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Ab S tr aCt Hydraulic processes within trees have long been subject of research activities. Thereby, many empirical research activities base on the assumption of Darcys law about hydraulic potentials and

conductance including the soil space (e.g. Clausnitzer and Hopmans (1994)). These basic principles let Frh and Kurth (1999) create a model about the hydraulic structure within a tree including the relation between hydraulic
properties and the architecture of a tree. They implemented the model in form of a simulation software they called HYDRA. HYDRA numerically simulates the water potential structure within a tree and is parametrised
for conifers, in particular Pinus sylvestris L. HYDRA simulates the hydraulical structure of the tree over time (usually a single day). The hydraulical structure, thereby, depends also on a conductance model which gives as
a result the transpiration rate. The conductance model relies on empirical obtained micro climate information. The numerical simulation of water potentials considering the architecture causes severe numerical problems
which are taken care of by a moderate restructuring of tree architecture prior to simulation. HYDRA is a very sophisticated model for the description of the hydraulic situation within a tree crown but does lack a connection
to the soil-root layer. In the contrary, the initial potential which is represented at the very bottom of the tree is given by a single parameter and has to be set artificially by the user. The aim of this work was to replace
this parameter by an interface to a soil-root simulation system. Here, the model HYDRA was used in a greater project which aimed at the reparameterisation of HYDRA for the tree species Quercus petraea (Matt.) Liebl.
Intensive measurements were conducted to get a sufficient amount of information for parameterisation as well as for validation purposes.

Hydraulic conductance and potentials are concepts well known in the area of soil sciences. In literature many models exist which describe the concepts of water flow within the soil layer. One approach is that of Blendinger
(1995). He describes the hydraulic conditions in the soil layer using the finite element approach well known from physics. Blendinger (1995) created a two dimensional finite element space where the hydraulic potentials are
attributed to the finite elements. Furthermore, the model allows to define root elements within these finite elements which then create a sink of hydraulic potential caused by differences of potential at the soil-root boundary.
Using these root elements allows studying the impact roots have on the water flow conditions in the soil layer. Having only a two dimensional space available causes the necessity to average the hydraulic states and root
information over the third dimension.

In this particular work, an interface between both above mentioned models was implemented to enhance the soil-root-tree connection in HYDRA. The aim was to improve the model in two ways: On one hand this opens
the way to work with realistic initial potentials instead of an artificial single parameter, and on the other hand HYDRA gets a dynamic input at the tree-root-soil boundary. The similar concepts of both models allowed such
an interface which, furthermore, allowed to study HYDRA regarding changing hydraulic soil conditions caused, e.g., by varying precipitation rates.

The preliminary results show that a higher degree of realism of the simulation can be obtained. Furthermore, the pattern of the potentials within a tree has become sensitive to the hydraulic conditions in the soil and beyond
that to precipitation. Thus, by introducing the interface the model HYDRA has also obtained a further interface to the environment of the tree, additional to that provided by evapotranspiration.

Intr OdllCthIl This work 1s embed into the larger project ’Numerical Simulation of the Hydraulic Tree-Soil System

for (Quercus petraea (Matt.) Liebl.) . Two different models were used for the numerical simulation: The hydraulic model
HYDRA Friih [1995] for the trees and the hydraulic soil model SilVlow for the tree-root space [Blendinger, 1995]. In this
particular work we focused on linking both models and investigated the impact of such an interface on the simulation results of
HYDRA.

Paramétel‘lsatlon Of HYDRA The model HYDRA needs a tremendous amount of physiological

input information like the sap flows within the tree. To give a comprehensive overview about all measurements taken place for
the parameterisation would overextend the scope of a poster and would like to refer to Schulte [2002]. To give an however brad
overview, for the purpose of parameterisation five 15 year old oak trees were intensively measured over a period of one week
during the summer of 2000. The flowrates e.g. were estimated by the heat flow method of Cermk et al. [1973] (cf. figure 3 for
exemplified results).

One speciality of HYDRA 1is that it contemplates the architecture of a tree. Thus, one greater parameterisation need was to
supply such an architecture. Therefore, the investigated oak trees were at the end of the measurement period harvested and the
architecture determined. The resulting architecture had, for numerical reason, to be simplified. For more detailed descriptions
about that simplification process we refer to Friih and Kurth [1999].

Paramétel‘lsatlon Of SllVIOW SilVlow uses the finite element method for representing the soil/root

space. The finite elements have to be fed with length densities [cm/cm?] . During the measurement process it became clear that
measuring the length densities for all contemplated trees was an impossible task. Thus, the densities were estimated by choosing
only one tree out of the population and estimate the length densities from fine root mass densities. It is clear that such a method
lacks the necessary amount of precision and accuracy. Thus, in addition to that we relied on experience from literature [ Abelson
and diSessa, 1982, e.g.];

Impléméntatl()n Of th€ IIlt@I‘f&C@ The interface as such had no need for parameterisation; hence

was a sole technical endeavour. HYDRA always provided an interface to the soil-root space in form of a node which represents
the entry point to the root system. That point represents a border condition in form of a potential. In all simulation runs without
the soil interface that potential was abstractively set to -0.05 MPa.

The Interface used that connection to deliver dynamic potentials simulated by SilVlow. For that purpose the model softwares had
to be technically merged and the simulation runs timely synchronised.

SlIIllllathIl T'UI1S Two simulation runs were undertaken — one without and one using the interface — to enable

the assessment of the effects of the interface. All simulations simulated a solar day using the microclimate conditions measured
at 4 July 2000 on the field trial. To get a picture about the model behaviour we employed a sensitivity test by changing the
precipitation values for the model SilVlow. Four different situations were tested:

e Scenario 1: Precipitation 1.2 ¢m/d / start value -0.05 1),,; MPa
e Scenario 2: No precipitation / start value -0.05 v,,; MPa
e Scenario 3: Precipitation 1.2 ¢m/d / start value -0.07 1),,; MPa
e Scenario 4: No precipitation / start value -0.07 ,,; MPa
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Flglll'@ 1 . Boundary between the tree represented by HYDRA and the root/soil space
represented by SilVIlow. With the interface it is attempted to link both models through that ®
boundary.

Flgurﬁ 2 The HYDRA architectural representation of tree ’ejg’. In HYDRA the
output is controlled by selecting nodes. For these nodes HYDRA gives potentials and flows.
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FlgU.I'@ 3 . Sapflow of five Quercus-petraea trees (ejf, ejg, ejh, €ji, ejk) located on the
field trial in central Germany. A second sapflow sensor was installed at a sun exposed branch
of the tree eji.

RG SllltS During the simulation process it was apparent that SilVlow needed a certain amount of time to level off (see

figure 5) as the model results fluctuated in the beginning of the simulation process. We solved that problem by simulating two
days: One for the level off process and the second as the ultimate simulation run.

The results show that the interface changes the outcomes of the HYDRA simulation not dramatically but supplies the model with
dynamic initial conditions at the root-tree boundary. Here, the boundary is represented by the results for node #1788 at the stem
basis. The results also show that a given precipitation for the soil model has impact on the overall HYDRA simulation results.

The results are more realistic as in simulation runs without interface in the way that HY DRA reacts more sensitively on changes
in the soil-root space. It 1s noteworthy, that these changes may be due to precipitation which, or course, changes the hydraulic
conditions in the soil-root space.
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Flgure 5 . Results (A: flow rate, Ju,0, B: Yicar, Ju,0) of a simulation run using

the interface and micro climate data from (PPFD, Tjef,0,,) 4 July 2000 and simulated leaf
potentials (1;e.f) at 9 July 2002. Here, the level off process is shown which takes place during
the simulation run is SilVlow does not get time to numerical adapt.
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Flgure 7 . Simulation runs for the hydraulic conditions within the tree ’ejg’ using the interface. Upper left: scenario
1, Lower left: scenario 3, Upper right: scenario 2, Lower Right: scenario 4. A: Transpiration rate (Jy,0) and simulated
potentials (Vpetiote> Voranchs Ystem), B: Flow leaf (node #20), branch (node #842) and stem base (node #1787) of tree "ejg’. Note
the different scales for the leaf flow. :

Conclusions

e The parameterisation of SilVlow was extraneously difficult due to the amount of data to be measured,
thus, further studies about the root space are desirable,

e Due to the difficulties during the parameterisation of SilVlow a quantitative interpretation of the results
1s problematic,

e A better synchronisation of the micro-climate inputs between HYDRA and SilVlow 1s desirable
e The preliminary results show that a higher degree of realism of the simulation can be obtained,

e The pattern of the potentials within a tree has become sensitive to the hydraulic conditions in the soil and
beyond that to precipitation

e By introducing the interface the model HYDRA has also obtained a further interface to the environment
of the tree, additional to that provided by evapotranspiration.
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