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Land cover classification of the study region
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Fig. 2 Spatial distribution map of field verification samples

S R A ) Y AR ST B AR . O AL B
JE AR TE B (GBRT) B R R K T 1l [ 1985 4F
£ 2015 4E5% m NPP (3R sl 4 7 A WF 2L @ o B
1985 4F 2 2015 4F WA (1 1L B R R 47 X K A 2 Ak
b JRy 1 £5 285 AR BIK By R - 40 4o 5 e e 9 R

1 B ATk

1.1 HRE

WF 58 DA T o 95 AR A4S AR 1 T Y S B X
(41°20'N~42°50'N H1 126°50'E~129°00"E) , {0 4%
K H I EEHH SRR X (CMNR) FAR 5 XA .
Horp 4 XA AR Y XA 88 K W (LSHD | [ i)
(BH) 1 K (1 B (CC) = A klk &, i FL &y h
5.9X10° km®* (B 1), & A1 f& 37 X 9 i R 2
19.5X10% km®, HA W] 1 (Y 0 B <M A2 i 3% R
fiE AR 3°C L AR B BE K A 700 mm ~
1400 mm Z[A], KH RS X H 1960 F i, T
1986 4E R B K % BRI IX . A TR E L F2 0%
A IR 2 189, 1 m, Il F B 4E 3 A2
FRUKIE K B B AR PR X AR ) B 5 T
1<% R R i e R NS N - A N )
WM 4 H NG 10 HRIEE R,
1.2 HiRkEE

A K B 3% [ 5T I8 A R USGS (United

States Geological Survey) WEHL T 1985 4E.1995 4.
2005 4FF1 2015 4P 2 7 4 LB AN Hb XY 20 1
S 1%, 1985 4F 1995 4F 2005 4F 2015 4F 3% JLAEAE
K L DR T AR S A [ B B . b BT
Z5 Wl Landsat $2 1% (1985 4, 1995 4F. 2005 4E,
2015 48) ff ] eCognition {442 45 2] . | F eCog-
nition Developer £ 43 28 T H # 47 EIMZ 4 #1 fl H
MRPEIG 5 B BFIE X 1985 4F — 2015 4F + i 75 35
I RE R IAN I Arcgis fil B (& 1) Horp 4 8 b
KB . P AR (DBE) 3% A RK (DNF) | % 4
EFIH bk (ENF) | I HE K (MBF) | K f& (Water) | & J§
(tundra) \Hi AR (SF) L& R 28 A (ME) (B (BL) | %
Hi (GRASS) , KU1 X (Windfalls) , 4 H (Crop) . gt %
H (Built) F1 % A& 3725 /4 4k (DF) . 38 i #5433
RIS B AR 14 BEALIETIE A5 R0 b T 8 R AR, 3630 4
FEE IR P . L v B A b T A A A R
ST X BFANSRAE S A B A 2 FiR
Wt BT R4S, 1985 42015 AELRAP X N £
TR A AR (ME) 28 35 10 B (5 814 45 51 3k 31 220 620,
22.57%,1985 4E ., 2015 4F {5 3 X N % 4 & i bk
(ENF) % 0 LU0 Bl ik 5] 57. 35% .56, 77% . $4r
FE AT % 1 25 A % Ak g A% 05 OF B A Fragstats
G3 AT SOAE SR AR R R 43 1k IO 1 5 SR AR
JEFEH Aggregation (f $F R 4L B AL, BE B % &
PD) | i1 30 % 45 £ Area — edge (4 4F HE B 1 1



2 ZiF# AT GBRT AW Kk @ LA A A~ I3 AR 263

AREA_MN, i1 %% & ED) JER$E %L Shape (345
=L CONTIG_AM, Zp4EE FRAC_AM) Ml &
84X Diversity (145 & R Z £V SHDL, R+ H
£ % B2 PRD) A8 £ K, X T 5 4 B 48 25 T R 2%
FEEC IR AR B A8 o 43 9 55 LSO A B 2R 11K
S BUE . 2 K rp R R 22O B R TR 52
MROMP) o g 4T AR (ENF) 4 H (CROP) = Ff il
W, FEARYE o 2K G

X LT 0 3R Bl PR B A A R R
R U — A6 M 38 B OND VD 25 850 4 K A 56 28 5
LR 1o BIFFE A0 A A 5 A0 4t 28 1 v ) AR5 K )
45 £ (http://westdc. westgis. ac. cn/data) fl 7
S %8 L = R 5 & 4 (http://data. cma. cn) ,
Hovpep [ S 80 S IR 55 AR G A AR 0 v [ T
e 7 Bt 42 F IR T AR U AL R I L
K A, ZESEAR g0, il BAS I Y
A% | R 4 4 20 R A P S0 52 A A T A B O
Jr it 8 A KA i B AR

FIF AR ) o 2 235 R S5 404l o CA-
SA BERIEEHFFE X AE R NPP {5 (£ 1,155 1985
AE—2015 4FE 1 NPP S i ) A RS B AR SC R B 1y
MRS HL S % 3CE[19], MOD17A3 %4l ™=
i BN T UEAT A B NPP Y AH G5 . M ™
an il 1 Biome —BGC 315545 21 A1 A Jo 42 42 il 5C
fF NPP _QC £ 78I AR E . HRIE
A i CASA 58 NPP i 0 1 1% . 72 01 58 X
PXF MODL7A3 B L4 i R AE a2 3R AT 50 30F 5 A £
Iy B F 2005 4F — 2015 4E 19 NPP, & i 5 #%
ABEFE X B MOD17A3 NPP %408 (19 Lt %8¢ #1
RIS AT £ M [l 09 X AR SC RS NPP S i R B
AT T R E, FUER A R W E 3 Uron, R =
0.57, P<C0.01,%5 0 F W A 3¢ NPP Jx i K F A
A ATEEE

AT RS S B L A8 1985 4F (1995 4F,2005 48
2015 AF A3 P A B ] B 38 AN i 9 X8 1Y) 1 H 4y
FB G NPP S B | IR < B 7 NDVI 4§
) W A% 5000 5 SR 40 i R AreGIS EAT4% 4k . 7E
WIEGE X P O T 8 1 B A% N 25 A S8 AR R AL BT
K143 B4 W i BLA 25 km” L X ARS8 PN R AT 2 (E
FHE RS SRR A B a8 1 s
1.3 HHRERFEEMER

TERB FE 2 TH [ W (GBRT) 85 80 b, 32 52 )3
26 B 42 I} 9] 19 ( GradientBoostingRegressor) I fig,
2 B 1 I AR A SO Ry A MR T

200
i y=1.02x-2.27 ” .
Ny R=0.57
E 150 - P<0.01
O
\Db
= 100 -
A
Z
50 - L)

50 100 150 200
MOD17/gC *m™ - a’

B 3 A8 MODI17 %4 NPP B /& 45 &
Fig.3 NPP estimation accuracy verified by MOD17
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Tab.1 Climate, landscape, terrain data, land cover classification, NPP and NDVTI in the study
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Tab. 2 Details of model parameters
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BERTHE A B2 BRBL . huber R 4 A . s R B/ T T,

Max_depth integer B R EE L IR max_leaf_nodes S 845 72 . | 22 W&
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Tab. 3 Descriptive statistics of net primary productivity and predictive variables
1985 4F 1995 4 2005 4 2015 4F
W s AR AR AL (RIPN/AD GRIPFXN/SE GRIPRN/SD RPN/ S
EfN ¥E B8 ¥ {H
HHI R AT T NPP NPP gC/m* « a 106.89/78.36  93.10/83.11 107.96/94.93 89.36/106. 15
e FeE T 4 PREC Pa  116.68/68.38 110.66/62.32 65.94/36.38  79.38/76.58
Clicaate ST SR TEMP K 8.85/10. 39 8.74/10.53 11.25/12. 59 9.18/11.79
[] R % ik 5 SRAD W/m® 425.07/425.12 415.65/432. 14 445.86/451.21 426.45/425.98
e %E‘Z SLOPE 7.79/9.49 7.79/9.49 7.79/9.49 7.79/9. 49
Terrain = A ELEVATION 1301.94/882.73 1301.94/882.73 1301.94/882.73 1301.94/882.73
35 ] ASPECT 178.33/178.65 178.33/178.65 178.33/178.65 178.33/178.65
Al, 98.92/98.27, 98.88/98.27, 98.87/98.14, 98.86/98.19,
AI_MF, 97.90/98.08, 97.84/98.16, 97.90/97.92, 97.95/97.98,
AI_ENF, 98.64/97.17, 98.70/97.23, 98.67/97.21, 98.66/97.16,
REE AI_CROP 96. 22 96. 23 96. 30 96. 45
Aggregation PD 1.43/2.99, 1.55/3. 38, 1.69/3.87, 1.58/3.57,
PD_MF n/100 0.45/0. 58, 0.49/0.59, 0.47/0.74, 0.48/0. 64,
PD_ENF hm? 0.35/0.59, 0.35/0.56, 0.38/0.57, 0.36/0.55,
PD_CROP 0.49 0. 46 0. 60 0.52
AREA_MN hm? 183.69/74.62, 178.48/72.68, 174.06/59.20, 176.32/68. 38,
AREA_MN MF  hm? 171.26/239.06, 152.62/223.93, 145.59/157.04, 158.35/212.99,
AREA_MN ENF, hm® 562.85/113.01, 524.37/119.97, 507.23/116.75, 499.97/116. 33,
e N4 AREA_MN CROP hm?* 25.22 23.67 22. 88 25.93
(MF., ENF. Area—edge ED hm?* 22.56/37.16, 23.48/37.27, 23.83/40.15, 23.94/38.94,
CROP) ED MF, m/hm* 16.08/28.68, 17.91/29.06, 17.76/30.43, 19.15/29. 34,
ED ENF. m/hm* 18.68/18.38, 18.79/18.83, 18.95/18.70, 19.10/18.42,
ED CROP hm?* 14. 56 13.22 15. 88 15.52
CONTIG_AM 0.98/0.97, 0.98/0.97, 0.98/0.97, 0.98/0.97,
CONTIG _AM MF 0.95/0.97, 0.96/0.97, 0.96/0.97, 0.96/0. 89,
CONTIG_AM ENF 0.98/0.95, 0.97/0.95, 0.98/0.95, 0.98/0.95,
Mk CONTIG_AM CROP 0.93 0.93 0.93 0.93
Shape FRAC_AM 1.12/1. 14, 1.12/1. 14, 1.12/1. 14, 1.12/1. 14,
FRAC_AM MF 1.12/1.16, 1.12/1.16, 1.12/1.16, 1.12/1.16,
FRAC_AM ENF, 1.12/1.12, 1.12/1.12, 1.12/1.12, 1.12/1.12,
FRAC_AM CROP 1.13 1.12 1.12 1.12
EZE0i SHDI 0.59/0. 87 0.60/0. 88 0.61/0. 94 0.60/0. 92
Diversity PRD n/100 hm® 0.30/0.57 0.34/0.57 0.37/0.63 0.35/0. 63
VR R NDVI 0.73/0.71 0.29/0. 30 0.40/0. 41 0.64/0. 66

MF ENF .CROP 73 51 Jy 1 7 15 S L  2 i bk Bk

Y 16.03% . #£ CMNR N, 52 1) 52 0 74
NDVI.PREC.TEMP 1 SRAD (1985 4.1995 4F .
2005 4F 2015 4F), 1985 4F — 2015 4F ], < f A
T ETTER R N 26.95%.19. 62% . 35. 65% .
22.56% , 2 PREC 9 4 XF 53k 43 3 4 15. 86 %0 .

0.63%.19.39% 1 4.23% (& 4), £ 2005 4E, Hh
W+ 53 /5 5Tk R Z R R 2 PR AR
1985 4 — 1995 4E 48 K, 1985 4 — 2015 4F i [A]
M % B F X NPP g A5 XF 5T ik 43 9 S 7. 59 %,
3.45% .8.93% .14.28%.
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Driving forces of net primary productivity in Changbai mountain based on GBRT model

WANG Shiyang
(32023 Troops. Liaoning, Dalian 116023, China)

Abstract: The net primary productivity (NPP) was the major ecosystem function that reflects the carbon sequestration ca-
pacity of forests. This paper used the CASA (Carnegie— Ames— Stanford approach) model to estimate the NPP and explore
the driving factors during human activities. The land cover results classified from the Landsat data inside the Changbai Moun-
tain Nature Reserve (CMNR) and outside CMNR (adjacent forestry bureaus) during 1985—2015, the cartographic classifica-
tion was drawed by using Arcgis the relative importance of climate, landscape, and topographic factors to NPP was analyzed
based on the GBRT model ( Gradient Boosted Regression Trees) of machine learning algorithm by python. The results
showed: (1) The average value of NPP outside the CMNR increased from 78. 36 gC/m2 « a to 106. 15 gC/m2 + a during
1985—2015, and the forest fragmentation outside the Nature Reserve was more significant than that inside CMNR. (2) The
most considerable relative importance of the driving factor was NDVI ( Normalized Difference Vegetation Index) , as a sensitive
Index to quantify vegetation characteristics, had the most crucial influence on NPP during 1985 — 2015 and showed significantly
positively correlated with NPP inside CMNR and outside CMNR during 1985 —2015. (3) After the implementation of the
first phase of natural forest protection project (NFPP), the impact of meteorological factors on the NPP inside CMNR in-
creased significantly. In contrast, the impact of NDVI on NPP outside CMNR increased significantly. The impact of landscape
and terrain factors on NPP outside CMNR was greater than that on CMNR, and precipitation could promote the growth of
NPP inside and outside CMNR. The landscape impact factors on NPP was mainly changed from forest fragmentation to forest
aggregation outside CMNR; the increase of aggregation and the decrease of forest fragmentation were promoted to the improve-
ment of NPP, and the results showed the positive influence of the implementation of the NFPP for improving NPP. The study
and analysis of the factors affecting NPP were of specific scientific significance for the study of forest protection.

Keywords: Changbai mountain; GBRT; NPP; remote sensing



