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REPORT

Background

Climate is changing and this may impact forest growth and the substantially the forest sector in Portugal.
In fact, several studies indicate that in Mediterranean environments, climate change will have a negative
impact on forest growth. For example, in Portugal, all climate change scenarios predict less precipitation
across the country and a reduction of forest growth (Christensen et al. 2007; Lindner et al. (2010).

The objective of stand-level management planning is to determine the optimal combination of operations
(planting, coppice harvest age, stool thinning, number of coppice cuts, final cut), the timing of entries, to
best meet the management goals. Optimization typically encompasses an automated search for the best
combination of activities. The reader is referred to Valsta (1990) and Hyytidinen (2003) for comprehensive
reviews of numerical methods for the optimization of even-aged stand management. However, optimizing
forest management decisions without considering climate uncertainty would lead to non-optimal
decisions and overestimation of income. Incorporating uncertainty into forest management planning is a
challenging topic.

Empirical models are not suitable for estimating growth under different conditions from those observed
during the period for which the inventory plots were measured to develop them (Landsberg and Waring



1997). Thus these models are inadequate to support decision-making under climate change. In this case,
process-based models, which are based are based on physiological processes controlled by climatic and
edaphic factors (e.g. Kellomaki et al. 1997) overcome the shortcomings of empirical models and may be
then used to support forest management under climate change and when developing adaptive
management options. In Portugal do exist two process based models that may be used to develop these
adaptive management options. One is the process-based model, Glob3PG, that was first developed by
Tomé et al. (2004), validated by Barreiro (2011). Glob3PG is a hybridization of the empirical model
Globulus 3.0 (Tomé et al. 2006) and the process-based model 3PG calibrated for Portuguese conditions
(Fontes et al. 2006; Landsberg and Waring 1997). Glob3PG takes advantage of the flexibility and ability of
3PG to predict the effects of changes in growing conditions (e.g., climate change, fertilization) and the
prediction capacity under current conditions of Globulus 3.0 (Barreiro 2011). The second is Yield-SAFE
(van der Werf et al 2007) which has been validated for Portugal (Palma et al. 2016)

There are examples of simulation optimization systems developed to optimize stand-level management
of forests (Pukkala and Kellomaki 2012; Garcia-Gonzalo et al. 2014) but none has been developed to
optimize coppice systems neither under climate change conditions. An example of model presented to
optimize eucalypt stand-level management under climate change was presented by Ferreira et al. 2016.
They presented a Stochastic Dynamic Programming model. However they did not implement this method
in a decision support system.

Objective

The main goal of this STSM was to prepare a prototype of a simulation-optimization system (i.e DSS) for
optimizing stand-level eucalypt coppice system management taking into account uncertainty in growth
under climate change. This prototype integrates a growth and yield model sensitive to climate change
(Glob3PG) and an optimization method (Hooke and Jeeves). The prototype also allows investigating the
effects of climate change on eucalypt coppice stands.

Material and Methods

2.1 Simulation-optimization system

A simulation—optimization system STANDOPT was coded to simulate the development of Eucalyptus
Globulus stands and to optimize stand management (Fig. 1, 2 and 3). The growth and yield model
incorporated is a process-based model calibrated for Portuguese conditions (Tomé et al. 2006) to project
stands’ growth, while the optimization search procedure was the Hooke and Jeeves direct search method
(Hooke and Jeeves, 1961). A second process-based model available in Portugal, Yield-SAFE (van der Werf
et al 2007) was programmed into STANDOPT, however it was not used in the optimization because it has
not been calibrated yet for coppice cycles.

STANDOPT may be used either for simulation or also for optimizing stand management. If used as
simulator, the user must define the prescription (i.e. rotation length, cutting age per cycle, initial planting



density, number of cycles to use during the rotation and number of stools ....). The user interface also
allows incorporating the interest rate used and the management costs which include:

e The regeneration cost has two components (i.e. fixed costs and variable costs). The fixed costs
occurring only once in the beginning of the planning horizon) and includes the soil preparation
and the removal of shrubs. The variable component depends on the number of plants.

e  Conversion cots, occur only at the end of a full rotation, when the stand is converted, i.e., the
stools are replaced by new plants to regenerate the stand.

e Three years after the beginning of the coppice cycle, a stool thinning is performed with a cost that
depends on the existing number of sprouts.

When the system is used as optimization system the user must define ranges of values for each of the
decision variables (i.e. range of values for the management variables). For example, instead of defining
one harvest age the user provides the range of possible harvest ages which will then be used by the search
algorithm.
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Figure 3. View of the optimization form.

2.2 Initial stand and economic parameters

In order to test the DSS, for the optimization it was considered a Eucalypt stand growing in central Portugal.
Eucalypt stands are usually managed as a coppice system and supply key raw material for the Portuguese
pulp and paper industry. A typical eucalypt rotation may include up to two or three coppice cuts, with
each harvest being followed by a stool thinning in year three of the coppice cycle that may leave the mean
number of sprouts per stool ranging from 1.4 to 1.6. Harvest ages range from 9 to 15. For the optimization
and in order to give more management options to the optimization system, it was considered a maximum



number of 4 coppice cuts with harvest ages ranging from 8 to 18 years, the number of sprouts ranged
from 1.3 to 1.7. This research considered a plantation with 1500 trees-ha™.

The costs considered were based on information from Comissdo de Acompanhamento das OperagGes
Florestais (CAOF), and considered:

e  Planting cost: Fixe cost (750 euros) and a variable cost (0.15 euros/plant).

e  Conversion cost at the end of a full rotation (1250 euros).

e  Stool thinning three years after the beginning of the coppice cycle (0.15 euros/sprout).
e  Timber price (36 euros/m3).

e Interest rate (3%)

Climate scenarios were used to see the impact of climate in stand management prescriptions. Climate
variables included temperature (mean, maximum, and minimum), raining days, frost days, and solar
radiation. Current climate was compared with a scenario were higher temperatures and a lower number
of raining days were considered. In fact, precipitation was reduced by 40% and mean annual temperature
increased by 4 degrees.

2.3 Optimization

The objective of the optimization was to maximize the soil expectation value (SEV) while finding the
optimal number of harvests within the rotation (and harvest ages) as well as optimal number of sprouts
per stool after a coppice cut.

2.4 Results

This optimization approach provides the optimal management schedule for each climate change scenario.
Results indicate that the optimal solution found considers four cycles within the full rotation for all
scenarios. Under current climate the management prescription indicates that first harvest should be
performed at age 13, followed by a second harvest 14 years later and the next two harvests at ages 16.
However, under climate change the two first harvests are delayed until age 16 and the next two shortened
to age 12.

2.5 Discussion

In this research a DSS prototype was developed to optimize eucalypt stand management under climate
change conditions. The process-based model programmed allows reading climatic data and projecting
tree growth under different conditions which is an advantage compared to classical empirical growth and
yield models. The optimization method presented does not need to evaluate all management options
which would increase exponentially with the number of decision variables to consider (i.e. number of
cycles, number of harvest ages to consider....). This considerably reduces the solution time.



There are examples of simulation optimization systems developed to optimize stand-level management
of forests (Pukkala and Kellomaki 2012; Garcia-Gonzalo et al. 2014) but none has been developed to
optimize coppice systems neither under climate change conditions. An example of model (Stochastic
Dynamic Programming model) developed to optimize eucalypt stand-level management under climate
change was presented by Ferreira et al. 2016 which provided similar results to this study. Nonetheless,
both methods are not exact methods which may explain why the results may variate between the two
studies (i.e. the optimization methods used find close to optimal solutions but there is not 100% certainty
that they are optimal). Anyway to the author knowledge this is the first prototype of a DSS to optimize
coppice stand management under climate change.

Main activities performed at host institution

During the visit to ISA, Jordi Garcia-Gonzalo will carry out the following activities in direct collaboration
with Researcher Jodo Palma (other researchers will be also involved as for example Margarida Tomé and
Susana Barreiro):

1. Analyze the Glob3PG and the Yield-SAFE process-based models to decide which one should be
integrated/used in the simulation-optimization system to project growth of eucalypt stands under
climate change.

2. Programming both growth and yield models. Although in the original proposal it was said that
only one model would be implemented, both models (Glob3PG and Yield-SAFE) where integrated
in the system. However, only Glob3PG is functional for coppice systems since Yield-SAFE module
for the coppice cycles is not ready yet.

3. Progamming/developing a Decision Support System Prototype that combines the process-based
model and an optimization algorithm (e.g. Hooke and Jeeves) to optimize stand-level eucalypt
management (Figure 1, 2 and 3).

4. Collect climate scenarios to be used in the case study to demonstrate the use of this DSS-
prototype and to assess the impact of climate change on Eucalypt growth and optimal stand
management.

5. Testing the approach by optimizing stand-level management for eucalypt coppiced stands under
different initial growing conditions and climate scenarios. The optimization encompasses finding
both the harvest age in each cycle and the number of coppice cycles within a full rotation that
maximized Net Incomes.

Main output of the STSM.

The development of this DSS prototype allows optimizing eucalypt stand management depending on
climate scenarios. Therefore, it may be used to adapt eucalypt management to climate change.
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