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Spatio-temporal evolution of vegetation NPP in Heilongjiang Province based on

the multi-scale geographically weighted regression model
QIAO Yajun', XU Wanggu', LIU Kun', PEI Wenming', WANG Zhi""*, HAN Xiaoying’ ,ZHANG Hui'

1 Nanjing Institute of Environmental Science, Ministry of Ecology and Environment, Nanjing 210042, China

2 Heilongjiang Academy of Environmental Sciences, Harbin 150026, China

Abstract. Net primary productivity (NPP) is a critical indicator of carbon stocks. Understanding its geospatial drivers is
essential for regional carbon cycle research. This study analyzed the spatial and temporal evolution characteristics of
vegetation NPP in Heilongjiang Province from 2000 to 2020 using trend analysis based on MOD17A3 data. Subsequently,
the spatial differentiation of the factors driving changes in NPP was explored using the multi-scale geographically weighted
regression (MGWR) model, a novel spatial statistical analysis method. The results indicated that NPP showed an increasing
trend in most regions of Heilongjiang Province over the past two decades. The average value of NPP increased from 348.90 ¢
Cm?a't0454.00 g C m™>a™", reflecting a growth rate of 29.95%. Significant increases and decreases in NPP primarily

occurred in regions with noticeable improvement in vegetation cover, as well as intensive expansion of arable land and
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urbanization. The MGWR model performed well overall, with an adjusted R* value of 0.875. The model bandwidth revealed
that precipitation, temperature, population density, and land use change contributed to NPP at the county scale, while road
density contributed to NPP at the city scale. The response of vegetation NPP to these driving factors varied notably across
regions. In the Xinganling Mountains, NPP was influenced by land use change and climate factors, whereas in the Sanjiang
Plain and Songnen Plain, land use change was the dominant factor affecting NPP. Land use changes driven by ecological
protection and restoration initiatives, as well as the expansion of farmland and urban areas, were important contributors to
the changes in vegetation NPP in Heilongjiang Province. This study improved the understanding of vegetation dynamics and

its driving mechanism in Northeast China, providing a scientific basis for improving the ecosystem carbon sink.
Key Words: net primary productivity ; driving factors; multi-scale geographically weighted regression ; spatial heterogeneity
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Fig.1 Spatial distribution of land use types in Heilongjiang Province, 2020
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AR e £ 2000—2020 4F, [ 5 Bk R G s I 2 ik 55
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Fig.3 Interannual variation of vegetation NPP in Heilongjiang Province from 2000 to 2020
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Fig.4 Spatial distribution of the slope and significance of NPP changes in Heilongjiang Province from 2000 to 2020
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Table 2 Bandwidth of each driving factor

IX 5 T Driving factors 9% Bandwidth 3K 5} K F Driving factors 9% Bandwidth
AER#FsKHE Annual precipitation 44 R Land use 44

AEH5 S Annual mean temperature 44 B % E Road density 201

N CT4 Population density 44

3.3 KSR R ES AR

MGWR FERIELA S5 7R, KB IX IR AL G RPRT 0.5( &1 5) , WIS (G 4 AU R 2 LAY, i
FH MGWR P IR ) K X PR IEVTAS NPP (2 S BRI 17, 36 3 HR T 4Rl (53 e/ 37k, 0LS ) .GWR
I MGWR BRI G 45 F A G 8 FR . AHEL OLS, GWR Hl MGWR AL it 5% 25 F- 77 F1 ( AICc ) BH i/ , %
J& RPW I T MGWR LT GWR, £ MCWR 7EfIA R IpTTALHE NPP AR fb IRk ah K 25 i o A e,

%3 OLS.GWR 5 MGWR #EUEZERLILE
Table 3 Comparison of OLS, GWR, and MGWR model fitting results

B 22 Vi AlCe R JAR ) R
Models Residual sum of squares Adjusted R?
0LS 4181.713 13209.578 0.154 0.153
GWR 589.538 5772.138 0.881 0.853
MGWR 511.237 4889.394 0.897 0.875

MGWR 115 Z2 £ 25 18] 530 A Q& 4 BT/, 25 Bk NPP B9 R il RVE FH A B A6 BH 0 1) 2 [ 5 Jo
FH NPP 75 [A] DX 306 9K 8l R - (4 i 1o A5 7 22 57, NPP AR fb 2 B B I i s (Rl SP AR M . oK AR /e 2 e
TR AR NPP S B TE 1) A, ARG B el R e ok o S VR, Gl AR AR/ E SR IE T4 Hh % NPP
SRR IE AR A T ZR AT R B X NPP S i 9 AR AT N 8 BE AR A A = VTP R AL P L
LI R TR AR O B PR NPP 32 BB G 1) VR H, 10076 2R v R 3 e AR B T AL BB L IR 1A AR
TR AR AR R G W g 3 PRARTTT WA 0 T R = VL i 2 S A% DX Jonf NPP 2 B8R Iy f 1) /T, FE A
P RO DXCSON T VR, TE 8 R A = VT JRUZR AL BB NPP S b [ /1 P i 7 Al X0l 3 2 5
R
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Fig.5 R? and regression coefficients between NPP changes and driving factors from MGWR
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