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Mm Accurate estimation of terrestrial ecosystem respiration (RE) is of great significance to the study of the global
terrestrial ecosystem’s carbon budget. Model simulation is a common method to simulate terrestrial RE changes. However,
the RE simulation of the current terrestrial ecosystem’s process models has not been fully verified yet. In this study, we
evaluated the RE simulated by the Community Land Model (CLM) using eddy covariance flux observations of 66 stations from
FLUXNET (277 site-years). The results showed that: (1) CLM underestimated RE at high latitude sites while overestimated it at
low latitude stations. The magnitude of the former was larger than that of the latter, thus leading to the overall underestimation

of RE (the relative error was —3.56%). (2) At the temporal scale, CLM roughly captured the interannual and seasonal variation
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of RE. The correlation coefficients were 0.60 (P < 0.001) and 0.63 (P < 0.001), respectively. CLM underestimated the annual

and monthly RE, with the absolute error of 182.21 g C m” a™ and 120.16 g C m™ mon’, respectively. The relative errors were

17.84% and 10.60%, respectively. (3) The simulation results of the different plant functional types from the best to worst

were ranked as mixed forest, evergreen coniferous forest, grassland, farmland, deciduous broadleaved forest, and evergreen

broadleaved forest. This study quantified the error of CLM-RE simulation at the spatial-temporal scale and analyzed its

influence factors, such as soil respiration Q,,, MR,,,, parameters, and soil carbon reservoir simulation. The results can help in

optimizing CLM-RE and improving the accuracy of RE simulations.

[@w& ecosystem respiration; Community Land Model (CLM); FLUXNET; simulated performance
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Fig. 1 Comparison of the spatial pattern of RE in different plant functional types between simulation and observation (a) and the variation of absolute
error of RE with latitude (b). MF: Mixed forest; GRA: Grasslands; ENF: Evergreen needleleaf forest; EBF: Evergreen broadleaf forest; DBF: Deciduous
broadleaf forest; CRO: Cropland
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Table 1 Evaluation of the interannual variability of RE in different plant functional types between simulation and observation

b Th & N S AT 34 4 45 2 % 1% 2 PORAE v o
Plantﬁfi%lz]igrglﬁgtype S#alfpél% Annuaﬁjﬁrg;fzog s?inulated Annual ave{izjilge ?;%;:irved RE Ab?olit;:e%rlor le%it;{/: eir%or *g&i‘é)% (Rﬁ?/[?;;i?’%")
RE(RE/gm™a™) (RE/gm~™a™) (AE/gm™a™) (P/%)
EBF 27 2593.87 2110.39 483.48 2291 0.47 1024.24
ENF 102 775.00 896.69 -121.69 -13.57 0.20 405.09
DBF 32 887.16 1225.10 -337.93 -27.58 0.26 244.03
MF 50 1008.78 1216.79 -208.01 -17.10 0.62* 350.82
GRA 28 958.54 1019.53 -60.99 -5.98 0.47* 486.19
CRO 38 662.10 949.79 -287.70 -30.29 0.22 234.60
ALL 271 1013.31 1133.47 -120.16 -10.60 0.60* 590.94

FRORME R R BE (P<0.01). MF: {RASHk; GRA: Hith; ENF: # 4k41 01k, EBF: # 4k i@ 014K; DBF: 750 @04k, CRO: 4 HI.
* means significant correlation (P < 0.01). MF: Mixed forest; GRA: Grasslands; ENF: Evergreen needleleaf forest; EBF: Evergreen broadleaf forest; DBF:
Deciduous broadleaf forest; CRO: Cropland.
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Table 2 Comprehensive ranking of the simulated performance of RE for
all plant functional types and different sites

FE DY LIy E Y /3 a5, LA FE B ) RE Y /3l 45 L HEA
£ B PFT Site Rank £ Fi PFT Site Rank

MF 29.21 (13.77) DE-Gri 32.00 (20.02)
CN-Cha 24.50 (23.46) NL-Hor 31.25 (17.48)
BE-Vie 21.00 (7.25) CN-HaM 29.75 (19.06)
US-PFa 26.50 (13.57) AU-How 33.50 (15.82)
US-Syv 31.00 (12.75) US-Wkg 35.25 (20.18)
JP-SMF 32.50 (16.16) ZA-Kru 48.75 (12.80)
BE-Bra 39.75 (9.44) US-Ton 40.75 (23.21)
ENF 31.16 (14.36) CRO 32.44 (12.46)
FI-Hyy 24.00 (19.66) FI-Jok 22.75(7.53)
US-NRI 17.50 (21.20) US-ARM 20.25 (17.84)
RU-fyo 28.75 (20.35) DE-KIi 28.25 (11.71)
CA-Qfo 25.75 (21.18) BE-Lon 27.50 (7.40)
NL-Loo 27.50 (18.12) FR-Gri 31.25 (4.82)
IT-Lav 30.25 (20.22) US-Nel 44.00 (19.26)
CN-Qia 41.00 (21.12) US-Ne3 42.50 (13.65)
IT-Ren 30.50 (13.01) US-Ne2 43.00 (17.51)
CA-SF1 29.75 (5.58) DBF 32.55 (18.43)
CA-NS3 25.75 (7.50) ZM-Mon 16.50 (26.27)
CA-NS5 29.50 (3.20) US-Wi3 35.25 (30.77)
CZ-BK1 25.25(7.46) US-Hal 20.00 (19.22)
CA-SF2 37.50 (11.52) US-WCr 25.00 (14.04)
CA-NSI 27.25 (9.86) DK-Sor 37.00 (24.30)
US-Wi4 31.00 (16.93) US-MMS 31.50 (11.15)
DE-Tha 3675 (6.61) DE-Hai 34.00 (10.42)
CA-NS4 28.00 (14.92) IT-PT1 38.50 (6.18)
IT-La2 34.50 (4.72) FR-Fon 39.50 (13.68)
CA-NS2 31.50 (14.04) IT-Ro2 36.75 (22.52)
US-Me2 38.25 (22.11) IT-Rol 44.00 (24.16)
US-Wi0 39.25 (12.30) EBF 50.54 (10.53)
IT-SRo 4350 (12.22) FR-Pue 30.00 (10.32)
US-Mel 33.75 (25.46) CN-Din 58.50 (9.01)
GRA 31.61 (18.45) AU-Tum 47.50 (18.57)
RU-Hal 14.75 (18.05) AU-Wac 42.00 (13.47)
CH-Oel 27.25 (16.78) BR-Sal 5475 (12.58)
AT-Neu 33.75(22.53) BR-Sa3 56.00 (9.03)
US-ARM 20.75 (17.01) MY-PSO 65.00 (0.71)

MF: {{2HKk; GRA: B s ENF: 5 28 EF 0k EBF: & &k @ 4K ; DBF:
PR MR CRO: R 5 Rank 3225 8 8 4% ol R ALLROCR HE 4
55 NRIRHE A E R IR 22

PFT: Plant functional type; Sites: Site name. MF: Mixed forest; GRA:
Grasslands; ENF: Evergreen needleleaf forest; EBF: Evergreen broadleaf
forest; DBF: Deciduous broadleaf fores; CRO: Cropland. Rank represented
the simulated performance of each plant function type and station, the
standard deviation of the ranking results was in the parentheses
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Table 3 Comparison of CLM-RE between global and regional simulation results

X 4 IR B H A 23 [i1] 3 i A 4 7Y R ¥r Rk 2 EEPEN
Area Driving data Spatial resolution PFT (RMSE/g m”mon™) Reference
CRUNCEP ENF 0.64 25.30 [10]
Jb3 . CRUNCEP 289 %280 DBF 0.76 39.60 [10]
North America CRUNCEP ' ’ CRO 0.55 58.90 [10]
CRUNCEP GRA 0.38 63.70 [10]
CRU TS3.1 ENF 0.93 12.60 [11]
CRU TS3.1 DBF 0.94 10.20 [11]
A ' CRU TS3.1 0.5° x 0.5° CRO 0.9 21.90 [11]
East Asia CRU TS3.1 ’ ' GRA 0.98 8.40 [11]
CRU TS3.1 EBF 0.45 27.90 [11]
CRU TS3.1 MF 0.96 16.20 [11]
ERA-I ENF 0.66 75.30 [12]
-~ ERA-I DBF 0.46 93.00 [12]
Europe ERA-I 0.8° x 0.8° CRO 0.63 69.30 [12]
ERA-I GRA 0.6 73.50 [12]
ERA-I EBF 0.63 63.90 [12]
rlilpl ENF 0.73 53.53 AR WF5E This study
rlilpl DBF 0.52 47.88 AMF5E This study
A5k rlilpl 0.9° x 1250 CRO 0.75 58.96 AHWF5E This study
Global scale rlilpl ' ' GRA 0.53 57.16 A 5T This study
rlilpl EBF 0.63 99.70 AHWFSE This study
rlilpl MF 0.8 52.22 AWEE This study

MF: IS HK; GRA: BiHi; ENF: % 4441 bk ; EBF: % 4¢Rdn4k; DBF: ¥ 0§ m#k; CRO: 4.
PFT: Plant functional type; MF: Mixed forest; GRA: Grasslands; ENF: Evergreen needleleaf forest; EBF: Evergreen broadleaf forest; DBF: Deciduous broadleaf

forest; CRO: Cropland.
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il [P B 7Y 7 A WF 5T I B LI A= 25 2R GE T AL i A RRK
Site Country PFT Longitude (a/°E) Latitude (f/°N) Time Observed RE (RE/gm™a’)  MAT (0/°C) MAP (h/mm)
BE-Bra LA st MF 4.5206 51.3092 1999-2005 1157.69 9.8 750
BE-Vie Rl MF 5.9981 50.3051 1999-2005 1154.71 7.8 1062
CN-Cha [ MF 128.096 42.4025 2003-2005 1192.38 3.62 713
JP-SMF  HA MF 137.079 35.2617 2002-2005 1678.91 / /
US-PFa %[ MF 269.728 45.9459 1999-2005 1139.46 433 823
US-Syv %[ MF 270.652 46.242 2001-2005 1127.81 3.81 826
AT-Neu L F) GRA 11.3175 47.1167 2002-2005 2220.96 6.3 852
CH-Oel i+ GRA 7.7319 47.2858 2002-2005 1507.95 9 1100
CN-HaM  f[H GRA 101.18 37.37 2002-2004 383.99 -17 580
DE-Gri  f#i[H GRA 13.5125 50.9495 2004-2005 1349.51 7.2 853
NL-Hor  faf2% GRA 5.0713 52.2404 2004-2005 1256.04 10 800
RU-Hal k%7 GRA 90.0022 547252 2002-2004 411.03 / /
US-SRM %[ GRA 249.134 31.8214 2004-2005 313.92 17.9 380
US-Ton 3 GRA 239.034 38.4316 2001-2005 710.43 15.8 559
US-Wkg £ GRA 250.058 31.7365 2004-2005 157.57 15.64 407
AU-How A H i GRA 131.152 ~12.4943 2001-2005 1002.76 / /
ZA-Kru  FE GRA 31.4969 -25.0197 2000-2005 1120.23 21.9 547
CA-NSI &k ENF 261.516 55.8792 2002-2005 655.26 -2.89 500
CA-NS2  Jn&E Xk ENF 261.475 55.9058 2001-2005 527.43 -2.88 500
CA-NS3  Jn&k ENF 261.618 55.9117 2001-2005 618.34 -2.87 502
CA-NS4  Jn&k ENF 261.618 55.9117 2002-2005 403.75 -2.87 502
CA-NS5 &k ENF 261.515 55.8631 2001-2005 640.51 -2.86 500
CA-Qfo &R ENF 285.658 49.6925 2003-2005 589.22 -0.36 962
CA-SF1  Jn&k ENF 254.182 54.485 2003-2005 863.91 0.4 470
CA-SF2 % ENF 254.123 54.2539 2003-2005 1071.08 0.4 470
CN-Qia [ ENF 115.058 26.7414 2003-2005 1179.71 17.9 1485
CZ-BK1  #fw% ENF 18.5369 49.5021 2004-2005 684.46 6.7 1316
DE-Tha  fii[H ENF 13.5669 50.9636 1999-2005 1275.82 77 820
FI-Hyy P ENF 24.295 61.8475 1999-2005 878.34 3.8 709
IT-La2 =R ENF 11.2853 45.9542 2000-2005 1049.42 7.2 1150
IT-Lav BEARA ENF 11.2813 459562 2003-2005 432.31 7.8 1281
IT-Ren =R ENF 11.4337 46.5869 1999-2005 596.71 47 809
IT-SRo =il ENF 10.2844 43.7279 1999-2005 1336.05 14.2 920
NL-Loo 4% ENF 5.7436 52.1666 1999-2005 1262.99 9.8 786
RU-Fyo k%l ENF 32.9221 56.4615 1999-2005 1634.50 3.9 711
US-Mel %[ ENF 238.5 44.5794 2004-2005 676.58 7.88 705
US-Me2 %[ ENF 238.443 44.4523 2002-2005 968.27 6.28 523
US-NR1  Z£[H ENF 254.454 40.0329 1999-2005 657.39 1.5 800
US-Wi0 [ ENF 268.919 46.6188 2002-2005 790.05 / /
US-wi4  %MH ENF 268.834 46.7393 2003-2005 620.05 / /
CN-Din 7 EBF 112.536 23.1733s 2003-2005 975.95 22.16 1473
FR-Pue k[ EBF 3.5958 43.7414 2000-2005 1085.84 13.5 883
AU-Wac  JRKF)IF EBF 145.188 -37.4259 2005-2005 1493.21 / /
N SHE A Y244t  Chin J Appl Environ Biol http://www.cibj.com/
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ZERt3R1 Table S1 (Continued)

U FER e 2k 7 52 i B S 25 22 56 EER ROKE
Site Country PFT Longitude (a/°E) Latitude ($/°N) Time Observed RE (RE/gm™a’)  MAT (0/°C) MAP (h/mm)

AU-Tum 8 KFE EBF 148.152 -35.6566 2001-2005 2584.52 / /
BR-Sal &) EBF 305.041 -2.8567 2002-2005 3349.45 26.13 2075
BR-Sa3 [N EBF 305.029 -3.018 2000-2004 3032.90 26.12 2044
MY-PSO  Hi3Rpyil EBF 102.306 2.973 2003-2005 1465.02 / /
DE-Hai 7 5] DBF 10.453 51.0792 2000-2005 1037.61 8.3 720
DK-Sor PRy DBF 11.6446 55.4859 1999-2005 1811.38 8.2 660
FR-Fon eS| DBF 2.7801 48.4764 2005-2005 1202.43 10.2 720
IT-PT1 =R DBF 9.061 45.2009 2002-2004 1057.37 12.7 984
IT-Rol =R DBF 11.93 42.4081 2000-2005 1348.95 15.2 876
IT-Ro2 =yl DBF 11.9209 42.3903 2002-2005 851.12 15.2 876
US-Hal FH DBF 287.829 42.5378 1999-2005 1189.99 6.6 1071
US-MMS  ZE[F DBF 273.587 39.3232 1999-2005 1305.32 10.9 1032
US-WCr [ DBF 269.92 45.8059 1999-2005 889.29 4.02 787
US-Wi3 ESE| DBF 268.901 46.6347 2004-2004 368.64 / /
ZM-Mon  #% Lt DBF 23.2528 -15.4378 2000-2000 2416.06 25 945
BE-Lon  [LFIH} CRO 47461 50.5516 2004-2005 1034.28 10 800
DE-Kli () CRO 13.5225 50.8929 2004-2005 1296.21 9 750
FI-Jok 752 CRO 23.5135 60.8986 2000-2000 591.61 4.6 627
FR-Gri beES| CRO 1.9519 48.8442 2004-2005 1007.46 12 650
US-ARM  JE[H CRO 262.511 36.6058 2003-2005 538.30 14.76 843
US-Nel B CRO 263.523 41.1651 2001-2005 1192.94 10.07 790
US-Ne2 ESE CRO 263.53 41.1649 2001-2005 1062.50 10.08 789
US-Ne3 S CRO 263.56 41.1797 2001-2005 931.95 10.11 784

PET: MBI AEHAL; MF: RS GRA: Hillh; ENF: &t EF M4k EBF: ¥ &t -4 ; DBF: & M- i-#k; CRO: 4 H; Observed RE: WLl A= 25 R 400
W ; MAT: 4E153: MAP: ARk /™ TOEE.

PFT: Plant functional type; MF: Mixed forest; GRA: Grasslands; ENF: Evergreen needleleaf forest; EBF: Evergreen broadleaf forest; DBF: Deciduous broadleaf
forest; CRO: Cropland; Observed RE: Observed ecosystem respiration; MAT: Mean annual temperature; MAP: Mean annual precipitation; “/”: No data
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Fig. S1 The seasonal simulation performance of RE for all plant functional types.
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Table S2 Effects of respiration of CLM model on simulation results
28 RS X 2% 2 B i SRR Z 8 RAXT# 2 B U R B REXT % 2 5 UL F 8L
Parameter Sensitivity coefficient of RS to parameters (5-RS) Sensitivity coefficient of RS to parameters ($-RA) Sensitivity coefficient of RE to parameters (5-RE)
Q,-RS 0.88 0.57 0.82
Q-RA 0.16 0.31 0.13
K 0.63 0.46 0.60
MRy, 0.19 0.35 0.15

0,o-RS: LSNP B BUBNE s Or0-RA: AR MF UL B BUR M s K 430 PRI 5 3R 5 MRyygo: SERIAEFFIFNHE R 5 B-RS = ARun/AP, AP KPS
163 (10%) , ARuny 2 5 P& A APAE LRI RSHI A A L3 (%) , B -RAFI B -REH 77 i [7 5-RS.

0,0-RS: The temperature sensitivity of soil respiration; Q,,-RA: The temperature sensitivity of autotrophic respiration; K: Turnover rate of the soil carbon
pool; MRy,,.: The base rate of maintenance respiration; f-RS=4ARun/4P, in which 4P is the change rate of P, 4Run is the corresponding change rate of RS as P
changed, and the calculation of f-RA and B-RE are the same as -RS.
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Fig. S2 The size of Q,,-RS for all plant functional types. PFT: Plant functional type; @,,-RS: The temperature sensitivity of soil respiration; MF: Mixed
forest; GRA: Grasslands; ENF: Evergreen needleleaf forest; EBF: Evergreen broadleaf forest; DBF: Deciduous broadleaf forest; CRO: Cropland.
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