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Abstract: The effects of diffuse radiation on photosynthesis must be incorporated into ecosystem models to accurately simulate gross

vegetation photosynthesis since diffuse radiation can enhance vegetation canopy light use efficiency ( LUE) . We modified an LUE model

to incorporate the effects of diffuse radiation on photosynthesis to simulate the gross primary production ( GPP) of alpine grasslands on the

Tibetan Plateau during 20032008 and quantified the effects of diffuse radiation on the estimation and uncertainty of GPP. Values of key

model parameters were estimated using eddy covariance observational data. The results showed that: ( 1) The performance of the modified

model in simulating GPP was improved by considering the impacts of diffuse radiation on LUE with high correlation between the modeled
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and observed GPP ( R*> 0.80) . (2) Compared to the results
without considering diffuse radiation GPP simulated by the
modified model kept the same heterogeneous spatial pattern
across the Tibetan Plateau i. e.  higher in the southeast and
lower in the northwest. When incorporating the effects of diffuse
radiation the mean annual GPP in Tibetan alpine grasslands
increased 9. 4% from 312.3 g/( m**a) to 341.7 g/( m**a) .

(3) The spatial distribution of the uncertainty in GPP was
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opposite to that of GPP  with larger uncertainty occurring in regions with lower GPP  which was consistent with the results without
considering diffuse radiation. The mean uncertainty decreased from 9. 15% to 8. 66% when diffuse radiation was considered. These results
if the effects of diffuse

radiation are not considered in the LUE model. This emphasizes the importance of diffuse radiation in GPP simulation using the LUE

indicated that the magnitude of GPP will be underestimated and the uncertainty of GPP will be overestimated

model.

Keywords: diffuse radiation; light use efficiency ( LUE) ; gross primary production ( GPP) ; uncertainty analysis
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Table 1 Leave-one-out and all-sites estimation of key parameters of VPM_D model ( g.and ¢, ) for
four alpine grassland types on the Tibetan Plateau
VPM VPM_D
&0 Ecs € max
/ / R / / / / r
(g/mol)  ( g/mol) 1% (g/mol)  ( g/mol) 1% (g/mol) ( g/mol) 1%
GLKO & ARKO 0. 346 0.016 4.742 0.718 .352 0. 008 2.324 0. 386 0. 009 2.392 0. 840
HBKO & ARKO 0. 460 0.014 3.038 0.561 . 333 0. 007 2.225 0. 466 0. 007 1.544 0. 956
HBKO & GLKO 0.423 0.016 3.723 0. 682 . 358 0.013 3.575 0.516 0.010 1. 886 0. 818
GLKOHSEI?(ITKO & 0. 425 0.013 2.953 — . 334 0. 007 2.185 0. 467 0. 007 1. 508 —
DXSW & MQSW 0.533 0. 047 8. 839 0. 653 . 340 0.022 6.462 0.422 0.017 3.945 0.917
HBSW & MQSW 0.509 0.022 4.422 0. 462 .262 0.014 5.381 0.526 0.013 2.450 0. 871
HBSW & DXSW 0. 503 0.021 4.16 0.428 .374 0.015 3.970 0. 448 0.012 2.616 0.911
DXSWTHSI;Q/[W?SW & 0.522 0.021 4.092 — . 324 0.013 3.978 0.473 0.011 2.326 —
ZFST & NMCST 0.207 0.11 53.228 0. 161 . 251 0.068  26.956 0. 408 0.051 12. 458 0. 852
DXST & NMCST 0.184 0.041  22.126 0.231 .243 0. 035 14. 374 0.397 0. 022 5. 606 0.779
DXST & ZFST 0.233 0.056  24.147 0.216 . 228 0. 035 15.523 0. 391 0.022 5.577 0. 879
ZEST ?))lj;\,;[‘CST & 0.204 0.045  22.215 — . 244 0.033 13. 467 0.392 0.021 5.401 —
HBSH 0.443 0.012 2.709 — . 296 0.012 3.873 0. 643 0.015 2.393 —
VPM VPM_D 0.8 ; VPM
10 8 d GPP
NEE GPP
3 . VPM_D GPP R? 0.77 0. 86
4 R 0.84 RMSE .73 0.40 g/( m>+d)
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Fig.3 Comparison between the observed and predicted GPP derived from the VPM and

VPM_D model for four alpine grassland types on the Tibetan Plateau
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Fig.5 The spatial distribution of annual GPP estimated by VPM_D model for the Tibetan alpine grasslands during
20032008 and the difference between GPP estimated by VPM_D and VPM model
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Table 2 Annual GPP estimated by VPM_D model for four alpine grassland types on the Tibetan Plateau during 20032008 Tg/a

2003 2004 2005 2006 2007 2008
166. 5 169. 4 176. 4 176.9 170.2 162.5 170.3
38.2 38.3 40.2 40.0 40.0 37.5 39.0
25.6 26.6 28.7 28.4 27.3 26.0 27.1
8.0 8.5 7.7 7.4 7.7 7.8 7.8
238.3 242.7 253.0 252.7 245.3 233.8 244.3
VPM_D ( 6) . VPM_D
VPM GPP
GPP 223.3 Tgla 244.3
Tg/a. GPP 69.6% 2.3 GPP
( 4.6Tg/a 7.8 Tgla) ; MCMC
19.3%(  32.7 Tgla ANUSPLIN PAR
39.0 Tg/a)  10%(  154.8 Tg/a 170. 3 an EVI  LSWI
Tg/a) ; GPP 31.1 MC VPM
Tg/a 27.1 Tg/a 12. 9% VPM_D GPP
( ). VPM_D
GPP ( 7)  GPP
8d VPM_D GPP
GPP VPM
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Fig.6 The seasonal cycle of GPP estimated by VPM_D model from 2003 to 2008 for four
alpine grassland types on the Tibetan Plateau
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