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23 (6] 3 AT B g v ), DU R ¥ {80 585.11g C/m?, 3 LL 4.30g C m™2a™ B EERE N, QAKHBA % 5 1O 4E NPP 2 {H , IR BF
MR IEAT B ) NPP I H%(8.17g C m ™ a7 ) ZRILBHHA MO Z 1 1L X NPP 35K 1 R0 it ; ONPP [ T4k A 2
ARG W 05> Sk . ZEIG4R 3400m LR, A4 NPP Bl SR 093 Inimi s , ini 24 & f i 3400m A, A9 NPP 1 kb,
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Analysis of temporal and spatial dynamics and its influencing factors of NPP in
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ZHOU Nafang', GONG Enjun®, BAI Tianhao®, ZHAO Ting’, BAI Hongying’, WANG Jun'*"

1 College of Carbon Neutrality, Northwestern University, Shaanxi Provincial Key Laboratory of Carbon Neutrality Technology, Xi'an 710127, China
2 College of Urban and Environmental Sciences, Northwestern University, Shaanxt Key Lab Earth Surface Syst & Environm Carr, Xi'an 710127, China

3 Tourism College, Xi'an International Studies University, Xi'an 710127, China

Abstract; Net Primary Productivity ( NPP) of vegetation has been widely used to directly reflect the carbon sequestration
capacity and environmental changes of terrestrial ecosystems. However, research on the impact of human activities across
terrains on vegetation NPP changes in the Qinba Mountains is still insufficient. Based on the CASA model, the long-term
spatial distribution of NPP in the Qinba Mountains from 2001 to 2022 and its topographic effects were comprehensively
analyzed using linear trend analysis, transition matrix, and residual analysis. Furthermore, the relative contribution rates of
climate change and human activities to NPP changes were explored. The main findings are as follows; (D The spatial
distribution of NPP in the Qinba Mountains exhibited a pattern of the middle height around the bottom, with a mean of
585.11g C/m”, and an annual increase rate of 4.30g C/m’ from 2001 to 2022. @The highest annual mean NPP was found
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in forestland among land use types. The highest increasing rate of NPP (8.17g¢ C m™ a™') was found in the area of
conversion of farmland to forest, indicating an effective land transfer type for NPP growth in the Qinba Mountains; 3)The
NPP varies significantly with altitude and slope. The vegetation NPP increased with increasing elevation below 3400 m and
decreased significantly above it. The annual mean and trend of vegetation NPP are relatively high within the slope range of
10—40°; @The change in NPP in the Qinba Mountains was driven by the combined impact from climate change and
human activities, with the relative contribution rates of 37.81% and 62.19%, respectively. Human activities significantly

increased the vegetation NPP especially in ecologically fragile areas such as Longnan region.
Key Words: CASA; NPP; trend analysis; topographic effects; land use change; Qinba mountains

RABHR DA AT EOR A b A SRR 2= AR BE BTl & 1 @R AU BT T 5l L
TRl 3t B3 A 1) B K AR AL A — RIS I R TR — PR, F 1992 AR (B A AR ARLHESR A 2) 45
Pk, rh DX A 2 R G B HE A0 R R [ A B 6 T BE R R o FRIH A= 1 (Net Primary Productivity,
NPP ) S A8 Y38 i 6V T E R Re i, BRIV AR I TE FE S &8 3 J5 , A 0 v T 1 A A
PEFIORERE D A i A R G R A 7 ) I SRR A, PEAG BB AE RE ) A E S B AR AL B T AN
TR 6]l DR [R) A= 28 R G NPP BEA T S FOAG 3, v DLt — 20 1 i A A8 R GE N L 7 17K B 12 A
RE T B0 AR DG A ISR IR BRI A R IX A 4 NPP (4 Bt 28 A3 A RRAE RS F X A S IR A | ¢
PRI RRSE A DA S A 28 R GE I S R4 EA E 2 i B S BRAN B

BEA 2 (AR A R DR e | 255 RS AL 7 DA AR 0 R UL Bl 9647 NPP A E il —
A R 0 BF 5% 05 e , W Thornthwaite Memorial 7 Chikugo BiRI) BIOME - BGC Bi#I) BEPS i
T CASA BRI GLO-PEM A1) Hirf CASA BEARE A — b 6T AR AR B A 1 LB 28 Y 28
JERSHERY | BE 1% o B A5 00 1B AR MO B i Gk R T S T I8 — 4k 25 (B A B A 2K ( Normalized
Difference Vegetation Index, NDVI) ZEAE#% % % DX 380 NPP AR L] %) (R0 AR [7) f851, AF 5 45 10 R A% 3 — L 218
F#E45%0 ( Kernel Noramlized Difference Vegetation Index, KNDVI) JZCEK 5l CASA #i% LIHE 5 NPP AOfh 5
RREN S DRI, ARBFFE7E CASA BRI ERE_ 51 A KNDVI, A7 ) i — 25 Bl 4R 3L 138 1l

Bl 35 R S8 NPP (AR 02 Z R R R 45 A5 m, o AR ARG Sh 0o 11 ROk il
JIE SRR A5 R R T2 B MR R B 1 [ B B ) TS T e SRR A BRI MR A BT 22 ST A, A
9 B T LA S A 0 R O 2R AR B A 7 T A AT DR AR DG BT R BRI 0 A O TR
BT IRI AR R AR AR 00 (H 25 5 2 N RIS T B 22 5%, Ak 22 M Sk RS B b
PR AL MG Sh7E A g NPP 224 b I 94, vl DL s i gl 28 A g SRS BILR] , I 76 7F 22 IX St 5 v
B At g

Ze UL L XA S F ] pg E M SR, 0 TR DR IR 5 . L M DR B Al 4 R A ] 5 25 D T EL AT B
X, HETCAFFHEHIE TR NPP X 28 B X2 g m i DL SR AR IR e P R
A Ko NS5 Sh XA NPP RS20 H SR 658 Il XK P NPP I RFSE B 2 | LU 2E 1L
5K TE S ARXS BT R AR R X BRI 1 X0 28 OO LU XA 4 TH B . T I, AR SCR AT CASA RREAUREN 2%
ELLLX 2001—2022 AFA IR NPP, 575 : (1) 875300 — HAFZR LI X NPP I 25 AR ; (2) RFEA ) £ 3
FIFHZE AL A HE RSN X NPP ZBAE RS20 5 (3) A U B AL TG XS A B NPP A2 A AR TTRRE

1 ARFEESHIEERE

1.1 WF5E XA
ZEEIIX (102°—114°F,30°—33.5°N) M b v & ip &8, B AR 24 29.36 J7 km® , BEESBEPY 0l pg 9L
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BRI HOR 7S AT, 2 E W R b AT . IR DXk 2 7 AR IR ) 2 (R 43 A RRAE , A 2 2k AL
B o B2 0 th ik DO 2 AR L ik (B 1) o 28 B L DX T 0 Rty 28 XU A ety 2 LA fe ) it O
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Fig.1 Elevation and Geographical Map of Qinba Mountain Area

1.2 Bk a5 Ak 3

AAHFE R N EF e SAEAE AR S5 (https :// cds. climate. copernicus. e ) B 5 7K A0 4R 5 45006 A &
>k A 32 E E Z A2 it KR ( National Aeronautics and Space Administration, NASA) MOD13Q1 (d& 7= i (https ://
modis. gsfc.nasa.gov ) B NDVI E 8 Sk B 57 X ) NPP {H., B 8] 25 B #7507 2001—2022 4F, R HEHT A 7%,
MOD17A3 [y NPP il FH oK PP A A SCREDZE SRy T S

HUF R AR R ( Digital Elevation Model, DEM) 3k [ 3 [ [ S A 25 il K J&) & A3 169 30m 43 10143 B2 ASTER
GDEM iz | I M B2 [a) B == ( https ://www.gscloud.cn/) T #4531 | 258k | AR bREL 5 FNER 5T 1Y i b #
PRS2 E L X R G R A DEM %8s, A FH%E >k § CLCD ( China Land Cover Dataset ) (4} £
(https://cds. climate.copernicus.eu) , 1ZEHEHET Landsat B3 Hl 1 1 b [ 4F B2 4 #0F) FH 78 56 8008 52, SR i
iR ATk 80% , HAHELS Globaland 30 257 fi HAT B Ry M (] 73 B3 HADHE T 1985—2022 4R 1) 30m 13
FFHBERE S ZEAR AR AR T AR AR FE K VKSR AR #3393 55
R, FEARMTSE Y, BRI 2001 4EA1 2022 4E AR , IR KRG I — D Fr e, T oA,
AWFTERAT ArcGIS 10.5 FAFHF B A 2 125 (6] 73 BEREREE N 250m,
1.3 Wk
1.3.1 CASA BRI e NPP 155

ARG 2001—2022 4F K SR RS ONDVI B, 55T CASA BIRDRBHIISE X ) NPP, CASA
B 0 NDVI B, 35 FOGRER R DAl iRl A A R i NPPOY | HERGAAR .

NPP(x,t)= APAR(x,t)Xe(x,t) (1)

Hop  APAR(g C m™ ™) ARSRIRTT « 1256 « AW & A AR ST EEBORTOLE A RURSS (PAR)
VR B X658 38 S A W L 9 ( FPAR ) L 1T FPAR AR B X2 NDVI FUE B ISR P AS T34 10 5 & S BE T
x TESS ¢ AAEBR R R CREF IR (g € MITY) MR RIS, 12088 3 ) e R e L RE A
HeR N 0389 MHXSHOTF AT .
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APAR(x,t)=PAR(x,t) XFPAR(x,t) (2)
FPAR(x,t)= (FPAR (x,1) xpu+FPAR (x,2) ) /2 (3)

(NDVI(x,t)-NDVI, . )x(FPAR, -FPAR ;)
FPAR (x,1) ypy, = : +FPAR,,, (4)
NDVIi,max_NDVIi,min

( RVI ( X, t) _RVI[ min ) X( FPARmax _FPARmin )
FPAR (%,1) gy, = ’ +FPAR,, (5)
RVIL ,max - RVIL ,min

_ 1+NDVI(x,1)

RVI(x,1)=
= NDVI(xa1)

(6)

Hr PAR(g C m™2H ") J1a T A DA S MY 50% %Y NDVI(x,t) RVI(x,t) FIETT « 76 ¢ H 1k
Pl 85 5 17 20 LU A A B HE B RVD) ;FPAR (x,1) youy JFPAR (x,1) o 23843 NDVI 55 RVI 358 A4 0 « 16 ¢
H AR 2R R I L], FPAR,, =0.95 5FPAR,,, =0.001 ff R4l 57 244, NDVL, , FINDVI, .
SYNA AR @ R NDVI S KAE i /IME , RVI, MRV, BUFTA RVIAA 5% 1 95% E 43,

S NDVI BRI T AR Lt A8 4 | vl e BOUE 2 20 0 348 X o0 R4 2% B DX I SR AE AU TR I
MAHES TAESE ) NDVI,KND VI X160 FEE | i 25 152 2% W0 478 20 B AT B 5 i FIRE 7, A8 T Ay o ff b 0 4t 49470
NPP | B4l R AFAR AR Y KNDVI R IETHLAS 24 > 428 18] 3L A% pR 8 ( RBF) |, 3176 B ABF S LR |, 5
AW —AAEL AL, THREAT .,

kNDVI =tanh( NDVI*) (7)

1.3.2 LM air

HRAE 2001—2022 3] 1Y NPP G IeEUE AR L , @37 3L T4 T — otk B I 72, LA B NPP 4B
Ak HAIRFIR 2001—2022 4F NPP 4R L4 .

nx 3 i XNPP = (X ) (X NPP)

nx Y A= (XD
K, slope S NPP [AEAR LR ;i ARG i 4F ,NPP /RS i 4F 09 NPP {8 ;n IWFFE AR, AWF5EH n=22,
24 slope>0 B, NPP 3411 ; 24 slope<0 i, NPP Ji/L>
1.3.3 Mann-Kendall #3456

Mann-Kendall #3465 & —FhAE S50 50 46 5 7 1 , i Mann il Kendall #&H ‘& BEUS R I b 45 7 i)
6]y 51 By R A s Ak 38 T TR ke #4251V, T RE RS ARG M T THE . NPP SR e pffssrp . HEEHG
W EWT .,

(8)

slope =

n-1 n .

S=2 ., ZFMSIgn(NPPj - NPP,) o)
1’NPPJ_NPP,>O

sign(NPP,-NPP,)= 40,NPP,~NPP, =0 (10)

~1,NPP,—NPP,<0
. (S-1)//var(S) ,S>0
) (S+1)/+/var(S) ,S<0
s NPP, FINPP, G301 56 o AEFIER j AR NPP 88l , B i<jsn WEHEEGKE A5 n=22, Z h—1
IEBA G var(S) A2, FEREWAKT o FlFATREERE, R 121 =2, W4 R B, 4
| Z1 KT 1.96 F12.58 i}, ZoR %oy il it 1T B A5 95% 1 99% 1 S E MRG58 . AHF S AR 4 A8 b fa ¥ b 2%
PO ZE F0 22 1211 X 2001—2022 4F NPP ARfb #0535 25 BURbRiEansR 1 R,

(11)
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R1 BEBEEUSER

Table 1 Trend significance classification table

NPP A s 7 it
Significance of NPP change trend Trend Statistic
M B /D Extremely significant reduction <0 7<-2.58
B E WD Significant reduction <0 -2.58<Z<~1.96
ARAEAS 2 Non significant changes — -1.96<7<1.96
B ERK significant increases >0 1.96<7<2.58
B EHT K Extremely significant increases >0 7>2.58

1.3.4  FERHERE

3 ) PR R 6 A — PP S s B BB i) DX ) P, 030 5 A 4 b R P2 B 22 Il e i S R 70 R
SE AR AT, UL S 2 3 A A b R PSR R R A s A B, AR IESE R A R RS AR R 23 B
Z X 2001—2022 4F 4 i F FZE T AL RS B 15 D0 AN 28 [RI A5 A8 o ARl . THE AR

Sy Snpo Sy,
Sz] Szz S2n

5= : : : : (12)
Snl SnZ o Snn

S, (km?) FRIRER @ b bR AL ) 55 7 Fb - R FH SR A IR 5 0 Dy SEm B0 - R F S AL
FRAIA Y 1 MR A s n FERIFSE XS - MR PSSR 0 BB, AT 5K pi At - b 1) FH 2 02 Sy B
(GRS AR o3 B T B b2 K b BF G A S R i o b AR s 1) 5 A S AR R 4 SRy AR B MRS 5
oA b 2 A0 A N 3 b 3 (0 e R S AR 3 A 3 LA IS 5 4 pR bR, | Bt B AR b =2 ) A B AR A S A
T i AL P b b S A A AR Y, St 12 Fh b 3R] FHL RS RIRI A A B N T84

1.3.5  ZJullAER 2 0 B AAEXT BTk %

B 2200 22 3] DL A B SR AR AL RIS s % NDVI (B 820, 3 ad 2001—2022 4F NPP ¥{H
5K SRR ST EIE I HE 2 ot [ M A A 3REC NPP FUUAE ( NPP,,. ) , CASA FERIAEHIAS 2] /Y NPP {H
FSEBR{E(NPP,, ) ,NPP 5822 (NPP,, ) RPSE R85 W0 22 [8] 09 2208, £ ISR AE N2 TR S XA 4% NPP A2 4L (1)
s, Fe RN .

NPP .. =axP+bxT+cxSR+d (13)

NPP,, =NPP, -NPP,, (14)
K, a b e HENHZREL,d FENHFEGP TSR 433 5T X 22 B4R 1) 23R K & (mm) AEYSIER(C) M
R BH 8 S (MJ/m?)

FRPEZE 11X 2001—2022 4E (% NPP  Fl NPP,, I ZePE a4 o B R AE AR R T g
FIREHE NPP AR b, IRah & H X STk 2 A 7 3k X 48 IX A B NPP A8k if 32 B0 3l 1 & 147 X 4
(3 2) RS MEAL AN Sh X LB NPP A8 AL A A X BTk

2 ZERAMH

2.1 BIRDKSEETEMN

il MODIS-NPP 7 i (32 AF P (E AU S R AR E (181 2) , AT RIAS 1] KNDVIE 34T CASA HERIASE
U EH RMSE 4 27.01g C/m* ,MAE & 30.71g C/m’, # tb 22 F i I NDVI #3045 £ 1Y) RMSE 4 34.36g C/
m”> ,MAE }j 52.41g C/m*, F AR5 A9 CASA FSERURS B o & | [R5 SCRFFE 36T kND VI ORI Z5 5
2.2 ZFEMEINIX NPP 28 shZ40Hr

ZEIIX 2001—2022 4E [ NPP AEHI{EHA T 467.75—649.72¢ C/m”*,2001 AE{H A%, 2022 A, Sk

http ; //www.ecologica.cn



1834 JAE = 45 4

AL S CHEn AR 4.30g C/m*(P<0.05) , 24 FI{H K 585.11g C/m*, HIE 3 ATLLAEHZEEILIX
NPP H& {47 (A% Jag 5% Hh i 72 DU R A A0 AR RRAE , NPP 5 B 1K 0 BAE 2204 L JOR R B8 1 ok X3, AR IX 35 32 4
AAE U5 N BORATR B SR B A4 N1 ZE X NPP BI{E N 0—200g C/m” ,200—400g C/m’ .400—600g C/
m® >600g C/m’ i, 735 5 SRR 2.82% ,14.16% 28.27% 54.75% , 2 WIZ2 LU LLIIX. NPP AR B {ARAT

®2 1EW NPP EURFERHAIZI R THEITE

Table 2 Identification of driving factors for vegetation NPP change and calculation of contribution rate

0 P p R S FHXT BTk #E Relative contribution rate/%
b i e Driving mechanism S AR NIES
A | Occ | | O |
>0 >0 >0 XU PR TSR Bl k35 ——————x100 ——————x100
[0 1+ 1 0cc | [ 64 1+ 16 |
>0 <0 AT B IR B B 0 100
<0 >0 SRBAL IR B 100 0
N [6cc | [0 |
<0 <0 <0 XU R -8R iR Ak ——————x100 ——————x100
[0 1+ 1 6cc | [0 1+ 1 0cc |
<0 >0 AT SRR Ak 0 100
>0 <0 SRR BR AL 100 0

0., : NPP SEPRERIZNEERAR 0, . NPP IRZZAIZAME R 0, . NPP FUNE LB R

700 700 ¢
RMSE =27.01 ® oo RMSE = 34. 36
Lo MAE =30.71 ° o MAE =52.41
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Fig.2 CASA model accuracy verification results
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Fig.3 The mean NPP, temporal trend of Qinba Mountain Area from 2001 to 2022
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ZE M1 X 2001—2022 4 NPP AL A F LIFE IR 3 (0g C m™ a™' <slope<Sg C m™ a™' ) A E(E 4), &
Lbik 42.95% , F 2R EAE RIS M L B R L e, LRI D (slope<Og € m™ a™") Y IXIH 5 17.52% , F 2
AL T ZE L PG ER A AA TR B K B R AR R B 00 p e SR DRI SR Bz DX L R Z8 s 1L R R U 1L kv v
F L1 DX DA R N 20 3l B D 2B, 28 0L X B i T AR I DX S B e K (slope>5g € m ™2
a’') o MZEEINX 2001—2022 2@ B EMRE (K 4) , ZEILIX NPP BRI K ER, SHF5IX
NPP (A AAE o) — 250, L K o XU A 35, R 5% XTI R 58.15% , 250 A0 76 2804 Lh ik TR B
L PR “BUAB A A K A (BRI X LA % VG 0 v L X, 3 8 Ul /0 DX i B2 3 v ) 2 ) ki 8 8% IX 3, 3l £k
AN 23 R B R AR AT 35 NPP 32

N
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e i B
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NPPAEfL##/(gC m2a™t) I
B0 [Jo—s [Js—10 @M 10—15 [J>15 0
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Categories of change trends
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[ RTERnY [ B R w8 | RianER i Categories of significant change trends
0 wBEsEs Il BEm
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Fig.4 The spatial trend, and significance of Qinba Mountain Area from 2001 to 2022

2.3 R[R - HUR AN NPP AR 4k 25 550 Hr

FET 2001 4FFN 2022 4F (& 5) WA 1 b R FH 53 25 18] 3 0 B S B R4S 31 28 11 X 2001—2022 4F
B - M A FHARAEAE B (22 3) . AT LAFS R BV I X 2001—2022 4F b F AR & & A 2 A8k . BP9 IX ) 28
- Hb R 2SR SR AHE, , ORI R R b, 3 = A5 AR 7 LR I A 95% . IR SR I ) 4 2 K i 2
b N3 b AT HA 2 e Ao 3 i B o B i IR IS 69.08% , 2% WIFE B 5% 1 1a) 36k it &% e i
T, MR TSN A MR S i e 22 AR BRHB A EL A 2001 AR 64.77% L TFE] T 2022 AR
70.65% , AU T 17599.8km*, #FHb AL 2001 4 1K) 62536.5km? I /b F] 2022 4E 1Y 48743.38km?, Hu Ml
20.57% FFEZ 16.03% , B HbFITE A b 1 FRAE 22 AR 6] 20 5020 T 4592.93km> il 1373.62km”
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Fig.5 Land use situation in Qinba Mountain area in 2001 (inner ring) and 2022 (outer ring)

M R RS R AE 2001—2022 A HATR], BfH 1 A8 Ak 2 f 16 BRI, 7 i AR IR 31 T 21032.76km”, #
RS 1] 1 ML, o5 % R 73.07%  [RIES, BB IRT AR AP 58 T 7239.62km? , EER A AR AT R, 1B
I AR ESE AR T L S5 A [ B0 5 5 A5 MR bt B2 B b T A P 5 Tk At 2 o TR o K M 28 s MR P 5 A i
IR 4.79 £ RULBPHA M A B —E ROR . (AT RIS, Bk ARk AR b 22 (BT A7 A e A e
b, Bk TT B IS 325505 AE 3 T AR A ), o b A i R i A i Ay o i U 1) L XK

%3 ZBEWLIKX 2001—2022 &+ F) FEBIE R/ kn®

Table 3 Land use transfer situation in Qinba Mountain area from 2001 to 2022

Gy AR 2001
Year  Land use type L b0 THEA i, N3z HoAtb A
Crop Forest Shrub Grass Built Other Transferring in

2022 kb 3895.56 106.81 3144.94 20.25 72.06 7239.62
PN 15367.63 1571.56 5286.28 0.13 10.63 22236.23
HEA 31.25 368.19 193.44 0 0.19 593.07
=80 3732.69 270.88 287.88 0.13 25.56 4317.14
Ntk 1462.25 89.88 0.31 70.69 33.38 1656.51
HAlh 438.94 12.00 0.13 308.88 180.19 940.14
L2y 21032.76 4636.51 1966.69 9004.23 200.7 141.82
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