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Analysis of NPP driving force in an arid region of Northwest China:A case study

in Yili Valley and parts of Tianshan Mountains, Xinjiang, China
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Abstract; Net primary productivity (NPP) is one of the important parameters for assessing global ecosystem stability and
ecological safety, and changes to NPP distribution directly affect regional ecological function and natural environment
evolution. Our study area forms part of the Yili River Valley and Tianshan Mountains in Xinjiang, China. Through analysis
of mathematical statistics datasets composed of NPP, climate and meteorology, soil, and plant and elevation we found that .
(1) the dominant factors for NPP in arid areas of middle latitude were moisture and elevation; (2) correlation analysis
indicated that the annual average temperature, annual average precipitation, aridity, humidity index, elevation, and slope
showed significant correlation with NPP ( P<0.01) and, additionally, there were some correlations among the environmental
factors; (3) under different environmental temperatures, the effect of the driving ability of the environmental factors on

NPP was different; when the average annual temperature was below 0 °C, NPP was driven by elevation (P<0.01) ; when it
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was above 0 °C, NPP was driven by moisture factors (P<0.01); (4) there were significant differences in NPP driving
factors between different vegetation and soil types; (5) the NPP value first increased, and then decreased with rising
altitude, and altitude had a decisive effect on the driving characteristics of NPP environmental factors. Based on the above
conclusions, we revealed the important influence of altitude and the effects of environmental factors on NPP in arid areas of

mid-latitudes. Furthermore, the effects of the driving force of altitude on NPP needs further exploration.

Key Words: arid area; NPP; altitude; factor contribution rate; driving force
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Table 1 Datasets sources and Datasets accuracy
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Table 2 Stepwise regression equations of environmental factors and NPP ( Datasets1)

SEE
TR R Rv . R? % R>  Std. Error R by F P
Model egreb.swn R square Adjusted R?  of the Equation Mean square F-statistic P-Value
coefficient R
estimate
1 0.45 0.20 0.20 0.89 y=0.45X4 1247.89 1571.98 0.00
2 0.47 0.22 0.22 0.88 y=0.47X,-0.12X, 668.13 857.29 0.00
3 0.48 0.23 0.23 0.87 y=0.71X,-0.18X,-0.27X, 467.59 608.47 0.00
4 0.48 0.23 0.23 0.87 y= 0.95X,-0.22X,-0.44X,-0.14X, 358.19 469.05 0.00
5 0.48 0.23 0.23 0.87 y= 0.88X,-0.36X,-0.39X,+0.11X-0.14X, 289.18 379.71 0.00
y= 0.89X,-0.36X,-0.40X;+0.11X5-0.14X,
6 0.49 0.24 0.24 0.87 ’ 242.91 319.71 0.00
+0.05X,
y= 0.89X,-0.36X,-0.40X;+0.10X5-0.15X,
7 0.49 0.24 0.24 0.87 ) 208.72 274.87 0.00

+0.05X,-0.02X,

y:NPP FiifEALIR F, NPP Normalization factor; X2 ; A=) S IR FREAL IR T, Normalization factor of annual average temperature ; X3 ; 5= 2 [ /K f 475

ALIHF, Normalization factor of annual average precipitation ; X4 ; M 48 Z0b7 #E AL Il 7, Normalization factor of wetness index; X5 : T4 BEAR HEAL K T,
Standardization factor of dryness;X6: =10 °C FURARHEILE F , Normalization factor of accumulated temperature at or above 10 °C ;X7 .3 [ AR fEAL H T,
Slope direction normalization factor; X8 YRR HELL IR T ,Slope normalization factor; X9 WEIR AR MELL IR T , Altitude normalization factor

DL BRI X, X, X6 NPP A EAEH, BT NPP B STCRHET I X, >Xo> X, , AR50 8
TR RN YRR K i IZEE R € T K3 Z5 AR 2 NPP RYAVE R, ]3R5 NPP YA Rl 5
TSGR E 2" BRI 1stOpt 844, LA NPP R RZAE & ( Z) TR 38 45 (X)) AN (V) A A 728 i
PEAE  TEH 900 Z2 AL R B LG (R=0.6592) A
_206.62 — 1.87 x° = 0.02y

1 - 3.26x + 2.10y

R — R R TR B M, X458 A Pearson AHICALEEZE RN (£ 3)
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Table 3 Correlation analysis between environmental factors and NPP

A

Correlation coefficient o 2 % = Xs X i Xy X
X, 1.00
X, 0.11"* 1.00
X3 0.39** 0.36* 1.00
X, 0.45" 0.09 ** 0.89** 1.00
Xs -0.29** -0.04** -0.31"* -0.57** 1.00
X 0.02 0.94** 0.10"*  -0.13* 0.01 1.00
X, 0.00 -0.02 0.04"* 0.05**  -0.04"*  -0.02" 1.00
Xy 0.04™  -0.32% 0.11* 0.15** 0.02 -0.35""  -0.07** 1.00
Xo -0.07**  -0.89"*  -0.10"* 0.11** 0.03* -0.93 " 0.01 0.39** 1.00

# . fE 0.05 KFF .3, Significant at 0.05 level; * # ;7 0.01 7K T i3, Significant at 0.01 level
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Fig 5 Average annual temperature and precipitation conditions Fig.6 Datasetsl DEM-NPP distribution
at different altitude
% 6 Datasets] DEM-NPP S #I& AT
Table 6 Datasets1 DEM-NPP optimal fitting formula
F5 B BAE AR R
Order number Optimal fitting formula Regression coefficient
1 y = Sqr( (12.61+ 9.28x%)/(1+ 1.87x%)) 0.6114
2 y = Sqr(11.63/(1+ 1.61x%)) 0.6110
3 y = —502.88+3.63x%°+16.35x—1.71x"° +0.07x> + 1.64x>—6.53x>> 0.6101
y=159388.48—1865.17Ln(x) +7381.72(Ln(x) )% -6183.10(Ln(x))>-6221.49 (Ln(x) )*+
4 4151.70(Ln(x) )°-916.82(Ln(x) ) ®+83.26(Ln(x) )" -0.78 (Ln(x) ) #-0.34(Ln(x) ) °+0. 0.6100
01(Ln(x))™
5 y =305.62+0.27x%5 +1.18x-0.24x"° +0.01x>+ 1.71x> 0.6099
6 y = —2781.36+577.48x%3-42.11x+1.43x" -0.02x> 0.6099
#7 FESEEE NPP-DEM E 3447
Table 7 NPP-DEM regression analysis of different elevation ranges
e R . »
R A . R? JH R? sl P
) Regression .
Altitude . R square Adjusted R? Model P-Value
coefficient
1900 0.631 0.399 0,397 y=616.17-0.76X,-0.05X,+0.11X;-0.07X, + 001
o ‘ : : 1.32X,+0.16X, <
1900 0.707 0.491 0,490 y=1446.3-2.00X,-0.05X,+0.13X;+0.01X5— 001
>0m ' : : 1.19X,-0.30X, <
4 iFig

4.1 NPP fyFZIKS)

SRR NPP 50 43 i 251 38 B SR S K SRRy NPP B K BRI B R s ] AR F 5T 45
REEW] NPP 25— UK = MR 48 4, 5 Rl X7 ek I8, 2 BF 5 A R K 23 1= 6 NPP AR ]
T R 72 AR 5T S AL S B O SE SRAHML, NPP Sk R plde A ML AL 7 i R 0 A AR v B ) 422
I e NPP K20 R R A KT R B A VAR, 5 2 B AR DG Y BREE I A0 45 IR /K 0
TCRRAC X SE PR T2 5 ¥ 4 DR R AT RO AR D E > W HIR T T B X NPP AT S 3 A SRS A T, DA
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T AE TR X B AR5 T KA DRI A, TRAREE ST, RELL RS 7K
VRIS 3, 45 M e A TR Y 20 A | (4532 X el b 6 BR S 25 Ak Xof i B B A R R B A i, e A T T NPT
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4.2 HEEIREXT NPP 891/ H

DX ek bt 36 A A5 AR G A 7 ) % AR B A R Y AR g M A SR R B, 0 °C AE IX sk 4 IR
NPP (3RS HE ] 5 =S A7, 11 0 C LA 5T WA, BN R PRSI T NPP 32 3058 I F-VE AR
SSHUH = A T AR AR A, RUAR R XA R R 8 Jm M NPP A £ SN FAAE2E R, EERSINE L E
T AR UEBIRI A 7R AN XL T, A AN R s, B A B G 19 i PR T B A T 1
SEABE RSSO BT 00, s AR TR IR S R SR A P R AL S 80 B TRt — i >
W, E ST IERF 2GS 15 L, K 1E T REEAR W] BRSO [ AR B 83, K A ZEAE AR N 1Y
&2 BB , IR LR T RE S5 3 e AR N B % I K 1S 515 2 A W Al OB Jovk 52 A%, AT
OB I AR BRI Bh A2 B0 0 HAEARHIE ST A K PR DU ZE TR R R, 0—10 C IREEIR R EREE I
55 NPP [a] 537 (1) S PSS 7R ELAT RE X058 8 40045 2, 00 B A ()3 8 161 1 4% PR R - X6F NPP A4 T e g 0
FETEZESI, HEMEBRURRE S B Rk I+ 5 R NTEBK &R . WA RATTIE A B8 NPP 514k 5 FE 2
AR R . ATHES, BT LA A 7 ) RS B Z 8  BEEEAR AW 2 55— R = B A AL A
YITHAE R K T AR YA 7= BB L NPP S5k i B S A 56 8Os 4 2 A9 e BT R ATT R IR R TR 45
KSR T, & HE R oTil R 2 G, 85 R—E R B TIREEXT NPP BIAEH 1, 538 3,
TETRXE TR A R B 4iA 598 1 9K 3l g
4.3 AN[E SR NPP RIS A T

Ko 35 R B0 T R RS K B & 2% RSN T £ 5 Mg R R MR A K
X} NPP 434 AR A4 B REZM , NPP 333 YR T A A A S AR TR AN [R)AFL A B A AN [] 7 A 2 o7 A A 3
S, HAME B K SRR A R AE RO A AP IR (AT 52 RE 1 56 R B K 22 5, i 8625 R bR FE NPP Hifs
FIPRBL ) B S TP DT SRR, ST, R R S 1 SR R] NPP SREh N FAAAE I B 225, &
B R FRIBRG , 2250 o 3 IZG RO TR s TS R % 5 R 4 F R 45 IR 7 X NPP
HYIRBIEE ST . AEBSS Y] 1Y) 22 S 23 Al 4552 ) NPP , Z2 B0 1) (1) W e 28 Ak AR RO I (BAT A 22 S fe e, B
ANFFEPI R 25 B AR R B EINE it A R R 2 5 - A6 S SR 2 R SCA Y e R S8 il S
P 225 s 9 Ah AEIPET 5 A s B ASTR], B A B ST A AR B Y L 22 R 2 7
PR WL ML S A A 25 55, T M) BE L ZE NPP AT BT B . A SO AN [ A 26 28 4 b 38 5 3o
AT T UE R N R AR 3 1 B A2 PRS2 5 AR AE PR B4 A0 NPP E IR [ F AR R 22 57, SARIR , Fr R
DX VR AR DX 75 X6 7K 43 B AR B 5, T A DX X 8 ) A4 P B

FEY) 2 NPP [ B TTHkE , A AF B 1 T A B A S A ) T 7 178 37 o MK ar ok B+
9, 4500 T 5 AU NPP A 3 AR T, i an 6 vt vh AR A0 v RO A AR K b 3R S R B
Fir B A TR SR HE KLY , T L NPP AHXF BRI S7  SA40 AN 1ty 38 ot A 7Y | i) 132 52 0 1+ 3 XA 40 114
FRATHELRE ST, R X NPP A5 T 520, AR SO VR[] A 32 BB 45 028 28 [R1A 24T, 245 SR 26 AN A ) 1 38
FH IR SN F AR R 2 5 IR S ARG R Hh, TR X, R SR KRS 5%+
B JE YRR, AN TR] X sk 0] - SR 22 S AE NPP AR AS R fRE

5 HFitERE

AR SR s P AT A5 AR L L s o DX P 4% e 5 iR DX -2 , T 20 i NPP 3 d5g 3 B2 B ik [
T, DURGOR T R X AR R A s 35 2R 23RS R NPP ORS8N - 28R 5 5Tk AE J1 . IR A2 R M RETE IR A
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8 1 BRI A5 op E PR F X NPP 3RS AT —— LU gt AL A5 A0 IR L b o X 8 £ 11

HAF AN R IR BE Y 50 T E 2 oTmk 7 i SR SR sl , AR SCLIR [RIAR 38R 98280 ARl 2 AR R A v X D
TRBAR IS, 7 T A5 LU 2548 .

(1) FEPEALHT T X NPP # 35: K 7K 43 R 3 R A2 R 2R DL R 5304 IR 3R AR SRR A IR -

(2) M TP AR T AR X AR P BB K T B VR AR B S BRI S NPP A A G
(P<0.01) , FIEEH T A AFAE— A

(3) AFEABERE T, I X NPP (52 A 225 ,0 °C LAF X33 7 XF NPP BTk % 5 &, 1Ml
F 0 C XIS T DTk o 5

(4) ANFEAE B AL S - 82 R (8] NPP =22 sk Rl 7 M ok 22 5+ 8. 35 (P<0.01)

(5) NPP B, B THE Setb TN | ek s B NPP R T R 3K Sl s e 3 e AR

2 BT R X DA K BE R 32 S A8 ) ST A 1A L 1 SRR A b T A 3 e R AR SRR R A AR
TEYN M RS T 45 B X5 NPP BOVE AR 0 T R I AR S RGBS o8 FAE 28 R G B o8 A 4k
SBME, 3o, AR SUBAEAE— LR R A SC B AR U5 7™ i AR BUE R I, B E#E T T Re & WA 45
KBRS T B RIFE X, (H NPP 14 A 5 2 N L0 8l 0 2 TR A8 03, Bt PR 43 i 05 1 7 sk ol 2 v vl g
XTS5 A Frsgma , (IR 1 km (9 03 B2 R BCBERAE , 5218000 25 0] 73 B SR IO B A A T4, B
TGRSR RIS RS O EUE 5 S PR (B AR — 2500, AR R Bk h 26 8 T 2 X4k R % NPP
BBR SR ST 38 T 46 FRIR A, B AR RS [A] G4k X 5, NPP %o JH b 32 8 A b R 9 52 5, DA R o) A [ 3 4% b e A 4
YiFh ZFEMEXT NPP BOVE RS A B RIS 1 .

B ;B R B BB 5 BT IR ST BT M A S B I R B 5 A DGR SRR
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