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Abstract

It is important to study the spatial and temporal evolution of vegetal NPP and its driving mechan-
ism for the construction of ecological civilization in Guangdong. Based on the perspective of “Pro-
duction-Living-Ecological Space”, this study uses the CASA model to estimate the vegetal NPP in
Guangdong from 2010 to 2020, analyzes its spatial and temporal evolution characteristics, and
investigates its spatial differentiation driving force by using geographic probes. The results show
that: 1) The ecological space is the dominant area in Guangdong, and the area of the “Produc-
tion-Living-Ecological Space” changes significantly between 2010 and 2020, with the area of eco-
logical space increasing and the area of production space and living space decreasing. 2) The ve-
getal NPP in the “Production-Living-Ecological Space” tends to increase first and then decrease, but
the overall vegetal NPP increases. The highest NPP value was 992.91 gC-m-2-a-1 in ecological space,
followed by 771.96 gC-m-2-a-! in production space, and the lowest NPP value was 518.82 gC-m-2-a-1
in living space. 3) NDVI was the most influential factor on the spatial variation of vegetal NPP, fol-
lowed by land use factor. The effects of temperature, precipitation and solar radiation on the spa-
tial variation of vegetal NPP were comparable in ecological space and production space, and the dif-
ferences were more obvious in living areas.
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1. 518

M 190 4 72 J(Net Primary Production, NPP) & i 2¢ (A fe 4 75 S Ar i [ A AR _E i 6 & 4F H B =
A B R B P BT R SE AR A (1] B R AR AR AN N SRS i R 4 22 AR 45 3, AR DGR A
B RGP GERIZ I TR, R WS KRGS LA e A S RERCC R R B R T [2]. &
K, N AMEFE LR NPP R I 24 1 S RS S5 7 T AR S T R k. Bar, kT
% NPP B 7 24 R 2E ME 5K [3] [4] [5]. XIR[6]. H5okituIg[7] [8]. HEARSEAI[9] [10]4% R 4 #r LS
AR, B, T BN NPP BRI 38, ENGEitAR . AR ARG RE R A . Horpr,
TOERER R, MAE IR i A B A5 HH % 1T & S A 4 NPP ) CASA (Carnegie-Ames-Stanford Approach) &7
[11] [12], FEAERADXIRA 7 3t S b 3% TAR KRIAE o AR T AR R SR 15, CASA BEHY 75 2211
SR> 5T AREL, HoAT DUARSE AN [F]h X 1) s 1 L SHGHAT LRI dE, R R . B A S
Fi CASA B 3 E A [F] I A4 NPP AT R S 50, 39S 17 B3 R [13]. AN R AERE T
HPRAE SR G AR RE RN HR, R CASA BAUG T IR E 1997 a8 — A= ) L= A, 13
£ 1997 FIFRE MM VA= J10N 1.95 PgC, 252t SRl HUAE 3 47 15 58 — 2B 7= T 4% [14]. miid ek
F CASA AU 2 A1 s AL M X BLHOAE B NPP S LB AR RRAE, 19 252K Bk A B2, s db i [X B
MR A NPP 23 [A] 23 AT FUAE S K-P- i o0 A, 2R B 1m) PR AL IZ s/ [15] . Fa S5k FH MOD17A3 5
P EE AR A AN S Bl PR A 7 THD W 70 B 07T SR A NPP AR 52, $8 A A8 A F N K75 3
XA NPP (R X 520 3502 L HE B S5 ) 2 (R e 1k, JHE e N SIS 3 2 S0 390 ] e A e 2 A 7 3 22 3R B A
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F[16]. ARG Y NPP B S K SR AT TT, PRANAS IR 5E 5 (R AR X DTk S A8 BN, A
FEAF B 98 R X A ) S B AE SR TS X, H XIS A mi SR PkaR, 21 22 [ FHE
ANTK T B DR 75 R X T X 8 NPP 3 R 2 5 M [17] . LA A ST R AN R R IR 25 RS R 3RIE 1
CASA BRI AERAMERI R (7 2 P, [RIINHAIE B 7 R 4% NPP BFF T A B M DR

B NPP 3K 2 K 22 [ F 78— B2 B Py AN S50 SR (1 il 2 —, B A3 WASIR A B i T
T, NPP FI3RZNE 2, AT LASF S5 [18] [19] [201 R N3G 2 [12] [21]P/N 7 TH o 1% L6 2235 R F L 35 A W)
FEFEHBIGAIE T S A28 Ak A - 78 W AR A O 4 NPP (RS20, [R] I 3E 3K 26 D] F o o2 45 i R B R e
(s 18] R PE[22] . AR H AT TR NPP 3k 2 R 25 1B 76 5 22 A SRR B AH SR BRI e o (4 7
Fi, BRZNF 2 PR AR ML, Tk NPP I 2550 5 R A2 S R AR F 45 . HO B BRI 35 1F
R TR % 18] 43 S M 4R s O 5 SR R — OB i Ge it ik, B RERT AR R [ AR xR A R ) A
BEJ1, SURTLAVEAS DR 72 18] R AE ELAE i 75 2 1 iR B V3 5 0o IR 728 e PO ke 0 [22]

“C=AEEA) AR NS A TIES R R IERY, M ThRERL M R s e s e L AEE )L A
], FAE T ANKESS R G R, HAl, CAEMRET “=42m7 WREWAESKK. 4
BIEERN BB RN . T NSRRI RS . IS “ =R AR N RIS R AT AT A
PEERHE M.

I A AR IR E 457 R RRE R X 3K, — 7S K IAE R TE i, AESRM LR, BERERAE
AR R TR IPGE R R, TR R X B R AR b R G, kS
HMHEBRESIHE21]. EER, OFEHENT RIX RS NPP B 7t[23] [24] [25] [26], BEITT %
HuIX AE 4 NPP 18252800 K L bR F AR B NPP (82 o BT 6 ifF 50 R 25 R AR IR B X R i NPP )52
m, AT 2 822 EAE R IR, B0 B #TE 2010 BARG. FRibz4h, VBN ARGk
PR, LHORFH 24— B R A NPP R 3R M R 0P SN 2%, H H 7L = ZEAE HR E AN [ - R
FHZRA 2 18] AH B R 6 AE B NPP 1520 . AR SCR A CASA BRI R [X 2010~2020 “EAE 7 NPP HEAT
ity B, PR IT LI 2500 S ARFAIE , £ B bR AR 28 TF F8 T 7R M X AR B NPP 1) 1 5 IR R 3 S 2 IR a8 AR
DA A T Hb ER 2R A 4 NPP AR AL I R AR AR BRBNALA, D) AR b X AR S ISR AR ARG A R (R 22K .
BB g, BT =AM, REAErEaEn. AR AN, WRAFRIREE S S
T, NPP =% 8] 73 535 5 2 M PR 3R 22 %

2. PREBEHIERIE
2.1. WREXEHS

T 2R M DX R Ak ] K P R S ARSI R ACRRVL VG AR A, VEIE) VG, MG R, AT 20°09'~25°31'N
1 109°45'~117°20'E Z [a], HAJ"REEA 21 M bR EMAR & HE. W 2 MTEBIX . TR
Hby DX 25 S By AT, AR EDE S BT AR XORRE 3, &8 AR e e e U fe, AR, R E AR,
HmAFZE, SENSBEEER, At ral. 2R 5T Ay SR B 2R pR, B
Ze A SRR AR BT IRRAR . WU R 2D AR DL SO R B N A ARRIRA MRS, BT AN 2RE3)
(R HARZ MR, O TR AR b P i AR A AR AR AE S BRI R R R MRS, R 7y C AR B AR
EFRENRAC AR AR, DANTTMCONE, N TAREAR 615.51 T AL, KIRMIEFN 257.8 J AW, BRibz 4,
A K E .

2.2. BiEskiESATE
AL LA 2010~2020 4F F 08 B AR R B0 VIR, FEREEUE HORS X NPP R R B &k
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B R

HE ., NDVI Fds KI5 T 32 B E 5 2 0K 5 (National Aeronautics and Space Administration, NASA)[H]
MOD13Q1 /=i, BF[A]7r#HE3 0y 16 d, XA/ FE2 K 250 m. K G A KR T H X I 2R =50 oo E
UG W (http://data.cma.cn/). KBHARSTEE . RIET NASA 5 AEJE(NASA POWER) T H %, =M
IHERRY 10 x 100 B SRR T 56 [ 1 S 2 R SR MCD12Q1 b8 47 i, 7% (8] 43 #% % 500 m,
N TR BT SRR, AR S ORI A RAREF AR HEAREE AR, HEM L B,
AR B ST KR BRI o R B R R T b [ R 2 e TR R PR B R 5 B 0
(http://www.resdc.cn/) . AT A7 TN NPP (1) 353 K1 SR F (R ZE HAE A, BRI K- - NDVIL
B AR ORPASRST . LRI o D9 fRuE = () Jr e i) — ik, Pra Bl g — 20 #4508 250 m.

3. AR GE
3.1, “=HgE” %

R FRIRAE S AR AR, BT, =R DhRERR 0 EERYE LA L RS
ARGMFME = KA[27] [28]. Hrb, HAHUA D aER 0 EZEUE TS, Lok 2R
e, ANE SRR R 2RI T AT E 3R I R R e HE L RSl BN DA SR A P A
REAI[27], (h it “A L AR RS DhRER RS AR I, BRAEE NS B, KT« = A (E)
R 7 3B A TR R W B . AW 50525 3830 55 R Al - o A P AR A 291, 4K 8 3R TR 70 b v
FHITIRAE C=AEAEE) ORI R 5 SRR R (R 1),

Table 1. Land use classification system of “Production-Living-Ecological Space” in Guangdong

FTLIERMEX “ZHzE" AR SRERR

“ZrEERiE) AR A 42K SERIHCR R 452K
R —HR =gk
— Al A 7 i Hb KHL. B
Tk A= T
Y ry
Mol A 25 i ﬁﬁﬂg§$ﬁ£%Mﬂ
A Bl 25 EE AR R, P AR (R AR
KIS TR I KRG A ARV

Mok ML,
oA A 245 FH YoHhL. XKEE. EhEEML. VML, MREHh. BE AR, HARKRF A

IR A= 3 SRR
A
AR A3 I A B R 3

3.2. CASA &5

CASA (Carnegie-Ames-Stanford Approach)f& 4 /2 fie 1Y (1)t e R FH 2, HLAE AT 72 IR 5 i 3P 858
FPY IR R M o AR SCR B TR SR S5 Bk CASA AL, Hh S8 a6 h 2ds it
(APAR) 5 Y BERIH % (e) [26], IHH AT

NPP(x,t)= APAR(X,t)x&(x,t) (1)

Reh: NPP(x,t) WA GLE x AR I T R0GAE = 1 APAR(x.t) A FIRLE x b Hici
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£ IR E] Y TR & R ST s e (x,t) NASTRALE x FRORALE t IR IR P OB RER T A%

321 XAEBFBIRH APAR HITHE
APAR ARHEAE LA R R M 5 RR A, A R A ROt A A R AT RN BB B T
BB BERI RN, AT
APAR(x,t) = SQL(x,t)x0.5x FPAR(xt) )

A FPAR(x,t) A4 e Z 0 NG &5 A R 4T (PAR) HOMRUSC LB, Bk T A e S 2R R e 8 IR0
WERRM], fE—EEH A, FPAR 5 NDVI R R E(SR) < MIfFAE R L MER R SQL(x,t) /& t
BB TT x AR BH AR S (MO m ?); S AR, AEAAT BER OB A AR S (2 S il 0.4~0.7
um) i A BH R ST LD 0.5

3.2.2. KBEFIFIER  FHZE
JERER 45 A RAE AT RO E & A R S e 08 B B A UBR I RCE - A, FERAR AT,
T RA BOOCRA MR, MAEBSLFM T, FERZELNKS RN, AKX
e(Xt) =T, (X,t)xW, (X,t) X & (3)

e g, WEADIRES N MR CRER FHFR R 0B KE, S8T, AR R B & KB R R FH 2 B
RRZER. HEl, EASMIE T OO BRI 2 BUE R BRI 2, K 2500 7R CASA HEAY T FifE
Bl NPP B X6 AN 6] (AR A 2 AL e KOG e R FH SR A 0.389 gC/MI, {H VA I FEAIE B iZ 5B JEANE & H T
REFA MK . HRT, A7 R NPP AUGAEF R, RE 2 BB %26 R 4k R
2L [30]H1 Pei 25 [3LIME 5 &, TIIMEXT R AR NPP BEATMG S, BT AR X Al AR KK, F 4R
RS, F = WP YA T B AR, NPP B R /), PRI A SR B 1 2R SCR A [30T e 1) Hp [ L BUAE 3 ¢,
B L5, A [ A A O e R 2 U 5 2.

Table 2. Light energy utilization parameters of different vegetation types
2. TEIEHAIEFAESY

FABRA AR oA A R it TR, YR HAt
Eae 0.389 0.985 0.429 0.542 0.542 0.542 0.542 0.542

3.3. HUIBIRMIES

MBI G BEASRS i — R A 5o BB PRI 252 R F 2 8] 0 Sk AR s B8 Jm SR Bl 70
G A TTA[23] 0 B REPRIN A A TR AR A (K DR, BE AR K 10 2 )RR 2R SR ECAT P R 2 T DR T
o PRILE, )iz N o0 A bt PR R AR SR AR A s ) 7 A U5 T, (EDGS AR NPP 33 8] 7 S35 A8 0 Hr
(IR D o R NPP 23 [8] 70 53 (SRS L IR 23 R 0, A SRR B S ARG S O, B2 52 AN
F RN AN TG S RS, A SCIE I 0 A 23 DR XCBURRAE I 45 A AN HIBIE 7S, AN L ARFRBE AN
PSS AT DA NPP 22 (8] 9 5315 Ja (IR HLAEATER T o SRS 45 NDVIL SFIREK 1
Al FEBIRERS BHURIA], N s R F BT LR O AL B DS R T AT AU E AR (X))

4, RS
4.1. CASA =BG H L RIGTE
52 22 Fih DR 2% 1) B ) 2 fef AR TR (AR RO 55 S 2 [R) A — B B 22, TR o A 2R 1 B 5 R IS P 4G 56
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B R

JehEE ., BT AR A NPP RS Bt SR, ASCRILE O (0 70 R sl AR A A 45 Sk
ATXT AT SR . BT A SO S DA I FE B R Bk, Rtk MODIS %4 7 i MODIS17A NPP ¥4 5
CASA fli AR AT X LIS UE . MOD17A3 NPP #iE i) [A] 73 #F N 4E, 5385 1 km, NGE—5
RERFEN 250 m, T CAL il AR IEIRIE, DI AT DR NIGAE) 25 X CASA FE R A S{E
FERE ST (5 . MRHE %2 3 X LU AT N, CASA FERUALEL 11 4E 2 4F-T-1 NPP 4 932.42 gC-m>a ', MOD17A3
ZAE V35 NPP iy 934.91 gC-m 2a ", % FH 25 Hoil. 7F 2014 4E1ij ) 2020 4, MOD17A3 NPP {E 7% T CASA
B {H: 2015~2019 4E[A] CASA B L FAE KT MOD17A3 NPP A . AN[RIBEAY[A] S0 L 3022 S
MR, EAMUEGHEMMERGRARR, ESMANBIERENZER A K.

Table 3. Comparison of CASA NPP and MOD17A3 NPP
%% 3. CASA NPP 5 MOD17A3 NPP Xftt

Ehy CASA #R(gC-m %a™t) MOD17A3 NPP (gC'm %a™)
2010 824.70 921.89
2011 902.12 922.78
2012 887.68 908.30
2013 943.99 955.53
2014 865.35 881.29
2015 983.48 933.10
2016 1018.71 921.79
2017 986.04 970.53
2018 997.03 976.63
2019 927.57 921.82
2020 919.92 970.35

it — LB IE CASA FEAIE FRE RS, K 2010~2020 4 8] {5 ZH AR FE A LR AL, JERAFE 503 A s idb 47
I 1). BIERDL, CASA FRLE(H 5 MOD17A3 $E (4 M6 R AT, il B EERIREP <
0.001), R?*=0.631, FHIMARIEEFAHL. Kk, H CASA BALN T KM XK NPP {55 B A B
AIERE, AT DL AL, kAT AR R T AT

42, I"RMX “=EH=E RHERE

BARKE, 2010~2020 ) ARHLIX “ =A A7 BRBNAK, HEFREN. W 2 fox, £
AR VE A A NGRS R AT, AR E RV EEE R M. ASH SR, 4 69%, FE
ATAE AL S S AR PG 3, X B X RO R X AR SR X, HARCN R 2, MoK TR LA
IR AIE A LG, AN 6%, 5 B0 AT 7 S S X ST I RIX, ) AR X A
P X, ARG S TAIGEE . AP EL 4 25%, B0 A 70 B MOCTS X . B R PU I T (540
X K AL IX [ PR X, 2R PR HX, 36 B R KT AR AR P 5 50

AP s (A R AR S 2 (o) T B 2 e I Rt B, AR SN e E as . BISRE (R 4), 1F
2010~2020 4E[A), AR X AL A (AR AR JE A A AR D, AR R EAR G . o, A s A T AR A
44997.20 km? Ji /b %= 44950.00 km?, 5 ELigi/> 0.02%; A3 I3 A 9845.94 km? i/ &= 9792.82 km?, Lk
W/ 0.03%; A I 124841.97 km? 6111 & 124942.30 km?, 5 EL A i 0.36% .
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Figure 1. Comparison of CASA NPP and MOD17A3 NPP
1. CASA 28It H{ES5 MOD17A3 NPP tLi%

Table 4. Land area of “Production-Living-Ecological Space” in Guangdong
F 4 TEMX “ZHZFE" AHiER

R HE R A ] Gl Ul A A
T A km? i Ee/% T A /km? ik E/% T A /km? /%
2010 4§ 44997.20 25.04 124841.97 69.48 9845.94 5.48
2015 4 45423.11 25.28 12429451 69.17 9967.5 5.55
2020 4§ 44950.00 25.02 124942.30 69.53 9792.82 5.45

Figure 2. Spatial distribution of “Production-Living-Ecological Space” in Guangdong
E 2 "E#X “=E=E7 =E S

43. “=4%=E)" SRTIFRMXEH NPP =T 4T

4.3.1. " HMXER NPP BEET

2010~2020 4, " AR B M NPP fEFRAAL RHERC B &, AR sl i i#ass . I 3 nf LA
T E 4 NPP 1£ 824.7 gC-m 22 '~1018.71 gC-m %a " 3%, “FHIME N 932.42 C:m2a™*. Hif NPP [IH K
B B/ME 2 5] LA 2010 4EH11 2016 4E. 7F 2010~2016 4E[A], 4% NPP 5 LA Iniass N ¥, 7F 2014
FEHBUTF R L ETE, AE 2016~2020 4EH], AP NPP 2 FRF#a%: MfE 2016 SELLE, MDAk s
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NE . HEAEKYE, B 2010 ) ARHLIX AR NPP {03400, RWIAE 2010~2020 4E[A], J7 7R X AR5
SR AT, R R RN, AN AR Rk e A BT

M =AEZSE” A XA, E 2010 45, 2015 4E, 2020 4E (AR 2S (R A NPP {E i M, —4E 71
{89 992.91 gC'm %at; Hk K474 1A], 9 771.96 gCm 2a t; £ 1% 2= AR B NPP B A%, 34y 518.82
gCmZate “=/EZA R NPP 1 RSl ss, (BERRY NPP B pign, HAE&% g W
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Figure 3. Interannual change of vegetal NPP in Guangdong from 2010 to 2020
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43.2. T HRMBXEH NPP ZH T

FHJ Z-Hb[X 2010~2020 SEAE #% NPP 25 [8] 73 A1 B (1] 4)PT1, 2010~2020 45 ARG 7 NPP 25 [A] 43 A1
Ay, TR RANEE X AR X, XI5 B2, e NPP {H NIUAZE4L 0~500 (fRAHX)-
500~1000 (H{E[X). 1000~1500 (= fE[X). >1500 (#EmMEX), ATLAEH, |7 ARHIX AR NPP {3 28+
EIXYEH, AT ARH X & X RAE X 3 554 76 B s DRI 3 3 T 3 X, A 2. S X 3
FOAEEALHX, 7F 2015 4FAE# NPP (B3 IEA S, Skt XA NPP M B X F5A48 NiR sff X
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Figure 4. Spatial changes of vegetal NPP in Guangdong
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Figure 5. Spatial changes of vegetal NPP in “Production-Living-Ecological Space”
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4.4, ¥E# NPP TAIREN 44T
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Figure 6. Comparison of vegetal NPP driving factors of “Production-Living-Ecological Space” from 2010 to 2020
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