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1. BACKGROUND INFORMATION ON MODELING MISCANTHUS GROWTH

There are several studies that have successfully developed and validated mathematical
models of miscanthus growth to predict its productivity under various climate and soil
conditions. Central to many of these studies are (1) suppositions that the growth of a plant is a
function of the amount of solar radiation intercepted during its growing season and the efficiency
by which that radiation is converted to biomass. In turn, the plant’s radiation interception
efficiency depends on its leaf area which varies with temperature and soil water availability.
A simple mathematical expression of these principles, as given by (2), is as follows.

Y = Sei ec η E = Sei ηR

(1)

where Y is the amount of dry biomass at harvest, S is the total photosynthetically active incident
solar radiation received throughout the growing season, ei is the light interception efficiency of
the plant, ec is the radiation-to-biomass conversion efficiency of the plant, η is the fraction of
total biomass that is harvestable and E is the energy content of the biomass. The ec and E terms
can be combined to give the overall radiation use efficiency (RUE) of the plant, R.
(2) were able to fit equation (1) to miscanthus field data using linear regression by setting
ei as a constant (which the authors approximated from field measurements) and R as the gradient
of the best fit line. In another study, (3) were also able to fit equation (1) to miscanthus field data.
Unlike (2) though, (3) did not assume ei to be constant throughout the growing season, but
allowed it to vary day-to-day as a function of leaf area index (LAI) and the radiation extinction
coefficient. The latter is a constant while the former was assumed to increase linearly with
growing degree days (GDD) with a pre-defined maximum limit. Using the fitted equation and a
geographic information system (GIS), (3) mapped out the potential yields of miscanthus for
England and Wales. By setting the potential yields as an upper limit and adjusting them
according to the ratio of actual evapotranspiration to potential evapotranspiration, the authors
were also able to estimate the yields that can be expected when water is limited.
(4) and (5) carried out similar studies, also based on equation (1) and applying GIS
methods, for miscanthus grown in Ireland and in the European Union respectively. The authors
have named the model they have developed as MISCANMOD, which has since been applied by
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others such as (6) and (7) to assess the yield potential and economic feasibility of adopting
miscanthus on a large scale. A more recent miscanthus model is MISCANFOR (8), which is
adapted from MISCANMOD. Compared to MISCANMOD, MISCANFOR has improved and
new procedures for estimating light interception, temperature and water stress impacts, photoperiod sensitivity, drought and frost kill predictions, thermal time and nutrient repartition to the
rhizome.
However, as noted by (9), a disadvantage of equation (1) and consequently, the models
based on it, is its empirical nature and over-reliance on R. The common approach is to assume R
constant and to estimate its value by fitting simulated data to field data. The results obtainable
using this approach are thus case specific and may not be suitable for extrapolation to other cases
where conditions are very different. A more robust approach would be to model R in a more
mechanistic manner. To achieve this, (9) parameterized the Windows Intuitive Model of
Vegetation Response to Atmospheric and Climate Change (WIMOVAC) (10) for miscanthus.
WIMOVAC is a generic crop growth model. In WIMOVAC the main driver of biomass
growth is the calculation of leaf-level photosynthesis based on the coupled CO2 uptake-stomatal
conductance model of (11). Canopy-level photosynthesis is aggregated by dynamically
calculating the extinction of light in the profile of the canopy, the distribution of light into sunlit
and shaded leaves (12) and by summing up leaf-level assimilation by the contribution of leaf
area by the entire canopy. The assimilated carbon is then partitioned according to a thermal time
calendar and fixed carbon allocation coefficients into the main plant components (i.e. leaf, stem,
rhizome and root). The leaf area index is calculated using a specific leaf area (m2 leaf per kg of
leaf) multiplied by the accumulated leaf biomass.
By applying C4 photosynthesis parameters reported in the literature and dry biomass
partitioning coefficients estimated from field data from a single site, (9) were able to reproduce
yield and leaf area data for a number of sites across Europe.
While the abovementioned models have been shown to perform well within each model’s
own assumptions and limits, they are all standalone models that are not linked to a hydrologic
model. On the other hand, the SWAT crop growth model is embedded within a larger hydrologic
model, enabling the modeling of the surrounding water quality and quantity in response to crop
choices. This crop growth model originated from the Erosion Productivity Impact Calculator
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(EPIC) model by (13) and is based on equation (1) with additional algorithms for estimating the
effects of limited water and nutrients and non-optimal temperature on crop growth.
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Figure S1: Points estimated by SWAT (∆) representing most likely
miscanthus yield for each of the years 1995-2008, and the
corresponding best-fit line () for various nitrogen fertilization rates
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Figure S2: Expected monthly nitrate load at the watershed outlet under various
scenarios of percent land use change to miscanthus (the remainder in corn and
soybean in 1:1 rotation) and an all soybean scenario for years 2001 and 2002,
assuming a nitrogen fertilizer application rate of 90 kg-N/ha for miscanthus

S3

2003/01

3. REFERENCES

1. Monteith, J. L. Climate and efficiency of crop production in Britain. Philosophical
Transactions of the Royal Society of London Series B-Biological Sciences 1977, 281(980), 277294.
2. Beale, C. V.; Long, S. P. Can perennial C4 grasses attain high efficiencies of radiant energy
conversion in cool climates? Plant, Cell and Environment 1995, 18(6), 641-650.
3. Price, L.; Bullard, M.; Lyons, H.; Anthony, S.; Nixon, P. Identifying the yield potential of
Miscanthus x giganteus: an assessment of the spatial and temporal variability of M. x giganteus
biomass productivity across England and Wales. Biomass & Bioenergy 2004, 26(1), 3-13.
4. Clifton-Brown, J. C.; Neilson, B.; Lewandowski, I.; Jones, M. B. The modelled productivity
of Miscanthus x giganteus (GREEF et DEU) in Ireland. Industrial Crops and Products 2000,
12(2), 97-109.
5. Clifton-Brown, J. C.; Stampfl, P. F.; Jones, M. B. Miscanthus biomass production for energy
in Europe and its potential contribution to decreasing fossil fuel carbon emissions. Global
Change Biology 2004, 10(4), 509-518.
6. Heaton, E. A.; Clifton-Brown, J. C.; Voigt, T. B.; Jones, B. J.; Long, S. P. Miscanthus for
renewable energy generation: European Union experience and projections for Illinois. Mitigation
and Adaptation Strategies for Global Change 2004, 9(4), 433-451.
7. Stampfl, P. F.; Clifton-Brown, J. C.; Jones, M. B. European-wide GIS-based modelling system
for quantifying the feedstock from Miscanthus and the potential contribution to renewable
energy targets. Global Change Biology 2007, 13(11), 2283-2295.
8. Hastings, A.; Clifton-Brown, J. C.; Wattenbach, M.; Mitchell, C. P.; Smith, P. The
development of MISCANFOR, a new Miscanthus crop growth model: towards more robust yield
predictions under different climatic and soil conditions. Global Change Biology Bioenergy 2009,
1(2), 157-170.
9. Miguez, F. E.; Zhu, X.; Humphries, S.; Bollero, G. A.; Long, S. P. A semimechanistic model
predicting the growth and production of the bioenergy crop Miscanthus x giganteus: description,
parameterization and validation. Global Change Biology Bioenergy 2009, 1(4), 282-296.
10. Humphries, S.; Long, S. P. WIMOVAC-a software package for modeling the dynamics of
plant leaf and canopy photosynthesis. Computer Applications in the Biosciences 1995, 11(4),
361-371.
11. Collatz, G. J.; Ribas-Carbo, M.; Berry, J. A. Coupled photosynthesis-stomatal conductance
model for leaves of C4 plants. Australian Journal of Plant Physiology 1992, 19(5), 519-538.

S4

12. Forseth, I.; et al. Modeling of solar irradiance, leaf energy budget, and canopy
photosynthesis. In Photosynthesis and Production in a Changing Environment: a Field and
Laboratory Manual; Hall, D. O., Scurlock, J. M. O., Bolhar-Nordenkampf, H. R., Leegood, R. C.
a. L.,S.P., Eds.; Chapman & Hall: London 1993.
13. Sharpley, A. N.; Williams, J. R. EPIC-Erosion Productivity Impact Calculator, 1. model
documentation; U.S. Department of Agriculture, Agricultural Research Service: Washington,
D.C., 1990.

S5

