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Using atmospheric concentrations of carbon dioxide and carbonyl sulfide to assess

the uncertainty of carbon fluxes simulated by terrestrial biosphere models
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Abstract; Terrestrial Biosphere Models ( TBMs) are important tools to simulate the carbon cycle of global terrestrial
ecosystem, but there are still large uncertainties in their simulation in different regions over the globe. How to evaluate the
uncertainty of TBMs is a critical research issue. In this study, taking North America as study area, the uncertainty of gross
primary production ( GPP) and net ecosystem exchange of CO,( NEE) fluxes simulated by CASA-GFED3, SiB3 and
SiBCASA was evaluated by using atmospheric concentration data of CO, and carbonyl sulfide (OCS) simultaneously
obtained from 8 high tower observational stations and WRF-STILT atmospheric particle diffusion model. The results show
that the SiB3 model can well simulate the seasonal changes of GPP and NEE in terrestrial ecosystem, and has the best
simulation ability among the three models; the CASA-GFED3 model can simulate the seasonal changes of NEE, but there is
a large error in the simulation of GPP in growing season; and the SIBCASA model is not able to reasonably simulate NEE

and GPP in late winter and early spring. This study proved the role of atmospheric CO, and OCS in evaluating the
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uncertainty of carbon fluxes simulated by TBMs, and provided theoretical support for optimizing the estimation of

photosynthetic and respiratory carbon flux of terrestrial ecosystem by using the observation data of atmospheric CO, and OCS.

Key Words: carbon dioxide; carbonyl sulfide; terrestrial biosphere model; carbon flux; WRF-STILT model;

North America
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Fig.1 Sites at which CO, and OCS observations were used and land cover types in North America

U 5. AMT (Argyle, Maine, United States), BAO ( Erie, Colorado, United States), LEFs ( Park Falls, Wisconsin, United States), SCT
(Beech Island, South Carolina, United States) , STR ( Sutro Tower, San Francisco, California, United States) , WBI ( West Branch, Iowa, United
States) , WGC ( Walnut Grove, California, United States) , WKT (Moody, Texas, United States) ;

“RALYG AT CAR (Briggsdale, Colorado, United States), CMA ( Cape May, New Jersey, United States), DND ( Dahlen, North Dakota, United
States ) , ESP ( Estevan Point, British Columbia, Canada) , ETL ( East Trout Lake, Saskatchewan, Canada) , LEFa ( Park Falls, Wisconsin, United
States) , NHA ( Worcester, Massachusetts, United States) , PFA ( Poker Flat, Alaska, United States), SCA ( Charleston, South Carolina, United
states) , SGP (Southern Great Plains, Oklahoma, United states) , TGC (Sinton, Texas, United States) , THD (Trinidad Head, California, United

States )
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Table 1 Information on tall tower observations of CO,and OCS used in this study over North America

v AR AT MR L, &, i LI f2 i [5]

Site name Site type Location Latitude, longitude, elevation Observation period
AMT g Argyle, Maine, US 45° 2'N, 68°41'W, 53 masl 2008-11-23 1| 2012-08- 14
BAO i Erie, Colorado, US 40° 3'N, 105° 0'W, 1584 masl ~ 2007-08- 16 | 2012-08-20
LEFs g Park Falls, Wisconsin, US 45°57'N, 90°16'W, 472 masl ~ 2002-08-24 | 2012-08-22
SCT [ Beech Island, South Carolina, US 33°24'N, 81°50'W, 115 masl 2008-08- 14 #| 2012-08- 16
STR i Sutro Tower, San Francisco, California, US 37°45'N, 122°27'W, 254 masl ~ 2007-10-02 %l 2012-08- 19
WBI i West Branch, Iowa, US 41°43'N, 91°21'W, 241 masl ~ 2004-09- 14 | 2012-08- 12
WGC i Walnut Grove, California, US 38°16'N, 121°29'W, 0 masl 2007-09-21 £ 2012-08-16
WKT I Moody, Texas, US 31°19'N, 97°20'W, 251 masl ~ 2006-07-07 %l 2012-08- 14
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Fig.2 Diagram describing the processes of regional atmospheric

transport and concentration simulations based on the WRF-

STILT model
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Table 2 Specific information of the CO,fluxes involved in the atmosphere—biosphere exchange

733 ] 53 R AU

Component flux Temporal resolution Data source

i i I 2 RIT

lﬁl‘ﬂl}ﬁ.m AP . - 3h SiB3,SiBCASA, 3¢ CASA-GFED3
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Table 3 Specific information of the OCS fluxes involved in the atmosphere-biosphere exchange

21 533 T A Ta] 43 BRI

Component flux Temporal resolution Data source

FEBE L Plant uptake 3h SiB3-0CS, GPP LLAil4ijik
A+ HEW K Soil uptake ZAEA Y AR H, W b il 43
FHEREJK Soil release 6h Launois 45 14]

Y7 Ocean ZEAY Launois %““

N Sho| Anthropogenic LR Kettle Z5[25]

H IR BE Biomass burning ZAE R Kettle 25(25)

F-iii /= OH V1 #E Tropospheric OH oxidation ZAEH Launois 4[14]

http ; //www.ecologica.cn



&
H

4376 2 SO Eire 40 4

2 HR

2.1 AN[RSEAIRHL A b 5 Fifi M A 285 2R G im0 AR AL AN 2s (8] 0 A EL g

ANTRIAE 25 2 R S YR H0L 0 Bl b AR S R Gk il = H A B KB 22 %, P CASA-GFED3 ( CarbonTracker
CT2013B RRAS Y7 it R FZ AU Ry e g il i, H P J371E ) , SiB3 il SIBCASA 3 MR K ], 43 A Ak 56 L X
2010 47 i Hhu fe 8 B ARLAUL 285 SR A 1 AR AL (1 3) MR Ze A KRB M A (B 4) 12253, B 3 i LIE
3 MBI GPP  Reco Ml NEE 12515 28 AL 7 BH AR AR B L #754 BH .25 5%, GPP Hll Reco Y25 7L AR,
GPP & B A F)/INHEFE A : CASA-GFED3 >SiBCASA>SiB3, Reco il NEE (1) Z= 45 28 AL IR B i K /NHE 55 GPP
—3, M GPP IHH¥KFE , CASA-GFED3 Il SIBCASA #5511 [t SiB3 F Y B FLik ) 5 KA, MKl 4 AL
3 MRS GPP  Reco Ml NEE (145 & ZRUG A 1423 8] 43 A7 SR B — B0, We (B 43 A 7 b 36 FORAF PR
AP X s SRR CASA-GFED3 F4DL {7 ¥4 e T oA A8

-~ GPP_CASAGFED3 -+ Reco CASAGFED3 -~ NEE_CASAGFED3
-~ GPP_SiB3 —+ Reco_SiB3 - NEE_SiB3
-~ GPP_SiBCASA —+ Reco_SiBCASA - NEE_SiBCASA
0.4
40 |
_ast) 0.2
T 30} 0l
%
& 257 -02 |
B
= -0.4
i 1.5+
B 10| -0.6
05 | -08 |
2 4 6 8 10 12 2 4 6 8 10 12
H 45 Month

B3 FEEREMNILEBX 2010 FRESREERL SR (CPP) [FFHRFEH (Reco) B EBREMXILE (NEE) FEHEN
Fig.3 Seasonal variations of GPP, Reco and NEE of North America in 2010 simulated from different models
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Fig.4 Spatial distribution of average GPP, Reco and NEE in the summer (June—August) of 2010 simulated from three different models
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Fig.5 Contributions of different surface CO,fluxes to the simulated CO,concentration at the LEF tower site in 2010
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Fig.6 Contributions of different surface OCS fluxes to the simulated OCS concentration at the LEF tower site in 2010
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Fig.7 Comparisons between the simulated and observed CO, and OCS at the LEF tower site over 2010—2011 with the biosphere fluxes

simulated from different models. The right side shows fitted normal distributions of the residuals between simulated and

observed concentrations
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Fig.8 Comparisons between the simulated and observed CO, and OCS at the WGC tower site over 2010—2011 with the biosphere fluxes

simulated from different models. The right side shows fitted normal distributions of the residuals between simulated and

observed concentrations
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