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Abstract; Adding mesophyll conductance to the land surface model can effectively improve the accuracy of CO, fertilization
effect in the model. However, the simulation of mesophyll conductance is affected by the maximum mesophyll conductance
parameter and the maximum mesophyll conductance is a key parameter to improve the land surface model for mesophyll
conductance and CO, fertilization effect simulation. In this study, we added mesophyll conductance to the EALCO
(Ecological Assimilation of Land and Climate Observations) model. By changing the maximum mesophyll conductance
values artificially, we analyzed the responses of the model outputs to the variable maximum mesophyll conductance values,
explored the sensitivity of the maximum mesophyll conductance parameter in the model and compared the results with some
existing researches or observation data. Based on the comparisons, we explored the way to optimize the maximum mesophyll
conductance parameter of land surface model. The simulation experiment was driven by the oberservation of a typically
temperate deciduous broad-leaved forest ecological station in the Harvard Forest Environmental Monitoring site ( US-Hal
site) . The results showed that the gross primary production ( GPP) simulation accuracy increased with the increase of the
maximum mesophyll conductance value. When the maximum mesophyll conductance was greater than 1.0 mol m™ s, the
improvement of the simulation accuracy was limited, while the GPP simulation accuracy was sensitive when the maximum
mesophyll conductance value was less than 1.0 mol m™> s™'. The results also confirmed that there was an obvious linear
relationship between mesophyll conductance and stomatal conductance. The changes in the value of the maximum mesophyll
conductance affected the slope of linear relationship obviously. When the value of the maximum mesophyll conductance
increased from 0.5 mol m™> s™ to 1.2 mol m™ s™', the ratio of stomatal conductance to mesophyll conductance decreased
from 0.75 to 0.36. The result suggests that by clarifying the ratio of mesophyll conductance to stomatal conductance of plant
functional types, the reasonable value range of the maximum mesophyll conductance in land surface models can be
determined indirectly. Our results also confirmed that adding mesophyll conductance to the EALCO model could improve the
simulation accuracy of CO, fertilization effect, and the maximum mesophyll conductance could affect the simulation of CO,
fertilization effect. When the maximum mesophyll conductance value was greater than 0.57 mol m™ s™', the growth rate of
GPP with the increase of atmospheric CO, concentration showed a downward trend with the maximum mesophyll conductance
value increasing. We found that the sensitivity of mesophyll conductance simulation to the maximum mesophyll conductance
changes was different in different growing seasons. The maximum mesophyll conductance in the peak growth season (July
and August) has the greatest impact on the simulation of mesophyll conductance, less impact in the sub-peak growth season

(May, June, and September) , and little influence in other months.

Key Words: land surface model; maximum mesophyll conductance; GPP growth rates; mesophyll conductance;
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Table 1 Model parameter localization data

AF 4, Variable 1 Value AL Unit Bt KV Data source
2% Longitude 72.171 W (355 AR
4% Latitude 42.538 N
1K Height 340 m
A Tree age 80 a
FEBEZIfERY Plant functional type P R K /
T K AR L Maximum leaf area index 5.5
¥+ Soil sand fraction 67 % Shangguan %5181
F&+ Soil clay fraction 6 %
F AT S i Soil organic matter content 4.54 % by weight
345 Soil bulk density 1100 kg/m®
15cm 3865k & 4t Soil carbon content of top 15¢m 2.96 kg/m?
3R Total soil carbon 5.455 kg/m?
B JF Terrain slope 2.46 ° ASTER GDEM!"’
JKASL Water table depth 3.27 m useGs2
M35 Root distribution fraction 4 cm 34 % Jackson 45:[22]
8 cm 22 %
12 em 15 %
28 cm 23 %
52 cm 6 %
108 cm 0 %
- H & L Foliage carbon to nitrogen ratio 35.75 % Zhou %1 %]
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Fig.3 The linear relationship between simulated mesophyll conductance and stomatal conductance under different g, ....s values
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Yyt it PR S B AL 3 2 R R AR AR B F DG R . (3) AL T 5 i 1R 5 32 1 1 2 B i) G 2R B
Zomnas BUEZEALT AR o g5 20 HUE 0.5.,0.57 0.7 ,0.8 1.0 (1.2 mol m™> s I}, XF 7 (RS FL T S5 A F )
B HE AR (BRI R A AL R) 2032 0.7472,0.6708 ,0.5744,0.5073,0.4209 F1 0.4177, g, BUE# S LS
FESM RS IES N, WE—E/NT L RS SEEDNTH R EE,
2.3 RIAl g, mos BUE TAL GPP XF CO, ¥ T 5 B4 i 1o

AHFFE S BB T RS CO, WA E A 300,350,400 450 pmol/mol B, 1 100 umol/mol Ji , B R AR 41
GPP 4K R 2E 5, Hop GPP ML US-Hal 3 5575 i R MO Flt 2002—2012 4534 11 AR08 31 AR 405Kk
RZAEF-Y) GPP, GPP B4 KK i K< CO,3 M 100 pmol/mol J& B Z24E-F-1 GPP Il =W #H K< CO, M IE T
HI AR GPP FEBR LARI IR KR CO, M T B Z4EF-1 GPP 3k15 .

FK2RIRT g0 MHUE 0.5.0.57.0.7.,0.8 .1.0.1.2 mol m™* s™" i} ) GPP 3 K RARb 5 Rt A S
JET GPP MK AR LLE

£2 AE gumas ET EALCO HEEBARE CO, iR EHIEEE M GPP T 2R (2002—2012 4 V- H){H) FntriEE
Table 2 Average GPP growth rate and Errors in EALCO model with different g,,...,s values from 2002 to 2012 under different ranges of CO,

concentration increment

YN 5% SWIPAE T J B R e hpife 22

Zmanzs” Average GPP growth ratexSD/%
(mol m™*s™") T300 T350 T400 T450
— 13.29+0.87 9.67+0.57 6.99+0.35 5.01+£0.24
0.5 18.64+0.94 13.53+0.80 9.99+0.55 7.58+0.45
0.57 20.40+1.17 15.26+0.70 11.41+0.73 8.68+0.64
0.7 19.27+0.98 14.41+0.65 10.77+0.67 8.09+0.46
0.8 18.83+0.84 14.18+0.72 10.66+0.72 8.00+0.52
1.0 18.06+0.94 13.57+0.72 10.12+0.55 7.47+0.49
1.2 17.56+1.02 13.19+0.75 9.90+0.61 7.24+0.50

& maxas : Maximum mesophyll conductance ; SD : #7:#fE 2 standard deviation ; T300 ; 46 ¢ 2 247 300 pmol/mol B CO, e TH 5 100 pmol/mol AL 5
350 WIER IR A 350 pmol/mol i CO, ¥ JE T+ 100 pmol/mol AU ; T400 . W HHHE B A 400 pmol/mol B CO, & B FH 8 100 pmol/mol AR ;
T450 . WIER U R 450 pmol/mol B CO, ¥ JE T+ 100 pmol/mol AR ; — . TR R TR A 5 &

S R R RR N A SRS BT GPP X R COL MR BE [ FHAY M I 2 3040 R ARRAE . (1) R A 78 Py
SEEAHLL, W i PR B JE AR AR AL, GPP X KA CO, T i K 33830 3 5 (2) B W1 iR COL YR T
GPP i CO,BENAYHE KR T [ X — ARG EBAINT S EEHTFAE ; (3) B 2,05 A I, GPP
REA R — A bR Mg S HUEN 0.57 mol m™ 7 i} GPP 344 F g w2 T HoAh e K A F: FE
{ETE GPP K3 g, L IUEE T 0.57 mol m™ s7'J& , B g,,,,.05 BUEHEN, GPP MK AL T3 (4) R
Zomaas BUE T GPP 1K & (AR AL I B 22 5 (i K GPP K R 5/ GPP KR 22 9%) Ak, 7E T300 5 H
i, e KA RR B 22 570 2.34% 5 T350 JE IR, S K AR MR 2SR 1.73% ; T400 Y FI R, 6 K AR IR 22 4 1.42% 3 T450
TR, e RARIR 220 1.21%, RS IR 22X L GPP G- K R AUARMEZZRE 51, TR g0 IR TR EUE YT GPP 3
KRB 2 TR A BR
2.4 MRS EERINT g0 B A 2T sk

e RUE b B B2 AR XS B2, M AT ERT g 0s BB N BBURR . A SCHR T A K ZR - 2yt
PWSEE, LL 2011 AR KRR (3—11 ) MBI 4) , aTLOR BRI M AFAE : (1) 78 H RUZ B PR 5 Bl fo Rk
FERBEIITTLEPEREIN, 55 g, 00 T LRAEAR X (R2>0.98) , 36 A LGB FWIE AT RUSE OB IR IRLE K 43R A
BEAEIREE DN T LR AR R L (2) IR N RIS g5 25 OC 3R 1 2805 78 (O HLBE 2
IN, T RREIRIRIRIL T g, os BT P S BERCADUE A S VTR T, L R TR G g, 00s BB AR AR RS I ) 5
BRDLZE SRR M A, s PR S SR g, BB ARG, 1T LA B[R H 003 00 il R L R A [R), A 5
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Fig.4 Characteristics of monthly mean mesophyll conductance changed by g,,,,.«5s( such as in 2011)

JERAIXT g s A BUREEAR T H AAFTEZE ST . MRRIE T g, m0s MR BT 7 R R AR FRIEJE »
M3 ALY 0.0742 iZ A3EINE] 7 A4y, kM 0.4479, Z 5% H TR, 2 11 A 8 0.1859, 4 K% A 2R L4
LR, Hr 7 8 MR KT 0.4,5.6.9 M HIRIELE 0.3—0.4 Z[H],4 10 H 1 HIREAE 0.2—0.3
ZIA], 11 ARAERTE 0.1—0.2 Z 08,3 ABEE/NT 0.1, XAEEREE KB 7.8 A5 g0 BUEXTH
PR3 BEASTAUL 5 SRS M e R, 1 U0 A R B it A BE LN g, 05 BT SR R BURR, KR 5.6 .9 Ay AE K
YR, FAtl A 3 RS2 /N
3 itig
3.1 Pl A AR AR IR A v PR P AL P A A

I il T A AR RUASEAEL GPP X KA CO, MR BE T 5 1 i 7 BH S AR TG, FCEB M BB 4EL GPP X CO, iR &
T 100 pmol/mol , GPP 3 K 3R — B AE 5% 2247, L L AKX F FACE ( Free-Air CO, Enrichment ) S 5 0 /1Y
15.5% M KR | 78 EALCO BRI P At P S5, GPP Xt CO, THE 100 pmol/mol F4 M 17 15 52 56 WL 2%
R GESE T ARG PN S B RE i CO N800 RS HDUNE B

g3 —J7 I B 2 (A5 SRF W] IR BE R (B P BE T ) ) B BURLALL GPP B (AORS 2 i ey | R A AR
HEZ R A S AW GPP MR ARKE B, 78 Aol 2R A8 HA S B S TE T, 26 i 1 2k AR ASE AL w4
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I PR GPP BALL I S M2 A S 1), — T TR I PR 5 B 23 B AR GPP B SR ARG 1 . 55— s it
PR B 2 i AR AR CO, RN RL FORE I . B FAREFZE 7] EALCO AEAS rp s i A 5B I R R 38 T 6 At
B SHON IR — 2% AR AR I S B IR AL B R KA R R AR A R A 1Y, FE IR
B TOAESEUG HABSEANE AN UL, S0 255200 GPP A 4E ARG R . MASHIF 9T RS ZE E , 1
WARREAR T GPP RV MARE I PR3 B (0 VR IR R 25 I e S 483k R 4 Jn 1 i PRI BEL A 39, 530 GPP A4 LE
KU R B A2 T AT RS VR i A S B T AR GPP R X CO, TR e R A B R
GPP i X {E AL S5 SR BRI SR B AT 232 1), FRATTIA N, ol T 2o A ASE 750 7 o ot PR 4D 8 38 s B A
TSR R, 7 12 0 4 A A Al R 0L 3 FE A S8, LU R ZERE GPP BBl A RL RS 1B ][] B8 2 A
DR AASEIR Al 25 B30 i T Ao AR 78 25 b PR S B AL T 1 — 2 S TR I 31T

3.2 AREF PR S 0 A BEEUE G

ASTRIAE A D) BE TR 10 Foe A TR S BE A A A 40U DA 3 B8 1) S S 0, ' A B T W0y %) 2 60 5030 2
P, HATEIAHSER T g5 VBB AR 22570 60 (E il i i AR TR v R [ RS B D RE TR 05 FO A BRLERUAED
P SRR TR, FEARTITE R, 2300 T A g, 00 BUEXT A S5 GPP LM ZE SR A &2, LA
FAERTF @, os BUE P AT 5 5L S BEZ R SE R (GPP XK CO, W T i i b 22 5255 #%
X e 5L o 1 AR SIS B S 56 LI 45 S b AT DRSO AR G2 4] ( BIVER X US-Hal £ 3 7% i i i Ak
1E EALCO A thy o A BEETER,

2= B SN I N (A S PR R LI S 30 5 e I P B (MR AE 0—0.6 mol m™> s TR NAETL, A
B4 TR, Y g, BUEINE] 0.8 LIS, #5530 RS EAUEE 1 T 0—0.6 mol m™ s™' X —yEHH, fK#E2=
TS B g s SRR SRR TE 0—0.6 mol m 2 s 2, g, L JJIE/INT 0.8 mol m? s A,

SALFEESTRFENLRZ SRS FASCRAER RS KREFR RS S E SR SE
ZIEAFE I R R . AEIEN R SAL T S0 S B AR 0.79 MFeE L)) g ST oE 3
W, SALS S A SR Z AL 11 A AR ISR A4S AR SE TS AL S S5k 5 2 A 2 b
KR, A SZ R R EE R, B 005 BUEIE TN TR 24 2,00 B 0.5—0.7 mol m™ s™' Z [H] i, K,
FLS R S5 P R A EL R T 0.57 85T 0.8 LUR HEEART 0.5, 58 A WF5E S48 0 L EA 2280k,

M g s E AR AL GPP A B W2 TR (18] 2) R g, os BUE I RARE A BE AR, 25 LA, 76
REGIF Y g, BUEIEFTE 0.5—0.7 mol m™ s Z [A] I, REREARAFHC A BN GPP BLHIRGEE , S RE i A3 A5 401
(A PR 3 LV B R A BV B 2 9, (A S B S 0 R 8 2 (B A BB SR R A B R AT 40 e AT 0.5—0.7
mol m™ s " RALR Y] g, 5 KA BHUE L H
3.3 Rl AR AR A R A B S AUk A

W R I PR 3 B 0 i T 3 PR R A 53 T GPP AR A 0 25 S 0 i T AR R v 2 o P
JETEXHZSEIA TG, DABA O SE A BRI SE SR AR AR ST 43 BT, 482 H i T 3o AR A AR R Y 5
SRR

AT R B AR AT (i ) R AT A BV B Z N, B AT E 4 K 1 S5 00 R 4
TR FERE BT RERY I A 5 B A A A TE L, 2 PP g5 TELASTADLR A A - PR 5 2 28 A 00 FET A G S5 56 L0 - A
FEEERT B ATT UKL g0 EAREANSFR,

HR PRSI S AL T S 0 R B (S A BT AT g, BRI SCER P S SL S S R R
{EHAE 0.7—1.0 Z 8], 4 3% /DN T X — S, TS AR o s THR/IN,

FIHNE RGP GPP AN BEXT g,005 BB FIBUBNE , g, 0005 BB FE LRI 005 X GPP AL 1)
LA
4 #ig

(1) &pnuvas FLIERZ MR T AT BEREAUE, 72 R B BB RN R | g, s TELHOC, I PR BE AU BERC
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