?’%*Eﬁ[il‘ﬂr)@{ 0.880
B9 ARl X AR AR 70 A A1 1) 2 1) 37 B AR AMRB AL X I

Fig. 9 Spatial distribution of potential canopy closure and forest degradation areas in Northeast China
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