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Abstract: CO, fertilization is the main reason for global greening. With the persistent increase in CO, concentration, it is
critically significant to evaluate the effect of CO, fertilization on the global terrestrial ecosystem. Gross primary productivity
(GPP) quantifies the photosynthetic uptake of carbon by terrestrial ecosystems, and it is the basis of the global carbon
cycle. Leaf area index (LAI) is a vegetation structural parameter that modulates the interaction between the land surface
and the atmosphere and therefore is used in many terrestrial biosphere models. LAI is a critical parameter for leaf-to-canopy
upscaling in the terrestrial biosphere models at the regional and global scales. Therefore, a reliable estimation of CO,
fertilization on LAI is crucial for understanding and predicting the terrestrial carbon cycle under future climate change. Due
to the complexity and spatiotemporal difference in the global terrestrial ecosystems, there are still large uncertainties in
simulating global LAI based on phenology and carbon dynamic allocation in Earth system models. Thus, in this study, we

used the future scenario climate data, combined with the Farquhar and Boreal Ecosystem Productivity Simulator ( BEPS)
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model to investigate the effect of CO, fertilization on the global LAI and GPP during 2020—2050. The results showed that
for RCP2.6, RCP4.5, and RCP8.5 scenarios, the CO, fertilization led to the global LAI interannual trends were 0.002,
0.003, and 0.005 mma™", respectively. The LAI increased 8.1%—9.2% , resulting in a corresponding increase in GPP
of 7.9%—14.6% per 0.1% CO, concentration. The contributions of LAI to the global terrestrial ecosystem GPP were
66.7% , 48.7% , and 57.1% , respectively. It shows that CO, fertilization is still the primary reason for increasing LAI under
future climate scenarios. The increase of LAI caused by CO, fertilization will significantly promote the carbon uptake of

global terrestrial ecosystems.

Key Words: CO, fertilization; leaf area index; gross primary production; BEPS model
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Fig.1 The time series of CO, concentrations during 2020—2050
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HB Y | A 2 P AR 5B | F S P AR EE B S X X A 5 2000—2017 AFE A3k LAT & 35 A48 Ak X B oy —
', H, Piao 2550 BFSE 2 AT N A T R HLIX. CO, i AE S5 0 7T LAA# B 85.0% b [ i b A 25 R Gtk K &
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PIAEY LAL AR PRAR IR 3, T 5L 1 4Bkt AR 28 R G RS0l 25 SR 2 BH €O, Tt AR A0 mT LA gk g 70.0% 1)
SER LAT (AR PRI INFA A S gy 45 e xhy ] S REARIF 9T B 45 28
4.2 CO,JEREALN 30 LAL i35 AR 45k ki b A 25 2R SR i

ABFFT L5 R F W 2020—2050 4F7E RCP2.6 . RCP4.5 Il RCP8.5 S ficfE 5+ F , i1 RLAIL 4K 3 BEPS A& 175 5]
) 2020—2050 4 GPP [RIAEFRASALEE 54 0.14 PgC/a 0.20 PgC/a F1 0.27 PgC/a, B RLAIco, R &5 # 15
FI1Y9 GPP AEFRALAL S5 0.42 PgC/a 0.39 PgC/a Fl PeC/a( B 4) . =AM UBNGHT, COMNERUY F 5
() LAL 35 o) 4Bk Bl A 25 R 48 GPP AR B2 Ak 35 BTk 73 518 66.7% 48.7% 1 57.1%, CO, T3
0.1% , H1 LAL 343060 GPP B hnidt 28 7.9%—14.6% , RFFFLGE ET CMIPS U=t 1iAh A kel
ERRGA T, SRR AE S RS NPP S s 38 0 =2 th KR COL MR EE B IR S, A A5 IR 1 52 il
FAXFH5S . Chen 25 BHFSE B 1981—2016 4E4BR LAT (3 infdifili s A4 258 R G WA HGTR 12.4% , W 5 A B 58
GERAHIT . AN, Cao 251 WF 5T Fe I AE A BRYE BN, CO, Tt AU RN BE CO, ¥ 2 14 I i (ARG, 24 CO, e 2 i 5
0.5%I, CO, 1R B2 Tt = XAV A0 300 38/ R 55 , (AR TH 24 HE 6 A VR T, 31Xl SRR 5 v 2035 4R DL,
CO, FENEZLN X LAT [ 5 AT B I 55 1) 285 51
4.3 AHiEES T

AWFFEIET Farquhar A8 FIA5 F TGRSR AR R T CO,ENERLN X 428k LAL fysgm , IR 1T
CO, it AERN XS LAT 52Xt GPP FEF , W 58 i AFFE — 8 AN 8 1 . 58, 38 /8% LAT 25040 i 7 2001—
2018 4 LAI MAEFRAZ AL 3450 0.008 m?ma™ , fm FXF AR LAL BURIUEE IR (K 2) X 2 & i Tk
LATE S T AR RS0 LAT B AW 58 55 05 48 THR 1T CO, Bt AR R0N A AR f i s i), B R %5 A
R ZR I AT RESRAG AR LAL (AR PR At s, il ELAR 2% PRl 46 7% 8 AR A R G048 B (I AR APRAE 2
AV TR ) SHRRIGIR AR, 2 i oe h Shesdh i — e i 22 |

HIR, CO,MEAERN X GPP [ Jin A —38 43 05 B F i AR08, BAE B e AR R & 2R Co, B
S GPP 34N, 55—t T COLME IR S 30 LAL 340, A2 4f GPP 34m ) | ABFSE M & T4
CO, AR, T30 LAT ¥E I %5 423k GPP MIsZn , I A% [ K300 . 534, BEPS Al & 1 CO, Mk
JEERE T AL B R 52, 33X 5 TR 23 5 e ol b 2B 28 R e OGS AR T (HR ARG v B B A 43 85 1 i
R4S ER GPP RYSE

B, AFFRALFE T MRI-CGCM3 Aok A% 5o 84 ik 2020—2050 4F 4> R Fifi b 2R 5 R G219 LAL
GPP , R 254 HE ARG 5B 45 R 470 Lo a3t , AR AU MRI-CGCM3 S f5fd 52 N 25 R,

5 #ig

ARBFFEHET 2020—2050 4E RCP2.6 \RCP4.5 Fll RCP8.5 =AM 5 R TR WK 8 Sh) R - 300 1 %
P , 454 Farquhar £ H BEPS B #5555 2020—2050 4F CO, Jifi AT RN X 4 BREE b A= 75 R 48 LA Fll GPP #9352
M, EEEF LSS .

(1)2020—2050 4FAUA AT 209 LAICRLAD) 4 2 2050 4F4E =AU 50 F 0835 1Ak
F(P>0.5) , BANA CO,JHAERLN (5 5 45 2 i LAT( RLAIco, ) 7£ RCP2.6 . RCP4.5 1 RCP8.5 N, 4Epr7sfk
#5357 0.002.,0.003 F10.005 mm™a™"  FRUITEARRURZMAF T, COLMEACRLNATIIR J& 4R LA 15 m
M EEFRHEZ—,

(2)2020—2050 4F =ANE MG 5= T CO, Jiti AN X LAT 520 A CO, B39 0 0.1% , LAL S Y34 Jin 24
8.1%—9.2% , L T2 GPP X} RGN 7.9%—14.6% , FEHARRAMEZLNF T, CO, MR N {5 /& 4Bk GPP
HmpEERE

(3) CO, HERE AN T80/ LAL B3 INXS GPP AR bR AR fbAE = AN [RS8 5 T B9 s ik i 43 51 R 66.67% |
48.72% 1 57.14% , FTFER RS SRAT T, COLMENERN T B LAT 3% ik 5 35 0 o 4 kB b AR 25 &R
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