
 

 

Figure S1. Schematic diagram of MIC-TEM. The green dashed circle is the previous structure used in TEM 

5.0 (Zhuang et al 2003), without considering the effects of detailed microbial dynamics. The previous 

heterotrophic respiration is proportional to SOC (green dashed arrow). In MIC-TEM, new heterotrophic 

respiration considers the effects of microbial dynamics and enzyme kinetics. In addition, three new carbon 

pools (DOC, MIC, and ENZ) and five carbon fluxes (decomposition of SOC, microbial assimilation and 

death, enzyme production and loss) are considered (Allison et al 2010). 

 

 

 

 

 

 

 

 

 



 

Figure S2. Comparison between observed and simulated NEP (gC m-2mon-1) at: (a) Ivotuk (alpine tundra), 

(b) UCI-1964 burn site (boreal forest), (c) Howland Forest (main tower) (temperate coniferous forest), (d) 

Univ. of Mich. Biological Station (Temperate deciduous forest), (e) KUOM Turfgrass Field (Grassland), 

and (f) Atqasuk (Wet tundra). Note: scales are different. 

 

 

 

 

 

 

 

 

 

 

 



  

Figure S3. Comparison between observed and simulated NEP (gC m-2mon-1) at: (a) Ivotuk (alpine tundra), 

(b) UCI-1964 burn site (boreal forest), (c) Howland Forest (main tower) (temperate coniferous forest), (d) 

Bartlett Experimental Forest (Temperate deciduous forest), (e) Brookings (Grassland), and (f) Atqasuk (Wet 

tundra). Note: scales are different. 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S4. Comparison between regional NPP (PgC yr-1 simulated by MIC-TEM (red dashed line), TEM 5.0 

(blue dashed line), and MODIS data (black solid line).  
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Figure S5. Comparisons between MODIS NPP as baseline and simulated NPP: (a) (MIC-TEM-MODIS)/ MODIS*100% 

(b) (TEM 5.0-MODIS)/ MODIS*100%. Positive values are overestimates and negative values are underestimates. 

 

 

 

 



 

Table S1. Site description and measured data used to calibrate MIC-TEM 

Site Name 

 

Location 

(Longitude 

(degrees) 

/Latitude 

(degrees)) 

Elevation 

(m) 

Vegetation type Description Data 

range 

Citations 

Univ. of Mich. 

Biological 

Station 

84.71W 

45.56 N 

 

234 

Temperate 

deciduous forest 

Located within a protected forest owned by the University of Michigan. Mean 

annual temperature is 5.83̊ C with mean annual precipitation of 803mm 

01/2005-

12/2006 
Gough et al. (2013) 

       

Howland Forest 

(main tower) 

68.74W 

45.20N 

60 Temperate 

coniferous   

forest 

Closed coniferous forest, minimal disturbance. 01/2004-

12/2004 

Davidson et al. (2006) 

       

UCI-1964 burn 

site 

98.38W 

55.91N 

260 Boreal forest Located in a continental boreal forest, dominated by black spruce trees, within 

the BOREAS northern study area in central Manitoba, Canada. 

01/2004-

10/2005 

Goulden et al. (2006) 

 

       

KUOM 

Turfgrass Field 

93.19W 

45.0N 

301 Grassland A low-maintenance lawn consisting of cool-season turfgrasses. 01/2006-

12/2008 

Hiller et al. (2011) 

       

Atqasuk 157.41W 

70.47N 

  15 Wet tundra 100 km south of Barrow, Alaska. Variety of moist-wet coastal sedge tundra, 

and moist-tussock tundra surfaces in the more well-drained upland. 

01/2005-

12/2006 

Oechel et al. (2014); 

 

       

Ivotuk 155.75W 

68.49N 

568 Alpine tundra 300 km south of Barrow and is located at the foothill of the Brooks Range and 

is classified as tussock sedge, dwarf-shrub, moss tundra. 

01/2004-

12/2004 

McEwing et al. (2015) 

 

 

 

 

 

 

 

 

 



 

Table S2. Site description and measured data used to validate MIC-TEM 

Site Name 

 

Location 

(Longitude 

(degrees) 

/Latitude 

(degrees)) 

Elevation 

(m) 

Vegetation 

type 

Description Data range Citations 

Bartlett 

Experimental 

Forest 

71.29W/ 

44.06N 

272 Temperate 

deciduous 

forest 

Located within the White Mountains National Forest in north-central New 

Hampshire, USA, with mean annual temperature of 5.61 °C and mean 

annual precipitation of 1246mm. 

01/2005- 

12/2006 

Jenkins et al. (2007); 

Richardson et al. (2007); 

 

       

Howland Forest 

(main tower) 

68.74W/ 

45.20N 

60 Temperate 

coniferous 

forest 

Closed coniferous forest, minimal disturbance. 01/2003- 

12/2003 

Davidson et al. (2006) 

       

UCI-1964 burn site 98.38W/ 

55.91N 

260 Boreal forest Located in a continental boreal forest, dominated by black spruce trees, 

within the BOREAS northern study area in central Manitoba, Canada. 

01/2002- 

12/2003 

Goulden et al. (2006) 

 

 

       

Brookings 96.84W/ 

44.35N 

510        

Grassland 

Located in a private pasture, belonging to the Northern Great Plains 

Rangelands, the grassland is representative of many in the north central 

United States, with seasonal winter conditions and a wet growing season. 

01/2005- 

12/2006 

Gilmanov et al. (2005) 

       

Atqasuk 157.41W/ 

70.47N 

15 Wet tundra 100 km south of Barrow, Alaska. Variety of moist-wet coastal sedge 

tundra, and moist-tussock tundra surfaces in the more well-drained upland. 

01/2003- 

12/2004 

Oechel et al. (2014); 

 

       

Ivotuk 155.75W/ 

68.49N 

568 Alpine tundra 300 km south of Barrow and is located at the foothill of the Brooks Range 

and is classified as tussock sedge, dwarf-shrub, moss tundra. 

01/2005- 

12/2005 

McEwing et al. (2015) 

 

 

 
 

 

 
 

 

 

 



Table S3. Comparison statistics between MIC-TEM and TEM in model validation 

 

 
             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site Name     Vegetation type Model 
Intercept  

(gC m-2 mon-1) 
Slope R-square 

Adjusted 

R-square 
p-value 

Ivotuk     Alpine tundra 
MIC-TEM 0.85 0.83 0.70 0.67 <0.001 

TEM 5.0 0.04 0.85 0.54 0.5 0.006 

        

UCI-1964 burn site     Boreal forest 
MIC-TEM 0.18 1.03 0.912 0.9080 <0.001 

TEM 5.0 -2.8 1.29 0.746 0.735 <0.001 

        

Howland Forest (main 

tower) 
Temperate coniferous forest 

MIC-TEM 7.29 0.72 0.85 0.83 <0.001 

TEM 5.0 -8.18 1.1 0.82 0.804 <0.001 

        

Bartlett Experimental 

Forest 
Temperate deciduous forest 

MIC-TEM -6.05 0.91 0.944 0.941 <0.001 

TEM 5.0 -13.6 1.03 0.84 0.83 <0.001 

        

Brookings       Grassland 
MIC-TEM 3.05 0.71 0.84 0.83 <0.001 

TEM 5.0 -3.63 0.74 0.6 0.58 <0.001 

        

Atqasuk      Wet tundra 
MIC-TEM 7.22 1.85 0.71 0.70 <0.001 

TEM 5.0 6.64 1.15 0.42 0.39 <0.001 



 

Table S4. Correlations between carbon fluxes and environmental variables indicated with Pearson correlation coefficients  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

air temperature precipitation cloudiness CO2 Soil 

temperature 

at 20 cm 

depth 

VSM NMIN 

 

 

MIC-TEM 

NEP 0.10 0.41 0.20 0.31 0.13 0.25 0.37 

        

NPP 0.70 0.59 0.13 0.62 0.74 -0.16 0.89 

        

RH 0.86 0.45 0.12 0.57 0.91 -0.44 0.93 

         

 

 

TEM 5.0 

NEP 0.15 0.41 0.21 0.39 0.21 0.19 0.35 

        

NPP 0.55 0.69 0.29 0.69 0.53 0.05 0.87 

        

RH 0.75 0.62 0.29 0.86 0.82 -0.21 0.91 



Table S5. Parameters associated with more detailed microbial dynamics in MIC-TEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Process Parameter Units Initial 

Value 

Description Parameter range Reference 

 𝑉𝑚𝑎𝑥𝑢𝑝𝑡𝑎𝑘𝑒0  mg DOC cm-3 (mg 

biomass cm-3)-1 h-1 

9.97e6 Maximum microbial uptake 

rate 

 

[1.0e4, 1.0e8] 

Hao et al. (2015) 

 𝐸𝑎𝑢𝑝𝑡𝑎𝑘𝑒 kJ mol-1 47 Activation energy - Allison et al. (2010) 

Assimilation 𝐾𝑚𝑢𝑝𝑡𝑎𝑘𝑒𝑠𝑙𝑜𝑝𝑒 mg cm-3 degree-1 0.01 Temperature regulator of MM 

for DOC uptake by microbes 
- Allison et al. (2010) 

 𝐾𝑚𝑢𝑝𝑡𝑎𝑘𝑒0 mg cm-3 0.1 Temperature regulator of MM 

for DOC uptake by microbes 
- Allison et al. (2010) 

 

CO2 production 
𝐶𝑈𝐸𝑠𝑙𝑜𝑝𝑒 degree-1 -0.016 Temperature regulator of 

carbon use efficiency 
- Allison et al. (2010) 

 𝐶𝑈𝐸0 - 0.63 Temperature regulator of 

carbon use efficiency 
- Allison et al. (2010) 

 𝑉𝑚𝑎𝑥0 mg SOC cm-3 (mg Enz 

cm-3)-1 h-1 
9.17e7 Maximum rate of converting 

SOC to soluble C 
 

[1.0e5, 1.0e8] 

Hao et al. (2015) 

Decay Ea kJ mol-1 47 Activation energy - Allison et al. (2010) 

 𝐾𝑚𝑠𝑙𝑜𝑝𝑒 mg cm-3 degree-1 5 Temperature regulator of MM 

for enzymatic decay 
- Allison et al. (2010) 

 𝐾𝑚0 mg cm-3 500 Temperature regulator of MM 

for enzymatic decay 
- Allison et al. (2010) 

 𝑟𝑑𝑒𝑎𝑡ℎ          - 0.02 Microbial death fraction - Allison et al. (2010) 

 

MIC turnover 

 

    MICtoSOC           

        

50 

Partition coefficient for dead 

microbial biomass between 

the SOC and DOC pool 

- Allison et al. (2010) 

 

ENZ turnover 
𝑟𝐸𝑛𝑧𝑃𝑟𝑜𝑑          - 5.0e-4 Enzyme production fraction - Allison et al. (2010) 

 𝑟𝐸𝑛𝑧𝐿𝑜𝑠𝑠          - 0.1 Enzyme loss fraction - Allison et al. (2010) 
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