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Appendix: MBL – GEM v6.3.0




























State Equations:
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Terms in parenthesis are discrete processes and do not pass through the integrator

Subscript j indicates F (foliage), W (wood, meaning total wood), and R (roots).

Subscript x indicates F (foliage), SW (sapwood), HW (heartwood), and R (roots).

Subscript l indicates F (foliage) and R (roots).

Subscript i indicates F, SW, and R.

Subscript p indicates SW and HW.

Subscript y indicates NH4 and NO3.

Subscript k indicates a (air) and s (soil).

Precipitation and Interception
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Evapotranspiration
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Daylength and Degree Days
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Photosynthesis (ACM March 2000)
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Soil Drainage and Discharge
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where DDk equals DDa for foliage and wood and DDs for roots.
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Variables

aA gross mineralization rate from active N (day-1)

aEI decomposition rate constant for transfer from extractive to insoluble soil pool (day-1)

aGHW heartwood growth rate parameter (day-1)

aH decomposition rate constant humus soil pool (day-1)

aIE decomposition rate constant for transfer from insoluble to extractive soil pool (day-1)

aIH decomposition rate constant for transfer from insoluble to humus soil pool (day-1)

aLC rate constant for labile C transport (day-1)

aLN rate constant for labile N transport (day-1)

aNf foliage N photosynthesis conversion factor (unitless)

aNtri nitrification rate constant (g N L H2O umol-1 N m-2 day-1)

aSE decomposition rate constant for transfer from soluble to extractive soil pool (day-1)

Aw fraction available water (unitless)

Awdopt decomposition optimum fraction available water (unitless)

aWR wood respiration correction factor (unitless)

aj litter fall rate parameter for tissue j (g(1-j) C m(-2+2j) day-1)

ajD litter fall rate parameter for tissue j (g C m-2 day-1)

a C fractionation in Ps associated with diffusion (‰)

a fraction N translocated (unitless)

aD fraction N translocated during drought induced litterfall (unitless)

bGj N growth parameter for tissue j (gi C g-i N)

bH1 empirical constant used to calculate cloud free hours (0.23)

bH2 empirical constant used to calculate cloud free hours (0.48)

bIF foliage interception coefficient (mm H2O m2 gnd m-2 leaf day-1)

bISW sapwood interception coefficient (mm H2O m2 ground g-1 C day-1)

bLC distribution constant for labile C transport (unitless)

bLN distribution constant for labile N transport (unitless)

b C fractionation in Ps associated with carboxylation (‰)

Ca atmospheric CO2 (ppm)

CE extractive soil C (g C m-2 ground)

CET total ecosystem C (g C m-2 ground)

CH Humus soil C (g C m-2 ground)

CI acid insoluble soil C (g C m-2 ground)

CLFW labile foliage and wood C (g C m-2 ground)

CLFWmax CLFW where inhibition of Ps by labile C is 50% (g C m-2 ground)

CLR labile root C (g C m-2 ground)

Cm mesophyll CO2 concentration (ppm)

cp specific heat of air at constant pressure (1012 J kg-1 oC-1)

CPT  total plant C(g C m-2 ground)
CS acid soluble soil C (g C m-2 ground)

CST total organic soil C (g C m-2 ground)

CSWmax maximum sapwood required to meet LAI demand (g C m-2 ground)

CW total wood C, sapwood + heartwood (g C m-2 ground)

Cx C in tissue x (g C m-2 ground)

DDjstart degree day when tissue j starts growing (oC day)

DDjstop degree day when tissue j stops growing (oC day)

DDk Cumulative degree days for air or soil (oC day)

DN total daily N deposition, NH4 + NO3 (g N m-2 day-1)

DNT total annual N deposition, NH4 + NO3 (g N m-2 yr-1)

DR drainage from the rooting zone to the deeper soil layers (mm H2O day-1)

Dsensj duration of senescence for tissue j (days)

Dy inorganic N deposition as ammonium or nitrate (g N m-2 day-1)

E0 canopy quantum yield (g C MJ-1)

esD vapor pressure deficit (mbar)

ET daily evapotranspiration (mm H2O day-1)

ETT annual evapotranspiration (mm H2O yr-1)

FCEI flux of C from extractive to insoluble soil pool (g C m-2 day -1)

FCIE flux of C from insoluble to extractive soil pool (g C m-2 day -1)

FCIH flux of C from insoluble to humus soil pool (g C m-2 day-1)

FCSE flux of C from soluble to extractive soil pool (g C m-2 day-1)

FCE input of litter C to soil extractive pool (g C m-2 day -1)

FCI input of litter C to soil acid-insoluble pool (g C m-2 day -1)

FCS input of litter C to soil acid-soluble pool (g C m-2 day -1)

FNAH flux of N from active soil to humus (g N m-2 day -1)

FNtri Nitrification (g N m-2 day-1)

FNA input of litter N to active soil N (g N m-2 day -1)

fRjL fraction of respiration coming from labile pool (unitless)

gAW boundary layer water conductance (meters H2O day-1)

GCx C growth of tissue x (g C m-2 day-1)

gi growth rate of tissue i (g-i C m2i day-1)

gNfix N fixation rate constant (g N g-1 root C day-1)

GNx N growth of tissue x (g N m-2 day-1)

gsC canopy carbon conductance (g C m-2 ppm-1 day-1)

gsW canopy water conductance (meters H2O day-1)

gUN cost constant for N uptake (g C g-1 N MJ-1)

h1 empirical sapwood parameter

h2 empirical sapwood sensitivity parameter

Hd day length (hrs)

HI fractional cloud free hours (unitless)

HR(Tk) respiration temperature response function (unitless)

HU(Tk) N uptake temperature response function (unitless)

I0 radiation at the top of the atmosphere (MJ m-2 day-1)

ID total daily gross immobilization (g N m-2 day-1)

II Incoming short wave radiation (MJ m-2 day-1)

INS net radiation on the snow pack (MJ m-2 day-1)

Iy immobilization of inorganic N as y (g N m-2 day -1)

Jd Decomposition soil moisture response function (unitless)

Jday Julian day (day number)

Jdb breath of decomposition soil moisture response function (unitless)

JDDstart Julian day to begin degree-day count (day)

Jdjs julian day senescence begins for tissue j (day)

jFall switch to turn on and off litter fall for tissue j (unitless)

jGrow switch to turn on and off growth for tissue j (unitless)

Jstart Julian day litterfall can begin (day)

kCO2 photosynthesis half saturation constant (ppm)

kIy immobilization half saturation constant for inorganic N as y (mol N L-1 soil water)

kNfix  cost half saturation constant for N fixation (g C g-1 N)

ky uptake half saturation constant for inorganic N as y (mol N L-1 soil water)

LAI leaf area index (m2 leaf m-2 ground)

LAIeos annual end of growing season leaf area index (m2 leaf m-2 ground)

mF foliage C density (g C m-2 leaf)

MG total daily gross mineralization (g N m-2 day-1)

MNA gross N mineralization from active soil (g N m-2 day -1)

MNH gross N mineralization from humus (g N m-2 day -1)

MS Snowmelt (mm H2O day-1)

mW latent heat of fusion for water (2.99 kg MJ-1 = 2.99 mm m2 MJ-1)

NA organic soil active N (g N m-2 ground)

NEP daily net ecosystem production (g C m-2 day-1)

NEPT annual net ecosystem production (g C m-2 yr-1)

NET  total ecosystem organic N (g N m-2 ground)
NH humus soil N (g N m-2 ground)

NIT  total ecosystem inorganic N (g N m-2 ground)
NLF labile foliage N (g N m-2 ground)

NLWR labile wood and root N (g N m-2 ground)

NLWRmax NLWR where inhibition of UN by labile N is 50% (g N m-2 ground)

Nmin daily net nitrogen mineralization (g N m-2 day-1)

NminT annual net nitrogen mineralization (g N m-2 yr-1)

NPP total daily net primary production (g C m-2 day-1)

NPPj net primary production for tissue j (g C m-2 day-1)

NPPT total annual net primary production (g C m-2 yr-1)

NPT  total plant N (g N m-2 ground)
NST  total organic soil N (g N m-2 ground)
NW total wood N, sapwood + heartwood (g N m-2 ground)

Nx N in tissue x (g N m-2 ground)

Ny total soil inorganic N as y, aqueous + sorbed (g N m-2 ground)

Nyaq Aqueous inorganic N as y (mol N L-1 soil water)

Nys Sorbed inorganic N as y (g N m-2 ground)

PD conductance corrected photosynthesis (g C m-2 day-1)

PII light corrected photosynthesis (g C m-2 day-1)

PN photosynthetic potential (ppm)

PPT daily precipitation (mm H2O day-1)

PPTI daily interception of precipitation (mm H2O day-1)

PPTIT annual interception of precipitation (mm H2O yr-1)

PPTR precipitation as rainfall (mm H2O day-1)

PPTS precipitation as snowfall (mm H2O day-1)

PPTT annual precipitation (mm H2O yr-1)

PS Daily GPP (g C m-2 day-1)

PST Annual GPP (g C m-2 yr-1)

Q10D Q10 for soil decomposition (unitless)

QG daily soil water discharge (mm H2O day-1)

QGT annual soil water discharge (mm H2O yr-1)

qI optimum humus C:N ratio (g C g-1 N)

qjmin minimum C:N for tissue j (g C g-1 N)

QN total daily N leaching (g N m-2 day-1)

QNT annual N leaching (g N m-2 yr-1)

qRS root to shoot ratio (unitless)

qu root C:N ratio for calculating N uptake (g C g-1 N)

qUN daily cost of N uptake (g C g-1 N)

qUNfix  cost of N fixation (g C g-1 N)

qUNT annual mean cost of N uptake (g C g-1 N)

QWT annual water leaching (mm H2O yr-1)

Qy Leaching of inorganic N as y (g N m-2 day -1)

RE respiration from active soil (g C m-2 day-1)

rg growth respiration coefficient (fraction)

RH respiration from humus (g C m-2 day-1)

Rj total respiration for tissue j (g C m-2 day-1)

Rjgr growth respiration for tissue j (g C m-2 day-1)

Rjmet total daily metabolic respiration for tissue j (g C m-2 day-1)

RjmetL daily metabolic respiration for tissue j coming from the labile pool (g C m-2 day-1)

RjmetS daily metabolic respiration for tissue j coming from the structural pool (g C m-2 day-1)

rm metabolic respiration coefficient ( g C g N-1 day-1)

RNfix respiration during N fixation (g C m-2 day-1)

RP total daily plant respiration (g C m-2 day-1)

RPT annual plant respiration (g C m-2 yr-1)

RS daily soil respiration (g C m-2 day-1)

rSM soil metabolic rate (unitless)

RST annual soil respiration (g C m-2 yr-1)

S0 solar constant (117.5 MJ m-2 day-1)

Ta mean daily temperature (oC)

Tamax maximum daily temperature (oC)

Tamin minimum daily temperature (oC)

TaS critical air temperature for snowfall (oC)

TC C transport from CLFW to CLR (g C m-2 day-1)

Tjcr temperature senescence begins for tissue j (oC)

TKa air temperature (oK)

TKc temperature of the canopy (oK)

TKs temperature of the snow surface (oK)

TN N transport from NLWR to NLF (g N m-2 day-1)

TRmax maximum temperature for respiration (oC)

TRopt optimum temperature for respiration (oC)

Ts mean daily soil temperature (oC)

TUmax maximum temperature for N uptake (oC)

TUopt optimum temperature for N uptake (oC)

UN total inorganic daily N uptake (g N m-2 day-1)

UNfix daily N fixation  (g N m-2 day-1)

UNfixT annual N fixation  (g N m-2 yr-1)

UNT annual N uptake rate (g N m-2 yr-1)

Uy daily inorganic N as y uptake (g N m-2 day-1)

Uymax maximum inorganic N as Y uptake rate (g N m-2 day-1)

VIymax inorganic N as y immobilization maximum (day-1)

Vysmax maximum inorganic N as y sorbed to soil (g N g-1 dry soil)

Wf soil water at field capacity (mm H2O)
WG water in deeper soil plus groundwater (mm H2O)

WR water in the rooting zone (mm H2O)

WS water in the snowpack (mm H2O)

Ww soil water at wilting point (mm H2O)
z Soil depth (m)

( soil respiration efficiency parameter (fraction)

(d water potential difference between soil and leaf (MPa)

(y soil affinity for inorganic N as y (mol N L-1 soil water)

d latitude (degrees)

es change in saturation vapor pressure with temperature (mbar oC-1))

r latitude (radians)

 CO2 compensation point (ppm)

C total daily litter fall C (g C m-2 day-1)

CjT annual litter fall C of tissue j (g C m-2 yr-1)

ClD drought litter fall C for tissue l (g C m-2 yr-1)

CT annual litter fall C (g C m-2 yr-1)

CW total daily wood litter fall C (sapwood and hearthwood) (g C m-2 day-1)

Cx daily litter fall C of tissue x (g C m-2 day-1)

N total daily litter fall N (g N m-2 day-1)

NjT annual litter fall N of tissue j (g N m-2 yr-1)

NlD drought litter fall N for tissue l (g C m-2 yr-1)

NT annual litter fall N (g N m-2 yr-1)

NW total daily wood litter fall N (sapwood and hearthwood) (g N m-2 day-1)

Nx daily litter fall N of tissue x (g N m-2 day-1)

D drainage rate parameter (day-1)
MS snowmelt rate parameter (2 mm C-1 day-1, Brubaker et al.)
Q discharge rate parameter (day-1)
S snow albedo (0.4 - 0.8, fraction)
t canopy albedo (unitless)

 declination of the earth’s axis (radians)
Ca isotopic signature of atmospheric CO2 (‰)
Ps isotopic signature of photosynthesis (‰)
j sensitivity of growth of tissue j to labile pools (unitless)

Ps sensitivity of carbohydrate inhibition to labile C (unitless)

UN sensitivity of excess N inhibition to labile N (unitless)
 psychrometer constant (mbar oC-1)

R Respiration temperature response curvature parameter (oC-1)

t empirical constant used to correct for forest cover (3.8 unitless)

U Uptake temperature response curvature parameter (oC-1)

v latent heat of vaporization for water (MJ g-1 H2O)

U sensitivity of uptake to root structural N (m2 ground g-1 C)

a density of dry air (kg m-3)

s Soil density (g m-3)

t forest canopy density (fraction of ground shaded by full canopy, multiply by ~0.2 for deciduous forests, fraction)

d Skew of decomposition soil moisture function (unitless)
SB Stefan-Boltzmann constant (4.9E-9 MJ m-2 day-1 oK-4)
j Litterfall exponent for tissue j (unitless)
N translocation of N from foliage (g N m-2 day-1)

ND translocation of N from foliage during drought induced litterfall (g N m-2 day-1)

NT annual translocation of N from foliage (g N m-2 yr-1)

RNj translocation of N from tissue j associated with respiration of structural C (g N m-2 day-1)

s soil hydraulic resistance parameter (sec m2 MPa mmol-1)

f water potential difference at field capacity (MPa)

w water potential difference at wilting point (MPa)

ET – General parameters

aE1 = 580 mm H2O m2 g-1 H2O

aE2 = 5.1E-5 m2 air g-1 H2O

aE3 = 0.3 MPa-1
aE1 = 1.46E-2 mbar-1
Ps – General parameters

x1 = 11.04
x2 = 0.03

x5 = 0.216
x6 = 0.6

x7 = 3.332 g C MJ-1
x8 = 0.004

x9 = 1.549 m4 leaf m-4 ground
x10 = 1.156

= 0;
kCO2 = 995.4;

Naming Convention

	Symbol
	Meaning
	Meaning when subscript

	F
	flux
	foliage

	W
	Water state variable
	Wood or water

	R
	respiration
	root

	L
	
	labile

	C
	Carbon state variable
	carbon

	N
	Nitrogen state variable
	nitrogen

	
	litterfall
	litter

	T
	transport
	canopy

	
	translocation
	NA

	K or k
	Conductance if upper case or half saturation if lower case
	

	a and b
	flux coefficient 
	

	
	Flux coefficient 
	

	Q or q
	discharge if upper case or C:N ratio if lower case
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