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LAI-based photosynthetic light response model and its application in a rainfed

maize ecosystem
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Abstract: Photosynthetic light response could be expressed as a rectangular hyperbola curve with the fixed parameters A,
and . Seasonal variations of A, and a were observed among different ecosystems. In order to eliminate the effects of
seasonal variations of A __and a on simulated result, rectangular hyperbola model was usually fitted at shorter time intervals
(e.g. half-month, 10-days, and 5-days). However, this method is tedious and non-mechanism, especially at a shorter
time intervals, small amounts of carbon flux or climate data are not enough for simulating accurately rectangular hyperbola

model. In this study we tried to elaborate the effects of biotic and abiotic factors on the parameters (A, and a) as an

example of rainfed maize ecosystem. Biotic and abiotic factors may affect the seasonal dynamics of parameters a and A4, .
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In order to understand mechanism for the influence of these factors on parameters of model, Multiple regression between

seasonal variations of parameters (@ and A__ ) and abiotic factors (e. g. air temperature, soil temperature, relative

max

humidity , soil water content, solar radiation, air vapor pressure deficits( VPD) ) and biotic factor (LAI) were evaluated by

stepwise regression analysis. The results showed that there was a significant linear relationship between A and LAI, and

max

and LAI could be expressed as A

aPAR (aLAI+b)
was
aPAR+(alAT+b)

LAI is a main factor affecting seasonal variations of A . The relationship between A =

alAl +b (a = 0.64, b =0.15, R=0.74, P = 0.002). Thus, a modified model GPP =

developed to estimate half-hourly canopy gross primary production ( GPP) in maize ecosystem. LAI changed rapidly in a
rapid growth phase, but its observed frequency in our experiments was low (at 15—20 days interval ). Therefore, we
introduced a logistic model to interpolate daily LAI by limited observations. After that, we tested the calculated GPP against
all the available observed measurements based on three different simulation methods ( the original model with the fixed

parameters of o and A respectively, at half-month intervals and throughout the entire growing season; the improved

rectangular hyperbola model ). Compared with the original model which was fitted throughout the entire growing season,
both the original model which was fitted at half-month intervals and our new model are better than the original model
throughout the entire growing season. Compared with the original model which was fitted at half-month intervals, our new

model has the similar accuracy. The new model introduced the relationship between LAI and A improved accuracy in

max 3
simulating GPP throughout the growing season, elaborated the mechanism of different accuracy for simulation in GPP at
different time scales. The improved model is not only simple, but also easy to explain the continuous variations of parameter
A,... Especially when the amount of missing flux data is large, and the original model is not able to be fitted at short time
intervals, it is suitable for using the new model to interpolate.

Evaluation of carbon dynamics in ecosystem is a key issue in global climate change research, the improved hyperbola
model could assess ecosystem GPP expediently and accurately. Then, we could evaluate ecosystem carbon budget at
regional and global scales expediently by the LAI from remote sensing observations. However, abiotic factors such as
temperature, soil moisture, and VPD did not affect the variations of parameters of model in our studies, and these factors
may affect GPP by other means. Further coupling the new model with these factors is the next logical step in understanding
ecosystem carbon budget.

Key Words: A LAI; GPP; photosynthetic light response; rectangular hyperbola model

max 3
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AHIGEHE T E ARG R T PR IR BRI ST I N A FE AR 285 2R G B A WL 32 34 22 S () O 5% A6 (2004 —
2008 4F) , 73T T St GPP 5 PAR 5 24 Michaelis-Menten E fi XU RIS R A F o [HAGZET 284, 0F
T 1 B PR 5 R - R AR ) R - CIRLBE 7K 43 VPD R I i AR EE B0 ( LAL) ) XA SR 5 AR Sl 52 0, 7E I
SEnh b AT R R AR SR e AR Y T R S R R e R B AR R LA T vl
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m) & T IRt 2 XU, AR i e e AR 35 °C, Ml e (IR —29. 9 C, 2 AF PRl 7.8—11.0 °C,
AR R 550—630 mm'' |

T KA I 37 PN £ A 1 B A O R G0 SR8 BE A, FT DA /K A itk il £ S LR PR S IR B2 W
SEIABE T T IS A DRI R B A e F— 1> 25 mx25 m AOFEIRE PN, IR P LA R ) sl ol 94
SEITF ), TOATA] v K SR i, 56 (%) - 3 Sy SRR A K R REAVE ) 2 o0 B BOK (P R AR
Filr, AE3 4 SHGHEL 10 5)  FEMRFYEE N 4.3 B/m?, 2SO ASRR = B e Tk 3 m A2, KT
Fag— (%) TR 2 e R A T U B KR XA, FEARAE KA T R TC/EY) , M MR 3 55 1R
AR THEHE 3.5 m b AN FHREVEY)AE R 2@ B, | 2004 4F 6 H IS A sl 24>,

1.2 MRS
1,201 3 BERH G d UL 5 £ 4 Ak 34

DU >R FH JF 2% 08 B2 AH OG5 UL R 48, % R 4 i CR5000 £ 48 ok 4 #% . CSAT3 75 XU X
( Campbell 24 F]) | Li-7500 CO,/H,0 43 #7{X (Li-Cor 24 H]) Fl 1 4~ 1 G ) PC R, CR5000 £#ia ks £ %
JEEHII R A N B AE A  CSAT3 8 75 JXUHE SO LA B = 2k XUk FE8 75 R L ; Li- 7500 4 CO, 46 %} 5%
JE H,0 X % M RSE S, B RGE LT 3.5 m @A, (U RAENRE R 10 Hz, 8UE R4
W H shTEE 10 He AR

CR5000 %4 RERA 2 M NAE, 0] LIARAE— BB R0 W B . 2R 8 T AR b i B AH G TR B 3 7R 4k
W, IEA7E 30 min [ CO, il (Fe) VEHGEE (LE) 5 B3 & (H,) R E R 5088, 2 58 [ 674 E
HH ST RIRITIE 52 R B AREITIE . WS B T 52 B R SR ZR 1B 55 10 DA AN 38 A B il b 55 52
Wi, 5 SE AT R B o i S A, AT RE T TRIFTE A0 B o 0 Joi e 4 ) LA i R AH S 12 3 s UL Dt 3 LA A i
JERASALTRAS B SR BRA: i, XF 30 min B - AT AIBR "

R MBS, R CO, IFALERRGE bR N E, RZMIEME, LY NEE A AER, FR
B RGN CO,, Z MR CO,,

1.2.2  KFA%RGHS 3R e

LN b, 2 266 A SO A0 B8 SO0 3, R B 688 33 >R A0 0 B LI % 3.5 m 55 B 19 CNR 48 St SR
LI190SB Y i F& A , H 3Rk F OIS 107 A BEIE S I Y 5 em 380 . AR 98 K BH 4 5
XA AR (K PH B S <20 wm ™) 1,

1.2.3 o E AR Ao e

RB 20 d 2247 — MR AR SE LY 5 ARARIERE FOKEERE | f BURR BRI R iy i AR, i AR B0 (LATL) S 5
A7 AR LT 2R T AR SR S AR TR R Z L
1.3 i AHICE S EAE PR FLER A T (6PP) WA 5.

B RGR A (NEE ) 52066 5 IFIAE R, 008 B A OC R 48 B2 it 1) NEE #5220 (1)

http ; //www. ecologica. cn



7 ] MR A5 LT I T R R ) A U L B A KA T A2 R GE TP 2185

BT R 5 LK SE GPPI™
GPP=R_ -NEE (1)
AHIFSEH IR RIS E 1 Lloyd-Taylor BB Re 5485 em WRBERI X R (X 2) W A RAES R
BENFIR (A IR AT FRIFOR,,,, -
ot X €0 TR) (2)
K, TR B, — M —46.02 °CLE, NiGALRESE Peag 1 W0 i) I 3 B0ER P | 3 2o Y i 005 45 1
R, . WS WEE T AFIRAE , BRI S15E  T ASH R, — N 10 °C, T R 5 em HIEREE,
1.4 BdEmr
Tk—frE 4 A TAZES A LA#ER S A TaIZE 6 AWt A=n,9 A e, 54 i
T 2R R TR AN 5] 2 5 ARSI 0 L B B 5 4F (2004—2008 ) [Fl— BT BER (6 A 1 H—9 A 15 H ) (08I0 %k} Fi
FLAA B2 RS (5 3) A7 7047 -

R.(T)=R 1

aPAR A

" aPAR+A,. (3)
X, GPP(mg CO, m™ ™' ) WAEBRGERWIHAET T, o /224 PAR #ZET 0 B AR RGOGRER R B
RS R G ER AR CRER R, PAR M A REZ LAY A A 8RS (wmol photon m™ s7™") A S
RGOCE VBRI 53 (mg CO, m™ s™) o GEb o3BT 1 R ok s B 0 J0) 3222 Y SPSS 15.0
(SPSS, Chicago, IL, USA ) F1 Origin8. 0 ( Microca, OriginLab, USA)
2 HBROW
2.1 Bt
2.1.1  BRBHNEN

1RSI E B, — 2 A T B A U e Al (20 3) 7ERE AR K R al 15d By A) RUEE B 34T ZERTU
AR TE) BT 11 e ) B XU R ) S 08 O RS T Ol e FORR AR S RS GPP AT A
ARG A B B AR AL (£ 1),

GPP

F1 HAWMEZERNSHROAMELEFAE () MESREXSEASKAHHNBRLIRA,,) JEXRE(R?) HERH(n) MPFTRIRE
4347 (RMSE)

Table 1 Simulated results of the rectangular hyperbola model, includes parameters of the apparent quantum yield («) and the value of NEE at
light saturation (A,, ), coefficient of determination (R?) and root-mean-square error ( RMSE)

BERRE H A9

Half-month windows « Anss R? RMSE "

06-01—06- 15 0.001 0.772 0.397** 0.025 1174
06- 16—06-30 0.002 2.107 0.647 ** 0.059 1115
07-01—07-15 0.004 2.676 0.622*" 0.160 746
07-16—07-31 0.003 2.837 0.441"" 0.249 886
08-01—08- 15 0.003 3.398 0.508 ** 0.199 1209
08-16—08-30 0.003 1.920 0.357 " 0.152 1045
09-01—09- 15 0.005 0.812 0.157 " 0.090 932
A KRB The entire growing season 0.003 1.562 0.272** 0.234 7095

# FAR KR, » = B RW O B3

AF AR BB TR FAE S R GE GPP BN, EA M ARSI o M A, WERAE T 38, i o
EA BB (A5 780 =28.85% ) , Ut A, BRT 32 PAR BYSZIE LISMNA AT REAZAE Wit R EE K 4055 K+ 2
TR FENE T o (EBCNRRRE o IX MR M o i 75 T A Ui LA R A A RS FORAR VAR S R 48 GPP
MBS R B2 (R 1) .
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2.1.2 FAISH o M A, T shA AW 708

JT TR KR A RS GPP-PAR Z [H] 16
ELABUINERSC R T K7 (B B A U AR A v i) 14}
SR o M A, 500 52 R TR BR 58 58 A 4 TR 1 5 i i 7= 127
AW, R T I AMBIR , P T RS O )
5d Z PR (A R A AR S 2d 36 5d R 8L
i), E X AR P B « A, SRR, L
TR 28 A BE | A K g3 O B S AR K VR 22
(VPD) \LAI %5 F I IESAT pearson A4 HT &I,
A, FTLAT A B WA CR (P=0.002) (K1),
Mo SHEHEFRAHXKRIANRE Xt — DU o TR
{EE/‘J {%'ﬂz'féo Leaf area index/(m?/m?)
2.1.3 M AR B0 E A AU L Bl Ay, 5 LALZEEESH

A, 5 LAT B2 R R0, 10 XUt 250 fi 2 Fig.1 The linear regression betweenA,,,, and LAI
A, FEVWHIATRER LA 51, Bk, TR L]
LR R AR R A 250204k, DLERR AL A B RS0 GPP, R TX— B, R A, 5 LAT 2k
SR HE B AR e (20 4) .

ﬁﬂ%ﬁ Amax

cpp - @PAR(aLAI+H) ()
aPAR+(aLAI+b)

A, GPP (mgCO,m™s™ ) NAEB RGEH LW AT J1, PAR W AR JZ B #)L A A U 5 (wmolphoton
m’s™ ) LAL A H IS B, b RS R FRMAIIRERERI IR A, = aLAL+b HAEBRGOLEAE MR
RIS HIBRESHR ,a b HTTREISHL,

PRI AR PAR ] LGE 1 3% MU G A 2020 N /NRE R R AL, T LAT 78 454N A K 22 i ULl v
BOABR, E—EFEE L RRH TR ER . BT, 51 A—A Logistic A1 (3 5) 1) a4 A K F LAT Y
UL A3 FEE 7 30 R g s i) RLE

LAI = K (5)
1 +exp(a, +ayt + ast’)
A LAT AR R 5 T ARFE B, ¢l KA RS KAk

FIHEKRAH 5a B9 LAL LI ZERT 7 BRI TG . 25 REK W, Logistic BERIXT LAT ORI LA 45 & iy ifE
rE(E 2) .,

FIF PAR (/NI RUEE (%5 ) Rl Logistic B3R5 LATCI ] RUEE ) S5l | X e ik 14 15 #f 0Lit
LRROR (3 5) BEAT LA 00T, BRI 2

®2 BUAEANHMSEERENSH a.b.o AXRE(R)) MBHFTRIRE S (RMSE)
Table 2 Simulated results of the improved rectangular hyperbola model, includes parameters of model («, a, b), coefficient of determination

(R?)and root-mean-square error ( RMSE)

BMZ K a ERIZH b BRIZH o X RE R )7 M2 (RMSE)
0.642 0.153 0.002 0.55 0.134

TESAN R Z F AR A ROt ) B A 0L £ A 0 S R i R o K T A2 25 2R 58 27 % ) GPP Il 3 (3%
1), etk i) B AR AU R AT £ KA B AR S R 58 GPP A4, 5 vl DU B oK R A= B R 58 55% 1) GPP
Wl (F22) , IHRE AR S KU E LAT St ad F2 SHLEE
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3 g 6
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) B AR U 258 (18] 3C) Ff: 1] RUBE AT ZE SR (181 3B) BT, 145 T B A SUIM 2 BB fE B A A K 2R

TR EL Leaf area index/(m?/m?)

70
5 J5 R ¥ Days after sowing/d

B2 ERREESREG LALKERKEZED
Fig.2 The simulation of daily LAI
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Fig.3 Relationship between measured and simulated GPP
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I AFR RO Y A B AU T, 1T HL AT R RS R A, WS84k, J0 R Y ik (03 e gis o 2
B, A OB SRS RUN BE A 2 ) sl 4 B (] RUBE AT 40045 ), et 1 L O iy e A5 28 ] L4 Sy v A
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R T T A U S AR S B 2 I sl XA R AU 5 R A B 0 A R A R RUEE X GPP iR AT
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DAMERA LG B A AU S Asi Al
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