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Abstract: As a key indicator for measuring terrestrial ecosystems and an important part of the surface carbon cycle, net
primary productivity (NPP) can reasonably assess ecosystem changes and sustainability. Based on MOD17A3 data and
using GIS spatial analysis, correlation analysis, and geodetector model, this paper discussed the spatio-temporal pattern and
dynamic variations of NPP in Qinling-Daba Mountains from 2000 to 2014. At the same time, the quantitative analysis on the
natural and human factors affecting NPP were carried out in order to identify the main influence factors. The results showed
that; (1) in the past 15 years, the growth rate of total NPP in Qinling-Daba Mountains was 0.65TgC a™' with a fluctuating
increase trend. The average NPP per unit area was 493.09¢C m™ a”' with obviously regional differences. The NPP was
higher in the west and lower in the east part of study area. (2) The total NPP of different vegetation types was different.

Broad—-leaved forest and cultivated vegetation were the most important types contributing to the ecosystems of Qinling-Daba

Mountains. (3) The NPP changes in stages with elevation and slope, among which the extent of slope’s influence on NPP
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was weaker than that of elevation, and NPP had a significant positive correlation with rain, temperature, and
evapotranspiration. (4) There were significant differences in the contribution rate of the natural factors to the NPP ( P <
0.01) with the order of ET>rain>temperature>elevation>slope. The contribution rate of interaction between any two natural
factors was higher than that of single factor, that is, the NPP in the study area was affected by interaction of multiple
natural factors. (5) The impact of human factors on the NPP was manifested as the profit and loss of total NPP caused by
the change of land use type, which can be divided into the positive effect of returning forest and grassland and the negative

effects of urban development and human destruction.

Key Words: NPP; spatio-temporal variations; natural and human factors; geodetector; Qinling-Daba Mountains
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Fig.1 The elevation and geographical location of Qingling-Daba Mountains

SAEBRA AR TR SOR A ZE BB . P, 2000—2014 AFRE RS A1 RS0 R J5 T v [ RL22 B % IR ER
BR800 (http ./ /www.resde.en/) | 25 [A] 3 ER Tkm, 52T 42 [F 2400 245 420k 5 H W E 4 | 1
ANUSPLIN 04 - W5 8 2% pR B 20 B 3 (A 1), e X URRAIE Rl 43 A X, 2% 12 ( Evapotranspiration
ET) % 2000—2014 4= MOD16A3 7=, R il ; http ./ /files. ntsg. umt. edu/data/ , ZEIGHE AL 4 T4
i , 3T Penman-Monteith 18 EBALE T 25 (0] 50385 1km, FI ] MOD16A3 ¥ X 2% Bl E A TAfF 7% L 45 5]
Iz R FHARUE > SOZ e 28 L X AR TP A ARG R B Sk AR SCIR BGHATE A R PR 7%
Bl BT, #2 A SR IR G0E > 432

M PE R SRTM 90m DEM 7= 5 , i T i B 25 [ B0 = ( http: //www.gscloud.cn/) Mo AR
PRI | FEARYE D IRAFAE ) Bk AR B A bRt (GB_T15772—1995) %l 50 6 2%,

TR AR 1:100 T3 A& 5cd , BFE XG4 i i AR BT bR R (BN BT fr) RSB 6 RS AL,
A R & S 2000 F1 2010 AFEFTHA #5053 280 R K00 o AF L b | skl K B P AR R F L 6 > —4
o VA BB R T R e B PR PR BT R B ot Chittp . //www.resde.en/)

b IRERAIE YR A A DX R T e BB, AR RE O WGS—1984 5 [ MODIS £l L HDF #% X A74 , F)
FH MCTK T HAE64h tff #8219 505845 NPP Hl ET W& SO s oI 550 8 R AE K 1km,

2 WRGE

2.1 GIS Z5 |50t
B XoF 1 £ A 1) e 5 B8 , AR SCRFH GIS 25 (8] 70 M RO LM AU & %) NPP AR (L a3 AT 2 A oA, - 0F

http ; //www.ecologica.cn



4 2 R

&t
s

Eild 39 %

FTREE F RS AR

nx Y (i x NPP,) = Y, i) NPP,
Slope = =l L (1)

n

nx Y- (X))

1, Slope K1 NPP BUHLARER, NPP NS i 4F NPP A, i WA, n AFEARSL, Slope S WL — i BE B AAE
fbia Slope>0 E¥GMEaH, e Z By, A F /Al FHE 2R, BB EAKT- R 95% F 99% i, ik A
9 4.667 F19.074, AR Ak a0 73k 5 28 R 2 D (Slope <0, P <0.01) | {2 82V (Slope<0,0.01
< P <0.05) AL AR E (P <0.05)  BEHHN(Slope>0,0.01< P <0.05) M i E 441 (Slope>0, P <0.01) ,
2.2 MY

ML 2 2 (AU AR B G R U AN 5, 3 B el o WA O R A TR RTG Iok sE a L AR Sl i i
WA (8 25 8] 3 BT ikt NPP R LR 8l R - I AH S EA TR, T Ay

Y -0 G- 9)

JZH, (xi_x)zﬁ/i (yi_y)z

v, v, 9 NPP SHREI P F A G REL, , W4T i 4F NPP A, v, 5 i AR {8, x 2 15 4F (] NPP “F-3MH,
y A 1S AR PR3, n A REASER, SR RS X A OC R A T 2 PR
2.3 HBEEEIES AT

bR S R R 2 (8] 53 S0, DA KR R A SR IR 3l 1 B — A et 2 5 ik s KU R | R 4R AR
ARSI A FAEI 0 AR Sk FF i EHA 0 25 Ay R P40 A0 58 A AR, e PR 3000 A A AT 5 Aol
K2 2TE N NPP 23 8] 43 5 F 2R iR AL

Pt Yn,0 (3)
nO’HL'=1 ’

K, n il o® R IXIREARBCRTT 22, m A D B XAEL, ny, A DAE (0 =1,2,+, m ) PIXIFEAEL, P HUE
JEHE[0,1], PAEMKIRIIZI X NPP (152 0 AR P AE R/ NAT ) W7 45 PR 1 Tk

A HAE IR, FARTEOM P AN R 6] B 52 AR, J2 5 23 080 55 B0 58 6 NPP 520, 3535 R[] 1 22 BAR
FSEAr Y TSk B e, s AR () IR E T X, FX, B PAE. P(X,) F1P(X,) ;FRAAR
(3) AN FAZH (RP X, F1 X, AR B SE— B 2 X, N X,) I PAE: P(X, N X,) .

LHARMEERI T . min(P(X,) ,P(X,)) <P(X,NX,) <max(P(X,),P(X,)) ,WAZH 5PN AR
WS P(X, N X,) <min(P(X,),P(X,)) U HFIELMEMET; P(X, N X,) >max(P(X,),P(X,)) Nz
HJEMHAFHEE; P(X, N X,) >P(X,) +P(X,) JUZHJFIELMER#E; P(X, N X,) = P(X,) +P(X,) I
LHJEMAL,

(2)

3 HBRE5HM

3.1 AEWE NPP I a] AR AR

Z X 2000—2014 4F NPP 2 (19 4R BR A8 A6 52 0 sh B ke 35 (&1 2a) , 343 0.65TeC a™', I 83 [
87.31—121.15TgC(1TgC =10"gC) , LA F-IMH 110.74TgC, Hidr 2008 4 NPP i ik 121.15TgC, #8 H S
I 10.41TgC,2001 4F NPP S it fefRAY 87.31TgC (IR TF-3{H 23.43TgC, FAEXT L NPP it 25 V- 4 (B 1)
FEEE , Hirh 2001 451 2011 4F i 25 - XA BE R K, 2003—2007 4E3 18] NPP B B 76 - Y (8 8 Bl e 3, A8 1k
B, M\ 2012 42 NPP BB 34 T 24 FHMH,

K28 EL LD DA TR NPP S3(E R4 R 6 AN SEFOIE G E 43 L, B 2b 255 7R . 2001 4 NPP 1A

http ; //www.ecologica.cn


User
高亮


22 4 APl A5 RN 15 4RAE B NPP 23 U ASRAAE & A 885 00 T 5

AL 388.76gC m™> a™', 2008 4= NPP 4 {E e i 539.40¢C m™ a™' , HAYF(r 9 NPP EI{H 4140 F 300—6002C
m™> a” EEN, TR E S AT 48—83% 2 ], AT X NPP HI{E Y EZEHAIX . NPP HJH<150gC m™ a™'
B TR 40 He AN 2001 4EK 9% , HiAYAEAR H4/N T 4% ; NPP Y{EAE 150—3002C m™ a™ A AL E 43 HL , s 2000
AE AP AR 5L S /D H NPP S MHTE 600—750¢C m™2 a”' BT AL 43 oA T 8—26% 2 ] ; NPP H{H =
750gC m™* a” YRR A 4 HEEEARAE 5% LA I, {H 2001 4FF1 2011 4EAN 2 1%,

NPP#E 43 BEIX W]
=750 = 600—750 = 450—600 = 300—450
127.5- =150—300 = <150 =~ NPP¥JfH
y=0.6519x +105.53 100 560~
0 119.0 B B o
& < 80 520 g
S 1105 2 o
o 2260\ 480 i 2
e 2 m 8 V T3
ZE 102.0 x %g 40 440 % E
B s - NP REP E g g
z T - BB <20 a 400 2
[ =5
85.0 Lt ! | | | | | | 0 LT | ol 360 %
2000 2002 2004 2006 2008 2010 2012 2014 2000 2002 2004 2006 2008 2010 2012 2014

44y Year

2 EBWUIX 2000—2014 &£ NPP B8 (a) RI9E(b) EREW
Fig.2 The annual variation of NPP total (a) and mean (b) value in Qinling-Daba Mountains during 2000—2014
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Fig.4 The regression slope of NPP mean value (a) and significant distribution (b) in Qinling-Daba Mountains during 2000—2014
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Fig.6 The relationship of mean NPP, DEM (a) and slope (b) in Qinling-Daba Mountains during 2000—2014
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Fig.7 Distribution of correlation (a,b,c) and signification (d) between NPP and climate factors in Qinling-Daba Mountains during

2000—2014
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Table 1 The result of factor and interaction detector for natural factors of NPP in Qinling-Daba Mountains during 2000—2014
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I P52 ) B 55 F R A

FRYGAZ AR FHERI 25, SEPRZE 0 N TR (0.0993) |, SERRZEHUR N (0.1354) , & BAEH PR T —
HIKAH 0.0946 , F 0k WA T35 HAB P PRI sC B P HK T P(X,) + P(X,) Z M, £ R AL R
X NPP sk HELE AT =7 1 32538 BAE R by - SCPRZE 0 20 1) 5 0 e A = R R AR G SR R I
TUBRRAN ], A5 S5 PRSI 3¢ AR F A9 DT AR 3206 K TR R 5 XSl 22 AR 1 b, S PRzl 5 s e se BLAVE
W45, N BE -5 IR S ORI M R R AL A IR LA T
3.5 FHBE NPP BN CHHF T

N AT B A 7 3 e AR A b R O X, 2 L A 0 o A FHRTIE I A Y F T S 3
NPP EAARAL ) ARSCOR A 225U, £ MR/ B AL (LUCC) Rt H A IR TS s X

Gtz X LUCC i fLARfb 18 &, % 2 45 3 7 . 2000—2010 4 fF 5% X M ) A i AR 4k St i
1227.28km?* ; Hirh kb5 5% ) S A TR AR 22, o0 350.87km? , (L BF UL A8 SR AR 42.77% ; ok B 7
RH, LA T FLR 202.42km” 5 5 G 1 O SO MO, &7 BB SRS LT R 56.26% ; A F b B T AL D
HEZR K E, DI B 28 10 4F T 1Ry AR 1k ARty | Bt 7K Sl g 152 F vy T RR T b 348 i
b 00 k0 | - R R R O X A R A A M R Al i 2 R B A

ASTA] = R FH AR ARG NPP 4535 (5 7] (5 B NPP B AR L A7 A B L AR %5 NPP 4 i - i 2 Al
RS BRI NPP BARAY T b A S AL NPP S AR Sz, oA R At KR 2 i b %5 NPP (B3 fIK
) - M 2 TR S bR, LA NPP %5 i DI, NPP St AR Se g3 22 1 1 X s ) 2 B e 7%
1) NPP oig , DUARENT NPP B 23 AR N I, 3% 3 255836 B . LUCC 1 i NPP S i 784k 2012.49%107
TeC; Horp B fb b b E LT NPP S A8 b ds Ry B 2, B NEL R 772.68 X107 TeC 5 B b5 ) 7K 35k |
AP T NPP S /D 375.11x 107 TeC s M 7E % A oAb i 2L NPP s i 3447 020 5 B 3% S Bk i
NPP K 221.81x107° TeC, % Fp b i 195.08x107°TeC.,
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*2 ZFEWUIKX 2000—2010 £ T i F) BERTHEBLERE/ km?

Table 2 Land use transition matrixes in Qinling-Daba Mountains during 2000—2010

2010
N VAL A - o
B 3 ) Kb - FElaT
Construction Unused .
Farmland Forest Grassland Water area Total in row
land land

2000  #F Farmland * 202.42 350.87 154.02 111.11 2.02 820.44
FHb Forest 27.01 * 62.19 22.99 18.01 11.09 141.30
L Grassland 59.08 140.40 * 32.03 16.02 2.01 249.54
K1, Water area 5.00 2.00 — * 1.00 — 8.00
FEX i Construction land — — — 7.01 * — 7.01
AA L Unused land — — — 1.00 — * 1.00
H75 4k & Total in column 91.10 344.82 413.07 217.04 146.14 15.12 1227.28

“HTAEAL " 48 2000 AR AR IS TS Ol 2010 AR A S o B b ARAR AL 22 R < B AR AL a4 2000 AF AR TR S TR A
2010 4FEFER S e T T ARAE (L 2 s — B TCRUEBCEEAR A 7 ORI LR T R B A R AT o

#£3 FBEWLX 2000—2010 £ 1t FEAFEE T NPP 22THEER/ 107°TgC
Table 3 Total NPP Variation matrixes of different landues conversion types in Qinling-Daba Mountains during 2000—2010

2010
e N VAL RA PN
it i ) ki o st
) ) Construction Unused R
Farmland Forest Grassland Water area Total in row
land land
2000  #FHb Farmland ® 209.59 563.09 -266.89 -108.22 -18.42 1166.21
FRHb Forest -84.22 * -19.95 -33.48 -59.85 -114.52 312.02
Ul Grassland -221.80 195.08 * -9.67 -19.54 -27.25 473.34
JKIK Water area 6.86 27.96 — * 1.40 — 36.22
#5E FHH Construction land — — — -7.90 * — 7.9
AKF)FH# Unused land — — — -16.80 — * 16.8
5| 7254k & Total in column 312.88 432.63 583.04 334.74 189.01 160.19 2012.49

“FT7EA i 45 2000 AR L HUR IS BEL ol 2010 AR RS B NPP SR XT(H 2 1 5112 fh i 4 2000 4F FCAY - s A1) 26 R
e A 2010 SEFER S B NPP S 8 X2 Fll s« —" FOR TBUEBEUEAR /N " Rl R Lt 2870 T AR R L R

4 Wit

41 e
4.1.1 M NPP B¥&E FHTEEM

B UF RN 15 FH PR BE S TR DT AT BE NPP B 23 JARRRIE A FLOR Bl PR, AR ST BRORT F Al 452 780 A 354 1)
KEERAIERE"S | LA ST IX YRRl N NPP 218, 36 4 25K 00, ARRF5E 26T MOD17A3 B 15 2 19 % B 1 X
NPP {47 493.00¢C m™ a™" , FEAUD T4 BERIBIZE I (344—900¢C m ™ a™") JEFEI N, HAEAE bt % [ 55K
B TR R AR ST O R — B RRRAE RIS 1L X, NPP S (E S RGBT A JLE A A ]
FRIE RS 31X 5 058 XA B 2R A 0 SE PR 3 AR AR ) & B IGIZ B AE 2 EL LU X NPP AH G 98 i BAT 8 1Y
AIEEYE . HEAh RIS Ta] BEAY DX NPP M AA7E 25 57, AR R B C-FIX BALAE S NPP 4 {H u [H w5 T
MOD17A3 Hdi" ) DT, NPP Y G I /N T Z2 04 11 X )55k ] i 55 R0 OG5 2 RUBUE 22 57 9T IX 35
RS A] 51 22 57 B B I e 22 A e
4.1.2 B NPP A 25 F50E K R dr

ZELLX T 15 4F NPP /K S FE A R 0.65TeC a8 T4 [ S 24 /K B35 | i sh a3
55 [V A 2 A AR — 0 (I 2001 4EFFRE /D SR s, 1 A 22 B0 X T 5 NPP AR TR A ) X%

bl
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I 4 A 25 AR G RE M 5 52 R S A D Bl 5 128 DA b 8 B X NP ELAT SR IR TR I 35
AR SEASAE , 10 DX A AR T S S AT RO T L, I AR A 7 A3 7 X B et
HOBE P IR . AT NPP 5 R R T KA DG AL 2200 F U AR 3528 53 R DAL S5 e o 52 0
AR SR A, T2 06 L R DU 58 A 3365 2 7 ) L 10 FH 5 AR R A 22 S A O, 2
DAIL AT R e K R 44 0 (G T 20 L e X, BRI, 80 L DX S B2 0 2 1 el 2 K 52 1
LU, A T AR AL & AR T AR

F4 FEILIXEH NPP HES H M ERELIHER X
Table 4 Comparison of mean NPP in Qinling-Daba Mountains and that by other different methods

Bl R

MOD17A3 MOD17A3 MOD17A3 CASA MR CASAMIR  CASABR  MusyQ-NPP C-FIX #57
Data/Methods
WG ]
) 2000—2014  2000—2013  2000—2012  2003—2012  2000—2009  2001—2010  2001—2014 1998—2009
Study periods
Eﬁ%ﬁ[ﬁ I YU IT 9 A % I PANES %3
Study range ZEINX ZIEHRX DT s SiES ZU5 1L gyl [ ZIRIIX
J o)
NPP 5 493.09 400—600  344.6—488.1 >400 amg—mgg 00 27 709.3—852.2
Mean NPP/(gC m™2a™!) ' ' T (BRREHLIX) : TO(RBLK)  (BEBIKX) : :
SCHik References LTI T4 Fgpls) fibtet2] w b3 pUleS VgL

A R A — M X B4 7K R A 5 T A B S B 2 R A AR B ARG S RS B 2K i 4 NPP
A2 AR A TTBRR B, J2 R L L X NPP 9 EE S R 2, R NPP 53N F A& R T a5,
4 T A LT R R 2 2 BRI RZ I T ST K 43 70 R i YRR SR R R R 2R R AR R
0 BN H N XA T R R A K /b R R 2% K e S A R AR KR R
D SEBRZEHURE T AE AL TR A A A S BR 5T, NPP BB I 5 25 00 1y XU 1] X 388 A 7 7 A 30 B
NPP 552 FRZ8 5 1 3 TEAHOCHE , R NPP (R . ASWFSEIE K 3 NPP 5 A% 352 18] B Be R ik W]
HAE SRR T A8 A TR 32 R T i A A2 5 M A S TR 3 A R AR DR B0 T 3 2 38 o 8 4= ol i
A IREVE RSS2 DRI, TRt e s 4 i KRR - 38 2% 2, 5 min L At B85 2 A 1 1 o A A% J= 7= 2
A

IR NPP 1 A SRE B F R G R, T 28 AR i A 25 R — TR B AT R P el
A& R () 3 5] 1 FH A9 Bk 34 8 1 B PR K BIZR B 1L X NPP 22 20 H AR S BAE I g, o,
HOTE 5 S5 P - 58 BRSO B b < SR B VAR TH i R R AL, B E — 2 o & B A S, NPP 55
TR R B AR S B IR B, T B P T v VA b DX T AR 35 R 1, TR AR AL B RS T NPP 5 K
AR G ) 58 4 R B, 37T e S5 AP A 1 XN R BRI 28 T 7™ 5, 22 o ) | R A sl B A, 32 7K 40 5% Th R
FEP

N R FXF NPP 520 B0 + o f) 7 =0AR (bt il NPP B A 25, UL 2010 4, 5% A2 M | 5
) NPP s 38 975.77x107° TeC, X & H T B K Lt 7K - AR RE B MR BEBCHR Lok | 28 B4 1L X 4 7 o5 i
PR BN OBl 65 RE 74T BT 5 LR T IR 5K M NS G BRI O X, R Y 2 [ B
SHhHh ARHE AN M D | 7 S NPP R 186.21x107° TeC, I, LUCC X NPP (540 1] 43 by ib bk 25
FEORR A0, e 3Tl 2 Je R N R IR AT A s, X 55K IR A5 AR M

25 LRI TS0 NPP (Y HARFIACH H R AR NER G R LR %, N2 NG 3 I K2 HE AL
ik, FHOTF NPP B2 2840 H SR A A PR R EL 38007 0 B AT A AE AR R A AN s M, AR5 AU = b |
F 5 X6 7 I A6 50 H T RIESE X NPP [ R B 7, 25 SR N80 sl s Ak 7 vk DL R A AR i 8 A
A TG R RN T M2 —
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ASCHET MOD17A3 19 NPP %tdl , LA KA MR | A9 2 78R 4 Hb R R R8s, 6 28 B 1L Xl 15 4F NPP
PR 23 AR A SO FAR 5 R IR Pl AT b oe, 24580 T .

(1) Z 111X 2000—2014 4F NPP 41 493.09¢C m™ a™', P sh{E Fl 29.83—1305.49gC m™> a™" , i3 22 S5 0
o 2SIA SR, NPP SA(E SR (RIBLA RS 0) TR 80% , ¢ IH X Ik 2838 i fe ks . AN R
BT NPP B A7 A 25 57, o rp i e ARORI SR B AR X6 XA 25 2R e de L Tk i 2 AL

(2)NPP 5 HERAFAEAEA DG, P Bl SR I RN, NPP Y48 52 iy Be v AR A i 45 I B 52 i) NPP
AL BE 55 T R AR, BRI R SEPRZEHUR 5 NPP 5 3 IE AR et | SEPR 28 U X NPP 52 FE B (fL 46 i %
PETRR BAH G R K TR A<

(3)NPP W75 {28 52 A AR WA I FINZR G AVE . Hi 25 AR X NPP (1 DTRR A7 Ik 3 25 5%
SRR R R ZE ELIL X NPP ARy 2 [ AR R AR B A 8 SR PR3 ELVE FH 0 DTk s B R, B
X 38, NPP ZE1b5Z ZFh AR R FIIAC HRM . AN RFXF NPP 5200 by - 3 1 F 2 B0 (55 A | IR BLZE B 1 1)
SR MOl o S PR RIS X NPP ARk 32 52 B 38 bR B B 52 i B ek T 2 e N2
MRS A TH A )
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