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Abstract; Maximum light conversion efficiency (MLE) is a critical parameter for the Carnegie Ames Stanford Approach
(CASA) model, which is widely used for modeling net primary productivity ( NPP) globally. However, it is difficult to
parameterize MLE using experiments and field observation. MLE is fundamental in ecological studies, therefore, modeling
MLE is of vital importance and significance. The present study determined the MLE of a Phragmites salt marsh in the Liaohe
River estuarine wetland in China. The main objectives of this study were to; (1) determine the MLE of a Phragmites salt
marsh; and (2) investigate the sensibility of MLE to environmental factors. Factors included in the CASA model comprised
the Absorbed Photosynthetically Active Radiation (APAR) using sunshine duration, which was obtained from the National
Meteorological Information Center; Fraction of Absorbed Photosynthetically Active Radiation (FAPAR), calculated using
the Normalized Difference Vegetation Index ( NDVI) determined from 16 — day Moderate Resolution Imaging

Spectroradiometer ( MODIS) data; temperature and water stress coefficients, calculated using MODIS reflectance data; and
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meteorological variables including air temperature, precipitation, sunshine duration, air pressure, water vapor pressure,
wind velocity, and relative humidity. Field observations of the NPP of the Phragmites salt marsh were conducted at 54
sampling areas with a size of 250 X 250 m, of which 27 sites were used for modeling, and the remaining for validation. The
results showed that the Phragmites salt marsh had a relatively high carbon conversion efficiency, with an average MLE of 1.
667 gC/MJ, varying between 1.112 and 2.611 g C/MJ, which was much higher than the proposed value of 0.389 g C/MJ
by Potter. It was even higher than that of broad—leaved, coniferous, and theropencedrymion forests. The simulated MLE was
sensitive to global solar radiation and NDVI, decreasing with their increase, which was more pronounced at lower values.
This indicated that it is important to check data quality and increase the data accuracy of global solar radiation. In the
present study, global solar radiation was estimated using sunshine duration, with an accuracy of 95%. The relative range of
MLE affected by the error of global solar radiation was from —4.14 to 4.56%. MLE became less sensitive as NDVI
increased, whereas the simulated values still fell into the MLE range, but the NDVI error increased by 30%. In practical
applications, the differences in MODIS NDVI data were much smaller, suggesting that our results are universal and could be
used for other satellite images with different spatial resolutions. The air temperature and precipitation errors had little effect
on the simulated results, as MLE was not sensitive to them. The results of the sensitivity analysis increased the reliability
and confidence of the simulated MLE for the Phragmites salt marsh, which is of great significance when studying the carbon

sink and sequestration potential of Phragmites wetlands in China and other regions globally.

Key Words: maximum light conversion efficiency; Phragmites salt marsh; CASA model; net primary productivity; Liaohe

River estuarine wetland

TA] R — 2R I R AR S R G, 67 TRl bl I AT i AR B R GRS AL A i s AR R R
Giz— USREASRGMESE, BARS B RRAE S, B0 AR 78 20 AR B 5 LE A Y A
TR AKRE A7 =49 2 W0 ik , 76 BRI AG IR 4 i 2 A 0, 15 50 AR M U I 2 188 A 7 0 i 5 ) SR A Ty
P, S S SO RSCHORG R e, A TR AR T RN 6 IE AN v i/ ) ST GERE s (H PR T I R R SR BRIk T A
o PMEBE 5 53— T, b ORI 7 DX 3l ) 2 A 7 a5 AR AE I S SR FR % . A DX Bl ek RS I AR A AR
RN — I BT B Hop IS TOLRE LR Y Carnegie Ames Stanford Approach (CASA) 5
TR BT 2, CASA BERIRERE 5 RS M1 GIS BARANLE &,y X 3UAE 7= I A9 F 7 B A3 i 28 RS f B0 F 52
Tk,

I RIREHL AL F IR CASA SRR HE N SEZ — , BN EESZ W B g = e, HE SOl
FERRAAEOLT A 0 2o 5 A VR RO S A5 A8 s S [ 5 ) e K P9 B e . Raymond S5 A TE A
SAEME T RN ERHIE T, BRI R IOCREH L FAT 35 3.5 ¢ C/MJP! | MifE Harvard ZRAKBIFSEREHL , 5 KOk
REFLALRZH 0.55 ¢ C/MI' L RAIEWII I KOCRER (L R AL R, A T 1.1—1.4 g C/MJ Z[8), 1fii A 4R
HER RGN KT I, Heimann S5 5R HIFI5(H 1.25 ¢ C/MJ A5 T @ERA G F5 0% 4L 7= 511 . R
R 2 0] de KOG REFE AL R AP K 25 5, H TR o ik T B2 0 o, L RESE ad B ADUOK SR B, Potter 42 1
CASA AU FI ] Raich 251" F1 McGuire 251 MY 17 2500 9026 7= T B B e KOG RE R R 0.389
g C/MJZY ) BARIXAMEYE) 12 FRAG A X A g e A 7 Y E R KOG RER SR BUE AR S 808
BEARAR A B G tho e KRR > et SR 3 WA 6 i KOG R 5% 1k 38 10 A i A 1 B30 AR DU o B £ B4 )
AR AA T EENER, BTGB BR &, A SR > 4RI . Running AR $ig A8 A= 21
IR BIOME-BGC , 548U AN [RIHE B A e KOG RE RS AL R 0.389—1.259 ¢ C/MJT™ o R SCSFI A Hh L ALl
B AR 1) SN S AN 2 (] 3 FEh 8 km R E EHE , SR A CASA BERUALHL v [ 32 22 FRMOAE 9 1) e
FOCREREALH N 0.542—0.985 g C/MJ™ i TRlHAE S RG24k, 3T AR RIAE B, e RO RERE (bR
HUERZA ], BRARAE 25 2R GE OB BUE A BE 7 300 FH B0 A 25 R 48 s B A, (0 B B8 B O i iy 22 vl fig

http ; //www.ecologica.cn



7 MR e A5 30T = A N TRT 11 0 R S8 e B RO RS T R A AL 3

XA RAT —RE B . BIEAR REOX BN 3 3250 1k ATI AR R B ST 101 b i RO RE % AL A BT 52 1Y
H

AL = A YT 11 9 e 8 ] 2 9] 980 22— 2 S 9 e A A B2 i ol Y5 V0 ., {373 77 48 74 g L
TV D P i, TR ILARVE R TEES (18] 1) o 2T PE RIRE LSS . IR UK SN, 2 s I pLilie ik 1 52 2 2 4
AR ORI A A PREE , A8 T LA 35 e R Al AR A D S R R AR A A v, L SOKRE T R
FRAH M AE N TR A Horp o 25 i UK B 756 km? 2PN 35— JOM #53 , © i 5 — K53, B
TSEERRAHRER 2 U 1T A SRIRAE T I R i K SO . AT & (445 b H T TR 568 i 17 3 55 0L
WAL, PR ORI IS A, FEIXSE A0S LA = A PR 10 360 M P AR R v A 7 T SR A A
R0 AR (= WE S i 1 S D b0 R e T AN A B 2 IR LG B 7 T SN MDD URTITE '
fii, S8 EHTC SR = AR T — S R G R 7 I ST AR R4 R S AT JR BT AT BRAE
HPAMAA TAE, RS A GIS HoAR iR AL 7= Sy RIS A1 1w 283 B, 15 H R e A DX A 107 FH A o 452 B
SOULUZ T ARFSE BT DRI ST A YR T AR R A 7 3 (3 SR T ) S e T R A ) B
TV g VAT AR T A HE B2 A, TR B 7 =6 A (0 iR RO ERERL AL R R I LR = I IS I RiT 4
A XA T R R BE WETE IR R AE PR BAT o EEAO A AT AT E R A R
1B DI RE A H4 FIRE e b b A 25 AR G A T e ik A FE B T 3

41°20'N A

41°10"

40°50"

121°30’ 121°45' 122°00’

1 TAZHMT RN ERESNS R
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NPP(x,t) = APAR(x,t) X &(x,t) (1)
e(x,t)=Tgl(x,t) x Tg2(x,t) x Wg(x,t) Xe&,, (2)
U, NPP ( Net primary productivity ) A2 2 7= 71, APAR ( Absorbed photosyn-thetically active radiation) A7
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e(x,t)=Tgl(x,t) x Tg2(x,t) x Wg(x,t) Xe&,, (6)
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i 8, IFA5 BURE S — 10 (300—3500 g Z247) , FH T AR 28 B 1 T BT L, JFUCERFE v i Rl 9 9 0l
JESE R [ REQLIBURE G — O ISR Y B T B bR R AR ST [ 525 25 A 80°C M HET 48 h Z{E HIF AR
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W1,
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Table 1 The simulated maximum light conversion efficiency of Phragmites salt marsh

ARIGHE AL R/ (g C/M))

W5 23 thit UL AL NPP/ (kg C/m?) o Tt
ID Longitude Latitude Vegetation coverage Observated NPP conversion efficiency
1 121.64584 40.91238 95% 0.604 1.757
2 121.68842 40.94095 90% 0.493 1.291
3 121.68153 40.96292 85% 0.771 1.930
4 121.73628 40.95840 90% 0.424 1.122
5 121.71923 41.00459 80% 0.490 1.607
6 121.75887 41.00171 80% 0.664 1.712
7 121.80473 41.02351 60% 0.402 1.158
8 121.72478 41.02634 80% 1.090 2.297
9 121.75261 41.04469 75% 0.435 1.177
10 121.82411 41.04255 70% 0.483 1.193
11 121.78935 41.07868 70% 0.463 1.112
12 121.75301 41.11547 80% 0.588 1.667
13 121.74062 41.16428 80% 0.633 1.738
14 121.65253 41.23127 80% 0.540 1.397
15 121.70103 41.26432 70% 0.406 1.182
16 121.73387 41.20943 70% 0.534 1.386
17 121.80019 41.20012 70% 0.872 2.013
18 121.80817 41.15675 80% 0.779 2.037
19 121.88129 40.91645 80% 0.978 2.610
20 121.86287 40.93732 75% 0.879 2.256
21 121.93085 40.94338 70% 0.707 1.804
22 121.93343 40.96785 70% 0.868 2.353
23 121.89491 40.96758 75% 0.679 1.780
24 121.89799 40.98792 60% 0.590 1.572
25 121.84760 41.20659 60% 0.482 1.208
26 121.84058 41.25302 75% 0.496 1.330
27 121.80091 41.24509 80% 0.589 2.031

2 #R5itig

2.1 g

1N TR P R OCRE AL B 1.112—2.611 g C/MJ (1.656+0.43) (K1) ,#ifll
{HF{E R 1.667 g C/MJ, Potter 48 CASA 7R HiBE i KOGRERE L% N 0.389 ¢ C/MIVY | B RARF A
DI 5 BV I R FOGRB AR . 7B 7R i 187 L RS Ty SO0, 2 P 5 o ) T P 114 52 B ' B 5 Ak 8 43 i)
KT 0.605 g C/MJ A10.515 ¢ C/MJPY R, 320 R B ROERI R R 1.25 ¢ C/MIAGE T ARAH b
RN 1 ARARSR B T P B IR I I KO RERE bR . R SR SRR 7 i | AR SCIR I FH ) 2%
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C/MJ, i T3 E R #1457 246 REFE 1% 0.196—0.
701 g C/MJM) | BE 2 B T 0 SRR AR B SRER AR
P SR R AR R AR B T 2 S R O BE
SEAL RIS 1R] S 25 | 2B B 08 1 0 il 4 2y A A st
o WAERIEN 4 H BA), i FARR R AR BRI, SGREFE 1L
RN T 05 218 B T 5 3 35 FOR A A g s, R ; 49 9 145 193 241 28 337
TR R LB LRI G BT B A K R FF I Day of year
S MR B FIRK S A AT R G E R LR B2 AR L
P AW R, AN, B EEEHIE R £ T kg 2 Temporal vartion of light coversion cfficiency of
T A) A b DX T R K 43 )ik B de K AR, g Phragmites salt marsh
TRk PR 5 {E 1.524 g C/MJ 7ERL B K 3k 2 %
BRI Bl L A K s i A it AR AR R T R 3 B R AR, G RE R AR BT IR AR 7
AR BRI IER ARG T A R R I T 0,

T LR TRl PRI R A S R AL, BT RS Rz —" L IR R AR
K AN I T 1355 7620 ¢ C/m* 3 A VT 113080 7 2598 b 4y 4 A 77 7t e] 3k 1100—2400 ¢ C/
m® P KR T S R T AL R R PR AT DA, A T REBGR TR A W G RE LR AR SCRY SRR
BH 5 25 R A AR (R B KR SE B BE R AL % B 2 25 T Running (2000) 1) 2R SCR (2006) M #4014
AR B AR DL S AT TR S RS ARMRAEL A, 31T B2 R TR o 1) 2B AR TR 22 70/ 7K o3 RIVE FR 4508 i P =5 T8
T T b ALk T il 55 AR B U bty B [ B St EL =R i A i A RK A S A BRI AR BT AR SRR R
e RO B T AT AR A R G TC L LA BE DR e 5 il — T T, TR b A e A RS K AR, e
BRI 0 AR AR T R R 1B SR E s N ] 1R A S TR ) K SCSE B A R AR A VR R X R 1
FeAb, B A AT AR WIIRT 1 3G 5 04 A 77 5K ST 2R P Dk sh A B VT DGR sk SRR A 7K ST
T A SR DR IoT 00 b 5 =5 5 X e R A AL B T A R ) S R BT R S RIS R ORI R
3.2 B RIE

PR, ST U0 UE S i — 25 A AN A 60, PR 76 B AT N BB A 30 8% 48 She N e o 199 e K
JEReR A JoTE A SEMME R AT I B A ROR . S ROGREF AL LR CASA BERYAY S48, Ktk , F
54 ASEF AN A T 55 A 27 A IF R FIASAELR 2 25 5 KO BB fb 0 11530 6F R A A 09 b b v ) G A
77, 38 3 B b T AR T ok (R B TE A AL B KO B RERL A BRI T FE M . 8] 3 O CASA BEAUBIHL Y 35
H gl e SIS RO R, R B, CASA BRI, SR 5 00 (i B AR b i — 3k, BERME S
S Z [RIAHOC R ECH 0.63(P<0.001) , 35 S48 E MK, S KAHXT 7 #id 1% 2% (RRMSE ) iy 40% , F-3
AIXT I I MR 22 R 24% , 27 /55 UF 5 0 - YR AEL (AN L 4 Sk 3230, 4090 619.9 ¢ C/m*Fil 627.3 ¢ C/
m’, PIE 22 7.5 ¢ C/m®, XA R BACSC T B P9 35 i KOG RE R (L R A R T 51 1 24 i
KOCREFEALZ R 0.389 g C/MJ B, BT HE i) 9026 77 012 112.87—184.59 ¢ C/MJ (146.95£13.96)
(B 3) , BLRARAE T A XSO SR M EmREe ), hEPAEFRIEES, s mEhim iz, 2 EEBENA 14 4
EEPEEPEX PR 130 07 hm Y R BRA SO KOG RE AL AL RS, T 5 A A FE s RE D T Ak
#] 10.04—15.14 Tg C(13.55+1.25) ; M FKOLREFL LR 0.389 ¢ C/MJ B, BIUL ) P 25 AR G A 7 1AL

20r

15 F

1.0

p ;i
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