Hi y'all,

Here is a description of the HYDRA model (Dave Ford has first-rights to that name, but I don't have the creativity to rename it right now).  There are two figures attached.  The first is of the wiring for only a single layer and has labels on all the resistors, capacitors, etc.  The second is of the whole system and has few labels.  

There are three pipes running up the tree (A, B, and C).  There are three layers in the canopy (1 = upper, 2 = mid, and 3 = lower).  Leaves on each layer have a direct connection to only one of the three pipes (layer 1 to pipe A, layer 2 to pipe B, and layer 3 to pipe C).  However, at each layer there is an interconnection among the pipes via three resistors labeled RIPi (= Resistor, Inter-pipe, layer i).  These resistors allow a secondary supply of water to each layer through the two pipes not directly connected to the canopy at that layer.  At each layer, these three resistors all have the same resistance.  

There are also three capacitors associated with each pipe at each layer (CiA, CiB, CiC).  They are isolated from the pipes via resistors (Rsci).  At each layer, these three resistors have the same resistance.  

The three main pipe resistors at each layer (RiA, RiB, RiC) plus the branch resistor for each layer (RBri) can cavitate.  Cavitation rate is a Weible function of the tension at the top or outer end for the resistor.  For conductance,



[image: image1.wmf]0

;

)

(

max

<

Y

=

Y

-

-

d

k

W

e

g

g


For resistance the equivalent is
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The minimum resistivity, Wieble k, and Wieble d under the Stem Flux tabs in the parameter form are Rmin, k, and d, respectively (see the "How to run HYDRA" attachment).  There is one tab for each of the main stem fluxes.  Also under this tab are the cavitation rate and recovery rate parameters.  The cavitation rate are calculated as 
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, where c is the cavitation rate parameter, RW is the Wieble resistance, and R is the actual resistance at that time.  Recovery is calculated in an analogous way.

The inter-pipe resistances, the resistances isolating the stem capacitors, and the capacitance of the stem capacitors are specified under the Stem-to-leaf Flux tab. Under this tab, the parameters controlling the branch resistor are also specified (Min. branch resistance, Wieble k, Wieble d, cavitation rate, and recovery rate).

The critical canopy potential for Mat's model and the capacitance for the canopy layers are specified under the ET tabs.

Assimilation is calculated from the Farquahar model.   I assume Oi has a value of 200 mmol mol-1. I've implemented temperature response functions for all the parameters.  I assumed that the functions for kC, kO, and (* are as specified in McMurtrie et al. (1992; Aust. J Bot. 40:657-677).  These three parameters are hard wired. The VCmax and Jmax functions I fit to Ross' functions, but I have extended them so they will work at lower temperatures (such are the desires of arctic researchers).  The functions I used have the following form:
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where T is temperature, VCopt is the value of VCmax at Topt, the optimum temperature, Tmax is the maximum temperature, and q is a 'shape parameter'.  These four parameters are set under the Assimilation tabs. VCopt, Topt, and Tmax are obvious. q is a bit more difficult.  I suggest you key up this equation in EXCEL and play with it a bit to get a feel for what the parameters do.  An analogous equation is used for Jmax.

In addition, the light-use efficiency (E0), dark respiration, Q10 for respiration, and leaf area for each layer are set under the Assimilation tabs.  E0 is actually the maximum quantum yield at high CO2; it is used in the equation to calculate J as follows:
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( is assumed to have a value of 0.8.  Dark respiration is calculated as a Q10 function.  the parameter is the value of dark respiration at 0 oC.

Under the Rad tab you can set the day length (in minutes) and the noon-time sun angle.  Light extinction for both PAR and long wave is assumed to follow a sun-angle dependent Beer's extinction:
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where ( is the sun angle. kI is set under the Rad tab.  

Under the temp. tabs are the lag times, in minutes, for the maximum daily temperature behind the maximum irradiance.  

Under the Stem tab are the lengths of the three stem segments (i.e., SSL1 is the length between the upper and mid layers, SSL2 is the length between the mid layer and the lower layer, and SSL3 is the length between the lower layer and the roots).  Also under this tab are the angles above horizontal for each of these stem segments (e.g., an upright tree angle = 90, if you want this to simulate a branch you might set this angle to 0).

Finally, under the ET opt tab is rH from the Penman equation, an iota for the Mat's optimization of gs (be careful here I used different units than Mat did.  In Mat's model iota is set to a 0.07% increase in assimilation with a 1mmol m-2 s-1 increase in gs. 1mmol m-2 s-1 in my units equals 2.2422x10-5 m s-1.  0.0007/2.2422x10-5 = 31.22).  Also under this tab is an approximate ratio of internal to external CO2.  This parameter is used only to begin the search for gs (a value of ~0.7 seems to work OK).

Under the state variables are all the initial values for the tensions (in MPa), the resistivities for the stem resistors (in MPa m s g-1 water; these values are multiplied by the stem-segment lengths to calculate resistances), and the resistances of the branch resistors (in MPa m2 s g-1 water).  

The time units for the model are minutes.  To run a 24 hour day, use 1440 as the stop time.  A time step of 15 minutes works fine, unless you want the detail of the 1 minute resolution.  See the How to Hydra attachment for details on how to run things.
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