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Abstract; Net primary productivity (NPP) is an important parameter for evaluating ecosystem vegetation growth and a key
indicator for assessing the quality of the ecological environment. This study examined the six provinces in the hub region of "

the Belt and Road" ( B&R) in northwestern China as research areas. NPP in the study area during 1982—2015 was
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estimated using a modified parameter CASA model with GIMMS NDVI data, vegetation type data, and meteorological data.
The nonlinear characteristics of NPP changes were revealed with the M-K and EEMD methods, and the response of
vegetation NPP changes to climate change at different time scales was explored. The results showed that; (1) The NPP
values in the vegetation growing season generally showed an increasing trend with a linear growth rate of 0.718gCma™. In
most areas, NPP values should continuously maintain the current trend of change in the future, especially in southern Inner
Mongolia, the Qinghai-Tibet Plateau, and the edge of the Tarim Basin. (2) The dynamics of vegetation NPP were mainly
divided into 3- and 6-year time scales, and a long-term increasing trend. In northern Shaanxi, northern Xinjiang, northern
Ningxia, northern Gansu, northern Qinghai, and central and northern Inner Mongolia, NPP was dominated by 3-year scale
changes, whereas it was dominated by long-term changes in northern Shanxi, southern Gansu, southern Ningxia, southern
Xinjiang, and eastern Inner Mongolia. For different vegetation types, shrubs, grasslands, and farmland were dominated by
3-year time scale changes and long-term growth trends, whereas coniferous forests, broad-leaved forests, and mixed forests
were dominated by changes in the 3-year time scale. (3) The relationship between NPP change and temperature and
precipitation became increasingly significant with the increase of the time scales. At the 3-year time scale, the correlation
between vegetation change and temperature and precipitation was not significant in most regions (p > 0.05). At the 6-year
time scale, there was a positive correlation between NPP and precipitation, which expanded towards the south. The
correlation of the alpine meadows in southern Qinghai shifted from negative to positive. Over the long-term time scale, the
relationship between vegetation NPP and temperature and precipitation became very significant. In most study areas, areas
with positive correlations were much larger than areas with a negative correlation. Our results highlight that multi-time scale
analysis can better analyze the spatial and temporal characteristics of NPP and its response to climate change at different
time scales, which can help reveal the nonlinear response mechanism of vegetation NPP to climate change under global
warming and evaluate the eco-environment induced by climate change. Our data provide scientific support for the sustainable

development and ecological environment protection of the six provinces in the northwest.
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Table 1 Compare NPP simulation values of major vegetation types with other simulation results
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HpS Yun B0 RS pan BV HEY B mser SOk
Vegetable types o This study
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A oL N [
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&N It

i EHITEAR . . 359.9 1435.9 540.4 400.2 — — 869
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I REn

ek . . 501.5 1085.6 713.1 479 881 679 865
Broadleaved deciduous vegetation
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#EA Shrub 144.7 235.6 135 196 407 382 385
b Grassland 203.6 259.9 233—437 252 351 405 258
A% M Farmland — 376.8 746.1 415 607 390 448
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Fig.2 NPP change trend (a) and M-K trend (b) in the growing seasons of the six northwestern provinces from 1982 to 2015 ( UF the

normal statistical time sequence; UB the inverted statistical time sequence )
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Fig.3 Trend of NPP in the growing season of six northwestern

B4 NPPEUBBHEMEZTELA

) Fig.4 Spatial distribution of the persistence of the trend of NPP
provinces from 1982 to 2015

during growing season based on M-K and Hurst index

%2 NPP EL#EHE 5 Hurst I8 40T
Table 2 Statistice of NPP trend and Hurst index

NPP 75 {4, 24751 A HE4E Sustainability JZ 4L Unsustainability

NPP Variation types BRI REEUN OREBERIN OREEFELS BERN BEEDS O REEWEN REEE
AL HL] Percentage/ % 51.30 8.27 25.82 8.27 6.34 0.06 5.93 1.57
Bt Total/ % 86.10 13.90

2.3 A EE A NPP 284k 5 A8 Ak il ¢ 2
2.3.1  FEHBE NPP FIAURAR AR 22 I (8] RUBE 43 A

3 3 BAEEF AR NPP AR F-3 AR e W 2 o0k, B 5 A K ZEFTE QoA R I R RUEE A9
1 NPP 254k, % 4 N ARTRIA B 2E 8 NPP A [R) i fa] ]R8 AR AR Y 5 22 Bk

NPP #5305 4 A~ IMF 434, 439002 3,6, 15 il 29 4FHa] R A% shAs 4k (% 3) . Hir  IMF1 (9 24 58
B K (39.41%) , HoRJE IMF2(16.34%) . IMF3 F1 IMF4 ()75 22 5TRR 8N (4390 11.57% 1 3.69% ) , IR A
FSETE LA R AT i R S A4, B3Il 5 M-K 45 530, 24 sk Hor 2% 5TikE 2k 28.99%
{ORF 3 ARSI R (Hm R T &, AT LUE Y AFSE IX A g NPP 2R IR 3 4% i 1A A8 A A< 1
IFEE N
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Table 3 Averaged periods and their variance contribution of vegetation changes in growing season at different time scales

31 IMF1 J3iE 2 IMF2 S 3 IMF3 J3iE 4 TMF4 HHT Residual
JE 3] Period (year) 3 6 15 29 —
FR#EZE Standard deviation 0.32 1.10 4.83 10.22 —
J5 2251k Variance contribution/% 39.41 16.34 11.57 3.69 28.99
#RifE 2= Standard deviation 0.16 0.10 0.09 0.06 0.21

0 500 km
1

— HHL

Ji £ 5Tk

[ 0—20%
B 20%—30%
1 30%—40%
B 40%—50%
B 50%—100%

5 3% (a).6F(b) RRIERE (c)NPP EUHFERHT H S
Fig.5 Spatial distribution of variance contribution of NPP changes in different vegetation types at 3—year(a),6—year(b)and the long—
term scales( c)
F4 TEBEHEEAEEERE NPP BT EREH %

Table 4 Variance contributions of NPP changes for different vegetation types at different time scales

eSS anY A gl S e - .
AR AR L AR RN T I e b Ak WA g P
Needleleaved Needleleaved Broadleaved . X
. X . . . Mixed forest Shrub Grassland Farmland
evergreen vegetation deciduous vegetation deciduous vegetation
IMF1 43.50 48.58 43.15 48.51 36.80 39.96 34.20
IMF2 17.94 26.31 16.33 21.70 15.34 16.38 14.87
PN Residue 21.69 6.49 22.84 10.96 33.69 28.56 36.40

He K ZESEHSIRIMR T 4 A IMF 234, 20 502 3,6, 19 F 34 AEMF R R A R 28k (2 5) o 3 4R 6 4F
) RS 14 IMF 4 (097 22 5TBR 491K 27.89% 1 16.29% , K T HoAh 4y F i 07 22 5k . 57018 M-K £ Aa10
B2, EEMD M3 1) 7 22 5k oA 41.37% , i T HeAtb s, DA K 2S00 AT KR LAk 3

x5 AAMBREERESEHIENMEKETUHNTHAHRESE TR

Table 5 Average periods and variance contributions of growing-season average temperature and precipitation changes at different time scales

Sl Sy 2 S3iE 3 S 4 BRI
IMF1 IMF2 IMF3 IMF4 Residual
K& Temperature JE3T (4 3 6 19 34 —
bR 0.35 1.35 3.73 7.12 —
J7 2 TR/ % 27.89 16.29 10.46 4.00 41.37
bR 0.13 0.09 0.07 0.06 0.19
[% 7K & Precipitation FAI(4F) 3 6 14 30 —
bR 0.24 0.83 3.87 6.42 —
J7 2 TR/ % 67.34 16.03 7.04 3.35 6.23
bR 0.10 0.07 0.05 0.04 0.05

http ; //www.ecologica.cn



14 4] BURES A5 VAL S AE R NPP 22 I i) RURE AR f B H 0 e 28 1 14 o i 9

AR ZEREIK SRR 3 4,6 4F 14 4FEF 31 AR B840 (R 5) o 3 AR A 6 AR [E) RUBE (Y 7 22 BTk 43 3 ok 67.
34%F1 16.03% , I KT HAh sy & . #7252 TTRRAK (6.23% ) , MAE R 5 M-K 2553 — 3, B A4 KRR K
I WS e W, AR R ZEREK L 3 AR 6 AR RUEE Ik 8ok 3=, A B i K AR ke 34
2.3.2  R[AJEE RBE NPP 505 A8 AL AR SCPE Y 23 ] S i Pk

6Kl 8 S A [RIIT ] )RUEE NPP G K (OB FNREZK) IRAR DG /T 45 5 , 3% 6 Bt 2hak .

— HHRE

WA 5% 2R R B PR AE

Bl R<0, P<0.05 [ R<0, P>0.05
Bl R>0, P<0.05 [ 1 R>0,P>0.05

Ee6 3ERBERELERKET NPP 558 (a) K (b) HHEXME

Fig.6 Relations of NPP to temperature (a) and precipitation (b) during growing season at 3—year time scale

0 500 km

— B

PAH 5% R ELR B PR B AE

B R<0, P<0.05 [ R<0, P>0.05
B R>0, P<0.05 [ R>0, P>0.05

E7 6FMERELERKST NPP 55IE (a) FREK (b) BIHEXME

Fig.7 Relations of NPP to temperature (a) and precipitation (b) during growing season at 6—year time scale

0 500 km
| S|

— B

TR % 2 BR B PR SR

B R<0, P<0.05 [ R<0, P>0.05
Bl R>0, P<0.05 [ R>0,P>0.05

B8 KmEREL4EKES NPP 558 (a) MK (b) HHEXME

Fig.8 Relations of NPP to temperature (a) and precipitation (b) during growing season over the long—term scale
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Fx6 AEBERE NPP 5SSETL(KEFMEK) REHEEXXZED L/ %

Table 6 Percentage of different types of correlation between NPP and climate change ( temperature and precipitation) at different time scales

3 AR A R 3-year time scale 6 AEF A R 6-year time scale R long-term time scale
A Rk i A KoK & Rt KoK &
R<0,p<0.05 4.06 2.96 8.81 6.15 21.85 38.27
R>0,p<0.05 3.83 40.28 16.66 40.98 77.70 61.43
R<0,p>0.05 47.40 19.97 34.85 20.06 0.23 0.13
R>0,p>0.05 44.70 36.79 39.68 32.81 0.21 0.17

1 3 AERF A R b NPP 57 A TE AR A A G IX 3 AH VT (51.5% A1 49.5% ) , 52 K 22 %50t X AR S 1
A (p>0.05) (& 6a,3% 6) o PSR JE DRI R | 77 5 55 b 5 5 2 GOAF DG 1T 757 i 40 s € ) L S B
VR TR R AR, NPP 5 50R S B 35 IEAHE . 77% 1 X384 & 2 NPP 5 [R] 3 R 7K i 22 18] 52 1E A 56 (B 6b, %
6) , S HRAE N S A3 A K 1L AL (P 6b) |, He S Bl S R Bt | by e ml DL K B g 88 i m B A i
HEY R A A R PN SR G PG R R A R A UMb Ry 7 TR R R A SIS TR Ay e FE ] X
LEHhIX NPP 5F%/K 2 A (R<0) , U MO TR A2 M 2 7 A C (R<0,p <0.05)

TE 6 AFIHE R | NPP AR 5 R 0 B2 1E R XN 3.83% 48 hn 5] 16.66% , Fr51J&- 7 75 1 1 7 v
i D, BB AR T R T LAGE SRR B A AR (8] Ta, 36 6) o AEHE NPP 50K & 22 8] 5C R BN K, IEAH 5C XCI
A B E Ban, TE AR OGO FR MG R L) AR, DA PN S R R ) R A T RH R,
T T B e FE L] X NPP 5 K A 56 2R AU SCHE B G . N SE iy JLEAR X, NPP 5 [ K s 2 (1] 114 17 4 56
KAMBELHANEE(E Th, 3 6) . NPP 500 5 2 1 DX I3E i 22 s X1 NPP 5K X R 3
F14) DX I

FER I 1 AP NPP S5A0R A K i A 3 A AR S | JH v T A 56 T AR T B A G T AR (&
8,3 6) ,NPP 5 EA KA 2 EARSCHY X Bl A L 77.7% (18] 8a, 3R 6) , Ul ISR T e 2> fe sk ml g 1 2
Koo AL EFEAR X R VR R e L3 X, A B NPP 5/ R 2 B0 3 6RO (R<0, p<0.05, €] 8a) , &I K4
IR TR SBHARH A . NPP 5 REK Z A A 7R S 2 I AR G TR 5 61.43% (&l 8b, 3% 6) , %57
ATAE BRI B A 3 S PN DX T 1AL B9 PG G 43 b DX LA R PR 5 vt R K 0 e R 485 AR S 0y o I 25
Hi, 6B IH KNG B TR AR 76T 1 R 0 Ll DX, HOR R H X, N Sy IR sS AR R R
X, NPP SRR &t A COC R 3 (R<0,p<0.05, [ 8b) , UL I IR /K 38 fin 2 BELIEAE B AR 4, B 28 Xk
Ab, NPP 500 K ik 2 TEAE G 1 X BB NPP 38 s oA b 25 (151 8,181 3)

3 HR5®R

ASCEETEIETT S5 CASA BRAEE T LN 1982—2015 AEMI#% NPP |, J-%F Ho 47 22 i i) ]2 st
23 ARSI BT B S AR A A A 17 34T, FEEEES ISR

(1)1982—2015 4EPHIL AN H MM A K 2 NPP A 238 $ %45 R 544" A Li and Pan'* #F5%
SER B BRI NPP BYZRMEIG KR 0.718 ¢Cm 2 a™' MK T4 (2.98 ¢Cm™ a™) #l Li and Pan'* (2.
327 ¢Cm ™ a™') BYZES, I D5 AT BE A S X T AR A 52 B0000 Isf ] K AN [R] . NPP ARBRARfb s 34 B — 52 11
BBt NPP £ 1999 4R &4 T R48 NPP HAS W E 35 NAR S &3, A AHPE IS H NPP B LIRS It &
T8 It i PR P AR TR ) Jb 4 A S 0 i A ORI SRR 0 g AN B

NPP A RAS ARFEAE A 3, S0 o0 b DX A B B 26 46 Jm A7 AR SR R B AR (b B B R4, N 58 R i —
AT e SIS B 2 b 2 36 IR L SR AR SR e T PN 58 ol PR R I T BT R D AT A Ml X
FREEPE X SE X NPP ANFELERFBLA AR (a3, nT RE 2 1) AH S A 3s 1k

(2) HiBE NPP (AR LARAE 26 B A A 2t Al Aot | A0 5 AS ) 33 25 1) 7 Ak (B R I Ay i 3l ) T4
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WIFEIXARGE NPP BA 3 47,6 4F, 15 47,29 4F il I sh AW a3, E 2L 3 4F A A2 A R S0 Kk 4
HE, HEBE NPP ASAL HAT W I (4 25 ) S B0 B A8, HO BT | BN R A AL R L B N Sy R A
LR 3 AR A o 5 MR PE A AL, HA BT T B B R AR A S N S AR AR e . AT
RGO NPP At 2Bt I S 2 5 A bk | R P bR A BRSSP LA 3 AR AU O T2, TTE A | e i LA
F LA 3 AR RIS AL A Gt 3y . RO AR B NPP A2 fb HAT B 10 7y 2 [ 55 3 1« B b AE AR5 X AL S,
NP SE Fb R L 3 AR AR A 3 AR5 DX R o, A T A g i LA AR A 0 3= 5 A B A it AN B P b
PRI AR A 32, FERR DY &1 P4 S5 oty WP R e A6 Sk St A 3 AR TR A O 3=

(3) MERIBTFE R, 500 PY b XA B NPP AR AG Y 32 2 - R B K o | [k 22— e R B b fie itk
PR, SR T R U 2 A AR R ) AR AE X NPP RIS G 1347 22 i ) RUBE 53 vh R AR [
WA RO AR G285 35, 3 4RI A RUEE B RZHEFEIX. NPP 5 U AR AR AR /N (p>0.05) o 6 4F
IFIA] NUEE L NPP 55 K TEAH 5C DXCI 1) WA 7 i, 7 10 i 0 oo i) ey SRR SR B S TEAH O, FE R EE 34
b NPP SRR AN BAT AR R W RASEOCR o FEGR AT BT X, NPP -5 A1 R 7K B TE AR 56 1 A
TR, S, B I T OB R3S R, NPP 5 | FK 22 1) 095G 28 A . % . i DR ml (B 2 et g i) X
JERE WAL T 5y 2 AR RN F-52 00, LE AR E AR R AFE Ak i ok I B A RIS S — e f B L B
SN T AR AR A, A I ) RUBE b X AR ) 2 ) 2 L RS AR R SR, T A A AR G 2T gl ke 15
FOX AR B R e AL 1, 2 Bl I 1] RUE (949 R 2%
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