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Overview:

Model Description:

An emerging goal of ecological theory is to have accurate
predictive power with the least number of starting
parameters (Marquet, 2014). The predictive accuracy of
models over spatial and temporal scales is critically
important as ecologists examine Earth-system topics,
including the reintroduction of species. Here we present
preliminary work in using the spatially explicit model Vida
to accurately predict forest structure after 100 years.
Vida uses specified world parameters and unique species
files to create a growing, virtual forest. Each species file is
comprised of a series of growth formulas that are run
together with several ecological trends. These speciesspecific formulae create a realistic output of the way the
forest will grow and change. Although Vida has already
been used to correctly parameterize an Abies Alba
population (Hammond and Niklas, 2009) the current focus
has been shifted to replicating site in Oregon featuring the
Ponderosa Pine (US-ME2).

There are mathematical relationships that allow our simulator to predict how an environment
will develop or react given certain numerical parameters. The relationships between these
growth patterns can be entered into a CSV species file given a simple formula: y= bxα. This
creates a unique species file. Species-specific values can be found in multiple ways by exploring
data driven, published scholarly sources.

Site Description:
In 1915, the US-ME2 site was completely clear cut.
Therefore, our simulator ran for 103 cycles (1915-2018) and
attempted to replicate the forest dynamics of the site. The
large circular plot consists of four smaller circular plots 20m
in diameter. Trees with DBH of less than 0.2 meters were not
considered (Law, 2008). Reliable, published growth records
for this site are found for years 2001, 2006, 2008, 2012, and
2014 (Ameriflux, 2015).

Species-Specific parameter

Pinus
ponderosa

Photosynthesis growth exponent (a1)

-0.46

Photosynthesis growth constant (b1)

1.6

Stem mass exponent (a2)

1.0197

Stem mass constant (b2)

0.809

Young canopy mass exponent (a3)

1.046

Young canopy mass constant (b3)

0.0657

Mature canopy mass exponent (a4)

0.8667

Mature canopy mass constant (b4)

0.133

Stem diameter exponent (a5)

0.394

Stem diameter constant (b5)

0.045

Young stem height exponent (a6)

.9277

Young stem height constant (b6)

40.139

Mature stem height constant (b8)

11.125

Mature stem height constant (b9)

28.959

https://youtu.be/jXT8Ys5uzMs
If you are seeing this notification,
use the above QR code to access the
simulation video associated with this
research. The USME2 simulation
covers 103 years, since forest was
clear cut.

Discussion:

Figure 2: The core of Vida’s growth calculations. GT is total
growth, AL is the projected area of a canopy, ML is the mass of a
canopy, MS is the mass of the above-ground woody components,
DS is the diameter of the trunk at ground level, HS is the height of
the tree and i is a given iteration of a simulation. All beta values
(b) are species specific where as alpha values (a) are within a
certain range for all plants (Table 1).

Table 1. Species-specific used to parameterize Pinus ponderosa
growth in simulations.

Results:

Comparison of simulated US-ME2 data to observed, literature data demonstrates that Vida is a
reliable tool for hindcasting growth. Validation of Vida use is now confirmed with two species,
Abies alba and Pinus ponderosa, in two different environments. Simulations were run on four
different computers using the same code and parameters. Table 2 features the Ponderosa data
comparisons:
2001

Figure 1: US-ME2 site location and dimensions; four subplots are located within
Oregon’s Metolius Intermediate Pine (US-ME2) site. Each circular subplot is 20 meters
in diameter.

2006

2008

Avg. Height (m)

15[4]

14.83(±3.08)

/

15.25 (±3.0)

18[4]

Max Height (m)

/

21.08(±.005)

/

21.595(±.006)

/

Trees/ha

325[4]

431(±12.66)

/

472(±23.69)

339[4]

482(±21.59)

Basal area

24.4[4]

31.96(±2.28)

31.6[4]

37.3(±2.39)

/

39.33(±2.12)

15.43(±3.0)

2012

2014

Output CSV files allow for micro-analysis of each species
included in the analysis. Correctly hindcasting results
reinforces Vida’s reliability to forecast changes. The
simulation results are within an acceptable range, averaging
within 87.2% (+ 10.16) of the matched published value. Since
the hindcasted results for the US-ME2 site are within the
acceptable range of the observed results, we conclude that
Vida could be used for forecasting purposes in this forest
structure. Vida’s ability to forecast growth looks promising;
future work is focused on enhancing simulator capabilities and
accuracy of species files in order to give most accurate
predictions possible.
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