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Detecting Influencing Factor of Vegetation NPP in Southwest China Based on Spatial
Scale Effect

XU Yong, HUANG Wen-ting, ZHENG Zhi-wei, DAI Qiang-yu, LI Xin-yi

(College of Geomatics and Geoinformation, Guilin University of Technology, Guilin 541006, China)

Abstract: Vegetation net primary productivity (NPP) is an important parameter for evaluating the quality of
terrestrial ecosystems. It is of great importance to study the spatio-temporal evolution of vegetation NPP and its
driving force for regional ecological environment protection and sustainable development. On the basis of MODIS
NPP data, meteorological data, DEM data, population density data, GDP data, and land use type data, this paper
uses linear regression analysis, R/S analysis, and Geodetector model to analyze the spatio-temporal variation of
vegetation NPP and its future changing trend both on regional and landform scales, and to detect the influencing
factors that affects the spatial differentiation of vegetation NPP. Result show that the vegetation NPP exhibited an
extremely significant upward trend in southwest China from 2000 to 2020. On landform scale, the vegetation NPP
had showed an upward trend in all landforms, except for southern Tibet Plateau, among them, the vegetation NPP
in the Sichuan Basin showed the most obvious upward trend. The variation of vegetation NPP exhibited obvious

spatial heterogeneity in southwest China, with the changing rate “high in the east and low in the west”. The areas
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with an upward trend of vegetation NPP are greater than the areas with a downward trend, but the changing trend
is dominated by a decreasing trend in the future both in southwest China and each landform unit. The results of
Geodetector show that elevation was the dominant factor controlling the spatial differentiation of vegetation NPP
in southwest China and all landform units, except for the Yunan-Guizhou Plateau, in which the spatial
differentiation of vegetation NPP was mostly dominated by temperature. Interaction detection result show that the
interaction between the influencing factors was manifested as two-factor enhancement or nonlinear enhancement.
The interaction between elevation and temperature showed the highest impact on vegetation NPP distribution. On
landform scale, the spatial differential of vegetation NPP was dominated by the interaction between elevation and
climate factors or elevation and GDP in the Guangxi Hills, Sichuan basin, Zoige Plateau, Hengduan Mountains,
and southern Tibet Plateau and between climate factors in the Yunan-Guizhou Plateau. Above results indicate that
vegetation NPP variation and the influencing factors that dominates its spatial differential in southwest China show
obvious scale effects. Therefore, exploring the dynamic variation of vegetation NPP and its influencing factors at
different spatial scales has practical significance for comprehensive understanding of vegetation cover situation
and formulating regional ecological restoration plans in southwest China.

Key word: southwest China; vegetation net primary productivity; Geodetector; influencing factor; spatial scale
effect
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Fig. 2 Temporal changing trend of vegetation NPP in southwest China

3 H ISR ITAE A NPP B ARk 3
Fig. 3 Temporal changing trend of vegetation NPP of landform units
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Fig. 4 Spatial variation and its statistical result of vegetation NPP in southwest China
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5 PiREHL X A B NPP R4 PE LA AE
Fig. 5 Characteristics of consistent variation of vegetation NPP in southwest China
F 1 PRI X AR NPP #8055 i11%
Table 1 Statistical result of consistent variation of vegetation NPP in southwest China/%
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1 32.4%, TMAEFRHSLEL TGN FRRE T A 2 1%,

8



LRETIRL, TS RICH) BRI NG R LAV S 2 R, SR T
XHE A NPP 22 87y S A I I AEAN R I3 S T 2 (B A7 AR 22 57 o RO B 2 Bt v SR Ak 25 3
P TR NPP R S i) EZGUMR 7o RRE T mitm R /R F R bl
AN e SR AL NPP 23 (] 73 SR R . DU A 4. PP 73 [) 73 53 32 N 11 B
GDP [Fy5ZHr AR X HAt Hh 35 B e a8 B

% 2 VR DX S R AR g B Y

Table 2 The g value of influencing factors in southwest China

BB X1 X2 X3 Xa Xs Xe X7 Xg Xo X10

FaRgH X 0.718™ 0.003™ 0.007™ 0.628™ 0.494™ 0.634™ 0.442™ 0.428™ 0.014™ 0.040™
UV R 0.114™ 0.007™ 0.086™ 0.018™ 0.010™ 0.059™ 0.027™ 0.102™ 0.094™ 0.044™

motE R 0.019™ 0.004™ 0.047™ 0.324™ 0.303™ 0.091™ 0.270™ 0.072™ 0.057" 0.098™
VY1) 2 0.441™ 0.001™ 0.306™ 0.287" 0.053™ 0.146™ 0.157" 0.193™ 0.094™ 0.324™

H5 7R 1 1 J 0.548™  0.012  0.112*  0.233"  0.055™ 0256  0.236™ 0175  0.027"  0.085™
TE T L 2 0.677  0.004™  0.065™  0546™  0.194™ 0453 0067  0.299"  0.045"  0.444™
HEiEEE S 0572 0001 0.144™  0.286™  0.131"  0.416™ 0405  0.279™  0.021™  0.023"

1) **%&/x P<0.01
3.3.2 #MEFXHEH NPP #200E FHR M

AR SR 45 SR ] WL R R X A5 s2me [RL T A A NPP [Rs2m e TR A R EE R (EfE
KA 95%), BEFEEZERICHN “Y”, RZIEA “N”. WK 6 () Fiw, #tirHIXmh
&, HERF 2 AXHEY NPP 2 AN EAG B3 25 . WS R 2R AR TR 15
FE#E NPP g LA REER, 5RKNFLRRIAAREER, U LgRi-—PRiE
TR PE E HL X A NPP 25 (8] 43 S (RS2 o 3 58 R ) 5 AR 0 B I SR TR 1 2 1) B
HEREER, SHMHEFEFARE, X5HEMTREAT . B, FBKEMH R
Hox 3K TR M2 RIS . . BRI AR T2 8. R S
B N ER GDP = 02 5 B8 R RF R AR ], 5 B AR RE 030 /IN R 35 B AN g vy g R 7
Z SR EES.

S PR [0 R NPP 23 (8] 43 S VR AU 22 S R O e e s ik, i, R ot
R Ak, HAMSR TR 5 A SCR A B NPP e B B 5 2R, 558812
ML REESR, MEREE, BT EZERENRIESE LM 4 M RETFH. 38
[R5 HA R 7 XS A . NPP 5200 () 22 S MR 7E o ot i Il A o, 76T T PRl 59, RREER
ILA 5 EE 25 69.44%F11 22.22%. 1Y B A =3RS 5% GDP AR T IR 7t
HE#: NPP (S22 57 5%, D012 GDP X S iFHR RN 1 %5 BEXHE A NPP 217 76
S AR 35 e SRR T R e R R S R GDP SRR M A BT Rl A A NPP 2 (8] 40 AT
WAARZEZESR. UL EABHN SR S5E RN 2 R B A .
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Kl 6 78 Fig 1 X R e DR A A SR 2
Fig. 6 Ecological detection result of influencing factors in Southwest China

3.3.3 FMEFXIEH NPP 32 EAERIRN

A EAE R SR L], LEVE b X S o5 3 oo, AR SR R 1~ 2 Ja) ) 22 ELA
PS4 NPP 23 [) 73 5 B R ) 3 AR AR 748 s B AR 2 Ptk 1 9 . A SCIRSEE g (B8R
XA BAE R AT HE I Ge e AT = EAE 5 30, HEE Rk 3 . RN
XU HB X R NPP 4% 8] 7 53 B RE A B 9 . 25, RE 035 %) 80.8%. kN H RN Hoie
fRRETIN 79.5%. HERNFEKE R ISR RN IR %,y 78.9%. LA E&5 Rt —
AIRAIE T RO P R XA NPP 5[] > R i) E K, B 5 R BT EE R
B 56 R 1 NPP AR AL I B

ARSI NPP 8] 7 ) £ R HAE A T ZE 5 (2 PUfR. DU
/R i e R IR L R e S R T, AR HEE T =SS AR S R SRR R T B
GDP Z ML AR . fEnbimlal, MR IHHERT =2 BAE B AR B 1 Z 8 H5E H.
YER o 23 0 EEAS R 3 B e =20 = A HAE I q (8, BRs ot A DD )1 G i) 28 = 1 3
AHAFMAL, = H ISR EAR RIS g AER/NIEI A2 A T L > 5 8k e J5L R > K 7
e R > 2 Bt e R > VU ) Z k>0 Fe b, PO b Lo i) =K = s B AR ) e T
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72%, i)V R = K S A AR H NIRRT 21%.

L5 BRI, VG REHX R & S R TR NPP IR 2 H) 23 5 AN ER 5% S B ST A R
iy B I YT B 5 T2 25 [R5 A LM 5 B eV 3 S A P RO 45 2R o S ELAE FAEAN R R 3
FITHERRI I BORZE R, VR DY)V e o /R e B AR I L b 0 5 v e
FELA NPP 25 8] 3 7 AR 70 AT = 12 LA 8 0k 5 A 1 2 Ta) S AR A RO A8
e NPP HIRZIE 345 LAIGIE, 25 5t e B pouf B NPP 23 (8] 7 3 e 0 i =R EARE NS R
7 Z B AR, X5 =53 m I B D PRI A SRR o ARSI R 1 B XA A NPP
HAARFREEE M, (AR o0 R NPP 1) A mIE TR, 23 1A RUBERURAS LA
.

2 3 PG HL XA R 722 EAE PRI g (8

Table 3 The g value of interaction detection between influencing factors in southwest China

e LT e LR (S q fi B ERLHAEN qfi FEEERLHAEN qfE

PEREHIX X1NXs 0.808 X1NX7 0.795 X1NXs 0.789
R X1NX7 0.209 X1NXs 0.173 X1NX4 0.209
Py g XsNX7 0.531 XsNX7 0.516 XaNXs 0.473
01 g X1NXs 0.507 X1NX10 0.491 X1NX4 0.489
A7 R X1NX4 0.646 X1NX7 0.626 X1NXs 0.612
T L 3 X1NX4 0.728 X1NXs 0.724 X1NXs 0.721
5 9 e B A S X1NXs 0.660 X1NXs 0.654 X1NX7 0.644

3.3.4 EZNETFXTEH NPP EZNEE 4 24

DA FRN) 85 A5 Bk v AR 52 e R~ A R HOO(EL DX ) % AR B NPP 23 (8] 43 S 52 I, AR L
JE At E R e S R R oA AR K GE B IX ], SR 4 . PR X A g NPP ¥{H
W o U 5 N 48 K B () R T RO, S B4 U PR N A B /K o e 3 B X () 43 1A 18.70~23.9°C
A1 1536.02~2762.63mm, 15 AL [ T i A0 e I B A 38 non) 78 e X RE A NPP 3K —
SERHEE A . U X R 4 NPP SA(EBEAE IR . AHOHREE . HIER . A 1% BRI GDP
Pt e 2P ETEE FREM&ss . o, fEg NPP SSEFEE IR T =5t Mig BT, 7R
N 826~1712m IS IA 2 fe i B X 8], 1 5 A NPP 35 {E b & A ) T+ i TR, N FRR
B 6 R T v T 3 K, 0 B G i DX I b [X S A A 2R, T e g 4 b X AN R
TR . g NPP ¥{EREE GDP FIN % B p 38 N e KiE b7+ 5 i&38T ~ F%, GDP
N 135 FE 1 53 5L X 7] 79 31y 187.74~480.08 A = km2 il 262.27~530.86 /5 7C, Hitk NPP
PE A BIA f 3 X (B | AR T+ 3 nT e 530 0 1 X PRI 55, R ANE BN A o AE
17, FE#E NPP BN 5% 3 FERIYE ) (AR (A B NPP IS a3 5 /N, A BE NPP $5{8 & =
(1) LR SR A R

S [R50 AN [ RS G RE A NPP (1)3E B X ) &% 57 BRI v 1 2 7R it v S P 77 K
e AR, NPP SRR G K 2L R, ORI o RIS EAHE TR
Beo DUNZHE . 5 /R 55 iy AR Ly b R 75 R s o e AR PP 2 A 3 T A Bt 35 P82 ) 38K
b, TV R A 5t s IR R RE A NPP B3 B 3K 226 TS RS . S
AR 5 B B AR B NPP S2MHHASS o SRR XA B NPP [ B 14 B 6 A (7] 550 5 G 3
PURFIE ARG RS IR 2 7. A IR T, B v R AN DD )1 2 A e NPP 23
o TG FREERAN, AR IT N B . BEEBOKES R, | RS KGR
JRIGHE R NPP MME 2 NI, motmla. VO 2R e R pa e 2, R T L b P A
B NPP B 5E ETHE IR, TTITUERE . = Bt A ) 2 e A NPP SAME REE A %5
1 GDP HBGKIM N R, T /R 55 i BT L R0 8 5 e 5 O R A NPP (B A
1% B A1 GDP [ 23 ) 25 BTG R IRALZHT LA AR URFIE . & BRI 2R, #F
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oo AR S A NPP SSMEAE A S e R R, Hrp T I R 2 5t B A 7 ek
e 5 P AR NPP S s IR AR L, DU 1 g S, 7% i v SR AT I 1Ly it D it o
R 4 VRGO IX S R T 3E Y0 KB NPP P Y

Table 4 Average vegetation NPP and its suitable range of influencing factors in southwest China

== B
T P M X ) R =R Pl EREEE ML ﬁizﬁ
i
Xi/m 826~1712 365~575 1462~1816 1816~2584 574~1707 1737~2414 82~1823
FH1E 934.18 954.97 1008.96 764.03 719.35 853.11 1104.15
Xol (9 112.~157.5 157.5~202.5 157.5~202.5 67.5~112.5 337.5~360 67.5~112.5 247.5~292.5
FH1E 559.75 906.53 995.44 596.67 465.50 580.28 135.81
X3l (9 16.05~20.30 3.67~6.38 12.37~16.05 20.30~25.72 25.72~49.31  25.72~49.31 25.72~49.31
FH1E 575.08 950.68 1074.45 736.69 590.88 676.34 365.87
Xal°C 18.70~23.9 20.13~21.23 20.52~23.93 12.01~14.05 11.14~13.43  14.87~20.41 9.55~15.24
FH1E 1004.31 928.45 1337.69 767.01 660.73 849.83 428.19
1536.02~276 42.62~1265. 1818.32~268  1327.48~165 513.90~733. 976.30~112 1001.35~193
X/mm 2.63 02 8.61 1.64 42 3.37 8.39
FH1E 1004.17 910.15 1429.90 657.94 472.09 725.50 380.49
Xel% 67.02~74.40 78.32~79.19 74.11~76.93 58.52~68.97 73.38~79.61  72.89~82.09 61.53~72.15
FH1E 883.61 934.16 1138.95 744.49 728.60 818.08 560.13
1321.25~174  1617.35~174  1987.36~217  1853.51~221 902.9~1285. 846.68~126 1394.61~188
X 0.04 3.65 143 2.90 9 8.41 7.87
FH1E 803.75 918.50 114291 767.63 684.34 803.08 551.90
Xs et Mt Pt =87 HiH HiH Mits
FH1E 822.86 927.79 1036.05 672.81 583.86 783.45 391.37
187.74~480. 320.58~406. 90.36~225.6
Xo/ A\ km2 0.24~280.38 1.22~237.28 0~533.45 71.77~92.01
08 82 0
FH1E 679.07 906.98 993.72 608.83 648.48 786.60 271.55
262.27~530. 25.77~165.0 347.86~560  544.48~651. 75.70~3254.
X1/ Ji Tt 17.47~56.60 9.66~250.18
86 9 7.60 34 27
FH1E 761.21 922.69 1141.03 679.20 667.95 866.12 197.84
1) NPPF¥MARIHA A g-(m*a) 1, BLCit
4 H iR

4.1 ¥E# NPP B ZETE AR KRE L EE

2000—2020 -7 th X FE A NPP BEARR A “ARETUIR” BT RI &R, =ii&mR
VG B 1 2 A SRR D S RE R A R AR B4, LA T R [ s AT R Hb X
KPOETE R, LHEFRARE, AR THEEAEKES, WOEEE NPP &m0 e 5
P, YRR, PR, SR TESMIEAR M, PN DL RSN &, &
WX 2R A, TR, MR AE KRR, Mg NPP Bk BT HE, if
21 ok, PHRGHLIX K M 8k e R e A 45 S B AR A NPP S8k S8 - THeass, SarA
FRRIE 7T 45 L —F1833.3637)  PHpg i X A N T 5. MBS AR REFNERX, EALAR
9 TR R A A T 70 T 00 A 3 TS 20 B B N AL PP HR BT B i 34 1 Ji TR 2 — 38390, A
N6 B, PiphX Y NPP 283 P XIREE AT T . it mE R, U
1) 22 bR 7 i e S Y M X L, B s2 B AR SR AR A R A, iR 5 I R E AL R R,
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TETEFHL X S T AR TRE S B BHHEAR TR . KILB 9 R TRERIERTL B bk TR S —
RYNVER B WS KRB, Flln, LEHTTBUN B IIHESN T, T s kb X od i R8T e
R FEHL X [E 2R AT S, ATIE SR R SRS R, X I A o B A, SR, BEE
FE T IR NIIE B (150 B FH 5 AN W38 O, 840 b X PRI RS 9 78 5 tH IR A, T /e B ER
DIBAATRE TAEHLX, SR g, N RERMINE, W2 B RS RIE KR S T RE
FFHh SR, IR F RS R i A AR AL, REARE R 33431, R R L e b X AT Sy R L A
X, N KA B RO R T 24 i) sty b A i R, S X AR A IAEEESS, I T A R 1R
112, N\ 835 S5 76 R X AR NPP 386 I ) 1 i) (i 356 FH AR B e 006 4 P 647

A RAEE NPP 23 8] 3 A5 ZIHHE S5 o AR NPP RIARFEEE b X 3 3 B 53
ALE) PE R TP 2= B R R DU )1 2k e 350 R T R P W U b X, — T T e 3l X
M R S R A TR B AR TRE I S o041, AR iR fe e i, AR ARG 4F, HiK
TR B SRR T 55— J7 T, DA R OR#S AL T #vis , SeiR L K FIIGE RN 7R,
R A KR T RGP AR SEIE, RARARRRZEAR 1 e FE R HOAE WY R RIR PR, SEK T A
AR HAEA40] ) B LRE SRR A B 1Y) DX ek 3 50 AT 7 T S L i e DX R SR R g B
JAIAHIX, AT, E AR TR AN G 3R A BT RS A K 25 5 o M X R RE 4 NPP
P AR ) HAREE AR . Vh R X S 5 B B e R i NPP R SKRAR L R Iy b T4 T B¢
(X 3 5 LRt 500, MRS NPP S b T 3 E AR AEAE IR AL RS I X 3, 4
DAIE ‘B AR ORAP 8 it Bk 2% B A AR Al A R B L 35
4.2 TaRgtbXHEH NPP i EF o4

P EEARIN 45 SR v, PR Hb X A M NPP (2S8R 2 IR R . SRR A0S
AR BB SR s, (ES R B E AR R NPP sz 5 T A LR R
POV L X AE S NPP 25 (8] ) R £ SRR . PR X R 2, A EKER R, X
SR R 22 A REA G H X K AR L3R g, IE & 7E — e R mm b [X ) At 25 2R A
NFESE R S0, RO VG e Hh X A HE NPP 25 18] 70 SRl i . SR A1)
CLE B MR e A PP RIZE ISR AR, ) S8 B e A 2k sk = 1 A 7 20
T 2R DL R N R BHAREBE A X 4k 22 57, IR T o) 176 i s (X R AR A NP ) 2% ] 43 SRR
W, X5 AL R — 0648,

Hi 35 BT I WA IR T BH: B AR N SRR ‘3 BOAN [R) . 35 B s A 45 NPP 17 (8] 4
S N HE R T R R . A ROCHE AL NPP (1) 500 7E A R 8 R w6 e L. AR L
bR i e R R S O R, X p e A X P R A T B B S .
s TR S KRR, RESMESHE, BERZ It EHEE NPP 2 H 45 H
P —EFHET. Bt EEEREE, Bf “—ANE, FREARK” 1k,
LR BB 35 ) AT ARG, RO RS AR BT LU AR B AR KO FE M R R . N VXS
PG Fef AT ZE A B NPP [ REIERR, 3 & T 76 B D I 2k N ook, 3
HOF AR JE R AT S A, IR, REFAMEKZ 2, NOH%, NREINHE
B NPP ()50 2.5

T B AR AR B B 2k, BRIF- 2 [ A EL AR R AR T B R T s mm g B K, 3
OGP A L X AR NPP 23 8] 23 S AR I HEE AT = I B Rk 5 G R 7 BAEH, BT
7 A L X AR SR A AR SRR, B T 25 LR R R T RIS I, B RO SR RTINS R
AN P HBS G R S I DR AR NPP & BLRRAE S 5, [RIk, 25 REAN (R 3 B 45 5 )
R XHEAE NPP B2 8 B L DRI B T R A A AR, X ST 76 i s XA 25 I
W, Rt NS HARANE b & LE K.
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(1) 2000—2020 “FPHEgHbIX M #; NPP #E4k RAR & bt ss, i s o me il A
FHIR IR NPP RN B S, U A = 5 s o e B A&, &
i i JoE P AL NPP AE PR Ay, I B3 T et sy . 7 e X AR NPP AR 46 1 75 i)
s bar R, FFHEABARIL “RETER” MaMmEHE, g NPP 2 EAHEH X
5 78.13%, 2N FEEHMIX IR 5 21.87%. {E SRR ITH, fE NPP 2 LT RAm A 5
RN RN T =R T A

(2) VUrgHbIXHEHE NPP 3844 59 I FREE ARk, HA KA NPP 2 _EFh#a%4 i A
KTETREBHRMmA, 2R LA PR~ LA RFEF M LA T R X 0 5
14.59%. 63.48%. 5.29%7 16.64%. PUFgHLIX % HIFUE T NPP A KA LR &34
NE, Hdl BT N RAMX L, RREE PR X D .

(3) 2000~2020 =45 50 K] 5% 74 e dh X A A NPP 23 [ 43 S 52 J3HE P i R . g4k
> P P > U B > R 2 7 > GDP > L b R B R A AR A > B K i > N 138 > H R 25
>HERE >R, WO T R X AR NPP RS i d . 18 R R IX R 45 S5 5 e 52 e [A]
T HAE R LLBG 5300 fE i NPP IR /), R AUl 3G s el E 2 v sl i, Horr, 1
PR NVIELJEE ok 7 g L DX AR A NPP 253 8] 43 S (KR ) B it o
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