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Estimation of temporal and spatial distribution of potential vegetation net primary

productivity in China since 2000
BI Fan, PAN Jinghu”

College of Geography and Environmental Science of Northwest Normal University , Lanzhou 730070, China

Abstract; Potential vegetation net primary productivity ( PNPP) is the NPP of the most stable and mature vegetation type
without human interference in the current climate conditions. PNPP can directly reflect the quality of natural ecosystems,
which is an important index to separate the impact of human activities on ecological environment. This paper improves the
CASA model and introduces the potential fraction of photosynthetically active radiation (PFPAR) to simulate the temporal
and spatial distribution pattern of PNPP in China’s vegetation from 2000 to 2020. The results show that the spatial
distribution of China's PNPP is quite different. The PNPP is higher in the coastal areas of southeast China and the Greater
and Lesser Khingan Range in northeast China, and lower in the arid and alpine regions of western China such as Xinjiang
and Tibet, presenting a spatial differentiation pattern with 400 mm isoprecipitation line as the boundary. From 2000 to
2020, China’s PNPP generally showed an increasing trend over time, but the interannual fluctuation was small. The area of
PNPP decreased and increased was almost the same. The changes of PNPP in most regions are small, and the areas with
large PNPP fluctuation are mainly located on Qinghai-Tibet Plateau, Sichuan Basin and Guizhou. The research results can
separate the impact of human activities and climate change on natural ecosystem, and quantify the difference between real

ecological status and potential ecological status under external pressure. It provides a scientific basis for formulating
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differentiated Ecological Restoration Countermeasures.

Key Words: potential vegetation; net primary productivity; CASA model ; temporal and spatial distribution

Rl E S R G — 1 E K e RS, Mitkoc RIGAAEURAE AL FPR i A i 5 28 R R EH AR,
JE il i A A5 R G045 B ZAH B A SR R 2 A SR 2R 1 A i M B AT B ) B B AL R 4
PRI DA 7 1 (NPP ) S (R w5 I 18] N SFEA T ' G VR FH i 2 A6 B8 LA 5 0 2 A o ) BF B 4E 7
R R A= A I T AE LAR BOBRAY 40 %, NPP R A B il bt 2 25 R R R VR e A B 48 R BTG 34 1) 7 B2
25 o VETE A SRR I E 77 0 (PNPP) MR AR 7R A NS TS 00T H AR M i i w9 2B 77 g, —
IR AT T A ST R  E mE, F SRR N el B/ A4 09 NPP {7, X PNPP (9 B PEA , A B T
PRl NIETE B0 RS R G SRR T | g S e ak e “ e v A H AR AERF AR | S o S e 22 Ak A4
HERRGWE TAERLEE S %

LR, [ N ANE A VR 223 SR PNPP RIF T 5T, Klemm 551 I I 43R 2 A AH BAS 7 MC2 #1551 21
20 S A AR AL XTI TEAE B ZE T A 52 ), FRAELHEL T NPP B 25 404 fEIE A5 BT CSes ( Comprehensive
sequential classification system) B¢, % H 2t 1)) CASA ( Carnegie-Ames-Stanford Approach ) F B4 o [ % 78
FIARHMEYE NPP S L 23 43 A6 S5y, IR T H i 0 A A Ao i o g A, 9 5 570 5 ) 0 20 [ U A A 7Y
FEFLH T A T — A TR B (NDVI) | Bt ) CASA #ERIREE T f [ PNPP 125 (8] 40 A, X =450
PLERE T 732 R G2 0 BLhilt, 1] NPP Z3 I8 RUAALL 1T N 51l A TR XA FE RSB PNPP 4047 T NPP
HEMERFRIFEER, BIET R S 09 4 i Y PSR (TBTS ) M 4UL T 7 L30T 3 A 4% (19 PNPP, JF-XF A
FIG SN AE B 8T, BT, BLAXT T PNPP [WHIFSE A 8 R ik = | EAH0 J7 U BEIE JE Rl b AN 08 B
B2 B PNPP B A Rt Ar fe i K22 57

HHEIX PNPP (R 28 B T 558 NPP B4 AR 5 UL AT . (1) DAZEA T 20 TR 400 08 e A
BRI R R CRER BRI R, PNPP BEA R 0 (2) SRBITE N A 5 s, R FHBILAS % 2T 19 5 1A
FPNPP L (3) A AR Bt BB, PNPP ) (4) sl ke i 5B NPP A BRI b () £ S
B RFNHEE PNPP (g H ™ 5k 2 F OGRS B R A B0HE . CASA AL TTHEE NPP J2 PNPP Y}
;B R 2 AR | B AR AR 38 037 TR B PR S5 7 100 2 S FIARL B 0 R Pk L (BL7E S 800 SR B R b AT AR A
TELLURASE (1) CASA BRI BB 7R G A A 200 55 1 M i L 451 ( FPAR ) Hf 9 B (ERE #8 8 350 KAEL (SR, )
A AR A IR AR 2 R SR B, AS REAR 4 b S I AE B 25 AU 5 NPP 1 R 5 (2) CASA AL i KOG RE AL %
(&) MBUE R 2E R 0.389 ¢C/MJ, SEFR_EAS [ 8 2 AU (14 6 BE A R I A A1 R, e KO RE R FH R W HUE A 2%
WL T 25 57 5 (3) 7E CASA BRI K 7308 R AL W, (x,0) ATHE S T R HOK - 1BR SRS R S 3
KA SH, B 13RI A RIME , I FURE FEEDARIIE ™, Tk, A SCH A CSCS T 1SR A, BlE CASA
AREA 7K 43 Jilk 30 R R e KOG RE A FH 28 i S U, R FH VB 6 I T BR 8 250 ( PLAY) A BV B & A 85U 3 i
WS G ( PFPAR) , 25048 1 2000—2020 45+ [ PNPP (153 (8] 4341 , DU —Fh PNPP 23 4014 7 00
A, F 8 ANEIE XA NPP 520 RS, Ry B =05 A8 10 RN S35 Sl o0 Az A8 A58 1 52 e $2 (IR} 22 AR B
M A e A B AR B R BUR IR IE S %

1 BEERE

1.1 Hkis ik i

AR 3G 8 Gk A T EAS S 83E W (hitp . //data. cma. en/ ) $EHEHY 4 [ 696 4~ 40k 15 A9 2000—
2020 G % H AMMRR ( Analytic method based on multiple regression and residues ) LT AR T
EAEE N Tkm ZrHER MRS £dE . IH— B AL 9% 35 2% ( Normalized Difference Vegetation Index, NDVI) (4K H
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T Level 1 and Atmosphere Archive and Distribution_System ( LAADS ) I’ %4 2000—2020 4F 1) MOD13A3 %(#& , =5
)3 B30 1 km ]S BRI H o MR SRR Bk A T LAADS M3l MODO9AT ¥idfs , Hos ) 4p #E%
A1 km, BRI HER A 8 K, BT m FEE 7 ( Digital Elevation Model , DEM ) £(4& Bt H i & B} B 9% U5 A 355 B}
225 8045 h o0 (http .//www. resde. en/Default. aspxDEM ) |, %5 [0 43 HE R R 1 km, HEH#2R BB B H
1 :100 J7 12 #% & ( https : //www.resdc.cn/Default.aspx ) , 25 [l 0 HER A 1 km, HE TS XK EH AR H L2
¥ (http : //map.ps123.net/ china/ 11468 html ) $& LAY 1 [ TR 43 X A ArcGIS, Z83d J UK I J5 T8l %
g3,
1.2 Wk
1.2.1  PNPP W5k
ARSCLL CASA R HEACTH 3 0 TGt T8 oK 73 e 52 BOR i SO REA R 55 S 8y Skl |, 5a
1 BT B AT L A A SR ST L B ( PRPAR) AT 365 PFPAR , SRACER I CASA A1
H6A A ROGR SR LB ( FPAR) , ATATIA T3 PNPP 9 H 9, XA ik 00 5 78 Tk e 7 B A S A
It 225 AR S AR R A OC 2 W TCTE RS B Al S e A5 1F T Al B NPP B[], Ak, 5T
JEEE A A 52 B NPP A LG, D 1243 ) 250 — BOrER AR ) . PNPP AN
PNPP(x,t) = PFPRA(«x,t) X SOL(x,t) x T, x T, x W (x,t) X &, %x0.5 (1)
X, PFPAR (1) WEE A A R BT L], SOL (xc, 1) F/RRIG « 76 ¢ A RS SH &, T, fn 7, 3%
AR EE XS G REF T AR SE MR, W, SRk o3 i 2 R AL, e, A BRADIRZS T BB JOGRE R I A, W4 0.5 Fon il
BT REA T 0 K BHA RS 5 OR PR S e, D) T EESEWITHE T .
(1) WRAEEE A RS W L (PFPAR) 3157
AL PFPAR J2IT5E PNPP I FE 280, AELAEXTSEBR NPP (R 5E 1  FPAR /& H NDVI KAt A 4k
AR APIRTL  {H NDVI H T3 S A AN RE S “ WA A Re b, DR AR SCHERRGE CASA BEBY AR Al | R
B PFPAR HHHJ7EM 7155 PFPAR AU CASA BRI FPAR , 17 B HIR BE4UL 2000—
2010 47 ZR b s DX 8 0 4B B PNPP IF, SR B0 B4 AR .l T O7 A R i S VPM ( Vegetation
photosynthesis model ) # %I Fl TEM ( Terrestrial ecosystem model ) £ F-FHASF] |17 VPM R FT TEM AR # o]
T XA R R IR T, A SCR L T [ PNPP AYAG SR, PFPAR BT AT
PFPRA =1 — ¢ " (2)
[,k BUER 0.5, PLAL WS 7EM T AR AL, S8 € £ 2ARYE R KOF- B 88, 275 KR SRR R 40
Hh B TR o R 58 DA R A R - R A A 68 P K S 3 v A SR A s A 28 i RN K i s 1 k- T R, el
b= AR I T AR NS B PLAL PR AN T
PLAI = LAL + fsw x fst x (LAL__ — LAL ) (3)
Hor  LAL, FTLAT 53 52 e R S/ N - T AR 8, AL A [R) R A 2R B DR E 5 fst 11 fsw 20 91| 67 38
2 T AL ABE 1) 52 W0 0 - 38K 53 R AR A A RS2 )
T IR ARG A AE A2 2 IR VPM BRI R B H267K 734545 ( Land surface water index, LSWI) &
PR AT

1 + LSWI
s, w
A LSWI,, 4150 LSWI 764 K Z i il fe K AH,
2K o345 %% LSWI i3 F .
LSWI = Prir T Pmir (5)
Prir T Pur
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i BEXAB RO S VR 2 2R fst T CINF
(r-r1,)(r-r,,)

min max

- T ) (T-T.) - (T-T,)

. (6)

A, T BRAIE(C) 5T, s Ty s T SRR B BT ZE (4 H—10 ) FEBOGS 3 3 B0 R 1Y B 5 i
JE i AV e 3 YR

(2) KA R W, (x,0) T

FE CASA BIRIrK o3 e REL W, (o, 0) BT B T KRR SR A R0 K B R S48, 5
o B AR EU N R, I RS BEXELAGRUE . 5K SEF 261 FEARH 2004—2008 4T H1 [H #o it NPP (78, kel T
IRy e 2%, 7E CASA BIRUR FH AR S T8 R 25 3, IR e, AR S5 | AT T 7K 43 Jiirae 2 B0 etk I ik 1
=5 W1 O
EET  (0.29K" +0.6) (K x L(K) + 0.469K"° +9.33 (X 0) )

W = 7
00 = b (K + 0.469K°° + 0.966) (L(K) + 0.933K™") (7
L(K) =K + 0.906K"° + 0.22 (8)
A EET A5 A SEPRIEHL, PET MIEZERL. Y 0 >0°C ABUR K NI b, 0T .
K=" (9)

0.1Y,6
K, P o HBRKE,
(3) AR R &, A
HROCRERI R &, B BUE 2 2% R SO 45 He A 400 rp [ i 80 A% 4 % B A1 SR AF 58 b 9 B, An sk 1
B,

F1 EAXBEFIAERIE/ (L/M))

Table 1 Values of maximum light energy utilization

P 5 ERI e e/ MH STONI: 1 HELME
Serial number Vegetation types Min Max Analog value

1 AR AL RN 0.159 2.453 0.485
2 WA 0.204 2.553 0.389
3 7o i - 0.256 2.521 0.692
4 A b 0.407 2.194 0.985
5 B iR bk 0.242 0.74 0.475
6 Wk P R 0.461 1.295 0.768
7 LN 0.429
8 HHEM L 0.542
9 i 0.542

10 Fofly 0.542

CASA B sh AU T I 5% Skt
1.2.2 WA Tk
(1) 4EBRAE LA

BEFEITRIBLA PNPP AR BRs {4 (R TR/ — ik St i3m0

n X Z (i x PNPP,) - le PNPP,
§4$: i=1 ) il:I i=1 (10)
nx Y- (Y0
i=1 i=1
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K, Solpe /& 2000—2020 4 PNPP, WAEBRAE e s i RERFA , n R EAED (n=21) ,PNPP ARRE i £
PNPP,

(2) R Tt

PNPP 23 [A] 28 fb f RS e v o il ad 28 3 R Bt = s r

! 1Zt(x -x)
CV = (11)

x

A, CV ol PNPP A8 2250, 0 ARy ,x, 056 © 4FY PNPP, x “fy 2000—2020 4F PNPP #1f .

2 ZER5HH

2.1 PNPP [z a5 fii

2000—2020 4F | FE4EY] PNPP B2 (8170 A WP 1 s, B & 1 a1, PNPP 7E53 (8] 20 i b B S 3E B
PHb I AR I R, DL 400 mm SERFE/K RS A A7 FHARMI X I PNPP {HJL-F-HABK T 600 ¢C/m’, i
FEFLPG A E LB/ T 600 ¢C/m*, PNPP [ {E XK ( >800 ¢C/m?) A R AERE K Fuiili ARA T4l
AR BRGNS /NS K I AR TR AR RS VT DA RS i 2 B T B b DX S E DR AT )| AR
WA TR DX P A F T HRRR Y R R R 52, 320, 4 =01 IR R =25 R %, A IRl
B, FEOR AR ST /> , PNPP {H A /2 800 ¢C/m’, PNPP IR (E{H X EZ /31 7F 400 mm S5 RE/K 4R, 45
B VG G RS CHOR R R T P G G RIS SRR VLR R N S AR AL
HiIX, PNPP {H—fB7E 400—800 ¢C/m*, PNPP {IRAE X FE /A AE PU AL X, iX $EHh Jy ZVDiEE  RBE ARREIK 5
AR 200 mm , HEERG D ST AR AE 77 S8R PNPP {H 22 7E 0—400 gC/m” 22 [8) . 558 () AL i) 45 K i
IRZE LB I H R A0 34 1L 45 A7 78 B 7 IR T 0 6l DX K AR G55 /a7, PNPP (B s ) HL ] T B X,
TR XRRE, T RIXH PNPP {8 5%, ¥ 18 X 1) PNPP {8 & & , 453 PNPP K/NHET Jy . 189 [X ( 898.84
gC/m*) >R X (808.95 gC/m”) > T [X (588.399 ¢C/m*) > TR IX(335.33 ¢C/m?) ,

60° 75° 90° 105° 120° 135°E

40°N
1
40°N

30°

PNPP/(gC/m?)
I 0200
[ 200400 oy 1200—1400
0 400600 1400

[ ] 600—800 - #n

E 8001000 g AR
I 1000—1200

20°
20°

90° 105°

1 2000—2020 & H1[EF 19 PNPP = E 57
Fig.1 Spatial distribution of annual mean PNPP in China during 2000—2020
PNPP . i&7E15 01947 J1 Potential net primary productivity
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2.2 PNPP fJ4ERRZE 1L

2000—2020 4%, i1 [{ PNPP 4F {2} 663.62 ¢C/ P yeoteiie6som3

m’ , PNPP 4F 2 & i {H H PR AE 2013 4E, 9 706.19 ¢C/  E g0 | ,N/\/\

m’ , AR 1 B TE 2020 4F, 2 628.41 oC/m*, S fhk sk 30660 /\\/\)/AV \

a 640

F,20 0] PNPP LIAFEH) 2.9 oC/m” YL S22 38, Z 620}

{EARBRIE Ak (8 2) o I , . . .
*E%E*ﬁ j;u B"J PNPP gizl‘gjé}jﬁ , ﬂ‘%: 2000—2020 E'E 2000 2004 2008 2012 2016 2020

Hb R B 1 PNPP 4B fl 550 3 e, e

3 A1, 20 4E[] PNPP 1114 X I8 5 PNPP Ui/ X 35§ B2 E PNPP EHEEREL

E‘ﬂ;{ %ZIK*H%O PNPP ﬁalzi: ﬁ ’f’t ;%Tj—:_z_6 gC /mz ( % Fig'.2 Interannual variation of annual mean value of PNPP in
RSN A ) (0 R 5 5 T A R R

) 68.24% , 1% Ui I PNPP Y 4EBR AR Ak B AFAE — & 1 I

By A5 B R PR 2/ . PP 45 B 8 9 535k o 4 [ B i T B 50.819% , PNPP 7 35080 1 1 1 85 2
TEMAEPI IX ; — SR ZRAL X, A0/ 220 KT P8 IRA8 TR RIEE P R B MK — P
K F1 SR 5 A IX . PNPP AR B (L A0 16 DS 5 4 FEL Bl B 49.199% | PNPP b 3500/ 1 X B 4 o
TR, B0 7 P T LK LA B 7 1 T 3

A
PNPPAERRAE4LA / (gC/m?)
e 2332
B -26.17
LA
>,
A
* _',',,’
oA
“ Wit it

B3 2000—2020 & 1 [E PNPP B FFREHL R
Fig.3 Annual change rate of PNPP in China from 2000 to 2020

2.3 PNPP =S falfa etk

R T HRE PNPP 7225 (0] b ifsue vk B TOu REETHA T [E PNPP (9748 5 R 80, 15 S8 HT A48 53 R 4K
M5 RARIE K PNPP I sh R R 5y AN S (3R 2) , rHr & A B PNPP 190 8h 28 L RFAE . 2000—
2020 4, H1E PNPP A8 53 200 F-3{E 4 0.088, W h [E PNPP YA (bR {Rd /N, 5] 4 J& PNPP A8 53 25U
23 (0] 504, Rl 4 Fe 2 w2 R KR 0 M X, PNPP Y728 S R B0/ 728 5 B2 80<0. 1 BRIk sl i IX i FH A
660.82 J7 km*, (5 4 [E ST FL Y 68.87% , Uk BH v I R 73 H IX (¥ PNPP #34b T8 b Fae RS . PNPP 4§
AN (0.1<78 5 RAL<0.15) FARXS BRI 224K (0. 15 <78 5 R AL < 0.2) WYl X 32 2R 3 s J AT
AR X S AR N 245.74 J7 km® 1 33.93 J5 km? (5 e B AL 25.61% F1 3.54% , TR % B
A (R S5 R E>0.2) 11 DX =2 TR AR S M FEH03 A T8 PR AR F R SR A M X o5 LB 1.98%
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[]0.15—020
B 020
4 H[EPNPP WERRZMZENH
Fig.4 Spatial distribution of variation coefficient of PNPP in China
%*2 WEPNPP WERRZBEMRSIT
Table 2 Area statistics of variation coefficient of PNPP in China
5 RE(CV) AR AR [EA HEHEAUE 54 %
Coefficient of variation Degree of variation Area/km? Percentage of total area
CV<0.05 ke sh 21k 454410 4.73
0.05<CV=<0.1 AHXSBAR Y 3284k 6153831 64.14
0.1<CV<0.15 LIER37 K 2457410 25.61
0.15<CV=<0.2 AHXSHE 2 1k 3284k 339309 3.54
CV>0.2 =Rk 189760 1.98

PNPP . AL 4272 11 Potential net primary productivity

3 g

3.1 HHISCHFIE R g

H B AR A 538 A AT 1Y PNPP A7 vk MO AL AR SO AR B PNPP 243 {H 5 Hih 2
FHIRFFELE RPEATRI G (35 3) ARIEMBEE FIFH CSCS 75 1 H1 MODIS $i 52 51754 21 v [1 1982—2012 4F [ 4k
MW PNPP SN 586.74 ¢C/m*, TR i@ I BIIC A MR A, A5 T 2001—2017 4F 1 [F PNPP,
TS A E PNPP AEEIEN 529.16 ¢C/m*, L L5 SR 4328 [l A REASE RUAS 4D o (698 £E NDVI, FH Bl st 1
CASA FVETE NDVI 845 i i [H PNPP Z4EH{E Jy 468.94 oC/m>, K353 45 0 I 21 J5 545 I Fr 432 12
I CASA AN v [ 2004—2008 4F () PNPP #4717 1144, #5.5) of [H PNPP 4E¥{E K 503.8 ¢C/m’, A
HH E PNPP ZAEHI(E N 663.62 ¢C/m”, i TR AAYBFFT 45 5, HLIF R AT B2 A Sl AR SCUR ™ RE4BLA
FE AT B e RO RE A FH %, H: 2 A Bl S 70 199 d5e RO 8 AR FH 230 A 3 AR #40 J  JA = b 7 31 7 B ( 0.389 ¢C/
MJ) , 5K SE 34 458 NS i H: PNPP BEULE R AR ) o SNBSS 3R S E =2 (8] 4 7 01U 5 R A 1B 7 1%
A ZARE TR A BRG], e PNPP B SR AR L W38 B2 A AR 9 v bl T B R 967 i S 1 < 42
SIS RD SRS AR S SRR EAR B AR AR, TT BE S EOBLL A9 PNPP 4%, EIEBSES T X
e PRI A 45 SR B S AR SR 4 SR A A BT (HL TR A AR R RS ] DX [R)AS [, S OB A 45 SR R R
HAT
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*x3 AEFEEGHEDEPNPP HERIER
Table 3 Comparison of different scholars’ estimation results of PNPP in China
WFFTARRR WFFE 05k FHLER EE DTN
Years Methods Results References
19822012 B HIFREEA N 43 28 R G h IR IR FR AR PNPP ZAET-HMH Jy 586.74 C/m?, Kk B % (9]
BEFERRT] A CASA RISk PNPP Fisf T () 41 22 I3 44 4 34
FIFH 432 101 5 B 30V 7 NDVIL, 76 G BE il I
1981—2015 521 CASA B4 PNPP PNPP ZAEF-HIMH Jy 468.94 ¢C/m> [7]
2004—2008 HFRIRGEA T 732 R Gk CASA 58 31 PNPP Z4EEH{H K 503.8 gC/m?, PNPP Ei k2 (11
% PNPP Bk BRI T 23%
FIIFHSCIE R CASA BLAVEF T SEBs NPP, R 41 L s ST B -
0012017 A, fEIL A AL b gy D TR 529,16 C/m®, PRPP LA g

# PNPP

¥ 1.48 oC/m? FYHEE S 0 I fa 35

AR ZE SR 25 0] oA LR, AR S B PNPP (EV RS e, 0 1132.8 oC/m” , HIRIEBIS =/
FkE R PNPP {H43 90 1076.5 gC/m* 1030.6 gC/m’ 1 961.1 gC/m*, PNPP {& fie/IN 1 44 0y 72 8, Oy 323.1
gC/m” AR IE AR 2 (9T f | 42 [ PNPP {H = M (0 RV A (664.3 oC/m”) , HKOR AR (520.6 ¢C/
m”) FI =B (518.9 ¢C/m?) , eI [FIFF 28188 (54.6 ¢C/m?)

ML PNPP ARb 3R E AR SCE B H SRAEDE PNPP 764 bR L B R 2 B B sl h iy ke 3%,
XEAEIERE ) sk 3 45 IR FE 45 R (B SR THE D OB T 85 M S, AN AR SO () PNPP
B fEAE 2013 4F X 5 T R MBS R — 50, X nTREJE R T 2013 4F 4 [ K BH 8 S 5 (8 = T 3L b ARy
2020 4FEA B AR, AN SC R BT R JE AU 723t PNPP (9% S35 e , 13 2 DR oA 747 6 e i s Ak STV M 3, X P
1 FEA S R GE M F M 55, et A7 A Py i SO AR Ay BP0 D N e U AR 1 1 D LR T A P M2
KA, HL A FE T %, KGR RS2 i o) AR a3 FR AR PRAR (LK) S i PNPP P sk,
3.2 WERES R E P

AR SCH ARG 7 T B R F SR S A AN s M R R AR S AN B R PR R T, 2R I, TR
Bl SRR TR S ) e L AT AR A st 104 B, DR AR SO 9 4R ) 1) e 6 T 2000—2020 4, A5 32047 T
KR P AN A 5307 o 32 B AR B T v 1A G 500 O il i A 22 1) A K P o S B3 4R 1R 3] 2016 41, A
3 2017—2020 4P 4 A BH R S B0 BE R T K PHAR S B A BCAE 4 | (0 e 75 SR R ol i b, — e AR B L5
TR BHEE 02 18] 4k, v RE S UG H A9 2017—2020 4F PNPP {E S ARIRAR , ZEAR T 5 T, CASA A5 78 J2 4K 4
b 56 by DA B BT A N7 1, A 3R b A B S A 2 S AR AR SRR AB A s R IR HE , AR SR CSCS R I AR
ARSI CASA BRI K 43t 2B THE i fAiAk TR R (R Rt b SR S5 FE — i BB 1454k CASA
BRI FRALBR OB BRAh, AR SCHR KOG BE A 3R 04 BRI A 68 2R SCOR 26T AR5, A0 40 S [) 1 o 4 2 FR i
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Wi, R V2 AR IR B A R S 1 GRS RO RE AR F R B, I & B K (B] )P 31 ) PNPP 28 S0 AR 5%
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DHREHAL VAL S MR NPP AR]85 5 T 12 JBBOH R A 5 0 SE PR G 26 7 AR L, A e T 28 ) 4k
— SRR )
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gC/m’,

(3)2000—2020 4F, H1[E PNPP {5 S A& 2 80 1 FH#a % 4R PNPP & s {8 H3AE 2013 4F 2y 706.19 ¢C/
m® , B ARAE HEAE 2020 4E 0 628.41 ¢C/m”, PNPP 4E P78k /N, KEB 40 [X ) PNPP 25 i) 28 fb 4 % , PNPP
AR ZB A H(E R 0.088 , TR0 B, DU 1| 3R B¢ M1 454 () PNPP % sh7A8 fb A A
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