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1. FORECAST model description 

The ecosystem management simulation model FORECAST (Kimmins and others 1999) 

has been used as a long-term management evaluation tool in several types of forest ecosystem 

(e.g., Morris and others 1997; Wei and others 2000, 2003; Seely and others 2002; Welham and 

others 2002), including tropical and sub-tropical plantations (Bi and others 2007; Blanco and 

González 2010). Evaluation exercises have demonstrated the reliability of this model (Blanco 

and others 2007; Seely and others 2008; Blanco and González 2010). FORECAST was 

specifically designed to examine the impacts of different management strategies or natural 

disturbance regimes on long-term site productivity. The projection of stand growth and 

ecosystem dynamics is based on a representation of the rates of key ecological processes 

regulating the availability of, and competition for, light and nutrient resources (Figure S1). The 

rates of these processes are calculated from a combination of historical bioassay data (biomass 

accumulation in component pools, stand density, etc.) and measures of certain ecosystem 

variables (e.g. decomposition rates, photosynthetic saturation curves) by relating ‘biologically 

active’ biomass components (foliage and small roots) to calculations of nutrient uptake, the 

capture of light energy, and net primary production. Using this ‘internal calibration’ or hybrid 

approach, the model generates a suite of growth properties for each tree and plant species to be 

represented. These growth properties are subsequently used to model growth as a function of 

resource availability and competition (Kimmins and others 1999). They include (but are not 

limited to): 1) Photosynthetic efficiency per unit foliage biomass based on relationships between 

foliage biomass, simulated self-shading, and net primary productivity after accounting for 

litterfall and mortality; 2) Nutrient uptake requirements based on rates of biomass accumulation 

and literature- or field-based measures of nutrient concentrations in different biomass 

components on different site qualities; 3) Light-related measures of tree and branch mortality 

derived from stand density input data in combination with simulated light profiles. Light levels at 

which foliage and tree mortality occur are estimated for each species.  

Soil fertility in FORECAST is represented based on empirical input data describing 

decomposition (mass loss) rates and changes in chemistry as decomposition proceeds. These data 

allow for the calculation of nutrient release from litter and humus (Figure S1). Nutrient uptake 

demands of different species on sites of different fertility are based on observed biomass 
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accumulation rates and tissue nutrient concentrations on these sites, allowing for internal cycling 

of nutrients. The calculated uptake demand by the observed growth rates on sites of different 

productivity permits a definition of nutritional site quality. This assumes that moisture is not the 

major limiting factor, or that, if it is limiting, it acts dominantly through soil processes that 

determine nutrient availability. In the humid climates that characterise the Chinese fir region this 

assumption is felt to be reasonable.   

Carbon allocation in response to soil fertility and tree/plant nutrition is based on 

empirical biomass ratios and biomass turnover rates (e.g., number of years of leaf retention for 

evergreens) for sites of different fertility (e.g., different site nutritional quality), and on literature 

or locally-obtained values for variation in fine root turnover along fertility gradients. 

FORECAST performs many of its calculations at the stand level but includes a submodel that 

disaggregates stand-level productivity into the growth of individual stems with user-inputted 

information on stem size distributions at different stand ages. Top height and diameter at breast 

height (DBH) are calculated for each stem and used in a taper function to calculate total and 

individual gross and merchantable volumes.  

 

2. Model sensitivity analysis 

Kimmins et al. (1999) identified a list of parameters for which the model was the most 

sensitive. Among them, two parameters stand out due to the practical difficulty of obtaining data 

to estimate them: wood decomposition rate and fine root mortality (Kimmins et al. 2004). To 

study the sensitivity of the model to uncertainty in the calibration of those parameters, the 

calibration values was modified in +20%, +10%, -10%, -20% and the relative difference in two 

target variables: total tree biomass and soil organic matter.  Sensitivity analysis showed that 

relative changes in tree biomass and SOM were always smaller than changes in the calibration 

parameters. The modification in a tree physiological parameter (fine root turnover) affected more 

tree biomass than SOM, whereas changes in a soil parameter (wood decomposition rate) affected 

more SOM than tree biomass (Table 3). The recovery patterns were not significantly changed by 

the sensitivity analysis at any site (see Supplementary material). These results indicate that the 

model was only moderately sensitive to two of the main tree and soil parameters, showing its 

capability to reduce error propagation through the simulation (Kimmins et al. 2010). 
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Figure S1. A schematic representation of the ecosystem compartments and transfer pathways 

represented in FORECAST (adapted from Kimmins et al. 1999). 
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Figure S2. Sensitivity analysis of tree biomass predictions to changes in wood decomposing rate (left 

panels) and fine root turnover rate (right panels) in 4 different post-management scenarios in a rich site. 
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Figure S3. Sensitivity analysis of tree biomass predictions to changes in wood decomposing rate (left 

panels) and fine root turnover rate (right panels) in 4 different post-management scenarios in a poor site. 
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Figure S4. Sensitivity analysis of SOM predictions to changes in wood decomposing rate (left panels) 

and fine root turnover rate (right panels) in 4 different post-management scenarios in a rich site. 
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Figure S5. Sensitivity analysis of SOM predictions to changes in wood decomposing rate (left panels) 

and fine root turnover rate (right panels) in 4 different post-management scenarios in a rich site. 


