Important species-specific parameters of the 4C model : a summary
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Mortality parameters:

- maximal tree age (maxAge) [years]
- stress recocery time [years]

- shade tolerence (stol) [1-5]
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- senescence parameters
  for foliage, sapwood and fine root turnover [1/year]

Allokation parameters:

- root activity rate (r) [kg N kg root DM-1 year-1]

- average overall nitrogen-carbon ratio in the plant (pncr) [kg N/kg C]

[image: image2.wmf]s

r

W

r

×

p

n

c

r

s

f

W

f

×

×

=


- C/N ratios of the compartments

- foliage to sapwood area ratio [kg/cm2]

- height growth foliage-growth relationship (pha) [cm / kg leaf mass]



- sapwood densitiy [kg DM/cm3]

- ratio of coarse wood (twigs, branches, roots) to stemwood

- crown projection area - stem diameter relationship

Respiration parameters:

- growth respiration (prg)       carbon used [gC]/ (carbon incorp. [gC] + carbon used [gC])  [-]



- maintenance respiration rate of sapwood [kg C/(kg DM*day)]

- maintenance respiration fine roots           [kg C/(kg DM*day)]
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  temperature dependencies:

Photosynthesis parameters:

- light extinction coefficient k (Lambert-Beer)

- specific projected leaf area  [m2/ kg DM]

- Farquhar model parameters

The preliminary species-specific parameterization of the 4C Forest  Succession Model

Jun. 1998

1. Introduction

For the species-specific parameterization of the 4C model a certain set of variables was identi​fied which was considered to be firstly species-specific and secondly parameterizable in terms of data availability.

A first, each variable will be described within the context of the model and its meaning and definition will be explained. The single species-specific values wil be given with

references and/or method of derivation. Furthermore the constraints to the liability and remarks concerning limitations of application will be pointed out. For each value it is also stated wether it is sensitive or not. Parameter names that are marked with an asterix (*) denote sensitive parameters. For a further explanation of sensitvity turn to the description of the sen​stivity study conducted for single tree and cohort simulations. 

The parameterization focused on the three european tree species European beech (Fagus syl​vatica L.), Norway spruce (Picea abies L.) and Scots pine (Pinus sylvestris L.).

Parameter names that are marked with an asterix (*) denote sensitive parameters.

2. The parameters

2.1 Mortality parameters

max_age : maximum tree age [years]
The maximum tree age is defined as the number of years after which 1 % of the initial  number of trees survive when no stress of any kind is superimposed on the tree stand. It is used to cal​culate the species-specific intrinsic mortality intmort, which is the percentage of dead trees per year.  In the discrete case intrinsic mortaliy is therefore defined as

                                         intmort = 1 - 0.011/max_age
The maximum tree age is an empirical parameter for which nearly every author states different values. Here the procedure of Bugmann (1994) is adopted who compiled a large database of reported values from literature and defined maximum tree age as the average between  mean and maximum value found for each tree species. The values calculated by Bugmann (1994) are given in Tab. 1.

Table 1:  Maximum tree age as the average between mean and maximum values found in literature. Bugmann (1994)

	specie
	max_age
	Number of reference values

	Fagus sylvatica
	430
	7

	Picea abies
	930
	8

	Pinus sylvestris
	760
	7


max_age does not belong to the sensitive parameters. This might be due to the fact that the intrinsic mortality is often a less prominant cause of tree death than stress induced mortality, which is also calculated by the model and added to the intrinsic mortality.

yrec : stress recovery time [years]

The stress recovery time denotes the number of years which are nessessary for a tree to ‘for​get’ growth-stress. Stress is imposed on the tree as soon as the ‘growth efficiency’:=sapwood- increment / leaf area falls below a certain value. Stress-caused mortality is abandoned when there are yrec years of no stress. Stress mortalitiy  h(t) (as a percentage of actual living trees) is calculated as a Weibull-distribution.



where t equals the number of ’stress-years’ and



f(stol) is a simple value which increases with shade tolerance stol ( see next section). This formulation reflects the idea that after a certain time, which depends on the shade tolerance (e.g. 20 years for shade tolerance class 1 and 100 years for shade tolerance class 5) only 1 % of the initial trees survive. That means that  decreases as a species is more shade tolerant than others and therefore the (light)-stress mortality h(t) decreases as well.

Due the lack of data, this value is currently set to three years for all three tree species.

Again this values is not very sensitive concerning the major output variables.

stol : shade tolerance class [-] 1-5

This parameter is also, like the preceeding parameters, an empirical one. Since it is not quite clear what the process-based background of shade tolerance of tree species is, older gap-mod​els used this rather qualitative parameter to map the oberserved species-specific shade toler​ence onto a single value. In the 4C model stol is asigned a value between 1 and 5 (1 = shade- intolerant, 5 = shade-tolerant) and is used to calculate the parameter for the Weibull-distribu​tion of stress mortality (see above). In order to derive a value for each specie we used the qual​

itative approach of Ellenberg (1986) who grouped a vast number of plants into nine shade tolerance classes based on empirical observations (1 = shade-tolerant, 9 = shade-intolerant). To convert Ellenberg’s values to 4C-values, the classes given by Ellenberg were multiplied by 5/9 and rounded to the nearest whole number to scale them onto the range from 1-5. Then the obtained values had to be mirrored at the median to reverse the order, because a value of 1 in the Ellenberg-scale means shade-tolerant and in 4C shade-intolerant. This was done using the formula -2*(stol-3)+stol. The recieved values are given in Tab.2.

Table 1:  Shade tolerence classes as given by Ellenberg (1986) and used in 4C

	specie
	Ellenberg
	4C

	FagusFagus syl​vatica
	3
	4

	Picea abies
	5
	3

	Pinus sylvestris
	7
	2


Shade tolerance is an insensitive parameter. This is either due to the low significance of stress- caused mortalitiy in the current model implementation or to the low sensitivity of the parame​ter itself.

In order to test the sensitvity of the three preceeding parameters, stress-induced mortalitiy should be forced.

2.2 Allocation parameters

For the determination of most of the allocation parameters, data provided by Michael Sonntag (personal communications) was used. He compiled data from various sites in order to parame​terize the TREEDYN3 model (Bossel 1994, Sonntag 1998). Among others these site data and the compiled data for TREEDYN3 was used to derive parameters for 4C. The sites in question are for 

Picea abies: 

· North Sweden, i.e. Flakaliden (Lat. 64° 07’N, Long. 19° 27’E). The stand was planted in 1963. Different treatments, concerning optimal mineral and water regimes started in 1987. The data used concern the control treatment. The paramters where measured in a period from 1992-1995, i.e. represent 29-32 year-old trees. refferenced as ’North Sweden’ 

· Lange Bramke, Harz Mountains and sites at the Fichtelgebirge. The site is a 40 and 120 year old stand, but is not quite clear from which stand the data is derived. ref. as ’Harz’ 

·  Solling F1: Bossel/Schäfer (1989) dataset for TREEDYN3 (Bossel, 1994), see also Jansen et. al (1995) and Ellenberg (1986). 110 year old stand. These parameters are derived from the Solling F1 area measurements. ref. by as ’Bossel (1994)’

Pinus sylvestris:

· Hyytiala, Finnland (Lat. 61° 51’ N, Long. 24° 18’ E). 100 year old stand. provided by Sari Luoma and Risto Sievänen ref. Finnland

· Emke (Lüneburger Heide) from C. Leuschner, H. Schäfer 05/26/92. Dataset compiled for TREEDYN3. referenced  as ’Bossel (1994)’.

Fagus sylvatica:

· Solling B1. Description in Ellenberg (1986). 120-130 year old stand. Referenced as the different authors who published the measured parameters as cited in the datasheet pro​vided by Sonntag.

In the references for the parameter values provided by Sonntag, either Sonntag, the single sites or both are stated. When the sites and Sonntag are given, then the data derived from Sonntag and the parameters derived from the original data are different. If only Sonntag is stated than the parameters derived from Sonntag and the sites are equal, if only the sites are referred to then the parameter could not be derived from the Sonntag-data, i.e. are not used by the TREEDYN3 model.

Parameters measured at these sites from various scientists where also used to derive a standard parameter set within the LTEEF-I project. Parameter from the final parameter list are stated, too, if accessible.

Some of the data from the various site also were used in several other projects and stated in numerous publications. If relevant for the 4C parameterization these publications and/or val​ues are referenced as well. 

Additionally, parameters values found in other literature are stated, too.

sigman* : root activity rate [kgN kg root DM-1 year-1]

The root activity rate refers to the Nitrogen uptake of fine roots. It is expressed as kg N per  fine root dry matter per year. This parameter is nessessary to calculate the partition coeffi​cients of NPP between the tree compartments. The reason for this lies in the application of the functional balance principle in the allocation model. It says that for the building of new tissue, for each unit of carbon a certain amount of Nitrogen has to be taken up by the roots to synthe​size new tissue. Unfortunately this parameter is not only sensitive but also difficult to deter​mine due to the lack of data.

In FORSANA, e.g., nitrogen uptake by the roots depends on the water uptake and the N-con​centration in the soil solution as mm/kg frt/h, whereas in TREEDYN3 also the N content of the soil determines the N-uptake per hectare as ha/a/tC.

· Root activity rate

	specie
	sigman
	remarks

	Fagus sylvatica
	0.03
	Bugmann

	Picea abies
	0.02
	estimated, preliminary value

	Pinus sylvestris
	0.015
	Finnland, 0.01-0.02


In 4C this parameter willl depend on soil N, too, as soon as the N-module is established.

prg* : growth respiration as carbon used [gC]/ (carbon incorp. [gC] + carbon used [gC]) = [-]

In 4C daily NPP is not only calculated as assimilation minus respiration but respiration is split into maintenance and growth respiration, reflecting the notion that extra energy has to be mobilized to synthesize new tissue. Growth respiration is expressed as an efficiency. This approach assumes that maintenance respiration has a higher priority for fixed carbon than does growth.



Data from the parameterization of the TREEDYN3 model (Bossel, 1994) to spruce and pine indicate a growth respiration rate of 0.25. Hoffmann (1995) used a growth respiration factor in his Fagus-model of 0.2 but gave no reference to this value. 

Growth respiration also belongs to the sensitive parameters. 

prms* : maintenance respiration sapwood [1/day]

In general respiration of woody tissue is lower than for foliage or fine roots (Ryan, 1994).  Rates for twigs, small branches and coarse roots are usually greater, too, because they contain a higher fraction of living cells. Therefore in order to obtain a respiration rate for sapwood the respiration rates for branches and coarse roots are also considered if possible. Sapwood in 4C is assumed to consist of living, water conducting tissue. When looking at stem or sapwood res​piration rates it is important to know at what time of the growing season the respiration was measured because during the growing period the measured respiration is biased by growth res​piration.

The maintenance respiration parameters for sapwood for spruce and pine are taken from the parameterization of TREEDYN3 conducted by Michael Sonntag. In TREEDYN3 yearly rates are used. So the daily rates were obtained by dividing the yearly rates by 365. Concerning spruce Sonntag derived his data from two different tree stands in North Sweden and Harz, Germany (see above). The pine parameters were taken from data from a site in Hyytiala, Finnland. Pine sapwood respiration is compared to coarse root respiration reported by Linder and Troeng (1981) as reported in Ryan (1994).The beech parameter provided by Bugmann was compared to a parameter reported by Stickan (1994). This parameter is an average value. Stickan used a base value for 20°C and introduced a temperature dependency



with T0=-5°C and Tnorm=20°C. This formula is used to correct for a base temperature of 15°C which results in a factor of 0.64.

· Maintenance respiration parameters for sapwood

	specie
	prms
	Remarks

	Fagus sylvatica
	0.00027
	provided by Bugmann. estimated

	Fagus sylvatica
	0.0031
	Stickan (1994), 10 year-old sampling, 15°C corrected, Solling B1, stem

	Fagus sylvatica
	0.0039
	Gansert (1994), Solling B1

	Fagus sylvatica
	0.0035
	LTEEF-parameter, Solling, mean between Gansert and Stickan

	Picea abies
	0.000004
	North Sweden, 25 year-old spruce, 6°C, stem densitiy 0.36 g cm-3, september, high variability, maybe growth respirationas well, seems too low

	Picea abies
	0.00045
	Sonntag, corrected for 15°C, Solling 

	Picea abies
	0.00041
	Sonntag, corrected for 15°C, North Sweden

	Picea abies
	0.00044
	Bossel, corrected for 15°C

	Picea abies
	0.00021
	LTEEF-parameter, North Sweden, 6°C, should be like the above values at 15°C.

	Pinus sylvestris
	0.00022
	Sonntag, 15°C

	Pinus sylvestris
	0.00025
	LTEEF-parameter, Finland

	Pinus sylvestris
	0.00032
	Bossel (1994), corrected for 15°C, maybe overestimated

	Pinus sylvestris
	0.00026
	Finnland, 15°C

	Pinus sylvestris
	0.00015
	Ryan (1994), Fall, 18cm diameter, 15°C


 Sonntag uses the same formula but with different reference temperatures. For Pinus sylvestris the base temperature is also 15°C, therefore no adjustment was nessessary. For the Picea abies-parameters for North Sweden the reference temperatures were T0=-2°C, Tnorm=20°C, resulting in a correction factor of 0.6 for 15°C, and  for the Picea abies -parameters for the Solling T0=-2.3 and Tnorm=19, resulting in a 15°C-correction factor of 0.66. A correction from a standard temperature of 20°C to 6°C results in a reduction factor of 0.13, using the temperature dependencdy from above. Assuming that this value can be derived from the standard temperature value, the 20°C value can be obtained by mulitplying 1.87. From this the 15°C value can be obtained. The resulting value seem too low, though, therfore this procedure does not semm suitable.

Sapwood respiration does not belong to the sensitive parameters.

The difference between the parameters derived by Sonntag and the one derived by the original data is not clear. For scaling the found parameters to the appropriate unit some conversion had to be nessesary.

· 
nmol CO2 / g DM / d = 10-9*44 g CO2/ g DM / d = 10-9*12 g C / g DM / d = 10-9*24 d-1
for 1 mol respired or assimilated CO2 is assumed to correspond to 24 g DM, reflecting the assumption that 1g C corresponds to 2 g org. DM.

· kg CO2 / kg DM / d =  0.54 kg DM / kg DM / d = 0.54 d-1
because 1 g CO2 = 12/44 g C corresponds to 0.54 g DM with the assumptions from above.

The final parameters for the 4C model was derived by simply taking the average from a set of values which seemed to be trustworthy, omitting outliers. This resulted in sapwood respiration parameters of 0.0035, 0.00043 and 0.00024 for beech, spruce and pine, respetivley

prmr :  maintenance respiration fine roots  [1/day]

For fine roots the respiration parameters were obtained by the same procedure as for sapwood using mostly also the same references provided by Sonntag. However, it was possible to get further support for the reported values for pines from Janssens et al. (1997). Janssens reported fine root respiration rates from three-year old Scots pines. His reported values are expressed in nmol CO2 g-1DM s-1. Parameters in 4C are expressed as pure rates. To convert the different units the same procedure as above was applied.

Janssens et al. found increased fine root respiration under elevated CO2, which they contrib​uted mainly to increased Nitrogen content. His measurements were conducted under equlib​rium conditions at 16°C.

Sonntag reports a value of 0.001 day-1 for pine and 0.0041 for spruce whereas spruce was in the original version of TREEDYN3 parameterized with 0.006 (Bossel and Schäfer 1989). It is assumed that the values given by Sonntag refer to older pines. It is known that young pines have higher respiration rates than older pines (Ryan et al. 1994).

· Fine root respiration parameters

	specie
	prmr
	remarks

	Fagus sylvatica
	0.00054
	Bugmann

	Fagus sylvatica
	0.0092
	Stickan (1994), corrected for 15C, Solling B1 

	Fagus sylvatica
	0.012-0.02
	Gansert (1994), Solling B1, estimated.

	Fagus sylvatica
	0.012
	LTEEF-parameter, Solling, 15°C

	Picea abies
	0.0036
	Sonntag, corrected for 15°C,  North Sweden 

	Picea abies
	0.0039
	Sonntag, corrected for 15°C, Solling F1

	Picea abies
	0.00256
	Bossel, corrected for 15°C

	Pinus sylvestris
	0.001
	Sonntag, 15°C

	Pinus sylvestris
	0.0009
	Bossel, corrected for 15°C

	Pinus sylvestris
	0.00037
	LTEEF-parameter, North Sweden

	Pinus sylvestris
	0.001
	Janssens et al. (1997), 16°C

	Pinus sylvestris
	0.032
	Ryan et al. (1994), 15°C, growth camber, 180-d-old seedlings


Fine root respiration is not a sensitive parameter.

The parameter from Janssens et al. (1997) was derived from a value of 3.7 nmol g-1s-1 and 0.14 g DM, assuming that 1 g respired CO2 relates to 2 g DM.

For the final 4C parameters, again average values are taken, i.e. 0.01, 0.0033 and 0.007 for beech, spruce and pine, respectively.

Both fine root and sapwood respiration and respiration in general is highly temperature dependend. There exist different approaches to model this dependency. The physically most correct approach is the Arrhenius function based on the Boltzmann kinetics for which parame​ter are difficult to obtain.



where k is the reaction velocitiy,  A a proprotionality factor, Ea the activation energy, R the gas constant and T temperature.

This approach is usually approximated by an exponential equation (like in 4C)



where P is the parameter value, P0 the parameter value at T0, and Q10 is the factor by which the parameter is multiplied when a temperature increase of 10°C occurs. 

· Q_10 values for respiration parameters

	specie
	Q10
	Remarks

	Fagus sylvatica
	2.7-3.3
	Gansert (1994), Solling B1

	Picea abies
	2.2-2.5
	North Sweden, september data 

	Picea abies
	1.7,2.1,3.3
	Dvorak et al. (1997), spring, summer, autumn


psf* : foliage senscence [1/year]

Senescence parameters are required for the calculation of yearly allocation. Growth is distrib​uted between the various compartments and calculated as input (NPP) - output (senescence), where the amount lost is proportional to the actual biomass of the compartment, thus a rate.

Especially for needle the longevitiy changes with environmental conditions. Niienmets (1997) observed an increased leaf retention time with decreasing irradiance, providing an effective way of amortizing the costs of foliage contruction.

· Foliage senescence parameters

	specie
	psf
	Remarks

	Fagus sylvatica
	1
	Bartelink (1998), decidous tree

	Picea abies
	0.2
	Oplustilowa (1997), five needle age classes observed

	Picea abies
	0.143
	Bossel (1994), 

	Picea abies
	0.2
	Sonntag

	Pinus sylvestris
	0.23
	Sonntag

	Pinus sylvtestris
	0.45
	Bossel (1994)

	Pinus sylvestris
	0.25
	Mäkelä (1997), based on a lifetime of 4 years


Foliage senescence is not a sensitive parameter concerning overall stand characteristics but looking at stand structure development it does have significant impact. Again for 4C, average values were taken.

pss* : sapwood senescence [1/year]

Sapwood senescence determines the the turnover rate from sapwood to heartwood and it is a sensitive parameter concerning the state variables considered in the sensitivity analysis. It links

· Sapwood senescence parameters

	specie
	pss
	Remarks

	Fagus sylvatica
	0.01
	Hillis (1987), cited in Bartelink

	Fagus sylvatica
	0.05
	Bugmann

	Fagus sylvatica
	0.004
	FORSKA (Leemans & Prentice, 1989)

	Picea abies
	0.004
	FORSKA (Leemans & Prentice, 1989)

	Pinus sylvestris
	0.05
	Finnland

	
	0.004
	FORSKA (Leemans & Prentice, 1989)


 tree height and foliage biomass and therefore plays an important role in the carbon bal​ance of the tree model. Unfortunatly data concerning sapwod biomass turnover rates is seldom measured. The parameter of Hillis (1987) as cited in Bartelink (1998) is doubtful. It may be correct that heartwood is only detectable after 100 years in beeches in terms of chemical and visual analysis but probably not all of the remaining sapwood is used for water transport. 

psr* : fine root senscence [1/year]

Fine root senescence is not as sensitive in the 4C model as sapwood senescence when looking at overall stand data although fine roots are an important compartment, too. Recent studies showed, however, that stand structure data is greatly affected by fine root senescence. How​ever, it is a more often measured parameter as sapwood turnover. This is also partly because fine root senescence is used in many models.

Fine root senescence parameters

	specie
	psr
	Remarks

	Fagus sylvatica
	0.75
	Bartelink (1998)

	
	3.75
	van Praag et al. (1988), calculated from mean residence times of 3.19 months from fine roots (<1mm)

	Picea abies
	0.5
	Bossel (1994)

	
	1.0
	 Sonntag

	
	0.5
	Harz, guess, see Bossel

	
	3.87
	van Praag et al. (1988), calculated from mean residence times of 3.1 months from fine roots (<1mm)

	Pinus sylvestris
	1.0
	Finnland , Sonntag, Bossel

	
	1.0
	Sonntag

	
	1.0
	Mäkelä (1997)


The values from van Praag et al. (1988) are significantly higher than in the other literature. So the is a high degree of uncertainity about the actual turnover rate. It can be assumed that the life span of fine roots which van Praag observed refers to the growth period of the year. Scaled to the whole year the values might lie between 0.5 and 1.

pcnr* : average overall nitrogen-carbon ratio in the plant [kg N/kg C]

The nitrogen-carbon ratio is used in the funtional balance approach allocation module, where fine root activity is linked to foliage activity:



The N/C-ratio for 4C was derived from several models and datasets.

N/C-ratio derived from FORSANA:

In FORSANA the N-demand of each compartment results from the difference between actual and optimal N-content. Here the optimal N-content of the woody tissue (excluding needle/ leafs and fine roots) and including all tissues is averaged for the several compartments to obtain an overall optimal N-content.

Table 2:  N contents of woody tissue used in FORSANA (kg N/kg DM): pine

	compartment
	N
	Remark

	sapwood
	0.002
	Morrison (1972), natural stand of Jack pine, Canada

	branches
	0.005
	“/excluded

	coarseroots
	0.005
	model estimations / excluded

	leaves
	0.02
	average between critical (0.01) and max. (0.03) N con​tent, crit. N after Heinsdorf et.al (1982)

	fine roots
	0.01
	Vitousek et al. (1988)

	average
	0.0084/
0.011
	including coarse material / exluding coarse material




	compartment
	N
	Remark

	sapwood
	0.002
	Hoffmann (1985)

	branches
	0.004
	“ /excluded

	coarseroots
	0.004
	“/excluded

	leaves
	0.01975
	average between critical (0.095) and max. (0.03) N con​tent, Grammel et al. cit. in Hoffmann (1985)

	fine roots
	0.01
	estimated

	average
	0.00795/ 0.01
	including coarse material / exluding coarse material




N contents of woody tissue used in FORSANA (kg N/kg DM): beech

From those values the average was taken, resulting in average N/DM ratios for woody tissue of  0.0084 and 0.008 for pine and beech, respectively. 

In the model TREEDYN3 also N-contents of various compartments are given as species-spe​cific parameters. Note that the nitrogen content differs in some compartments. It is not clear where Sonntag derived his data from, whereas Bossel (1994) cites C. Leuschner and H.Schäfer but no reference could be found. The average values were taken. 

This parameter is to be changed when N uptake is explicitly modelled.

	compartment
	N
	Remark

	deadwood
	0.001
	Bossel (1994) / excluded

	
	0.0015
	Sonntag / excluded

	green leaves
	0.025
	Bossel (1994)/Sonntag

	fine roots
	0.01
	Bossel (1994)

	
	0.0067
	Sonntag

	sapwood
	0.002
	Bossel (1994)

	
	0.006
	Sonntag

	average
	0.0074
0.0094
	including coarse material / exluding coarse material




N contents of woody tissue used in TREEDYN3 (kg N/kgC): pine

	compartment
	N
	Remark

	deadwood
	0.002
	Bossel (1994) / excluded

	
	0.0011
	Sonntag / excluded

	green leaves
	0.026
	Bossel (1994)

	
	0.019
	Sonntag, North Sweden

	
	0.024
	Sonntag, Solling

	fine roots
	0.026
	Bossel (1994)

	
	0.024
	Sonntag

	sapwood
	0.003
	Bossel (1994)

	
	0.0022
	Sonntag

	average
	0.014
0.0177
	including coarse material / exluding coarse material




N contents of woody tissue used in TREEDYN3 (kg N/kgC): spruce

The average N/C-ratio of FORSANA for pine is about twice as much as the ratio for TREEDYN3. This implies that more values have to be collected in order to confirm either one of these values. In the meantime the average value is taken.

Table 2:  average 

	specie
	pncr
	Remarks

	Fagus sylvatica
	0.008
	FORSANA

	Picea abies
	0.014
	TREEDYN3

	Pinus sylvestris
	0.0084
	FORSANA

	Pinus sylvtestris
	0.0074
	TREEDYN3


N contents of woody tissue used in 4C (kg N/kg C)

This parameter will be modified when a Nitrogen module is incorporated in 4C.

alphac : coarse material to sapwood ratio [-]

Coarse material in 4C is modelled as a lumped compartment comprising coarse roots, branches and twigs which is assumed to be related to sapwood by a constant relation, i.e. 

alphac.

prhos* : sapwood densitiy [kg DM/cm3]

Sapwood densitiy is also a important parameter in the allocation module, linking sapwood bio​mass to cross sectional area, which in turn can then be related to foliage biomass via the parameter pnus (see below).

Table 2:   Sapwood density

	specie
	prhos
	Remarks

	Fagus sylvatica
	0.0005
	Bugmann

	Fagus sylvatica
	0.00055- 0.0006
	Sonntag, Solling B1; Ellenberg (1986), old stand > 100 y

	Fagus sylvatica
	0.00055
	Burger (1950)

	Fagus sylvatica
	0.00074
	FORSANA Hoffmann (1985)

	Picea abies
	0.00049
	Stockfors and Linder (1998)

	Picea abies
	0.00036
	North Sweden (LTEEF-parameter)

	Picea abies
	0.000418
	Harz (LTEEF-parameter)

	Pinus sylvestris
	0.000403
	Finnland

	Pinus sylvestris
	0.00045
	FORSANA, Senechina (1978)

	Pinus sylvestris
	0.0004
	Mäkelä (1997)


For the parameterization of 4C the average values were taken, because all valuers found in lit​erature lie more or less within the same range. So values of 0.00061, 0.00042 and 0.000425 for beech, spruce and pine, respectivley, were taken.

pnus : foliage to sapwood area ratio [kg/cm2]

This parameter is defined as sapwood-area which is necessary to supply one biomass-unit foilage with water. We found several data about Pinus sylvestris in the work of Mäkelä et al. (1995) from sourthern Finland. They measured the sapwood-area to foilage-biomass relationship on 20 ca. 35 year-old Scots pine in four different stem positions to investigate its effect of average ring width of sapwood, bole length, and stand density.The relation was strongest for measurements at the crown base (r2=0.79). Even though the y-intercept is different from zero (W=0.046*SA+0.76) this value was taken.

Another data-source used was Berninger and Nikinmaa (1994). They investigated the influence of cli​mate on the ratio of sapwood-area to foilage-biomass. They measured trees from sample plots, repre​senting wide geographical variations. In this studie it was assumed that the cross-sectional area below the crown consists almost exclusively of sapwood (e.g. Kaipiainen and Hari, 1985). Therefore the nee​dle-mass:branch cross-sectional area ratio was measured below the lowest living whorl of sub-branches. 

They found a close linear relationship between foilage area and cross sectional area of branch. We take the average of the slope of all geographical plots. 

Mencuccini and Grace (1995) investigated the effect of climate on the sapwoodarea/leaf biomass ratio for Scots pine at to different sites in Scotland and England. They found that on the warmer and drier site the trees produced less leaf area per unit sapwood, both measured at breast height and below the living crown. The best linear fit was obtained when the sum of branch cross-sectional area was taken as inde​pendent variable. Here also the average between all measured values was considered.

Table 2:  Sapwood area to foliage ratio

	specie
	pnus
	Remarks

	Fagus sylvatica
	0.05
	Bugmann

	Fagus sylvatica
	0.03
	Bartelink (1998), calculated from regresion where dis​tance from crown base was included, assuming SLA=17.2

	Fagus sylvatica
	0.025
	FORSKA, using sla=17.2 kg/m2

	Picea abies
	0.09554
	Sonntag, North Sweden, 31 years-old

	Picea abies
	0.1127
	Sonntag, Harz, 140 years-old

	Picea abies
	0.114
	Sonntag, Lange Bramke

	Picea abies
	0.0615
	Harz, 40 years-old

	Picea abies
	0.11
	FORSKA, using sla = 3.78  kg/m2

	Pinus sylvestris
	0.05626
	Berninger and Nikinmaa (1994), branch

	Pinus sylvestris
	0.04292
	Mäkelä et al. (1995), stem

	Pinus sylvestris
	0.0516
	 Finnland

	Pinus sylvestris
	0.035
	Mencuccini and Grace (1995), average value

	Pinus sylvestris
	0.05
	Kaipianen and Hari (1985), stem, 0.45 in branches

	Pinus sylvestris
	0.0414
	FORSKA, using sla=4  kg/m2


Since the found values lie all in the same range, the average was taken as the 4C simulation parameter.

pha : height growth - foliage growth relationship [cm/kg]

This sensitive parameter is also used in the allocation model in order to determine the NPP partitioning coefficents.



This reflects the assumption that height growth is linearly related to foliage biomass. This is, of course, only valid as long as foliage biomass increment does not become negative. In the model this is modelled such that H = 0 if s < 0. Under optimal circumstances one can assume that for dominant trees height increment was never negative. Then this relation holds also for H=pha*Wf. From this one can estimate pha with height and foliage data.Mäkelä (personal communication with H. Bugmann) found a values for Scots pine of Wf=1.785+0.4661*H (r=0.64, n=18) with nonsignificant intercept. This results in pha = 214.5. But in order to confirm this value other data has to be viewed, yet.

2.3 Photosynthesis parameters

The parameters used in the photosynthesis model are mainly physiological parameters con​cerning the enzym kinetics of carbon assimilation. The availability of these parameters con​cerning different species is very scarse. Most models which use the same parameters take values measured for spinach and wheat or other crops. It is not quite clear yet wether these parameters are species-specific or not. Moreover, measurements of these parameters reveal high variations within a single specie already. Despite this, photosynthesis is surely species- specific and one has to consider other measures to parameterize NPP species-specific. One possibility would be to include the role of nitrogen. It is well know that species differ in their strategies to allocate nitrogen in the photosynthetic apparatus which separates shade tolerant and shade intolerant species, for instance.

Here a collection of the photosynthesis parameters as used in the different models is presented. For the meaning of these parameters turn to the description of the photosynthesis model.

psla : specific leaf area [m2/kg DW]

Specific leaf area (SLA) is a parameter which is also highly variable within a single tree and between species. It depends mainly on light environment and nutrient status. Bartelink (1998) found that SLA in beech generally increases when going down from the tree top downwards meaning that leaves are heavier at the tree top. This is due to morphological differences between sun and shade leaves. However, the mean value for different stands was found to be 17.2 m/kg.

Table 2:  Specific leaf area

	specie
	psla
	Remarks

	Fagus sylvatica
	12
	Bugmann

	Fagus sylvatica
	20.51
	Bugmann (1994) after Burger  (1945-53)

	Fagus sylvatica
	17.2
	 Burger (1950) cit. in Bartelink (1998)

	Fagus sylvatica
	10/20
	Solling B1, light crown/shade crown

	
	18.9
	Bauer et al.(1997), SD=4.4, n=5*4

	Picea abies
	3.55
	Oplustilowa (1997), average value for first needle age class, increasing with crown depth, decreasing with age, lower under elevated CO2

	Picea abies
	3.96
	Bossel (1994)

	Picea abies
	3.67
	Sonntag, North Sweden

	Picea abies
	2.5/3.5
	North Sweden, original data, upper/lower canopy

	Picea abies
	3.54
	Sonntag, Solling F1

	Picea abies
	4.6
	Sonntag, Harz

	Picea abies
	4.3
	Bugmann (1994) after Burger (1945-53) Conversionfac​tor total leaf area/projectec leaf area=2.6

	Picea abies
	4.4
	Bauer et al.(1997), SD=0.9, n=7*4

	Pinus sylvestris
	4.2
	Sonntag (used 1 g C=2  g DM)

	Pinus sylvestris
	5.3
	Luoma, Finnland, average value

	Pinus sylvestris
	4.3
	Bossel (1994)

	Pinus sylvestris
	5.5
	Bugmann (1994) after Burger (1945-53), Conversion​factor total leaf area/projectec leaf area=2.6

	Pinus sylvestris
	2.867
	Mäkelä 1995, r2=0.95

	Pinus sylvestris
	4.2
	Jach (1997)

	Pinus sylvestris
	6
	Virtanen (1993)


For needles the age affects needle structure an therefore weight, too (Niinemets 1997). Niinemets observed a increased needle dry mass per total leaf area.

Values by Sonntag and Bossel were given in g C/m2. In order to convert g C into DM it was assumed that 1 g C relates to 2.5 g DM, additionally the nitrogen content was consiered, too.

For 4C average values were taken.

pnc : needle N content [mg/g]

This parameter is currently not used in the model because the role of Nitrogen is not yet simu​lated.

Table 2:  Needle Nitrogen content

	specie
	pnc
	Remarks

	Fagus sylvatica
	20
	Bugmann

	Fagus sylvatica
	19.75
	FORSANA (average between max.(30) and crit.(9.5) N content

	Picea abies
	12.52
	Sonntag, Harz, average value from 1-5 year-old needle (13.3-12.3)

	Picea abies
	9.5
	Sonntag, Sweden, calculated 1gC=2gDM

	Pinus sylvestris
	12.5
	Sonntag, Finnland, calculated 1gC=2gDM

	Pinus sylvestris
	20
	FORSANA (average between max.(30) and crit.(10) N content


Table 2:  Photosynthesis parameters

	Parameter
	unit
	Description

	phic
	-
	efficiency parameter for light-limited photosythesis rate, different for everg/decid species

	kco2_25
	Pa
	Michaelis-Menten constant for CO2 affinity of Rubisco, base T 25C

	ko2_25
	kPa
	Michaelis-Menten constant for O2 affinity of Rubisco, base T 25C

	pc_25
	-
	CO2/O2 specificity of Rubisco, base T 25C

	q10_kCO2
	-
	Q10 value of kco2_25, acclimatedd to 25C

	q10_ko2
	-
	Q10 value of ko2_25, acclimatedd to 25C

	q10_pc
	-
	Q10 value of pc_25, acclimatedd to 25C

	pb
	-
	leaf maintenance respiration - Rubisco activity ratio


Table 2:  Photosynthesis parameter values

	Parameters
	value
	Remarks

	phic
	0.8/1
	Bugmann, photosynthesis efficiency parameter

	kco2_25
	30
	Collatz et al.(1991)

	
	40.4
	ECOCRAFT database, von Caemmerer et al.(1994)

	
	46
	Farquhar et al. (1980), from Badger (personal comm.)

	
	81
	Badger and Collatz (1977)

	
	75
	Laing et al. (1974)

	
	525
	Badger and Andrews (1974)

	ko2_25
	30
	Collatz et al.(1991)

	
	24.8
	ECOCRAFT database, von Caemmerer et al.(1994)

	
	33
	Farquahr et al.(1980),from Badger and Collatz (1977)

	
	26.5
	Badger and Collatz (1977)

	
	64
	Laing et al. (1974)

	
	15.8
	Badger and Andrews (1974)

	pc_25
	2600
	Collatz et al. (1991)

	
	3416.15
	Calculated from Farquhar (1980)

	
	2360
	suggested by Woodrow et al.

	
	2349
	calculated from Brooks et al. (1985), at 25C, 21%O2 using quadratic regression formula of their data

	
	2459
	calculated from Brooks et al. (1985), at 25C, 21%O2 using quadratic regression formula from data from Jor​dan et al. (1984)

	
	2174.7
	PGEN2 (Friend, 1995), T=25C, [O2]=8.471 mol/m3, calculated

	
	2560
	Epron et al. (1995)

	
	2777.78
	ECOCRAFT, assuming Gamma=3.69, T=25°C, O2=20.5*103PA

	q10_kCO2
	2.1
	Woodrow and Berry(1988)

	q10_ko2
	1.2
	Woodrow and Berry(1988)

	q10_pc
	0.57
	Collatz et al.(refering to Woodrow and Berry(1988) Therefore their value might be a mistake because 1.2/ 2.1=0.57) see definition of tau.

	
	0.67
	Woodrow et al (1988) referring to Brooks et al. (1985)

	pb
	0.015
	Farquhar et al. (1980)


Caculation of Gamma* or Tau:

The CO2 compensation point in the absence of photorespiration is roughly defined as the internal CO2 partial pressure where no net CO2 assimilation takes place. 

Mathematically it is defined as



where



and kc and ko are the turnover rates constants of the carboxylation and oxygenation recations of Rubisco, respectively. Kc and Ko are the respective Michaelis-Menten constants for CO2 and O2.

Values for kc and ko are given by Farquahr et al. (1980) as 2.5 (from Atriplex glabriuscula, assumption from data from Badger and Collatz (1977), relates to 2.2 umol CO2/mg carboxy​lase/min, T=25°C  and 0.21*kc=0.525, respectively.

phic : photosynthetic efficiency [-]

This parameter was introduced because of the senescing of the photosynthetic apparatus of evergreen coniferous trees through the years which decreases the overall photosynthetic potential of the whole leaf mass in contrast to the decidious trees. It was observed that the nitrogen content of the older needles was decreased in favour of the newly build needle. Therefore with the introduction of a nitrogen model and the coupling of the nitrogen model to the photosyntheisi model this parameter might become obsolete, too.
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