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The Pasture Simulation Model (PaSim)is a process-based
biogeochemical model for grasslands consisting of sub-
mipdels for plants, animals, micreclim ate, soil biolegy, and
soil physics. It simulates water, carbon and nitrogen cycles
and is wsed to inwestigate the impacts of climate changs
on grasslands’ services in Europe. It is 3 parametar-rich
migdel {~150 parameters), which is difficult te calibrate. In
practice, most of the paramatars are assumed to be foad
and identical for all medal realizations. Other parameters,
which are suitable to be fitted to the experimental data
across & range of conditions, are empirically calibrated,
considering the sensitivity of the moedal to their vaniation.

This stdy documents the calibration of a7 vegetation
and site-specific parameters of PaSim (a5 screenad
and ranked for their sensitivity) at two experimental
Swiss grasslands, one located in & lowland river valley
(Chamaw, 47* 22’ 377 Morth, &% 24 28" East, zga m
a.s.l.), and the other one sitwated on an undulating pre-
glpine plateaw (Frisblel, 47° of” 57~ Morth, 8% 327 267
East, gB= m asl). Bayesian calibration was chosen

because it applies to models of any type and combines
midel parameterization and uncertainty analysis. Prior
paramieter distribution (expression of current imprecise
knowledge about parameter values)is updatad to achiave
a postenior distribution by incorpoerating the information
contained in the measurad data to redeca the uncertainty
in parameters.

The Chamau grassland is intensively managed with six
cuts per year, while the Friebiel grassland is moderately
mianaged with typically one to two cuts per year and
cattle grazing in awtumn. &t both sites, experimantal
mianipulations of rainfallwas carried out, indeding control
plots (ne manipulstion) and treatment plots whers
precipitation was reduced vsing appropriataly sized rain
shefters. The following output vaniables, measured from
zo0f t0 2008, ware used for the Bayesian calibration: leaf
area index (m* m-*), harvested yield (g m™), soil moisture
(m? mY) and soil temperature (K) taken at thres depths
{05 M, o5 M and c.go M) and averaged at day timea
step.
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Frgure 1. Uncertainty analysis for prior and posterior estimates of simulated biomass obtained
at Frikebite] for tha treatment ploete (vertical bare are standard desiaticns)



ESA12, Helsinki, Finland, 20-24 August 2012

Table 1. Prior and posterior distributicas fora leof 13 and the ch in CV values
obtained at Fritebilel (control plot)
Medel parassetcr Prior Postorior S%mCV
Symhal Dsarriptinn Tean CVF  Neam ©V  change
TopA Cennlund fonctional tvpe wich high specific 916 073 059 056 240
leaf wren, high digestibility, short Leai
lifcapax wnd cady rpeoductive growth
Ty=D Ceasalaund Cusstiveal type wikl e g.08 192 052 04 Ti74
apsiific lvalaiea sol high digestibiloy, Josy
TealElepun ol pedivstulae
asgxedective grusi
Tepeel Cuazstand Ouescivmal 1ape with bow specifle ™ 0.0B 194 047 03 002
leal wea, moedium digeskdliiy, long beal
Ufespar and poedhamtodaie repvduiu ve
growdh
b Suil degnhs 187 030 1@ o017 4133
thetarreb Sarurated volunetric roil weater contem 055 030 041 0B -73.30
thetasfc Volumetric fraction of the saturaved soil- 051 031 065 015 217
water coatert for fidd capadty
thetasfown Valumetoic fraction of the saturated soil- 03§ 032 036 o2 -8R
water contert for permanent wiltng oaint
palel Alr-entcy water pecential 216 040 200 033 3030
wihrotoutiis Shoee dry marcter after cuniug 0.14 034 038 024 2450
Lletinit Lehl Qred index Al Sulbiy 0.5) ubd L vy it
astanbupiny Wate voutest of (ie sl Lossalay lays in 0.2 030 023 D13 3593
peing
Qoetasbunbony Wate coutest of Qe sl bussday laya i oaz 030 0.7 o1 3309
a e
staMax Mansmuy speci v leaf ves 258 030 278 0 239

*The sorfflcms of varasion (V) ie the ratie of the mandand deviation 1o che adthmoetio mean. The casgle slae

R

To explore the calibration results, we calculated prior
and postarior means and coefficients of variation (CV) of
the most influential parameters of Pasim. Here, we only
show some illustrative results. At Fruebiel, smaller v
values of most posterior parameter distributions showed
that incorporation of more pracise information reducad
uncertainty on average by ~50% comparad to the prior
probability (Table 2). This improvement is reflected in
the posterior estimates of output variables, which are
closer to observations than using the prior distribution.
For example, at Frueblel (Figure 2), the uncertainty
associated with biomass estimates was reduced to ~30%
of that of prior distribution. The root mean sguare error
of soil moisture was reducad to 50% of its prior value for
Chamau (for control) and to 25% of its prior estimate
for Friebuel (for control and treatment). In general, we
found that model improvement of prior to posterior
distributions was stronger for Friebiel (of ~5036) than for
Chamau. This may depend on differences in spatial site
heterogeneity, management characteristics and climate.

In spite of differences batween sites and treatments,
the Bayesian framework was shown to be effective in
improvingthe parameterizationof PaSimunderconditions
of water strass. With few exceptions (2.g. air-2ntry water
potential in Table 2), we observed an improvement of
model parformance and a reduction of uncertainty in the
input parameters (negative values of CV changes), which
is also reflected in the output variables. As a next step,
we intend to update calibration with additional data until
2021, and axtend the study to calibrate the model over
long-term (= 6 years) observational studies at multiple
European grasslands.
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