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Spatio-temporal changes and influencing factors of vegetation net primary
productivity in southwest China in the past 20 years and its response to ecological
engineering
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Abstract; Vegetation net primary productivity ( NPP) is an important indicator for studying material and energy flows in
terrestrial ecosystems. The spatial distribution of NPP is closely related to factors such as regional climate, vegetation
growth, and human activities. Its changes can reflect the productivity of vegetation communities and arean important
characterization of the function and structure change of ecosystem. In the past two decades, vegetation NPP in the Southwest
China has shown an increasing trend. However, it is still unclear about the temporal and spatial patterns of the NPP and the
underlying reasons. Therefore, this paper uses MODIS-NPP, lithology, climate, land use, afforestation area, and rocky

desertification control data from 2001 to 2018 to analyze the spatiotemporal trends and causes of vegetation NPP in the
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Southwest China. The results found that; (1) during 2001—2018, vegetation NPP in the Southwest China showed an
overall increasing trend. The results of mann-kendall test indicated that the growth rate of NPP (5.13 ¢C m™a™") during
2012—2018 was faster than that in 2001—2011 (1.78 gC m™*a™"). During 2001—2011 and 2012—2018 the growth rate of
NPP in karst areas was higher than that in non-karst areas; (2) The correlation analysis results of vegetation NPP changes
and climatic factors in the Southwest China showed that the correlation between NPP changes and temperature (R =0.19,
0.26) is higher than that between NPP changes and precipitation ( R=0.07,0.05) in both the period of 2001—2011 and
2012—2018, indicating that vegetation NPP in the Southwest China is more susceptible to temperature ; (3) The changes of
the total amount of NPP under land use changes in 2001—2011 and 2012—2018 showed that the increase in urban land
area during 2001—2011 caused the total amount of NPP to decrease, while the area of unused land increase in 2012—2018
resulted in the decrease of the total amount of NPP; (4) The cumulative afforestation area in the Southwest China from
2001 to 2018 was significantly positively correlated with NPP (R=0.7, P<0.05) , indicating that the implementation of the
“Grain for Green Project” promoted the growth of NPP in the Southwest China. The statistical results show that the rocky
desertification area has decreased significantly after 2011, which is consistent with the mutation point of NPP, indicating

that the control of rocky desertification plays an important role in the growth of NPP in the Southwest China.

Key Words: net primary productivity; MODIS; ecological engineering; Southwest China

Fifi A 9 15 00 9% 4 72 75 (Net Primary Productivity, NPP) J& PR B 8] | A7 [ AN AL 86 S48 = A A
BT A PP WA RS ) ot R RAEE S RGN AERE 1 R XU S R G2k = 0y T
FREe e L) R A SR s A AR o AR A R AR L A S R G EZ A G4, NPP ERRAG A KA
R R A MR AR RS i A O B AR . Rk, R A b NPP B Ak K IR B %t T
T DX BRI N A A PR e A B S

XF DX AE B NPP RIS 7k 2 A S b ) i 12 RIS BB HDLE: | L v B DAY 3 70 S DU 2K AR A |
T AR o] ST R R AR S R ) B R SR R (TR R R i SR AR S A AR 11 A
37 i ey T L TR R02S )50 HE e i SR BUSAIR SRR S8 30 7Tz i A P 2# 3 I FH MODIS-NPP 7=
AN HE R AEE NPP AT 1 WA 5T, 45 R R B M R Al o NPP 323 3 AR g R 3R B 520, 4 PO
X NPP 5590 BK 8 A 0C , EXARE 43RG B A SURR R 5 R PR G R AE TR T VA 7 X, NPP AR 1KY
FER R T IR RN R B A 22 R R A NPP S B R bR AY RN AR b XA NPP &=
L7 BB R 24, HK R shxt NPP AR (64 52 i 22 K F £ 1R FHAS (R s2 75 2 L1 X NPP AR (e
S 7 A SR e 7 5 32 B A R 3R A LR sl 1O 5 P R T XA B A G (A BRI T 2RI B8R NPP 7%
PRI AE ' S SR DX BIF 5 A R A X ORUBE T BARE B NPP (28 4k, (EAS ] b 1X AR [] et 30
B B AR R R Sl HARR IR | 0 AR B BIFE 4520 G T 21 74 g DX A R 2 25 T AR S X A NPP Y
S

FE 1 PG e b DR A S b e RERERORIR SR A % i r A IX 2 — . BR300 iy o & 51K, H R
A e BE TR AR A Dy SR RE BT B IR £ S — J7 AN IS ) & B AR, R 55— T Tl T H s A R i —
TCHBIBRZAAE) | 13T ) /K I S A R V] R G, b 3R A R R | A Ak ™ A 22 i Ay R o 1 7 e e X 22
TR R AR R, iR PG g M XN B R (217 A/km?) | BRI R T B INAE Me 55 9 s AR 2
M8 I (A5 X R A 209% A9 384 77 IR AR gt — 25 TR TV e ki XN 1 BB oA R T B b
MERFII)—FR HEBE NPP AL 7 RERRE % 1 A 77 BE ), B A S R G T RE AN 254 7 Ak 1) B SR AE , XS A
B NPP FOBFST BE R 2L S W 55 b VR BRER (IR 248 R0 5 BTIR, T A IX I8 NPP RRAiE S HBK 8l S A 25 &
SR A S Z 2 KR RAEEE L,

http ; //www.ecologica.cn



&t
1

2880 H Eire 24

1 REHER

WF5E XA T E P R 3 (97°21'—117°19'E,20°13'—34°19'N) (& 1) , udh =@ M )i FE R 75 .
FA IR AL A B AT AN 19.5%10° km? , Hirf 289% (5.4x 10 km? ) F8) X sl 4% #5-5 FO Bk 2 6 2 BT
s, WA RRER AW X, o iR R A FEH KA (50.07%) . = (8.75%) KA S H o BHIZA
(10.13% ) LA KBk PR R S5 8 5 B2 4 (31.05% ) 4 A%

35°N
T

30°

25°

20°

o ks I R AR W
o HEE AR X 0 600 km
EF P /3 [ |
| | I I
100° 105° 110° 115°E

E1 AptXAEREE
Fig.1 The location of Southwest China

2 MBERE

2.1 ks Kb

AT T % F AL 25 it K R (NASA ) 2 fiE /9 2001—2018 4E iy MODIS Terra NPP %% 4
(MOD17A3HGF) (https ://ladsweb. modaps. eosdis. nasa. gov/) , 45 [8] 43 ¥R &y 500 m, B4 T 2% 52 B s A H
NASA ‘B MHEHEAS MRT T H i 7 PF R8T A2 G AL 3, BRI Arcgis 10.4 85 Hd i85 5 (55
351 2001—2018 4 AY4E NPP 54

2001—2018 AF-H [ P4 g i X f) 245 ST B | R K A 2 B ok B b B £E I (http . // data. ema.
en/) I T A O GHERE &4 (B 5 7E ANUSPLING. 4w xh A e o o B0 R A 7486 18, 79 31 2001—2018 4F A 4E
BRE K 5 3R B 1 43 (8] 43 A B, 23 (8] 29 38K 500 m,

X ARGy BAR B = AR SOl T 2000—2018 45 - 3R] I | 12500 O PRk BE R TR B R 2R 5
P (hitp . //www.resde.en/) o 8 T B0 i RESDC MHZ RS2 gEAT T il , b ) A
7E 94.3%L) 110

http ; //www.ecologica.cn



7 39 i A AT 20 AR DY R M X AR ) G A 5 i s AR S PR 3R R HX A 2 TR 2881

TR R 1 25 0] 3 A B8l o B v 6] b T )22 6 o 95 LSS BF 9 BT ( http - // wwwe karst. cgs. gov.en/ )
2.2 Wk
221 BB

i FH— Ttk MU X NPP S0 4747 BR AR fb 1) e 35 o A, B 34t SR FH 22 A1 A% 5010 1] 0 2 e Ak
(Slope) Fn , HHHEAXN .

DY) YIND YN 4
Slope = (1)
nzjzliz - (2?29)

K n ASHTHEEIRFEC(ARIZ N 1—18 4F) , VRS i 4F NPP ({EL, I 772 1A% (Slope ) %678 NPP
(P-4 1R] AE 4L « TERFR (Slope>0) e ETF#EHY | F1 R (Slope<0) W /R FRE#aFA, FI| FH &5 8] 5 R 4092 Ky
Slope XI5 A F AL . BEHEK (Slope = 15) RIEHE K (5<Slope<15) . (-5<Slope<5) JREREL(-15<
Slope<—5) LA fi ZF#AIK (Slope < -15) 2
222 RS

Mann-Kendall 4556 /& —FhAE S E0R 36715, B A X B0 R AR 43 A8 X Bl 32 A 18000 Jr 2% i i g
] B K5 T A AR A 2 RIARBE NPP ESHR] S8R 1) (UF) AL 1) (UB) GE T3,

Mann-Kendall 58728693 724 -
d, = Y, NPP, (2)
Var(dy) =M= D 128 3)
By =" )
d, - E(d,)
Fk = (5)
Svar(d,)

K NPP Z/R5E i 4F NPP WME & FoRBHEFHNRKE FmgitFs) uB, A= (2) M(5) a4
UF KT 0 B3/ NPP 2 FFHa# Je 2 MRS PGS, BIEIXH (P <0.05, X[H]2h£1.96) WY 557 5]
M 2R (028 s B 22 o0 NPP ARG dT A,
2.2.3  fwAHSE T

i FER AR OG0B T UAE 2 8 2 R G0 P A R 2% SR AL B B R A I 0 R P98 e — B0 — B E B,
TRAHE R BOTHE AN

r.t}' - rxzry:
= : : (6)
(I-r)-(1-7)

o R o Fly BT ERAROC R B, r 27 i o Il 2 (AT SRR OC R B r S/ it oy R 2 AR TRT SR DG R4

3 R

3.1 VHEgHLIX NPP a5 1k

2001—2018 4Ff4 18 4F ], PG T Hb XA NPP 52 3t Zh b K a8 (181 2) , M 2001 4E 19 706.65 gC m™
a B Z 2018 4F 1 756.93 oC m ™ a” ' BHERIAERIE KN 3.0424 ¢C m ™ a”' (P<0.01) , Ho S AR Fids = (.
435 BLAE 2005 4F 1 2015 4F, 24 703.2 ¢C m ™ a”' 1 778.69 ¢C m™ a™',

T30 P b X 2001—2018 4F[] NPP #4745 534 9 45 5 s (18 3) , UF F1 UB BYRMZRTE 2011 4R 42
FAAZE HAL T BAF X 18] (P<0.05) I, 3% AN 8] 5 AT AGA A NPP AR (b 3 i 2248 5, 2T 978 b iy 4%
¥ NPP BB FE S 43R 2001—2011 F1 2012—2018 4EWANFEF , %F WA ] 5 51 (A8 B NPP 4T a3

http ; //www.ecologica.cn



2882 JAE = 24

SHT AR R 2001—2011 4F 5 2012—2018 4/~ Bt NPP B ORAFIE i 35 (H P> sf ) BE A 16 < U R0R
] ,2012—2018 4FfAFHE KR (5.1297 ¢C m™> a™') W E T 2001—2011 4(1.8097 ¢C m™ a™') (K 4) ,

790
780 | .
< 2
E 70} e
% ]
= 760 4
-9 .
& £
Z 750} £
< 7]
g 740} M
z =
o 730}
> =
g 720 R
& M
710 F . S
L]
L]
700 F
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2002 2004 2006 2008 2010 2012 2014 2016 2018
44y Year A4 Year
2 NPPREZLES E3 2001—2018 £ M-K S5
Fig.2  Temporal trend of NPP Fig.3 Mann-Kendall test of NPP in 2001—2018
780 780 .
7o y=1.8097x - 717.3 770 - o y=5.1297x-737.03
TN
o« 760 | 760 |
g .
Lo)n °
& 750t 750 |
=9
[ ° °
Z 740 | 740 |
s .
g °
< 70} 730 |
=¥
& .
& 720 720 |
& . *
710 | . 710 |
[
[ ]
700 700

2000 2002 2004 2006 2008 2010 2012 2013 2014 2015 2016 2017 2018

44y Year

B4 2001—2011 £ 5 2012—2018 £ 5> B B NPP B i) ZE 4L #5 $4 ]
Fig.4 Temporal trend of NPP in 200—2011 and 2012—2018

3.2 THEHLX NPP 55 ()48 4k

SRR ELOE T A VG e M DX AR B NPP AR R B0, A SOKE PG R b XA g NPP AR L 38 430 B 3 RRAIL 5
FERFAR Fo e AR SRR HE RO B 1 K 5 20, FEXT 2001—2011 4EH1 2012—2018 4 4~ Bt B A A ] 284k
R Tl vl i e vy

RN (F5) ,2001—2011 4P Rg M X 539% %) X SR #E NPP e NS I S Hh e B R R i 38 K
B D35 7 L300 R 30% F1 3%, T 22 30k i AR U A0 48 85 R AT ) DX 3R 7 EE 393 R 10% 11 4%, G HR B 3
B DX 38 B A AE 2 B AR BN B A | i [ DX 2 A A 7 25 e rE SR AR AR X

2012—2018 4F P4 g b X AE B NPP 72 Ak a3 A 1S K A DB A T 10— o B i dit i, 38 BE S AN i
FEHER A DX 53 0] 7 BRI AR Y 329% F11 17% . ks th AR e AN 28 1Y X380 B 2001—2011 4R Frisi 2D, o Lok
37% , A B NPP 42 B8 T R AL 35T R X430 A e 12% F1 3%, 5 2001—2011 4525 5 AN K, R Z I
By H X AR NPP LUK 3, 2012—2018 474 pg dh XA A NPP 38K X F 8 mfE =/ )P0 &R

http ; //www.ecologica.cn



7 i A AT 20 AR DY R M X AR ) G A 5 i s AR S PR 3R R HX A 2 TR 2883

AR O AR 1 DX T e 18 DX 0 322 70 A 78 2 i PO AR A S rh it X

2001—20114% 2012—20184:

NPPAE AL & %
B 2R szl EEHEK
RS W AR

B 5 FRitiXSEE NPP EHEBETESHE
Fig.5 The spatial distribution of NPP change trend in Southwest China
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Fig.7 Spatial distribution of temperature and precipitation trend in Southwest China
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Fig.8 Partial correlation analysis between temperature and NPP in Southwest China
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Fig.9 Partial correlation analysis between precipitation and NPP in Southwest China
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Table 2 Statistics of partial correlation between climate factors and NPP for different regions in 2001—2011 and 2012—2018
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AESAIR AN BB AR R S AR DG, T 5 AT R K R A AR DG R B I Wang' ™ A8 At &% BRL, o [ 7
FAHLIX A NDVI 5 NPP 52 215 AR AL A 5% LR K A 52 ) (23, 3% SERIF 9T 45 SR 5 AR SR AR 9T 245 SR AR
4.2 - MR AR AT 74 R b XA B NPP 52 0]

NI S 9K o0 1)+ o R A7 35 A A IR ZN A i3 T b 3 A AR AE S R G LS AT aE . AJEIE sl
A AN R ERA S RGN E R AR M NPP SRR AY 32 4L 43 2
— RETAESRGEHEBEES ', PG LR A EXHE#E NPP BT T 7 i A ZTE s AR S RS
RN REAS AL VR ] B G 2L

w2 3 frzs , 2000—2018 4F-, P4 g b DX B b R0 5 b 7 AR 22080 /0, PR b 2SR 43 e 20 16989 km® AT
13100.56 km>, Tkl AR AT FH M TR AR K 4R B34 I 6907.97 km? 4487.40 km>F1 21763.92 km? .,

£ 3 2000—2018 F 53 Rt B b FE RS 4B 4/ km?
Table 3 Transition matrix of land use types between 2000 and 2010 and between 2010 and 2018

2010
2000 H it it X ) KK YT A H A i
Cropland Forest Grassland Water area Urban land Unused land
Bt Cropland 483318.42 3530.32 850.76 1522.74 4242.94 19.84
ML Forest 1476.74 1015281.49 1901.60 354.39 1365.23 69.87
M Grassland 800.67 3748.44 336564.14 161.99 211.95 161.20
K3, Water area 261.76 83.44 18.77 34089.35 600.70 73.94
17 b Urban land 215.53 66.94 9.84 74.74 23517.78 1.31
KA Unused land 10.24 12.46 85.62 63.61 3.36 19635.78
2018
2010 a0 st Ex) S yi i FH H A b
Cropland Forest Grassland Water area Urban land Unused land
HFHb Cropland 292785.66 127614.05 34240.07 10716.14 20298.66 336.00
PR Forest 127114.43 793149.28 86038.56 7024.16 7955.56 1015.12
4 Grassland 35462.93 94157.87 197975.85 2180.84 2065.04 7406.01
JKEX Water area 9495.54 5218.67 1470.19 17156.79 2200.22 727.97
38717 I H Urban land 10927.85 3991.10 811.38 1504.39 12720.67 24.07
A HIH Unused land 331.87 1486.63 7349.48 581.23 46.37 10147.97
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2000—2010 4E[a] , fribIdi/l> 7405.26 km? , He 35 F A3 T 2R 10 R 30T b, 2 429 (4 4R b 5 £k A 3
T b, RO A bRl , 205 35% B 26 A0 R A it 00 b Rk b 2% £ R bk b 2 M b 3 K 19 £ 2B =X
A3 5 R TR 50% F11 47 %

2010—2018 4F , B hln i AR Y F2 241 SR 2R S Ak bt (127614.05 km?) | 3t 2 b T BR 19 S 28K Ty
3o BT R R X — IR K 15648.01 km® | £ FE i HE UL AL R (62%)

MR FHAS AL XA B NPP (9520 ZR3UA « Y S A Bk A 7 07 0 A iR FH 278 (bR, | R 5 ) 1) AR B A
FEI 0 ORI FH 2SR (G ST KSR ) AR 2 A5 NPP B RRAIC, e =2 ) 237 Rk NPP B o 1) 3
I AT NPP e 2728 AR 0 315 v PSPy £ AR [) - b R 288 80 1 B A s J G NP 4348 o 2 2K 1
B R 4 AT 2001—2011 A7 ] A5 1 1 PG e b X NPP R 0.2248 Tg C, o i) At % 4k
ORI NPP SR (5 B 1Y 629% , 25 Fh 1 MR FH 28 B AL Ak v o) 3 Tl FH L A B 4 7 T NPP B i D
B /b 0.0999 Tg C, MIFE 2011—2018 4F, M A FHARfL 1% NPP SiEdi4 12.7870 Tg C, Horfral ki
FIUBRCHD P 8 £ TR A5 1=, 7T At b 1) FH I 28 [ SR ) FH G A 3 A T NPP B 920 9 Ol 0.1827 Tg
Co AR EHANHALT NPP B A8 A1 0 5 B AR Ak b TR A 38 in i F T P g M X NPP B = 38
T 8T P e e R A AR D T AR A 185 43 501 52 35 2001—2011 4E 1 2012—2018 4F 54 I 48 76 1 b [X. NPP 5
D

R4 AEBXLFPRBELT NPP RELENIER/Ts C
Table 4 Total NPP change under different transition matrix in 2001—2011 and 2012—2018

2011
2001 Hidt s i I 3T A M eI GEia s
Cropland Forest Grassland Water area Urban land Unused land Total in row
#FH Cropland 0.0675 0.0366 0.0523 -0.0773 0.0009 0.0801
b Forest 0.0193 0.0452 -0.0062 -0.0332 -0.0031 0.0221
HiHh Grassland 0.0167 0.0680 -0.0007 -0.0046 0.0016 0.0809
K3 Water area 0.0125 0.0012 0.0009 0.0154 0.0033 0.0333
ST L Urban land 0.0029 0.0014 -0.0001 0.0013 0.0001 0.0056
A FAH Unused land 0.0008 0.0001 0.0012 0.0009 -0.0002 0.0028
51454k it Total in column 0.0522 0.1383 0.0838 0.0476 -0.0999 0.0028 0.2248
2018
2010 Bt Mot i Tk ST P H KA A it
Cropland Forest Grassland Water area Urban land Unused land Total in row

Bt Cropland 4.6803 1.0851 0.1897 0.4814 0.0015 6.4381
b Forest 4.3487 0.0212 0.1738 0.2204 -0.0226 4.7415
] Grassland 1.1094 0.0483 0.0059 0.0280 -0.1449 1.0466
K Water area 0.1947 0.1307 0.0137 0.0380 -0.0168 0.3602
ST L Urban land 0.2507 0.1075 0.0215 0.0221 0.0002 0.4020
FKFFHH Unused land 0.0025 -0.0383 -0.1565 -0.0089 -0.0002 -0.2014
5|75 AL 1 Total in column 5.9060 4.9285 0.9850 0.3826 0.7675 -0.1827 12.7870

4.3 PUpg X AR TREXT NPP (5200

R ARSI TR EBUN T 1999 4F S0 T — 5145 < IR BFIEAR 19 A8 TR, B A2 0% o [ Y 1 45
{2k FEBAL A A A AR A, AR A R R ) 2 ORI 52 R MR AR ) e 3 B T [ A Sk
B, Chen 2 AUBFFT 45 TR W, i AR TR LR T v (R A SR AL R 4, I3 Fh i A vl 60 W g b X Ol (3, i
TARECRE A P B ST LAL A NPP (g H s . 2001—2018 4£ (8], 74 B Hb X 38 A i i A R 4 7 0
(R (P 10) TR P MK 1 ARAE B B0E 5 4 4F NPP (k47 K 56 Pk 40 M7 435 5 S /s | 76 1o e X 3 bk i AR =
NPP A7 AE 8 3 IEAH XM (R=0.7,P<0.01) , Ud B < IR B AR A2 25 TRE X VY B b XA B NPP 38 K A7 AE B
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2888 2 SO Eire 24

EARHEAE

FH T P4 R L DX RR R A T PR B R e A e ), e 3500 R b XA ARG 4™ F, O T B A VY R X
DX {4 A AR ), e SBORT 76 P R /N AN A8 03 8 8l T (OG- 4 T D5 1 A A 1 S R B 40 9 22 (2006—2015
)Y, BEVREZ VR HL X AOAERIIR DL . 2005 4ERISK G 3 WA TR AL 1A B W 25 SR i 7R, 2005—2011 4 (8] | 77K
Ak TR T 96 TN, A FR 7.4% AR E N 1.27% ;2011 4FE—2016 4 (8], 3 Ak 1 Hb 1 BRI
T 193.2 T RN 16.1% ARSI AE IR K 3.45% (CBUHE SR 1 E ZEAR0 5 B 5 Ry  r ] v Ml IX A T
FCARBEAHY ) o 2011—2016 45 [ (4 A S Akl 2 F B I 35 FHi0— B ] B, 1 BH 2011—2016 48] 74 R b X 7
AR S ERES B | A SCHFSESS s, PU R 3 X NPP 28 Ak 34T 2011 4EAEAE R 78 45,2011 4FJ5 NPP 1
KA R T 2011 22 0T, X — 45585 PG i DO AR AR TR 5 DA e — B, BRI Rl DAk, VP e XA
BEARIAEE TREXT NPP (3 KA HE IS HAER
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Fig.10 Cumulative afforestation area and Rocky desertification area

5 #ig

ASCR ] MODIS 38 BEHR 78 T H 1 PG R e XA B NPP AR 23 i sy S = AR A, S5 360 .

(1)2001—2018 FPHRGHBIX M # NPP (R 3548 K%y, M 2001—2018 4, Hi# NPP L) 3.0424 oC m™*a”'
(P<0.01) (B EEHEH  IFAE 2011 AR5 W3, SARA T XARLL , 598 X AR BE NPP 3K s, oo
AL X TEPT T BEAYIE R N 2.21 ¢C m™7a™ ' f15.54 oC m2a™", W3 & T HA X 4,

(2) VG 7 M DX AE A NPP XL 0 o) 1 o B B T X KK Ao W FR B2, AELRE NPP 5 S B0 i A G 43 Bt
SRR TEPIAIT B Ak NPP 5 B2 B~ F- 3 AH G R £ 1o0 R=0.19 T R=0.26, 1M 5 FE K B-F- 3 HHOC &R
¥0h R=0.07 Al R=0.05, ULBH IR BE XA NPP AL 052 i BEa TRk . ASREAME S Mg NPP 50 T4
KL IEFEA U DXL 1 ) By 25 A A A X, o [ 2 25 Hi XA PR s B v T At X

(3) 3k 7T FH e 0 A AR P T A A 398 o 336 1 T P i b DX AL NPP i B AR %o P 4 s 30 = i 1) AR fk
T NPP i (7285 B O BIFFE 45 5 7R |, 76 2001—2011 4E 1 2012—2018 45 W /4> i 8] Bt 24 -+ b 1) i 28 75 i)
MR B AS B NPP SRS N, 2001—2011 47 H10] A FH O =X 3k o FH H A% A8 i) NPP S R R, 2012—
2018 4 4= b A1 FH 7 =) AR R H b AR i) NPP i TR

(4) VG L X AEHE NPP 34K S5 X N AR 28 TR S0 il 25 TE AR O, AR R AR T A% S5t 5 v R Hb IX 4
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AT R K, 2001—2018 4F P4 g b X R FrEARIRTAR 372800 km® , 76 AL BE T A2 52 T 2005—2016
AT P e XA BAR TR D 28900 km® . BT LS NPP A77E B 3 IE A5G (R=0.7,P<0.05) , AR
WA AL ARG 25 SR o, 2011 47 J5 A Ak AU /D S B AR 2011 4R 3T, 13X — 45 5 5 AR 0F 58 NPP (1)
ARSI R — L, DA ARG BT P R Hb X NPP 284k A B AR
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