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An iterative approach:  The general approach to calibration for the daily GEM is iterative. That is, the calibration proceeds through successive approximations until an adequate parameter set is found.  The procedure often feels like trying to fit into a suit that is several sizes too small; as you stuff yourself in in one spot, you pop out in another.  However, if the iterations proceed in a logical sequence and you keep running in the same direction on the treadmill, you will eventually fit into that suit.  

Because of the annual cycle in many of the processes, it is difficult to calibrate by inverting the dynamic equations as was done in earlier, annual-time-step versions of the model. However, a "reset variable" option has been added to the software to aid in calibration.  This option resets the selected variable or variables to the initial value after a specified number of days (usually 365 days) so that the other variables in the model can be "spun up" to a steady state that is consistent with the reset variables.  An option has also been included that will allow you to specify daily litter C and N inputs to the soil from the four tissues (foliage, sapwood, heartwood, and fine roots) and the total soil NH4 and NO3 as drivers so that the soil and vegetation can be spun up to be consistent with these variables.

Drivers: The model requires the following daily drivers:

	VARIABLE
	UNITS
	COMMENT

	Time
	day
	consecutive day number

	Atm. CO2
	ppmv
	

	Max daily temp
	oC
	

	Min daily temp
	oC
	

	Avg Soil Temp
	oC
	

	precipitation
	mm
	

	daily irradiance
	MJ m-2 day-1
	incoming shortwave

	NH4 deposition
	g N m-2 day-1
	

	NO3 deposition
	g N m-2 day-1
	

	Driver: Fol Litter C
	g C m-2 day-1
	These "Driver" variables are included as a special calibration feature. Under a normal run, they should be set to -1.  During calibration, they can be set to mimic the seasonal cycles of the respective variables. If they are given values other than -1, they will override the calculations of these variables in the model.   

	Driver: Sapwood Litter C
	g C m-2 day-1
	

	Driver: Heartwood Litter C
	g C m-2 day-1
	

	Driver: Heartwood Litter C
	g C m-2 day-1
	

	Driver: Fol Litter N
	g N m-2 day-1
	

	Driver: Sapwood Litter N
	g N m-2 day-1
	

	Driver: Heartwood Litter N
	g N m-2 day-1
	

	Driver: Heartwood Litter N
	g N m-2 day-1
	

	Driver: NH4 total soil
	g N m-2
	

	Driver: NO3 total soil
	g N m-2
	


Before starting the calibration, a driver file (*.drr file) must be included that has at least 365 days of data with the consecutive day and the eight main drivers. The remaining drivers in the file are used for overriding some of the processes calculated in the model.  If you are not overriding these processes, use a -1 in those columns in the.  If you encounter difficulties later on in the calibration process, this ability to override some of the internally calculated processes can be helpful in tracking down the problem.  For example, you can specify the day-to-day value for total NH4 and NO3.  This specification will allow you to sever the feedback from soil to vegetation and thereby isolate problems arising in the vegetation calibration versus the soil calibration.

State Variables: The following state variable need to be specified as indicated in the table:

	VARIABLE
	UNITS
	COMMENT

	C: foliar
	 g C m-2 ground 
	Set to 1 January values.

	C: sapwood
	 g C m-2 ground 
	

	C: heartwood
	 g C m-2 ground 
	

	C: root
	 g C m-2 ground 
	

	N: foliar
	 g N m-2 ground 
	

	N: sapwood
	 g N m-2 ground 
	

	N: heartwood
	 g N m-2 ground 
	

	N: root
	 g N m-2 ground 
	

	C: labile foliar & wood
	 g C m-2 ground 
	

	C: labile root
	 g C m-2 ground 
	

	N: labile foliar
	 g N m-2 ground 
	

	N: labile wood & root
	 g N m-2 ground 
	

	C: acid soluble soil
	 g C m-2 ground 
	

	C: extractive soil
	 g C m-2 ground 
	

	C: acid insoluble soil
	 g C m-2 ground 
	

	C: humus soil
	 g C m-2 ground 
	

	N: active soil 
	 g N m-2 ground 
	

	N: humus soil
	 g N m-2 ground 
	

	NH4: total soil
	 g N m-2 ground 
	

	NO3: total soil
	 g N m-2 ground 
	

	H2O: Root-zone 
	 mm H2O 
	

	H2O: Groundwater 
	 mm H2O 
	

	H2O: Snowpack
	 mm H2O 
	

	End of Seas. LAI 
	 m2 leaf m-2 grd
	Set to peak season LAI.

	Julian day 
	 day
	Counters, set initial values to 0.

	degree days
	 degree C day 
	

	Mean Un cost 
	 g C g-1 N
	To be spun up.

	Cum. Precipitation 
	 mm H2O yr-1
	Set these variables to zero.  They are used to calculate cumulative annual values and are integrated through 365 days starting at 0.

	Cum. Interception
	 mm H2O yr-1
	

	Cum. Evapotranspiration
	 mm H2O yr-1
	

	Cum. Discharge 
	 mm H2O yr-1
	

	Cum. Water Losses
	 mm H2O yr-1
	

	Cum. N Deposition
	 g N m-2 yr-1 
	

	Cum. GPP 
	 g C m-2 yr-1 
	

	Cum. NPP 
	 g C m-2 yr-1 
	

	Cum. translocation 
	 g N m-2 yr-1 
	

	Cum. resp. plant 
	 g C m-2 yr-1 
	

	Cum. litter foliar C 
	 g C m-2 yr-1 
	

	Cum. litter wood C 
	 g C m-2 yr-1 
	

	Cum. litter root C 
	 g C m-2 yr-1 
	

	Cum. litter foliar N 
	 g N m-2 yr-1 
	

	Cum. litter wood N 
	 g N m-2 yr-1 
	

	Cum. litter root N 
	 g N m-2 yr-1 
	

	Cum. litter C
	 g C m-2 yr-1 
	

	Cum. litter N
	 g N m-2 yr-1 
	

	Cum. resp. soil
	 g C m-2 yr-1 
	

	Cum. NEP 
	 g C m-2 yr-1 
	

	Cum. N uptake
	 g N m-2 yr-1 
	

	Cum. Nfix
	 g N m-2 yr-1 
	

	Cum. net N min 
	 g N m-2 yr-1 
	

	Cum. N leaching
	 g N m-2 yr-1 
	

	Jday Fol Sens = 999
	 Julian Day 
	These variables are used as flags in the code. Set their initial value to 999.

	Jday Wood Sens = 999 
	 Julian Day 
	

	Jday Root Sens = 999 
	 Julian Day 
	


Annual Fluxes: To calculate a rough C, N, and water budget for the model, you need to have estimates of some key annual fluxes.  The easiest way to calibrate the model is to assume a steady state.  You therefore need to estimate the steady state fluxes for the ecosystem.  The main fluxes you will require are (in g C m-2 yr-1, g N m-2 yr-1, or mm H2O yr-1):

Cumulative annual GPP

Cumulative annual net N mineralization or N uptake by plants

Cumulative annual N re-translocation from foliage

Cumulative annual foliage C growth or litter

Cumulative annual wood C growth or litter

Cumulative annual root C growth or litter

Cumulative annual foliage N growth or litter

Cumulative annual wood N growth or litter

Cumulative annual root N growth or litter

Cumulative annual evapotranspiration or catchment discharge

Most of the remaining fluxes can be calculated by difference from this list.

Parameters:  The following parameters need either be specified a priori or are calibrated, as indicated (the values in the accompanying *.par file can be used as initial guesses if no other data are available).  The color of the tab where the parameter can be found is indicated in the "TAB" column (Gy = gray, Gn =  green, Bl = blue,  Br = brown, T = teal)

	PARAMETER
	UNITS
	TAB
	COMMENT

	latitude 
	 degrees
	Day length (Gy)
	See GEM 5.3.0 manual 

	critical Ta for snowfall 
	 oC
	H2O:Rain (Bl)
	

	intercept/LAI
	 mm H2O m2 gnd m-2 leaf day-1
	H2O:Intercept (Bl)
	

	intercept/sapwood
	 mm H2O m2 g-1 C day-1
	H2O:Intercept (Bl)
	

	soil H2O @ wilting 
	 mm H2O 
	H2O:Available (Bl)
	

	soil H2O @ field cap 
	 mm H2O 
	H2O:Available (Bl)
	

	tension @ wilting
	 MPa
	H2O:tension deficit (Bl)
	

	tension @ field cap
	 MPa
	H2O:tension deficit (Bl)
	

	canopy albedo
	 none 
	H2O:Evapotrnspiration (Bl)
	

	boundary H2O cond
	 m H2O day-1
	H2O:Evapotrnspiration (Bl)
	

	forest canopy denst
	 fraction 
	H2O: Snowmelt (Bl)
	

	snow albedo
	 fraction 
	H2O: Snowmelt (Bl)
	

	cover corr. factor 
	 none 
	H2O: Snowmelt (Bl)
	

	drain rate 
	 day-1
	H2O: soil drainage (Bl)
	calibrated

	discharge rate 
	 day-1
	H2O: grnd discharge (Bl)
	calibrated

	soil bulk density
	 g m-3
	NH4: aqueous (Bl)
	specify

	soil depth 
	 m
	NH4: aqueous (Bl)
	specify

	max NH4 sorbed 
	 g N g-1 dry soil 
	NH4: aqueous (Bl)
	calibrated

	soil affinity NH4
	 umol N L-1 H2O 
	NH4: aqueous (Bl)
	specify

	max NO3 sorbed 
	 g N g-1 dry soil 
	NO3: aqueous (Bl)
	near zero

	soil affinity NH4
	 umol N L-1 H2O 
	NO3: aqueous (Bl)
	specify 

	sap wood emp const1
	 (g C m-2)-h2
	C: sapwood maximum (Gn)
	see note 1

	sap wood emp const2
	 none
	C: sapwood maximum (Gn)
	

	soil hydraulic res 
	 sec m2 MPa mmol-1
	Canopy C conductance (Gn)
	set to 0.1

	Foliage C Density
	 g C m-2 leaf 
	Leaf area index (Gn)
	specify

	leaf N Ps correction 
	 none 
	GPP: daily (Gn)
	calibrate

	Maximum Clfw 
	 g C m-2
	GPP: daily (Gn)
	see note 2

	Ps sens to carbohydrate
	 none 
	GPP: daily (Gn)
	

	isotopic signature of atm
	 o/oo 
	GPP: isotopic signature (Gn)
	See Nesis manual

	diffusion fractionation
	 o/oo 
	GPP: isotopic signature (Gn)
	

	net carboxylation fract
	 o/oo 
	GPP: isotopic signature (Gn)
	

	translocation fraction 
	 fraction 
	N:translocation (Gn)
	specify

	Uptake max temp
	 oC 
	Uptake: temp response (Gn)
	See note 3

	Uptake opt temp
	 oC 
	Uptake: temp response (Gn)
	

	Uptake T curvature 
	 oC-1 
	Uptake: temp response (Gn)
	

	max NH4 uptake 
	 g N m-2 day-1
	NH4:uptake (Gn)
	calibrate

	NH4 1/2 saturat
	 umol N L-1 H2O 
	NH4:uptake (Gn)
	specify

	Un Sens. to Nr 
	 m2 g-1 C 
	NH4:uptake (Gn)
	see note 4

	Maximum Nlwr 
	 g N m-2
	NH4:uptake (Gn)
	see note 2

	Un sens to labile N
	 none 
	NH4:uptake (Gn)
	

	max NO3 uptake 
	 g N m-2 day-1
	NO3:uptake (Gn)
	calibrate

	NO3 1/2 saturat
	 umol N L-1 H2O 
	NO3:uptake (Gn)
	specify

	N uptake cost coeff
	 g C m2 day 

g-1 N MJ-1 
	N uptake cost-daily (Gn)
	see note 5

	Cost of N Fixation 
	 g C g-1 N
	N: fixation (Gn)
	

	Nfix constant
	 g C g-1 N day-1
	N: fixation (Gn)
	

	kNfix
	 g C g-1 N
	N: fixation (Gn)
	

	Resp max temp
	 oC 
	Resp: temp response (Gn)
	see note 6

	Resp opt temp
	 oC 
	Resp: temp response (Gn)
	

	Resp T curvature 
	 oC-1 
	Resp: temp response (Gn)
	

	Met resp const 
	 g C g-1 N day-1
	Resp: metabolic foliage (Gn)
	calibrated

	Min. Fol. C/N
	 g C g-1 N
	Resp: metabolic foliage (Gn)
	see note 7

	Wood resp corr factor
	 unitless 
	Resp: metabolic wood (Gn)
	

	Min. Wood C/N 
	 g C g-1 N
	Resp: metabolic wood (Gn)
	

	Min. Root C/N
	 g C g-1 N
	Resp: metabolic root (Gn)
	

	growth resp coeff
	 fraction 
	Resp: growth foliage (Gn)
	specify (~0.25)

	CL transport rate 
	 day-1
	Transport: C (T)
	see note 8

	CL trans. distrib. 
	 unitless 
	Transport: C (T)
	

	NL transport rate
	 day-1
	Transport: N (T)
	

	NL trans. distrib. 
	 unitless 
	Transport: N (T)
	

	Day to begin DD count
	 Julian day 
	Foliage phenology (Gy)
	see note 9

	Degree day fol start 
	 oC day 
	Foliage phenology (Gy)
	

	full canopy degree day 
	 oC day 
	Foliage phenology (Gy)
	

	Litter Season Start
	 Julian Day 
	Foliage phenology (Gy)
	see note 10

	Crit Temp for Fol fall 
	 oC
	Foliage phenology (Gy)
	

	# days for fol senes 
	 days 
	Foliage phenology (Gy)
	

	Degree day wood start
	 oC day 
	Wood phenology (Gy)
	see note 9

	Degree day wood stop 
	 oC day 
	Wood phenology (Gy)
	

	Crit Temp for Wood fall
	 oC
	Wood phenology (Gy)
	see note 10

	# days for wood senes
	 days 
	Wood phenology (Gy)
	

	Degree day root start
	 oC day 
	Root phenology (Gy)
	see note 9

	Degree day root stop 
	 oC day 
	Root phenology (Gy)
	

	Crit Temp for Root fall
	 oC
	Root phenology (Gy)
	see note 10

	# days for Root senes
	 days 
	Root phenology (Gy)
	

	Foliage growth rate
	 (gCm-2)-p g-1 N day-1
	Growth: Foliage C (T)
	calibrate

	Fol. N growth parameter
	 g C g-1 N
	Growth: Foliage C (T)
	calibrate

	Fol. growth sensitivity
	 unitless 
	Growth: Foliage C (T)
	see note 11

	Wood growth rate 
	 (gCm-2)-p g-1 N day-1
	Growth: Sapwood C (T)
	calibrate

	Wood N growth parameter
	 g C g-1 N
	Growth: Sapwood C (T)
	calibrate

	Wood growth sensitivity
	 unitless 
	Growth: Sapwood C (T)
	see note 11

	Heartwood growth rate
	 day-1
	Growth: heartwood C (T)
	specify (~ 1)

	Root growth rate 
	 (gCm-2)-p g-1 N day-1
	Growth: Root C (T)
	calibrate

	Root N growth parameter
	 g C g-1 N
	Growth: Root C (T)
	calibrate

	Root growth sensitivity
	 unitless 
	Growth: Root C (T)
	see note 11

	F litter rate
	 day-1
	Litter: Foliage C (Gn)
	calibrate

	F Litter exp 
	 none 
	Litter: Foliage C (Gn)
	specify (~ 1)

	W litter rate
	 day-1
	Litter: Wood C (Gn)
	calibrate

	W litter exp 
	 none 
	Litter: Wood C (Gn)
	specify (~ 1)

	R litter rate
	 day-1
	Litter: Root C (Gn)
	calibrate

	R litter exp 
	 none 
	Litter: Root C (Gn)
	specify (~ 1)

	Q10 for decomp 
	 none 
	Soil metabolic rate (Br)
	specify

	Decomp H2O skewness
	 none 
	Soil metabolic rate (Br)
	see note 12

	optimum soil water 
	 mm H2O 
	Soil metabolic rate (Br)
	

	Decomp H2O breadth 
	 none 
	Soil metabolic rate (Br)
	

	Fcse rate const
	 day-1
	Soil C sol-extr flux (Br)
	see note 13

	Fcei rate const
	 day-1
	Soil C extr-Insol flux (Br)
	

	Fcie rate const
	 day-1
	Soil C Insol-extr flux (Br)
	

	Fcih rate const
	 day-1
	Soil C Insol-humus flux (Br)
	

	resp efficiency
	 fraction 
	Soil resp active (Br)
	

	Humus resp rate
	 day-1
	Soil resp Humus (Br)
	calibrate

	Na mineralization rate 
	 day-1
	N min: gross active (Br)
	

	opt humus C:N ratio
	 g C g-1 N
	soil N act-humus flux (Br)
	see note 13

	max NH4 imm rate 
	 day-1
	NH4: immobilization (Br)
	

	1/2 sat for NH4 imm
	 umol N L-1 H2O 
	NH4: immobilization (Br)
	

	max NO3 imm rate 
	 day-1
	NO3: immobilization (Br)
	

	1/2 sat for NO3 imm
	 umol N L-1 H2O 
	NO3: immobilization (Br)
	

	nitr. rate 
	 gN L H2O m-2 day-1 umol-1N
	Nitrification (Br)
	specify


NOTES:

1) fit to data from site using sapwood equation under "Growth of structural pools" in the appendix.

2) these parameters restrict photosynthesis and N uptake when the labile pools get too big (e.g., carbohydrate inhibition of photosynthesis).  Set the maxima to a very high value for the initial calibration (1e5). Set the maxima to about 2 times the maximum labile values after the initial parameterization and then adjust them if the labile pools get too large. Set the sensitivity to about 8.

3) Fit the temperature response function (HU) under "N Uptake" in appendix to data. 

4) It is assumed that roots will begin to interfere with one another as the soil volume gets fully packed with fine roots.  This parameter specifies that degree of interference. Its value should equal the cross-sectional area of root influence divided by the soil depth times the root length per unit root C.

5) The N fixation algorithm was derived from Rastetter et al. 2000 (Ecosystems 4:369-388).  The N-uptake cost coefficient will have to be calibrated to the site (see below).  The cost of N fixation is about 12 g C per g N fixed. The N fixation constant will have to be calibrated and the 'kNfix' parameter should have a value of about 50.

6) Fit the temperature response function (HR) under "Respiration" in appendix to data. 

7) The minimum C:N ratio for the tissues is specified so that a build up of excess N does not have an associated respiration cost.  If the C:N ratio drops below the specified minimum, the respiration will be calculated based on the specified minimum C:N.  The wood respiration correction factor corrects for the inherently lower respiration in woody tissues, which is about 1/2 the respiration rate per unit N than in other tissues.  Set the wood respiration correction factor to about 0.5.

8) Transport of C and N between the labile pools is based on the Thornley model (1972, Annals of Botany 36:431-441).  The "distribution" parameters control how the labile C or N is distributed between the two labile pools; a high value of this parameter will distribute labile C or N nearer the source (i.e. in the foliage-wood pool for C or the wood-root pool for N). The transport rates control the rate of transfer of labile C or N between the labile pools.  A high value will make the vegetation less responsive to changes in CO2 or N fertilization.  

9) Specify when you begin the degree-day count for the empirical phenology model you use.  Tissue growth will begin on the specified degree-day count and stop on the specified degree-day count.

10) Specify the earliest Julian day that litter fall can commence.  Litter fall will start on the next day that the temperature falls below the specified critical temperature listed lower in the table.  Litter fall will continue for the specified number of days.

11) The growth sensitivity parameters control the flexibility of the C:N ratio in the tissues.  A value near zero will result in a nearly fixed C:N ratio, a value near one will result in the tissue C:N ratio varying in proportion to the C:N ratio of the labile pools.

12) Fit the temperature response function (Jd) under "Soil processes" in appendix to data. 

13) The decomposition parameters have been set to data from Aber et al. (1984, "Litter Decomposition in Wisconsin Forests", University of Wisconsin School of Natural Resources pub # R3284).  Adjustment of the parameters should be made by running the decomposition model in isolation, which can be done by setting the vegetation in the reset or hold constant mode.

**********************************

Phenology: The phenology of tissue growth in the model is based on a degree-day algorithm.  The degree-day count begins on the day specified by the parameter "JDstart" and the parameters DDistart and DDistop specify the degree-day to start and stop growth in tissue i.  Litter fall for tissue i begins on the first day after the Julian day specified by parameter "Jstart" when the average daily temperature falls below a critical temperature specified by parameter "Taicr" and continues for the number of days specified by parameter "Dsensi".

Photosynthesis:  The photosynthesis model was developed based on an aggregation of a fine-scale canopy model and has been found to work well for most canopies without re-calibration.  Therefore most of the parameters have been hard wired into the model; most discrepancies can be corrected by insuring that leaf area and leaf N are simulated correctly.  The leaf area is set by specifying the carbon density of the foliage (mF in g C per m2 leaf area).  For the foliar N, the only problem we have found is in how various studies have estimated foliar N content, in particular, if the petiole N is included in the measurement.  The photosynthesis model was based on blade N alone.  The parameter aNF can be used to scale between your estimate of N and the blade N.  When you get around to running the model and find that the cumulative GPP is slightly too high or low, you can adjust the value of aNF to compensate.  d is the latitude for the simulated site. s is the soil resistivity to water movement; we have always used a value of 0.1, but if you have a very clay soil, you may want to try a higher value.  The remaining 3 parameters are for calculating the isotopic signature of newly fixed carbohydrates (Ca, aand b  Suggested values are provided.

Sapwood: See subsequent page.

Allocation: 

Growth: 

 In addition, specify a rate constant for converting sapwood to heartwood; the actual conversion is based on the Waring allometric relationship between sapwood and leaf area, so a high value (e.g., 1) has proved sufficient.

Respiration: The temperature response function for autotrophic respiration is set on a separate tab. You need only specify a coefficient to reduce wood metabolic respiration relative to the other tissues and the growth respiration coefficient.  The wood metabolic respiration is approximately half that of other tissues on a per unit N basis according to Mike Ryan, so we use a value of 0.5.  The growth respiration is the rate of respiration per unit C growth.  A value of 0.25 is recommended, again based on Mike Ryan's work.

Litter Fall: The three litter fall parameters specified in this table are used to compensate for a nonlinear relationship between litter fall rates and tissue biomass.  The litter fall is calculated as proportional to the biomass raised to the value specified by the respective parameters.  For example, if wood litter per unit wood mass increases through time, a value greater than 1 would be used.  

Decomposition: Most of the decomposition parameters are set elsewhere.  You need only specify the Q10 for decomposition.

Soil Inorganic N: In this section you need to specify some soil properties. Depth and density are self evident, but make sure you use the correct units.  The next four parameters specify the sorbtion properties of the soil for NH4 and NO3.  The VXmx parameters specify the maximum of each ion that the soil can sorb per gram dry soil; typically the value for NO3 will be very low. The X parameters specify the aqueous concentrations of each ion where the sorbtion capacity is half filled.  The four immobilization parameters are set elsewhere. Nitrification is assumed proportional to the aqueous concentration of NH4; the nitrification parameter specifies that proportionality.

N Uptake: QNup is the ratio of NO3 uptake to NH4 uptake for the calibration.  This value is not used in the model, but must be specified to be able to calculate the uptake parameters for the two ions.  The temperature response function is set under a separate tab.  N uptake is calculated based on the amount of N in fine roots. If the C:N ratio of the roots drops below qu0, uptake is calculated based on the fine root C divided by qu0.  As roots fill the soil volume, they begin to compete with one another and there is therefore a diminishing return per unit root mass.  The U is the exponent on root N used to adjust this diminishing return on new root mass; a value of 1 will result in no diminishing return, the closer to zero the value, the stronger the diminishing return. The kX parameters are the half saturation constants for NH4 and NO3.

Interception: Interception of rainfall is calculated as proportional to leaf area and sapwood mass.  The two parameters specify those proportions. Intercepted water is assumed to be evaporated and is included in the cumulative water losses.

Evapotranspiration: The evapotranspiration model was developed by aggregating a fine-scale model and has been found to be generally applicable.  Most discrepancies can be corrected by insuring that the soil water content and tension at wilting point and field capacity are correct and that the canopy albedo is correct.  Also specify a boundary conductance, but be sure the units are in m per day.  

Snow: The snow parameters control the timing of the snow pack.  Snow pack development is adjusted by setting the temperature below which precipitation is assumed to be snow (Tas).  Snowmelt is adjusted with the three snowmelt parameters ((t, (s, and (t).  (t is the fraction of ground shaded under the winter canopy, (s is the snow pack albedo (0.4 - 0.8), and (t is an empirical constant used to correct for the type of forest cover (( 3.8 for evergreen, 0.7 for deciduous).  The other snow melt parameters (not shown) are physical constants and are hard wired.  

Soil Water Fluxes:  The two soil-water-flux parameters set the rate of soil water drainage when soil water is above field capacity and the discharge from ground water.  Both parameters are the proportions of volume per day lost from the respective pools. 

In Table 2, next to the "translocation" (cell C109), there is an aqua colored cell in which the translocation coefficient is to be entered.  After all the values have been specified in Table 1, adjust this value until the values for the approximated and calculated translocated N (in the two black cells att he bottom of the table) are about equal.  Do not go overboard; remember this is just an approximation.  

Sapwood: Two parameters control the allometry of sapwood formation.  Enter them in the aqua colored cells under the "Sapwood" tab.  A dynamic graphic is provided that will help you visualize the allometric curve. 

Temperature response of Autotrophic Respiration: On the next sheet enter the parameters controlling the temperature response of plant respiration.  A dynamic graphic will help you visualize the response curve.  To the right is an aqua colored cell in which the metabolic rate coefficient is to be entered.  Adjust this value until the values for the approximated and calculated metabolic respiration rates (in the two black cells to the right) are about equal.  Do not go overboard; remember this is just an approximation. 

Temperature response of N Uptake: On the next sheet enter the parameters controlling the temperature response for plant N uptake.  A dynamic graphic will help you visualize the response curve.  

Labile C and N and Growth: For the most part, your can ignore these three tabs; the sheets are use for calculation purposes only.  The labile C and Labile N tabs have graphics for the cumulative C and N stores needed for tissue growth in the spring.  The amount of labile C and N is estimated based on the total tissue growth minus cumulative NPP from the first day of the year to the day when tissue growth stops.  The Labile C and N spreadsheets estimate both of these values.  The spreadsheets also provide estimates for the parameters that control the root-shoot allocation ratio for C and N in the labile pools (bLC and bLN).  The Growth spreadsheet estimates the parameters for the actual tissue growth equations. These parameter estimates are only approximations, but will get you started on the iterative calibration procedure. 

Soil metabolic rate:  The moisture response curve for soil processes is set under the "soil metabolic rate" tab.  Specify the soil porosity in the lime green cell; this parameter is not actually used by the model, but is needed to display the data on the dynamic graphic on the sheet.  Adjust the three parameters highlighted in aqua until the dynamic graphic matches expectations (i.e., looks good).

Decomposition:  This worksheet calculates the soil C and N balance.  To estimate the decomposition parameters, enter the total soil C and N, the gross mineralization to net mineralization ratio and the decomposition rate parameters in the aqua colored cells.  Recommended values for some of the decomposition parameters are shown in the cell to the right of each parameter.  These values have been found to be generally applicable and are good starting point.  The remaining decomposition rate parameters (yellow colored cells) and the soil C and N pools will be calculated to be consistent with the entered values.  Check the calculated value of the humus C:N ratio (qI) to make sure it makes sense for your system; in wet soils its value might be high because of the slower decomposition rates (20-30).  

Initial Parameter File:  Once all the other worksheets have been completed this worksheet can be used to create an initial parameter file that can be opened by the GEM model.  However, before proceeding go back to table 2 under the parameters tab and check to make sure that all the calculated parameters (yellow cells) are positive. If not, identify the offending process and find the appropriate tab to correct the adjustment of  any of the related parameters, fluxes, or state variables.  Next, save the file as an Excel file.  Then return to the "initial parameter file" tab and save the file again using the "save as" option.  Enter a name for the new parameter file (that differs from the Excel filename) and choose "Formatted text (space delimited)".  Excel will give you several warnings; say OK to all of them.  Be sure to close the parameter file in Excel now.  You will get a file I/O error if you try to open it with the model and it is still open in Excel.

******************************************

Iterative Calibration
Water balance and canopy growth:  Because N loss from the ecosystem, photosynthesis, and decomposition all depend upon the water budget, the iterative calibration should begin with the water budget.  However, the water budget is strongly affected by leaf area, so the two must be calibrated together.

First run the model for 1 year and insure the timing of the snow pack.  If the timing of snow pack development is off, adjust the temperature below which precipitation is assumed to be snow (Tas).  If the timing of snowmelt is off, adjust the three snowmelt parameters ((t, (s, and (t).  (t is the fraction of ground shaded under the winter canopy, (s is the snow pack albedo (0.4 - 0.8), and (t is an empirical constant used to correct for the type of forest cover ((3.8 for evergreen, 0.7 for deciduous).

Once the snow pack timing is set, you are ready to adjust the soil water balance, canopy development and N leaching.  Freeze the foliage C at its peak season value using the "Hold Constant" option under the Edit State Variables menu and run the model for 365 days. Adjust the soil drainage rate parameter ((D) to insure that the root zone water at the end of the year returns to its initial 1 January value.  This effort will get you in the ballpark. 

Unfreeze the foliage C and set it to its 1 January value. Run the model for 365 days and adjust the foliage growth rate (gf) parameter until the peak-season leaf area is correct .  Adjusting the leaf area will affect evapotranspiration losses.  If you find that there is not enough C or N to grow the canopy and roots, try increasing the initial pools of labile C and N.  At this point the only important vegetation characteristic is the leaf area.  Iterate back and forth adjusting gf and (D until the soil water budget is in balance for the year and the canopy phenology is correct.

The ground water will not affect the rest of the model.  However, to keep the ground water in balance, adjust Q until cumulative ground water losses equal the cumulative soil drainage.  Equivalently, adjust it until the groundwater returns to its initial value.  

Soil inorganic N: The first time through the calibration procedure, freeze the amount of total NH4 and NO3 in the soil using the "Hold Constant" option under the Edit State Variables menu.  Run the model for 365 days and compare the cumulative N deposition and cumulative N leaching values at the end of the year. Adjust the "Max NH4 sorbed" and "Max NO3 sorbed" parameters until the cumulative leaching losses and cumulative deposition are equal (other wise the ecosystem will be gaining or losing N).  This adjustment will also set the approximate value of the dissolved NH4 and NO3 in the soil solution. Check the value of these concentrations to make sure their values relative to one another make sense (i.e., is there more NH4 or NO3 in solution).  These concentrations will vary through the year as the amount of soil water varies, even though the total amounts of NH4 and NO3 are constant.  

GPP: The GPP will depend upon getting N allocation to the canopy correct.  Adjust the degree of C limitation for foliage (bGf) until the foliage C:N ratio looks right (increasing bGf decreases the C:N).  This change may also require readjustment of the foliage growth rate (gf) to maintain the peak season leaf area. Once the canopy and the soil water are adjusted, the cumulative GPP for the year should be correct.  If Cum. GPP is incorrect it is probably because of the different methods of measuring foliage N.  To correct this adjust the foliage N gain parameter (aNF) until Cum. GPP is correct.

N Uptake: Before adjusting N uptake, make sure that the cumulative (annual) net N mineralization is about right to supply the amount of N needed by the plants on an annual basis.  The spreadsheet should have done a pretty good job of matching uptake and mineralization.  However, if you find that the values do not match, the easiest way to make this adjustment is to change the humus respiration rate (aH; N turns over in proportion to C for humus).  If the mineralization rate is too high even after turning humus respiration down to 0, use the active N mineralization parameter (aA).  Err on the side of having too much net n mineralization, but not by too much (< 5% over).

Next adjust the root growth parameter (gr) and the degree of C limitation for roots (bGr) to insure that the root phenology and root C:N ratio is correct.  Don't worry at this point if this adjustment spoils the canopy development you set earlier.

Once the root phenology is set, adjust the uptake parameters for NH4 and NO3 until the cumulative (annual) N uptake is correct (adjust UNH4max and UNO3max).

Tissue growth:  At this point there should be enough C and N to grow all three tissues either from the reserve in the labile pools or from photosynthesis and N uptake.  Now iterate from foliage to roots to wood adjusting the growth (gf, gw, gr) and degree of C limitation (bGf, bGw, bGr) parameters until all three tissues develop fully and reach their appropriate maxima.  Next adjust the litter fall rates so that at the end of the year all three tissues return to their initial values (a(F, a(R, a(W).  Finally, fine tune the metabolic respiration rate (rm) until the labile C pools return to their initial values at the end of the year.  If the labile N values do not return to their initial values, adjust the N uptake rates (UNH4max and UNO3max).

Check all plant processes:  Before going on to adjust the soil properties, iterate back through all the steps beginning with the soil water adjustment and fine tune your parameter estimates.

Soil Processes: Most of the decomposition parameters have been derived from a fine scale model calibrated to the decomposition of organic mater in litter bags.  Most of the adjustments to match whole-soil microbial respiration rates can be made by changing the humus decay rate (aH); adjust this parameter until the cumulative soil respiration for the year equals the cumulative (annual) litter inputs to the soil (if you ran the spreadsheet right there should be little adjustment necessary).   To match the N budget for the soil, you can adjust three parameters, aA, VINH4max, and VINO3max.  aA controls the gross N mineralization, so decrease it if net mineralization is too high. The VIXmax parameters control N immobilization; increase their values to decrease net mineralization.  You may have to adjust all three parameters to match net N mineralization and maintain the appropriate ratio of net to gross mineralization.  

Reiterate: You have now been through the calibration process once.  Go back through it to make sure the model is at a steady state for the annual fluxes. If not make the appropriate adjustments, but be less heavy handed this time through.  Good luck.  
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