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Quantifying the spatial and temporal patterns of vegetation net primary
productivity and the multiple driving forces in the Shaanxi section of the Qinling
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Abstract; Net primary productivity ( NPP) of terrestrial ecosystems served as a key indicator of vegetation carbon
sequestration capacity. The Shaanxi section of the Qinling Mountains as a vital ecological barrier in Shaanxi Province and its
surrounding areas, investigating the spatiotemporal patterns of NPP and their driving mechanisms was crucial for
understanding regional carbon cycling. This study utilized Google Earth Engine (GEE) to derive NPP data (2001—2023)
for the Shaanxi section of the Qinling Mountains and analyzed its spatiotemporal patterns. The Theil-Sen median trend
analysis along with the Mann-Kendall significance test revealed the trend features of NPP changes in the Shaanxi section of

the Qinling Mountains from 2001 to 2023. By integrating the optimal parameters-based geodetector ( OPGD) and partial
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least squares structural equation modeling ( PLS-SEM ), we quantified the impacts of multiple drivers on NPP
spatiotemporal divergence patterns. The results showed that during the study period, the mean annual NPP in the Shaanxi

section of the Qinling Mountains was 602.20 g C m~ a™'

, and the spatial distribution pattern was characterised by a high in
the north-west versus a low in the south-east, and the rate of change of the interannual variation was 5.57 ¢ C m> a™'( P<0.
01), of which 81.62% of the area exhibits a highly significant increasing trend, 11.48% of the area shows a significant
increase trend and the area of insignificant change is mainly located in the southeastern part of the study area as well as in
the gully areas. The primary factors influencing the spatial pattern of NPP are evapotranspiration, precipitation, and the
kernel normalized difference vegetation index, with a total explanatory power of over 0.67. The strongest influence on NPP is
the interaction between evapotranspiration and precipitation, following by the interaction between evapotranspiration and
temperature, which had an explanatory power of 0.502 and 0.460, respectively. Climate, topography, and human activities
directly affected NPP and indirectly influenced NPP through vegetation indices (e.g., altitude — human footprint —
evapotranspiration — kernel normalized difference vegetation index — NPP ). This research revealed the mechanisms and
impact pathways of multiple driving forces coupling on the temporal and spatial NPP divergence patterns within the mountain
ecosystems of the Shaanxi section of the Qinling Mountains. This study provided a scientific basis for the ecological
protection and management of the Shaanxi section of the Qinling Mountains and offered valuable insights for understanding
the complex mechanisms driving spatial and temporal divergence patterns of NPP in other mountainous terrestrial

ecosystems.

Key Words: Net primary productivity ( NPP); Google Earth Engine ( GEE); optimal parameters-based geographical

detector; partial least squares structural equation modeling; spatiotemporal variation

HRIZET F1 (Net Primary Productivity ; NPP) S A AR M7 S A (] 507 1 AR L 3 e & VR 1 E A AL
YA IR R A A SRS RIS NPP X AU AR A AT Bl SR R A R PR R A S R G
BRAGIRINE SR MR A S RGNS DR T AR b > L R, SRTTIR SN NPP 25 43 534 Jey A5 AL 1Y
TETESZ AL A T B 22 ek Sl Jy 5 T SR L A A5 R e R R R A A X

W T SN RSB AR Y PRGEUR B | Google Earth Engine (GEE) 15 N 9 9 $ (HL A i i 22 IR R BTRE,
MU S I W I NPP i 25 28 A S AR S L wF S @ 43 T RE A 25, [ NS il id GEE Wil % B = Fg
A ARIE L A IR S A i /N RUBE X, 75 F rp ol AR R RUBE X 38, NPP 7SI AR 24 5 B 4
Hag, R ARG NPP AR 32 B Z2 0K 8l T 9256 M, b A A2 (AN A 64 sl e = 20 NPP AR L 7
REGHEZE AR REK S S H F A KT ) NPP S (R s AT sh L Kt I® |
e MR AR R B AR NPPY R NPP NN AZ I R 2R W 3K 3, 318 52 51 PR 2 () (1 4R B4 T 2
SRR

HOSRERIN 5 HA 575 BB (R SR AR F X NPP 23 [ 46 JR) 5% 0 9 6 7, 5L 5 E0AS £ 7T g 23 IR Ak
YRS R % PR AE S g R U BT R S MR 258 1o TR e O S O B 8 R A T B ROk
B IR B 48 7R AR R RE T R BRI S PO 75 TC T R 22 R 3R 2 ) (R 1 P (B e i
o) AT AT, A D, AR T E AR AL XA A M T 45 4 7 R R AR B T 22 TN NPP AR A Al A
FAMSE S SR A TS50 RS A i die /IS — 3R 12 24 K 0 RRASE AR ok 304 43 A 11 0 M T v O T LA B A 4
7~ NPP AL P3RS , 3 7E HAb R st A 25 R e PR A AR 0 3Kk 4 B v A S I

Lt 2R 25 2R G A D i i A 25 AR 8 0 T LA R O, H AT AR ST T LU Ml R S8 NPP IR 25 73 S A Jey e LK 5
HLITR R SEAIXT A R A o 38 e A 25 5, A 2 3 R T [T 1t B 0 25 R A D 3 25
DPIERFFEZRIE X NPP 434 Sy A8 Ak, BRI AN ] i [) RUBE 2 AR TR) 5 ) ( £ 10) 28 1) L K 3 ) ) 2 TR A0 A
WK 5 NPP ARG, BOFC A A 98 D87 0 - st R S A X NPP fog g2 22 SR, 2304 1l X NPP A JEAF5Y

http ; //www.ecologica.cn



22 44 I A5 RIS R VY B ) G A 7 T I 23 03 S S e 22 s IR Bl g i e B 3

B ARAR B 5 — AR B R B R A A RO & BE I B | 2R TR S0 AR B I 255 5
S e SR HT 22 TCRK S 30 NPP (18532 i i 45 45 [R) v A B PRI, A B 538 3k GEE 7 R4 22 0 B 7 Bt
2001—2023 4 NPP, D HE i 23 A8 AR RO, At DR 58 5% AR AR X PN X A B O 45 BB 1 AR AV 194 [ AT, 2% 1 5 4
YIRS R R, I Ins e A Z8 18 b XN 236 sl i AR AR B 1 e 7 . W5 A Theil-Sen Median F1 Mann-
Kendall 55 5 4 7 3 — T AE RIS BRVTBLY) NPP B 28 AR (LR 76 e BE Al T FH 258 T e 0 S 8000 Hh B D0 2%
Fii fpe /N e S 4 Jr AR AU JE B NPP 23 [H] 435 (1 3R 2 R R S HAR BARE R, fif By 2 508K 2 J3 % NPP [ 5% )
Fagte  RR 270k 1N RIS BEPY B NPP B 25 4% JR SR ZIAIL ], S 22 04 B v Bt [Tk B8 g 48 R 2B 28 SC ] ik
P AR B PR R S

1 HES5HZE

1.1 BFFEIXIER

ZRIA R g 0 AT 5 R TS (R 9 DX e, R TR 1 H 0°C 504k 55 800 mm 4 %5 [ /K i 2 o X B, PU 243
B R, AR 12—17°C ™ ZAERFE K EAE 500—1000 mm DL 12 08Bk 78 BEA TRV 4 e
#OE 1), AP Z 500 km(105°30'E—110°05'E ) , F L5824 200 km(32°40'N—34°35'N) , PUdL 57 bR VT, 7 4%
FRAE L, UG TE T, mE SR UL, S T 1000 m, S BRVEA 75T 32 IXCEL, M AR SR i bR 7% i i i
MR BT AR RE DL B AR R 3, FLrh R B AR ) T B A AR R AR A I A MY, RN A A TR AR R
FENN Tz 534

1 FIRBRFERSIER MR X A

Fig.1 Elevation and geographical map of the Qinling Mountains in Shaanxi
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Table 1 Driver indicators and details
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Types Factor Index Unit  Resolution variables Time ranges Data source
S Pre AEBI K mm 1 km BUES G 2001—2020 https ://www.geodata.cn/
Climate ET ZEHL mm 1 km LA 2001—2020  MODIS/061/MOD16A2GF

LSTd AT AR R C 1 km JELEAFRE 2001—2020  MODIS/061/MOD11A2
LG KNDVI  #%IH— e Bl a5k / 1 km HELAF R 2001—2020 MODIS/061/MOD09GA
Vegetation Vge TR Class 1 km SRR — http ://www.nede.ac.cn/
g DEM =y m 1 km LA — USGS/SRTMGL1_003
Topography Slope i g ° 1 km LA — USGS/SRTMGL1_003

Aspect A ° 1 km LA — USGS/SRTMGLI1_003
1 Soil Soil TR Class 1 km R — https://www.resde.cn/
AN HF N / 1 km AR 2001—2020  hitps://www.x—mol.com/
Human activity CLCD TS Class 1 km SRR 2001—2020 hutps :///dof.org/10.5281/zenodo.

8176941

/ IR TCIIBANT ; Pre  AE /K i Average annual precipitation ; ET; 288 Evapotranspiration ; LSTd : A ¥ Hi 2 ¥ Average annual land surface
temperature;KNDVI;ﬁﬂﬂ*{k*ﬁﬁ?‘é‘ﬁ Kernel Normalized Difference Vegetation Index;VgE:*ﬁw;ﬂéﬁg Vegetation type ; DEM ; ey Elevalion;Slope;ijEZ
& Slope; Aspect : 3 [1] Aspect; Soil ; T-3EJ5H! Soil type; HF; AZEJE % Human Footprint; CLCD; +-3th 7 % Annual China Land Cover Dataset
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Table 2 Mann-Kendall test of trend categories

EHAFAE e e S, AR 7 i
Trend features Trend type Trend slope Statistic

W B 44 Extremely significant increases 4 S,>0 2.58<7
SN Significant increases 3 S,>0 1.96<7<2.58
W 30 Slightly significant increase 2 S,>0 1.65<Z<1.96
NI ZE R Insignificant increases 1 S,>0 7<1.65

AN /P Insignificant reduetion -1 S,<0 7<1.65

W 80 Slightly significant reduetion -2 S,<0 1.65<7.<1.96
1 B8 /D Significant reduetion -3 S,<0 1.96<7<2.58
BB 3980 Extremely significant reduetion -4 S,<0 2.58<Z
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Fig.2 Mean NPP and interannual variation in the Shaanxi section of the Qinling Mountains from 2001 to 2023
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Fig.3 The change slope and features of change of NPP from 2001 to 2023
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Fig.4 The explanatory power of drivers for NPP
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Fig.5 The explanatory power of pairwise drivers for the spatial pattern of the multiyear averaged NPP from 2001 to 2020
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Fig.6 The PLS-SEM model represents the relationship between drivers and NPP during 2001—2020
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Fig.7 Land transfer status and NPP changes under elevation differentiation, 2001—2020
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Fig.8 Total, direct and indirect influences between the main drivers
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