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Impacts of climate change on Mediterranean cropping systems and
evaluation of adaptation strategies

Abstract

Agricultural crop production is one of the key human sectors that might be
significantly affected by changes in climate and rising atmospheric CO;
concentrations, with consequences to global food supply. Some research shown that
hot and dry areas, such as the Mediterranean Basin, would be most affected by
climate change (CC), for the particular weather conditions observed. The negative
impacts on agricultural activities will be caused by high temperatures in summer and
increased water stress, which in these areas already limit the production of different
crops. Several researchers indicate simulation models as tool to explore a wide range
of alternative climate or management scenarios useful to assess the impact of CC on
agriculture and investigate on feasible adaptation strategies. For this study the
Integrated Environmental Policy Climate (EPIC) simulation model was used to assess
the impact of climate change on Mediterranean forage system, linked to dairy cattle
farms and to study the effects of some adaptation strategies. As first step the EPIC
model was calibrated based on experimental data collected in 2009, 2010, 2011 and
2012. The experiment was conducted in a private farm on a total area of 1.5 ha (300
m x 50 m), divided into 16 plots were 4 type of nitrogen fertilization were compared.
The four treatments were: "Mineral", which involves the use of only chemical
fertilizer; "Slurry", where the crop needs were satisfied only with cattle slurry;
"Manure", which provides for the satisfaction of crop demand exclusively through
the distribution of cow manure and "Mineral + slurry”, which is the fertilization
technique established by the Nitrates Directive for the NVZ (170 kg ha™ of nitrogen
from manure + satisfying the needs of the crop residue with mineral fertilizer). After
the calibration the EPIC model was used to perform several simulations using
different synthetic climate scenarios (present climate and future climate) and, for the
future scenario two different atmospheric CO, concentration (380 ppm and 407 ppm).
In this way we were able to assess the impact of CC on crop production, on water
demand and phenology, moreover the effect of an adaptation strategy such as the use

of different variety was simulated. The simulated CC affect the crops productions
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modifying average yields and yields distribution. Moreover, also the
evapotraspiration and the number of day with water stress were affected by the CC.
The simulated adaptation strategy leads to a reduction in the number of days with

water stress and in the water consumption.

Keywords: EPIC model, maize, Italian ryegrass, vulnerability, dairy farm system

1. Introduction

Agricultural crop production is one of the key human sectors that might be
significantly affected by changes in climate and rising atmospheric CO
concentrations, with consequences to global food supply (Rosenzweig and Hillel,
1998). The studies published by the Intergovernmental Panel on Climate Change
(IPCC) show that the increase in greenhouse gases, first of all in CO,, will modify the
global climate, by rising of surface air temperatures, by altering precipitation patterns
and the global hydrologic cycle and by increasing the frequency of extreme weather
events. As shown by Olesen et al. (2011) hot and dry areas, such as the
Mediterranean, would be most affected by climate change (CC), for the particular
weather conditions observed. The negative impacts will be caused by the high
summer temperatures and water stress, which in these areas already limit the
production of different crops.

In the Mediterranean region the agricultural sector uses a large amount of water, in
this regard, as result of studies conducted by Goubanova and Li (2006) and
Rodriguez Diaz et al. (2007) the continuation of the trends of CC will aggravate
water scarcity and increase the need for irrigation in the Mediterranean basin.

In various regions several experimental studies have shown the impacts of CC on
crops. For example temperatures influence yield mainly through the control of the
speed of biomass accumulation and growth duration and the duration of growth (Vu
et al, 1997;. Kimball et al, 2002;. Fuhrer, 2003; Ainsworth and Long, 2005). At the
same time, while the effects of CC on the availability of water can cause a negative
pressure on plant production, an increase in the atmospheric CO, concentration

should act in the opposite direction (Guo et al., 2010; Lovelli et al., 2010). The study
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by Allen. et al. (2011) states that the effect of atmospheric CO, enrichment seems to
be important, especially when soil moisture is a limiting factor.

Extreme weather events lead to variable effects on different aspects of the crop
growth cycle and cropping systems management. Some examples, temperatures
above threshold and low precipitation, leading to heat and drought stress, can
negatively affect crop photosynthesis and transpiration (Wolf et al., 1996; Porter and
Semenov, 2005); while extremely wet conditions can also delay key field operations
such as planting and harvesting.

In his study van der Velde et al. (2012) stresses the need to understand how extreme
events affects the processes and interactions in agricultural production systems in
order to develop appropriate responses under current management and future climate
regimes.

Kriegler et al. (2012) in his study highlights how recently, considering the
heterogeneity and uncertainty of local climate changes, some studies have moved
towards the analysis of the vulnerabilities of systems.

IPCC (2012) defined vulnerability as “the propensity or predisposition to be

3

compromised”. The term refers to the ability of adaptation defined as “in human
systems, the process of adaptation to actual or expected climate change and its
effects, in order to moderate harm or exploit beneficial opportunities”.

Diffenbaugh and Field (2013) indicate in their study three different types of
information for the assessment of possible future changes in ecologically critical
climate conditions. First is an understanding of the aspects of climate change that
drive biological response. Second is a comparison between present and future climate
change with examples from the past, including the scope and speed of change. Third
is a picture of the context in which the current climate change is underway, and the
consequences of this context, in the structuring of constraints and opportunities. The
authors reveal how the rate and magnitude of climate change, will be mainly
determined by human decisions, innovations and economic developments that will
determine the path of greenhouse gas emissions.

There may be considerable differences among its several cultivation systems and
farms in terms of adaptation to the effects of CC according to farm specialization, as
stated by Olesen and Bindi (2002). The authors identify the options for adaptation

(autonomous or planned adaptation strategies) that can be explored to minimize the
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negative impacts of climate change and to take advantage of positive impacts.
Changes in plant species, breeding drought-resistant varieties (Araus et al., 2008;
Campos et al., 2004), adaptations of sowing dates and fertilization intensity (Torriani
et al,, 2007b; Lehmann et al., 2011), irrigation (Rosenzweig and Parry, 1994),
drainage, land allocation and production system seems to be the most appropriate.
Remember how the adoption of these options, however, is necessary to consider the
multifunctional role of agriculture and to find a balance between the economic
variable, environmental and economic issues in different European regions.

The study conducted by Lehmann et al., (2013) for modeling solutions at field scale,
indicates how models of crop growth based on processes such as stand-alone
instruments have been widely used in studies of CC impact in agriculture (Eitzinger
et al., 2003; Finger et al, 2011;. Guerena et al, 2001;. Haskett et al, 1997;. Jones and
Thornton, 2003. Torriani et al, 2007a, 2007b), with obvious advantages.

As confirmed by Bellocchi et al., (2006) who writes that crop models will be able to
simulate crop growth in climate scenarios that exceed the range of current conditions,
and indicate the models as a tool to explore a wide range of alternative climate or
management scenarios. Different models of crop growth at the same time contribute
to the understanding of various aspects of crop management.

For this study the Integrated Environmental Policy Climate (EPIC) simulation model,
extensively evaluated in different environmental conditions (Williams et al., 1989;
Rosenberg et al., 1992; Brown and Rosenberg, 1999), was chosen. EPIC has been
successfully implemented to assess the impact of CC on agro-ecosystems at national
(Brown and Rosenberg, 1999; Priya and Shibasaki, 2001), regional (e.g., Easterling
et al., 1993; Dhakhwa et al., 1997; Niu et al., 2009; Chavas et al., 2009) and global
(Tan and Shibasaki, 2003; Liu et al., 2007; Tingem and Rivington, 2009) scales. In
Southern Italy, the EPIC model has been used to investigate the long-term
consequences of climate change coupling the model to future climate scenarios
(Tubiello et al., 2000; Rinaldi et al., 2009).

This study aims to assess the impact of climate change on Mediterranean forage
system, linked to dairy cattle farms. The acquisition of local data for the calibration
of the model will allow the analysis of the expected impact of climate change on the
agricultural system of the studied district. Another objective is to identify the actions

to adapt to climate change that can be adopted in the system of interest.
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2. Materials and methods

2.1.Study area
The study area was located in a Nitrate Vulnerable Zone in the dairy district of
Arborea, Italy (39°47° N 8°33” E, 3 m a.s.l.), the field experiment was conducted in a
private farm. This area is very homogenous in terms of climate, soil, and agricultural
practices. In this largest plain the main cropping system is a double cropping silage
maize - Italian ryegrass rotation. The mean annual temperature and precipitation are
approximately 17 °C and 567 mm. The soil is classified as Psammentic Palexeralfs
(USDA, 2006). In the top 20 cm, soils had sandy texture (94% sand), bulk density of
1.5 g cm™, organic carbon content of 1.4%, C/N ratio of 10 and pH of 6.3. Olsen P
was 70 mg kg™ and hence more than optimal for crop growth. According to the
estimates with the SPAW Hydrology model (Saxton and Rawls, 2006) the soil water
content corresponding to 0, -33 and -1500 kPa were 47%, 8% and 4% respectively.
The average field capacity measured in the field was as high as 20% vol.,
corresponding to an estimated matric potential of about -23 kPa (De Sanctis et al.,

2011).

2.2.The EPIC model

The EPIC model was developed by the USDA to assess how agricultural activities
affect the status of US soil and water resources (Jones et al., 1991; Williams et al.,
1984; Williams, 1990). The EPIC model (v.0810) simulates the impact of detailed
farm management decisions on crop production and soil physicochemical
characteristics in homogeneous areas of up to 100 hectares (Williams, 1995), runs on
a daily time step, and can be used for long-term simulations. Its main components are
crop growth and tillage management, yield and competition, weather simulation,
hydrological, nutrient and carbon cycling, soil temperature and moisture, soil erosion,
and plant environment control.

The model offers options for simulating yields with different PET equations, which
allow reasonable model applications in very distinct natural areas.

In the EPIC model potential growth is calculated daily from radiation interception
and radiation-use efficiency. Radiation interception is defined by a preset curve of

leaf area index (LAI) evolution as a function of the fraction of the cycle and an
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extinction coefficient for photo-synthetically active radiation (PAR). Potential
biomass is adjusted to actual biomass through daily stress. Various stresses caused by
extreme temperature, soil moisture deficiency or inadequate aeration, and insufficient
plant nutrients (N and P), in the soil affect the LAI progression and senescence.
Radiation-use efficiency is a function of the vapor pressure deficit (Stockle and
Kiniry, 1990; Kemanian et al., 2004). Crop yields are calculated as a ratio of
economic yield over total actual above-ground biomass at maturity as defined by
harvest index. Besides meteorological and soil variables, main growth-defining
factors are potential heat units (PHU) for maturity, the biomass-energy conversion
factor and the harvest index (Wang et al., 2005). Yield losses due to nutrient stress
are mainly controlled by nutrient supplies through crop management. Water stress is
effectively controlled through soil water balance, which is especially sensitive to the
chosen PET method (Roloff et al., 1998), and supplementary irrigation.

In this study the EPIC model was used to simulate crop production in current and
near future climate scenarios. The production conditions in the future climate
scenario were simulated based on synthetic climatic scenario obtained from the daily

weather generator WXGEN (v.3020 stand-alone) (Wallis and Griffiths, 1995).

2.3.Experimental data and model calibration
The calibration of the model was performed on experimental data collected in the
years 2009-2010-2011-2012. The experiment was conducted on a total area of 1.5 ha
(300 m x 50 m), divided into 16 plots of (12.5 m x 60 m each) and 4 nitrogen
fertilization treatments were considered.
The treatments were:
1) "Mineral", which involves the use of only chemical fertilizer distributed before-
sowing and after-sowing;
2) "Slurry", which provides that the crop needs have to be entirely satisfied with
cattle slurry;
3) "Manure", which provides for the satisfaction of the crop demand exclusively
through the distribution of cow manure;
4) "Mineral + slurry", which is the mode of fertilization established by the Nitrates
Directive for the NVZ (170 kg ha™ of nitrogen from manure + satisfying the needs of

the crop residue with mineral fertilizer).
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Table 1 shows for each crop and year the amount of nitrogen applied and irrigation
volumes made by sprinklers (range 5 mm h™') and with a frequency of about 5 days.
The corn was sown in early June and harvested in mid-September, while the ryegrass

is sown in mid-October and harvested in mid-May.

Table 1: N Input from organic and mineral fertilizes and irrigation volumes of corn and Italian ryegrass
from 2009-2012

FERTILIZATION IRRIGATION
LM LQ LT M

Corn Kg N ha’ mm

2009 316 280 426 316 459.2

2010 296 253 409 316 440.7

2011 500 903 301 316 485
Ryegrass Kg N ha mm
2009-10 120 93 187 130 31.7
2010-11 335 526 162 130 80.7
2011-12 232 332 104 130 112.9

Due to the high variability of nitrogen content of the organic fertilizers (measured by
chemical analysis available only after the fertilizers application), the actual amount of

N applied varied between years and between crops.

2.4.Weather data
The weather dataset was represented by a continuous series of daily observations
from 1959 to 2012 recorded at the Santa Lucia weather station (Zeddiani, OR, 39° 56'
N, 8° 41" E, 15 m a.s.l.) of the Department of Agriculture, University of Sassari,
about 20 km from Arborea and included rainfall minimum and maximum air
temperatures. The Penman-Monteith equation (1965) was used to estimate the

potential evapotranspiration (PET) as described in Williams (1995).

2.5.So0il data
Initial soil conditions were measured in 2009 prior to the installation of the
experiment. Soil profiles were fully described and all relevant physical and chemical
parameters was determined. The following minimum dataset was used for all plots:
slope, minimum and maximum depth to groundwater, hydrological group (derived

from internal drainage characteristics), years of past cultivation and the fraction of
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biomass in the soil organic matter pool. For each layers of the soil profile at least the
following properties were specified: depth to bottom of the horizon, bulk density,
sand, silt and coarse fragments content, pH and organic carbon. All other unknown
soil parameters were left blank, which means that they were calculated by the model

through pedotransfer functions where necessary.

2.6.Crop management
Cropping systems describing the actual operations in the field trial were created to
represent crop management in the simulation. All the operations on the field were
chronologically inputted: the date and type of operation, the machine used and, in the
case of application of fertilizer or irrigation water, type and amount of fertilizer or the
type and volume of irrigation. The forage cropping system was represented by a
double crop cycle of an autumn-winter herbage (Italian ryegrass haycrop) following a

spring-summer herbage (corn).

2.7.Data collection and processing

The observed crop, management and weather data were collected for the growing
periods 2009/2010, 2010/2011 and 2011/2012. The collected data included sowing
and harvest dates, the plant density (plants m™), leaf area index (LAI), aboveground
biomass, forage yield, and farming operation dates which tillage, application of
irrigation, fertilizer and pesticides.

The corn was sown by pneumatic seed drill in 6 files, burying the seed to 4.0 cm;
distances adopted: 0.75 m between rows and 0.19 - 0.21 m in the row. The ryegrass
was sown by seed in rows, the rows spacing was of 0.12 m, sowing depth 1.0 cm.
The sowing dates (Corn: June 9, 2009, June 10, 2010, June 4, 2011; Italian ryegrass:
8 October 2009, 21 October 2010, 13 October 2011) were representative of farmer's
practice in the region. During the trial, density of plants at 50 days after sowing for
ryegrass and about 15 days after sowing for corn was detected by counting the plants
of 10 linear meters in 3 sample areas per plot. Planting density was on average 6.8
plants per m” for maize and 300 plants per m* for ryegrass.

Each year, at phenological stages BBCH 19 (leaf development, nine or more leaves

visible) and BBCH 67 (flowering) LAI and plant height of corn were measured,
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while at phenological stages BBCH 29 (tillering) and BBCH 49 (maximum leaf
mass, reached) the LAI of ryegrass was measured.

The LAI was measured by two methods, a destructive direct method and a deductive
one. For the destructive method leaf area of each leaf was measured by using a
planimeter. The deductive method was based on the measurement of the radiation
transmitted through the canopy. This is based on the law of Beer-Lambert and
assumes that the radiation intercepted by a canopy depends on the incident radiation,
the structure of the canopy and its optical properties (Jonckheere et al., 2004). Optical
instrument used is the ceptometer Decagon AccuPAR (Decagon Devices, Pullman,
WA, USA), hand-held probe that calculates LAI using radiation measurements
carried out above and below the canopy.

Every year, at the ripening stage (BBCH 85) of corn the forage yield was measured.
For each plot, the above-ground biomass was loaded on trolleys; to determine the
final weight of the shredded cut, the carts were weighed by means of a system of
scales placed under the wheels of the carriages. To determine the production of
ryegrass, hay was carried out in a sample pre-mowing, the aboveground biomass was
harvested by two replicates measuring 0.5 m* per plot and weighed. The final weight

of hay was obtained after drying in oven at 60 °C for 72 h.

2.8.Parameter used for calibration
The potential heat units (PHU) was calculated from the daily mean temperature as
temperature accumulated from seeding to maturity minus the base temperature of the
crops. The value is 1800 °C for corn and varies between 2300-2700 °C for ryegrass.
The maximum crop height was set at 3.10 m and 1 m for maize and ryegrass
respectively. LAI dynamics are driving the photosynthetic activity and depend on
crop development. DMLA is the potential leaf area index that corresponds to LAI at
anthesis. It was taken at 6.25 for corn and 4.50 for ryegrass. DLAP1 and DLAP2
describes the shape of the LAI development curve. They are affected by the heat unit
accumulation that controls the growth of the plant from emergence to maturity. For
corn DLAP1 was set to 10.15 and 10.05 for ryegrass. The rate of photosynthesis
depends not only on the fractional light interception or the maximum quantum yield

of a single sheet but the rate of canopy photosynthesis. Therefore, the adapted plant
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population LAI rate the PPLP, relates the LAI with the density of plants, and for corn
was set to 6.90 and 40.71 for ryegrass.

The model calibration was made on the basis of:

* real weather data of the study areas;

* soils dataset location of trial sites;

* dataset cropping system: experimental data;

2.9.Climatic scenarios simulation
The climate change scenarios were downscaled and calibrated for selected Italian
regions assessed within the AGROSCENARI Project.
The downscaling approach, based on the Regional Atmospheric Modelling System
(RAMS), has been applied to compute numerical future scenarios for the whole
European continent and the Mediterranean Basin in particular. The non — hydrostatic
numerical model RAMS is forced by the ECHAM 5.4 atmospheric global model,
managed by the Centro Euro Mediterraneo per i Cambiamenti Climatici (CMCC), for
the A1B emission scenario in the framework of CIRCE EU-Project. Two 10-years-
long time series were computed representing a contemporary climate period 2000 —
2010 and a future one 2020 — 2030.
In second phase, using the climate generator fed with the ten-year series provided by
the RAMS, two sets of 150 years referred to as Present Climate (CP) and Future
Climate (CF) were created.
The simulations for the evaluation of the impacts have been set to build a probability
distribution of its output. Considering two climate datasets, consisting of 150 years
each, the following three scenarios were created:
» CP_380: present scenario with constant CO, concentration of 380 ppm;
* CF_380: future scenario with constant CO, concentration of 380 ppm;
* CF_407: future scenario with constant CO, concentration of 407 ppm.
The selection of output obtained was focused on:
» yield (biomass harvesting);
* water consumption (for irrigated crops, kept in non-limiting water conditions);

* crop stress (water, nitrogen and heat).
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The potential production in absence of water stress constitutes a reference for the
calculation of the gap compared with the production in real conditions and then

evaluate the impact of drought in relative terms.

2.10.Model evaluation

Graphical presentations and statistical measurements were used to evaluate model
performance. Regression analysis was performed with the MS EXCEL software
program. The means of measured yield were regressed against simulated values to
test if slopes and intercepts of linear regression were significantly different from 1.0
and 0.0, respectively.

In addition to graphical comparisons, there are several statistical indices to compare
predicted and observed values. The model results were evaluated using the

parameters specified in table 2. The t test was used to compare the means of two

groups.
Table 2: Statistical indices; (E= simulated values; M= observed values).
B — M|
Mean absolute error MAE = z L ]
(Schaeffer, 1980) o n
Relative root mean squared \/ 2?:1(Ei — M;)?
error n
MSE = — x 100
(Jorgensen et al., 1986) RR M
n . —M)2 —=Y%n . — M.)?
Modeling efficiency EF = i=1(M; — M) i=1 (E; — M)
(Greenwood et al., 1985) i1 (M; — M)2
n L — M2
Coefficient of residual mass cD = i=1(E; Ap
(Loague and Green, 1991) i (M; — M)
n . —yn .
Coefficient of determination CRM = 221 M; = 2ict B
(Loague and Green, 1991) =1 M;
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3. Results

3.1.Calibration
In EPIC LAI development is simulated based on the number of cumulative degree
days, while the biomass accumulation depends on reduction factors that take into
account possible stresses as a lack of nutrients, water or negative environmental
conditions. In the calibration process DLMA, DLAP1 and DLAP2, were used as
parameters to control the LAI development from emergence to maturity.
For the calibration process, mainly the “slurry + mineral”’Mineral + slurry”
treatment, the closer to the management usually adopted in the studied area, was
used.
The maximum values observed in Leaf Area Index were compared with those
simulated by the EPIC model. The comparison between the observed and simulated
data of LAI for corn shown a slight underestimation of the values simulated by the
model. However, the values supplied by the model fall within the range of variability

of the observed values (figure 1).

— LAl 2009

AL 2010
——LAl2011

/ # Average 2009

2 /// B Average 2010
/// @ Average 2011

Y 4

1/6 8/6 15/6 22/629/6 6/7 13/720/7 27/7 3/8 10/817/8 24/831/8 7/9 14/921/928/9

(48]

0

Figure 1: Measured (dots, means+ S.D.) and simulated (lines) LAI for corn.
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Figure 2 shows the comparison between the trend of the simulated LAI value for
ryegrass and the averages values observed in the three years of experiment. In this

case the model has not been able to satisfactorily simulate the LAI development of

the crop.
7
6
——LAI2009/10
5
——LAI2010/11
4
- — A1 2011/12
3
i / B Average2009/10
2 = . 2
e 1 ¥ Average2010/11
1 il Average2011/12
1-Oct 1-Hov 1-Dec 1-Jan 1-Feh 1-Mar 1-Apr 1-May

Figure 2: Measured (dots, means= S.D.) and simulated (lines) LAI of ryegrass.
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The yield values obtained from the simulations were compared with the values

measured in the field and then subjected to statistical analysis. This procedure was

based on the analysis of the differences between the observed and simulated values,

and the analysis of the correlation between observed and simulated values.

Figure 3 shows the relation between the outputs of the EPIC model for each of the

management systems and measured annual average yields. For the four treatments,

the calibration of corn showed simulated yields next to the averages observed

productions. Relatively to the treatments with the only organic fertilization, simulated

yields have a higher variability as to observed yield values, in fact largely due to the

variability observed in the organic fertilizers used.
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Figure 3: Measured annual average yields and outputs of the EPIC model for each of the

management systems and measured.
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Figure 5 and table 2 shown that the values of the four statistical indices considered
(RRMSE, EF, MAE, CD) were close to their optimal values (respectively 0, 0, 1 and
1). The coefficients of the regression line (intercept: 3.37; slope: 0.87 and R*: 0.51)
between observed and simulated data, were close enough to the values that indicate

the perfect match between observed and simulated data.
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Figure 4: Observed annual corn silage yield (t ha” DM) vs corn silage yield (t ha™ DM) simulated
by EPIC.

Table 2: Statistical indices to assess simulation efficiency after the calibration.

Parameter MAE RRMSE EF CRM CDh

Min 0.00 0.00 -inf. -inf. 0.00

Max +inf. +inf. 1.00 +inf. +inf.

Best 0.00 0.00 1.00 0.00 1.00

Calculated value 1.19 6.82 0.18 -0.02 0.64
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Regarding the ryegrass, figure 4 shows the comparison between the simulated and

observed yields of hay. The calibration for this crop was more complex due to the

large variability of observed yields. This variability is due also to non-controllable

factors such as the highly variable organic fertilizers characteristics and their non-

homogeneous field distribution, as well as the presence of the groundwater table in

winter.
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Figure 5: Measured annual average yields and outputs of the EPIC model for each of the

management systems and measured.
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Indices in table 3 confirm the difficulty encountered in the calibration process for
ryegrass, indeed RRMSE, EF, MAE, CD were not close to their optimal values. The
same result was obtained by the regression analysis (figure 6) where the value of the
coefficients of the regression line (intercept: 4.42; slope: 0.30 and R*: 0.21), between
observed and simulated data confirm the inaccurately yield simulation considering all

the treatments.
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Figue 6: Observed annual forage yield vs yield simulated by EPIC.

Table 3: Statistical indices to assess simulation efficiency after the calibration.

Parameter MAE RRMSE EF CRM CD

Min 0.00 0.00 -inf. -inf. 0.00
Max +inf. +inf. 1.00 +inf. +inf.
Best 0.00 0.00 1.00 0.00 1.00
Calculated value 1.33 35.47 -0.07 -0.17 1.50

To assess the reason of the lack of precision in the yield simulation for ryegrass, the
statistical analysis for single treatments were carried out. The statistical analysis of
the results for each treatment shown different results with R* values that goes from
0.05 for the “slurry” treatment to 0.99 for “mineral + slurry” treatment.

The difficulty in the calibration process for the ryegrass can be partially ascribed to
the high variability observed in the measured data within year and within treatments.
The worst results were obtained for the “slurry” treatment where the model highly

overestimate the actual productions (figure: 7.1V and table: 4.IV). Better results were
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obtained for the “manure” and “mineral” treatments where for manure a good R’
value of 0.85 was obtained thanks to the ability of the model to reproduce the trend of
the productions during the experiment despite its systematically overestimation of the
ryegrass yields (figure 7.III and table: 4.II1); while for the mineral treatment the R*
values was of 0.41. This result was influenced by the high variability observed in the
measured yield of different plots in the first and third years (figure: 7.1 and table: 7.I).
The better result was obtained for the “slurry + mineral” treatment that was used as
main driver for the calibration process (R 0.99; slope: 0.90; intercept: 0.66) (figure:
7.11 and table: 4.1I).
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Figure 7: Observed annual forage yield vs yield simulated by EPIC. I) “mineral” treatment, II)

“mineral + slurry” treatment, III) “manure” treatment, IV) “slurry” treatment.
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Table 4: Statistical indices to assess simulation efficiency after the calibration. I) “mineral”
treatment, II) “mineral + slurry” treatment, III) “manure” treatment, I'V) “slurry” treatment.

I Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00
Max +inf. +inf. 1.00 +inf. +inf.
Best 0.00 0.00 1.00 0.00 1.00

Calculated value 0.91 17.50 -2.58 0.13 0.21

II Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00

Max +inf. +inf. 1.00 +inf. +inf.

Best 0.00 0.00 1.00 0.00 1.00

Calculated value 0.13 2.26 0.99 -0.01 1.23

111 Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00

Max +inf. +inf. 1.00 +inf. +inf.

Best 0.00 0.00 1.00 0.00 1.00

Calculated value 2.05 61.06 -4.09 -0.60 0.16

v Parameter MAE  RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00

Max +inf. +inf. 1.00 +inf. +inf.

Best 0.00 0.00 1.00 0.00 1.00

Calculated value 2.24 67.42 -3.90 -0.56 0.23
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3.2.Climatic scenarios simulation results

The result of the calibration activity allowed, with a reasonable accuracy, the
application of the EPIC model for a simulations exercise in this climatic scenarios.
The simulations performed with synthetic present and future climate scenarios,
allowed the evaluation of the possible response of the studied system to a change in
the climate condition.

Figure 8 shows the frequency distribution of the yields of ryegrass related to
“mineral+slurry” treatment, which showed for the future climates (CF 380 and

CF _407) a reduction of variability.
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Figure. 8: Frequency distribution of the yields of Italian ryegrass related to treatment
mineral+slurry for the 3 selected climate scenario.

Table 5: Mean Italian ryegrass hay production (t ha” DM) as influenced by the tested climate
scenarios.

CP_YLDF vs CF_380 YLDF | CF_380 YLDF vs CF_407 YLDF

Average 591 A 5.88 A 5.88 A 595 A
S.D. 1.05 0.73 0.73 0.76
C.v. 17.74% 12.43% 12.43% 12.79%

Means followed by a different letter are significantly different at P < 0.05 according to t-test.

Laura Mula

Adaptation strategies of Mediterranean cropping systems to climate change
Tesi di dottorato in: Produttivita delle piante coltivate, XXVI ciclo - Universita degli Studi di Sassari

24



With regard to the frequency distribution of corn yields (figure 9) shows a very
similar trend in all the synthetic scenarios, the displacements of the curve are due to
the different average production; which results to be statistically different for a of

0.05 for the three different scenarios (table 6).
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Figure 9: Frequency distribution of corn yields related to treatment mineral+slurry for 3
selected climate scenario.

Table 6: Mean silage corn yield (t ha™ DM) as influenced by the tested climate scenarios.

CP_YLDF vs CF 380 YLDF |CF 380 YLDF CF 407 YLDF

Average 2290 A 2342 B 2342 A 23.76 B
S.D. 0.69 0.73 0.73 0.73
C.V. 3.03% 3.10% 3.10% 3.07%

Means followed by a different letter are significantly different at P < 0.05 according to t-test.
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The simulation of treatment “Mineral” for ryegrass (figure 10) showed a frequency
distribution of yields with higher frequencies in correspondence of the higher average
yields for the two future scenarios compared to the present climate, that also presents
a greater variability.

The average yield of the three scenarios do not differ statistically for a 0.05 (table 7).
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Figure 10: Frequency distribution of the yields of Italian ryegrass related to treatment mineral
for 3 selected climate scenario.

Table 7: Mean Italian ryegrass hay production (t ha’ DM) as influenced by the tested climate
scenarios.

CP_YLDF vs CF_380 YLDF | CF_380 YLDF vs CF_407_YLDF

Average 593 A 594 A 594 A 6.01 A
S.D. 1.11 0.76 0.76 0.77
C.V. 18.78% 12.76% 12.76% 12.77%

Means followed by a different letter are significantly different at P < 0.05 according to t-test.
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The yields of corn silage in future climate, for treatment “Mineral”, were on average
higher than those in the present climate due to its higher frequency of low
productions. The yields of the three scenarios differ statistically for a 0.05 (figure 11,
table 8).
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Figure 11: Frequency distribution of the yields of corn related to treatment mineral for 3
selected climate scenario.

Table 8: Mean corn silage yield (t ha™ DM) as influenced by the tested climate scenarios.

CP_YLDF vs CF_380 YLDF | CF_380 YLDF vs CF_407_YLDF

Average 2149 A 21.78 B 21.78 A 22.08 B
S.D. 76.26 0.77 0.77 0.82
C.V. 3.20% 3.53% 3.53% 3.71%

Means followed by a different letter are significantly different at P < 0.05 according to t-test.
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In the simulations of the “Manure” treatment, the frequency distribution of the yields
of hay ryegrass shows for the two future scenarios an average production lower than
in present climate (figure 12). The productions of all the scenarios does not

statistically differ for o 0.05 (table 9).
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Figure 12: Frequency distribution of the yields of Italian ryegrass related to treatment manure
for 3 selected climate scenario.

Table 9: Mean Italian ryegrass hay production (t ha’ DM) as influenced by the tested climate
scenarios.

CP_YLDF vs CF 380 YLDF | CF 380 YLDF vs CF 407 YLDF

Average 3.61 A 330 B 3.30 A 3.34 A
S.D. 0.70 0.65 0.65 0.67
C.V. 19.29% 19.70% 19.70% 20.19%

Means followed by a different letter are significantly different at P < 0.05 according to t-test.
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For corn with “Manure” treatment, the frequency distribution of yields for the three
climate scenarios shown an extremely high variability with high frequency of yields
higher than the average values and at the same time a high percentage of yield lower
than the average values. The yields relative to the CP and CF 380 are not statistically
different, while CF_407 differ statistically for a 0.05 (figure 13, table 10).
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Figure 13: Frequency distribution of corn yields related to treatment manure for 3 selected
climate scenario.

Tabella 10: Mean silage corn yield (t ha™ DM) as influenced by the tested climate scenarios.

CP_YLDF vs CF 380 YLDF | CF 380 YLDF vs CF 407 YLDF

Average 16.04 A 16.46 A 16.46 A 17.87 B
S.D. 4.21 4.31 4.31 4.18
C.V. 26.26% 26.20% 26.20% 23.38%

Means followed by a different letter are significantly different at P < 0.05 according to t-test..
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The ryegrass “Slurry” treatment, shows a frequency distribution of yields almost
identical for the CF 380 and CF 407 and compared with the CP, less variability;
yields for CP statistically differ from CF 380 and CF 407 for a 0.05, while yields
obtained with future scenarios do not statistically differ for a 0.05 (figure 14, table
11).
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Figure 14: Frequency distribution of the yields of Italian ryegrass related to treatment slurry for
3 selected climate scenario.

Table 11: Mean Italian ryegrass hay production (t ha™ DM) as influenced by the tested climate
scenarios.

CP_YLDF vs CF 380 YLDF |CF 380 YLDF vs CF 407 YLDF

Average 585 A 6.08 B 6.08 A 6.18 A
S.D. 0.78 0.59 0.59 0.62
C.V. 13.29% 9.64% 9.64% 10.08%

Means followed by a different letter are significantly different at P < 0.05 according to t-test.
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In the simulation of corn for the “Slurry” treatment, the frequency distribution shows

that in future climates high yields may occur more frequently. Yields between present

and future climate statistically differ for a 0.05, while among CF 380 and CF 407

there are no statistically significant differences for a 0.05 (figure 15, table 12).
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Figure 15: Frequency distribution of the yields of corn related to treatment slurry for 3 selected

climate scenario.

Table 12: Mean silage corn yield (t ha” DM) as influenced by the tested climate scenarios.

CP YLDF vs CF 380 YLDF  |CF 380 YLDF vs CF 407 YLDF

Average 20.28 A 20.68 B 20.68 A
S.D. 1.14 0.95 0.95
C.V. 5.61% 4.60% 4.60%

20.84 A
0.98
4.73%

Means followed by a different letter are significantly different at P < 0.05 according to t-test.
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By simulations carried out with the same crop management observed during the trial
we obtained relevant information on the potential impacts of the tested climate
scenarios .

Considering that the crop yield for annual crops is estimated by EPIC using the
harvest index concept, which is adjusted throughout the growing season according to
growth constraints, and that the physiological responses to water stress is considered
with direct impact on harvest index and canopy growth several simulations with
different managements were carried out.

In the studied area the plants water requirement is satisfy by the sum of precipitation
and irrigation, and by the groundwater table uptake. To quantify the contribution of
the groundwater table a simulation without water table was carried out. The result
was a reduction of yield in all the climates tested. Regarding the ryegrass yield
reductions for the CP was 30%, 26% in CF_380 while in CF_407 the reduction was
25%. The yields were also lower for corn: 43% in the CP, 47% in CF_380 and 46%
in CF_407.

The average number of days of water stress for ryegrass with the CP scenario and
with the groundwater table was 9 (SD 4), while without the groundwater table it
increase to 35 (SD 14) days of stress. Moreover, the growing season
evapotranspiration (GSET) decreases by 26%. In the CF 380 scenario with water
table the average number of days of water stress for ryegrass was 11 (SD 4), while in
absence of groundwater table, the days of stress rise to 42 (SD 15), and the GSET
degrease of 31%. In the CF_407 scenario with groundwater table the average number
of days of water stress were 10 (SD 4), and in the absence of ground water the days
of stress were 41 (SD 15) and GSET by 30%. For corn, the CP scenario with the
groundwater table has on average 3 (SD 0.8) days of water stress, while in absence of
groundwater table has on average 42 (SD 4) days of stress and GSET decreases by
45%. In the CF 380 scenario with the water table the days of water stress were on
average 4 (SD 0.7), while without the groundwater table, the days of stress were 46
(SD 4) and GSET degrease of 49%. In the CF_407 scenario with the water table the
days of stress were 4 (SD 0.7), and in absence of the water table were 46 (SD 4), the
GSET decrease by 49%.
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Table 13: Variation in number of days of water stress (WS), growing season evapotranspiration
(GSET, mm) for ryegrass with the different climate scenarios.

CP CF_380 CF _407
With Without With Without With Without
water t. water t. water t. water t. water t. water t.
WS 944 35+14 1144 42+15 1144 41415
GSET 379453 280437 412+50 286+37 408+49 285437

Table 14: Variation in number of days of water stress (WS), growing season evapotranspiration
(GSET, mm) for corn with the different climate scenarios.

CP CF_380 CF_407
With  Without ~ With  Without ~ With  Without
water t. water t. water t. water t. water t. water t.
WS 3+1 4244 4+1 46+4 4+1 464
GSET 691+34 378+20 744435 377+18 733435 377+18

Conducing simulation without the groundwater table and eliminating the water stress
using the automatic irrigation option in EPIC we were able to quantify the irrigation
volumes required to ensure the observed yields and, at the same time, the
contribution of the water provided by the water table.

For ryegrass with the CP scenario and with the water table the simulated average
annual irrigation water applied was 223 mm. In simulations carried out without the
water table the irrigation water applied increased by 56%. The same comparison were
performed for simulation based on the future scenarios and rise of the irrigation water
applied was higher compared with the CP scenario: 113% and 114% for CF 380 and
CF 407 respectively.

The same analysis were performed also for corn. With CP scenario and without water
table irrigation volume was higher than with water table (122%). In future scenarios
and without water table the irrigation volume increased by 126% for CF_380 and by
127% for CF_407 scenario (figure 15, figure 16).
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Figure 16: Irrigation water automatically applied by the EPIC model for Italian ryegrass in
simulations with and without groundwater table.
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Figure 17: Irrigation water automatically applied by the EPIC model for corn in simulations
with and without groundwater table
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To assess the impacts of CC on the studied cropping system a simulation derived by
the “business as usual” situation were performed. The simulation was characterized
by automatic irrigation and fertilization to eliminate water and nitrogen stress,
absence of the groundwater table, fixed sowing and harvesting dates based on the
dates observed during the three years trial.

Comparing the different climate scenarios, the outputs of the simulation shows an
increase of the ryegrass yield of 10% and 14% for CF_380 and CF_ 407 respectively.
At the same time the irrigation volumes in the future scenarios increase by 9% in
CF 380 and by 8% in CF_407. The same results were obtained for corn where the
average yield in the future scenarios increase of 2% in CF 380 and of 3% for
CF _407. Again, the irrigation volumes in future scenarios where higher compared
with the present scenario (10% for CF_380 and 9% for CF_407).

In order to assess the impacts of the CC on the phenology we checked the heat units
accumulated by the crops during their growing seasons (HU). With fixed planting
and harvesting dates, the HU accumulated at harvest by the ryegrass in the future
scenario were lower by 11% compared to the present scenario, while for maize the
HU increase by 10%.

In a second step the same simulation was performed using variable dates for planting
and harvest operation. The dates were estimated by the model according to the heat
units of the year for sowing operation and to the heat units accumulated by the crop
for the harvest operation. HUI-based crop management is also found to be a
satisfactory substitute of field-observations (Niu et al., 2009).

Thanks to this simulation we were able to assess the variation of the length of the
growing season comparing the results obtained with CP against CF scenarios. The
outputs shows that with the future scenarios the growing season was 8 days longer for
the ryegrass, while the corn cycle decreases of 9 days. Then, the effect on yields of
the modification of growing season was observed and the results for fixed and
variable dates within climate scenario were compared. For CP the ryegrass yield
increased by 14% from fixed to variable dates, while for CF the yields increase by
5% and 6% with 380 and 407 ppm of CO, respectively. For corn the yields with
variable harvest dates were 3% lower in the CP scenario, and 12% lower in the

CF 380 and CF_407 scenarios. At the same time for the CP scenario the irrigation
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volumes for ryegrass increased by 17% from fixed to variable harvest dates, and were
14% and 13% higher in CF_380 and CF_407 scenarios.

Comparing the yields obtained by the simulations with variable sowing and harvest
dates for CP and CF scenarios emerged that the ryegrass yield in the CF_380 scenario
increased by 35% and the water consumption increased by 49%, while for corn the
yield was reduced by 8% and water consumption increased by 1%.

To simulate the adoption of different varieties as adaptation strategy, the number of
heat units required by the crops to reach the physiologic maturity (PHU) was
modified.

Adopting the adaptation strategy for ryegrass we obtain a slight yield reduction (from
+35% to +29%) and at the same time a reduction of water consumption that goes
from +49% without adaptation strategy to +40% modifying the ryegrass PHU. For
corn yields decreased only by 2% compared with the -8% obtained without
adaptation strategy, with an increase of the irrigation volumes by 6%. The ryegrass
yields variation can be ascribed to the reduction of the numbers of days of
temperature stress which goes from 33 to 26, and at the same time an increased
number of days of water stress (from 15 to 18). Corn does not show a large reduction
of days of temperature stress, which become 3 starting from 4, while the days of

water stress increases from 1 to 2 in spite of the increased irrigation volume applied.
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Figure 18: Variation in the number of days of water stress, temperature stress and yield in
Italian ryegrass with the modified value of PHU as adaptation strategy.
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Figure 19: Variation in the number of days of water stress, temperature stress and yield in corn
with the modified value of PHU as adaptation strategy.

4. Discussion
This research has presented a modeling approach for the analysis of vulnerability to
climate change of a corn-ryegrass forage system in Mediterranean area.
In Mediterranean countries, cereal crops are limited by water availability, thermal
stress and the short duration of grain filling period, and the irrigation management is
important for crop production due to the high evapotranspiration and limited rainfall.
The simulations carried out based of the conditions observed during the trial provide
irrigation volumes of 462 + 22 mm for corn and 75 + 41 mm for ryegrass.
The study carried out by Giola et al., (2012) in the same studied area report irrigation
volumes of 600 mm for maize, and simulated yield of 22.9 t ha™', and is in line with
the yields simulated by EPIC in the “business as usual” “mineral+slurry” treatment.
Simulations without groundwater table, caused poor crop growth and low yields.
According to Barron et al. (2003), short periods of water stress that occur during
critical water sensitive development stages of crop have significant effect on crop

growth and yields. In agreement with Ficklin et al., (2010) it was assumed that to
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maintain peak crop production, growers would irrigate so that the crop was rarely
under water stress. Since groundwater recharge is a direct result of irrigation water
use during growing months, the assumption that the plant will achieve maximum
growth due to unlimited water from water table may distort the results.

Without groundwater, irrigation volumes differ on average of 393 mm for corn and
127 mm for ryegrass, without water stress in the CP scenario.

Although irrigation may be beneficial in mitigating the impacts of drought on yield,
increased water uptake may have negative impacts that may include increased
groundwater depletion, increased water supply costs and lower water availability for
other uses. Careful policy will ensuring a minimal impact on water resources. The
economic benefit that is derived from supplemental irrigation in hot summers, or
when droughts occur, should be carefully weighed against environmental impacts

(van der Velde et al., 2010).

4.1.Impacts of CC: automatic irrigation and fertilization, fixed sowing and
harvesting dates

The results showed common trends for both the future scenarios over the present
scenario: increase of maize and ryegrass biomass production, increase of ET and
increase of irrigation volumes.
According to Reidsma et al., (2010), which shows the analysis comparing spatial
yield variability in simulated and actual maize yields showed that higher
temperatures tend to increase actual yields compared to potential yields. Also the
temporal analysis of yield variability indicated that in Mediterranean regions higher
temperatures had a more positive impact on actual yields than on the simulated
potential yields.
In the future scenario with 407 ppm of CO, the productions are higher compared with
the scenario with 380 ppm CO,, as illustrated in the study of Leakey et al., (2009) the
increase in atmospheric concentrations of CO, would drive larger accumulation of
biomass.
About the use of water for crops production, the study of Liu (2013) shows that
climate change will alter the magnitude of this variable and also the final aggregate
water use index in cultivated land. An aggregated irrigation water index (AIWI) is

calculated by dividing the total irrigation water use of the representative crops by the

Laura Mula

Adaptation strategies of Mediterranean cropping systems to climate change
Tesi di dottorato in: Produttivita delle piante coltivate, XXVI ciclo - Universita degli Studi di Sassari

38



AWI value .At the continental level, in the 2030s lower the aggregated consumptive
water use index (AIWI) occurs with a high level of confidence in all continents
except for Europe which has no clear trend of increase or decrease. For Europe, lower
total amount of consumptive water use for the representative crops, occurs in six out
of eight scenarios; one possible reason for the lower AWI could be that higher CO,
concentration reduces crop stomatal closure thus decreases actual crop ET by

reducing plant traspiration.

5. Conclusions

The work has involved the study of two different forage systems and the impact of
climate change on them through the use of the simulation model EPIC.

The model calibration gave satisfactory results, as demonstrated by statistical indices
used even if some problems were encountered in the calibration for ryegrass where
the model has not been able to simulate the observed low production simulating, on
the contrary, a high biomass production due to an excessive mineralization of stable
organic matter. However, the calibration data acquired from the field experiment
allowed a satisfactory simulation of crops growth, highlighting their sensitivity to
different environmental conditions. The results of the simulations carried out to
assess the impact of climate change show that the climate change could affect the
crops productions modifying average yields and yields distribution, the amount of
water evapotranspirated during the crop cycle and the number of day with water
stress. The simulated adaptation strategy leads to a reduction in the number of days
with water stress and in the water consumption. The projections of the impact and
risk obtained must be interpreted considering the difficulties inherent in the use of a
simulation model in a complex agro-ecosystem with some extreme features such as

the Arborea site.
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An ongoing activity to model Mediterranean natural pastures to assess

the forage production depending on weather conditions

Abstract

Grassland ecosystems cover approximately 40% of the earth’s terrestrial area. In Italy
26.7% of the utilized agricultural area is destined to permanent grassland covering an
area of 3.4 million ha, and Sardinia is the region which registered the largest area
(693,000 ha), and pasture (or grazing) is the main land use for all the areas where the
morphology, climate, vegetation and soil made them unsuitable for intensive
agricultural use. Despite to its important productive role added to an equally
important environmental significance, the natural pasture resource are difficult to
study due to pedo-climatic environmental changes (spatial fragmentariness, and
seasonal and interannual variability) and the close dependence on the type of use. The
Mediterranean climate is characterised by a high variability in annual precipitation
and a high frequency of drought periods and grasslands under this type of climate are
adapted to seasonal drought, but are vulnerable to decreased precipitation since the
soil available water accessible to grasses and herbs is limited. The pasture productive
dynamics is known, however, more knowledge regarding the relationships between
climate and production are required in order to improve the interpretation of the
considerable interannual variability. To this end, the verification or the development
of predictive models should go through a coordinated approach based on specific
research aim to study in detail the multiple sources of environmental variation.
Estimate the available biomass of a pasture is the first step to put in place effective
management decisions such as the allocation of daily grazing, conservation surplus,
extra animal feed and different authors shows how this concept can be used to
describe how much biomass is likely to be available for the animals in the near
future, which in turn involves decisions about daily feed allocations, grazing rotation,
and the use of feed supplements). With the aim to explore the possibility to assess the
impact of climate change on natural pastures in this study the EPIC model was

chosen thanks to its simplified method used to simulate the crop growth.

Keywords: Grassland, biomass production, EPIC model calibration, climate change
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1. Introduction

Grassland ecosystems cover approximately 40% of the earth’s terrestrial area. In
2010 in Italy, the use of agricultural land does not change substantially compared to
ten years ago. A total of 26.7% of the utilized agricultural area is destined to
permanent grassland covering an area of 3.4 million ha. Sardinia is the region which
registered the largest area dedicated (693,000 ha), (ISTAT 2001) and pasture (or
grazing) is the main land use for all the areas where the morphology, climate,
vegetation and soil made them unsuitable for intensive agricultural use (Madrau et
al., 1999). The natural pasture resource which adds to its productive role an important
environmental significance, is difficult to study. Reasons of this difficulty are for
example: extreme sensitivity to pedo-climatic environmental changes (spatial
fragmentariness, and seasonal and interannual variability) and the close dependence
on the type of use.

The Mediterranean climate is characterised by a high variability in annual
precipitation and a high frequency of drought periods (Xoplaki et al., 2004), factor on
which depends the high biodiversity in space and time, which characterizes the
natural ecosystems (Rivoira, 1976).

In this environment, water to support primary productivity and ecosystem respiration
is limiting. Grasslands under this type of climate are adapted to seasonal drought, but
are vulnerable to decreased precipitation since the soil available water accessible to
grasses and herbs is limited (Jongen et al. 2011). The beginning of the growing
season depends on the time of the first rain in late summer and fall, the gradual
decrease of the maximum temperature, followed by rapid growth. Mediterranean
grasslands are therefore active in the fall and early spring, with senescence generally
starting in May, in relation to average temperature and total precipitation. Variation
in the timing and size of the precipitation events, and intervals between precipitation
events, are crucial in determining the effects on crops productivity and especially for
grasslands the sensitivity to climate variability, is mainly related to the variation in
annual precipitation (Flanagan et al, 2002). The results by Jongen et al. (2011)
showed that Mediterranean grasslands, dominated by annual species, are extremely
vulnerable to drought during the growing season. In conditions of long drought,
annual species develop resistances that allow them to prevail over the perennial

drought escape mechanisms.
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The growth curve of the pastures is characterized by a strong productive stagnation in
the months of July, August and September, followed by a recovery in autumn. Over
the 70% of the total average production of 17.2 t ha™ year' DM, growth in the months
of February, March and April (Cavallero et al., 1992).

The pasture productive dynamics is known,. however, more knowledge regarding the
relationships between climate and production are required in order to improve the
interpretation of the considerable interannual variability. To this end, the verification
or the development of predictive models should go through a coordinated approach
based on specific research to study in detail the individual reports between species
and examining, as far as possible, the multiple sources of environmental variation.
Mediterranean grazing systems need to improve their sustainability in a way that fits
with the current requirements of the agricultural market. Sustainability can be
considered a concept that comprises different aspects: (economic) viability, resilience
and adaptability, bearable work conditions, and environmental integrity (Roggero et
al., 1996).

Climatic conditions directly affect agriculture and the water resources needed to
maintain a stable production (Iglesias et al. 2012). It is likely that the stress imposed
by climate change on agriculture and water will enhance existing regional disparities
in rural areas of European countries and elsewhere (IPCC 2007; Olesen and Bindi
2002; Carter 2010).

The increasing demand to develop effective adaptation responses to climate change
involves several areas of research, Howden et al. (2007) recommends enhancing
existing climate risk management, more effective representation of the processes
through which key climate drivers impact on agriculture, evaluating the effectiveness
of adaptation options and assess their adoption rates and how to improve these, and
developing more resilient agricultural systems.

It is only recently that specific features of species-rich grasslands (natural grasslands
or old sown grasslands) have begun to be taken into account in herbage growth
models, most grassland models are tailored for high-value grass species (mono-
specific swards) (Duru et al., 2009).

Jouven et al. (2005) reproduce the dynamics of permanent pastures under various
cutting regimes and Jouven et al. (2006) show a model to perform multiple-year

simulations considering the functional composition of the plant community.
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Duru et al. (2009) demonstrated that validated model enable the simulation of the
dynamics of above-ground biomass for different cutting regimes over a whole
growing season, and herbage accumulation rate over a reproductive growth cycle.
The data needed for simulation were: plant functional groups, basic meteorological
data (daily temperature, radiation, precipitation, potential evapo-transpiration), and
site characteristics (plant nutrient index, soil water capacity).

Estimate the biomass of a pasture is the first step to put in place effective
management decisions such as the allocation of daily grazing, conservation surplus,
extra animal feed. Also the study of Romera et al. (2010) shows how this concept can
be used to describe how much biomass is likely to be available for the animals in the
near future, which in turn involves decisions about daily feed allocations, grazing
rotation, and the use of feed supplements. Romera et al. (2010) have developed a
simple alternative tool to estimate herbaceous mass, in the form of a prototype
program (Pasture Growth Simulation with Smalltalk, PGSUS), the concept appears to
be feasible and sufficiently accurate for the purpose.

The results of Cullen et al. (2008) show that the simulation model can realistically
simulate the rates of accumulation of herbs and seasonal monthly returns of ryegrass
pastures based on both temperate and subtropical environments in a wide range of
soil types and pasture management options. The authors show one of the difficulty in
the comparison between measured and modeled accumulation rates of the herbs, this
comparison does not take into account the sources of variability in the measured data:
difficulties of accurately estimating herbage mass, variability across paddocks caused
by differences in herbage mass associated with grazing and soil variation.

Harrison et al. (2012) in their work have developed a model for simulating sheep
grazing of rainfed dual-purpose wheat (hereinafter, WHTGRAZ) that can reproduce
observed crop dry matter accumulation and LAI after grazing. WHTGRAZ was
designed to simulate crop responses to sheep grazing in rainfed, temperate cropping
environments.

Challinor et al. (2004) identified the need for process-based crop growth models to
capture the impact of climatic variability on crop yields over large areas. One of the
challenges to apply a model for simulating crop growth and development at higher
aggregation levels (e.g. Europe, Therond et al.,, 2011) is to ensure that the model

appropriately addresses the response of crops to the temperature and radiation
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gradients found in such a heterogeneous environment. The model must reproduce the
behaviour of the system under a wide range of conditions, representing the spatial
variability.

A key rule in good modelling practice is that the choice of a model depends on the
question asked (Van Waveren et al., 1999). Based on this assumption the EPIC model
was chosen to simulate the pasture thanks to its simplified method used to simulate
the crop growth. The use of the EPIC model allow to consider the pasture as an
homogeneous canopy even if it consist of several species and plants communities. In
this study the use of the EPIC model to simulate the impact of climate change on
natural pastures was explored. Considering the difficulty encountered by several
researchers, the first approach to the problem was to attempt the calibration of the
EPIC model for the natural pastures in order to make it able to simulate the pastures
growth with the greatest precision possible. After the calibration process the EPIC
model will be used to assess the impact of climate change on natural pastures in

several areas of Sardinia.

2. Materials and methods

2.1.Study area
The studied areas are in Sardinia, located in the Mediterranean basin. The region has
a typical Mediterranean climate, but the location makes the island particularly subject
to high variability in temperature between the sides. The Sardinian climate is
characterized by a dry season and a rainy season, the first runs from May to
September, the second from October to April. However, the dry season can be easily
extended until November or directly start already since April, especially in the more
southern parts of the island. The sites of Bonassai, Pattada and Campeda were used in

this study (table 1).

Table 1: General information on the experimental fields.

Bonassai Pattada Campeda
Latitude 40°40° 40°33° 40°20°
Longitude 8°21° 8°08’ 8°47°
Elevation 80 m 600 m 650 m
Land use and Pasture Natural pasture Natural pasture
research period (1983-88) (1983-88) (1984-88)
Soil Clay loam Sandy loam Sandy loam
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Figure 1: Monthly average maximum and minimum (temperature) and rainfall distribution for
the three sites: A) Bonassai; B) Pattada; C) Campeda.
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2.2.The EPIC model
The Environmental Policy Integrated Climate Model (EPIC, formerly known as the
Erosion Productivity Impact Calculator) was developed in America by Williams et al.
(1984). The EPIC model is one of the predominant crop models that are frequently
adopted for integrated analysis (Izaurralde et al., 2003) and adaptation researches
(Easterling et al., 2003). The major components in EPIC are weather simulation,
hydrology, erosion-sedimentation, nutrient cycling, pesticide fate, plant growth, soil
temperature, tillage, economics, and plant environment control. EPIC uses a single
model for simulating all crops, although of course, each crop has unique values for
the model parameters. The crop growth model uses light-use efficiency in calculating
photosynthetic production of biomass. The potential biomass is adjusted daily for
stress from the following factors: water, temperature, nutrients, aeration and
radiation. Atmospheric CO, concentrations influence photosynthesis through the
light-use efficiency term and water use efficiency through the stomatal conductance
term in the Penman Monteith model. Inputs for EPIC include information on soil data
(bulk density, water-holding capacity, wilting point) and management (fertilization,
tillage, planting, harvesting, irrigation). The weather variables necessary for driving
the EPIC model are daily values of precipitation, minimum and maximum air

temperature, solar radiation, wind speed and relative humidity.

2.3.Model calibration and evaluation

The model calibration was performed with the experimental data available at the
Section of Agronomy, Crop Science and Genetics of the Department of Agricultural
Sciences. The experiment was conducted in three sites from 1983 to 1988, using the
experimental model known as "scheme Corral" (Corral and Fenlon, 1978) for the
construction of growth curves of pastures, subject to repeated uses every 28 days.

For each experimental site the following information were collected: physical and
chemical parameters, soil organic matter content and bulk density; main
meteorological data on daily time step such as maximum and minimum temperature,
precipitation. Data on wind speed, relative humidity and solar radiation were
generated using the weather generator WXgen (v.3020 stand-alone) (Wallis and
Griffiths, 1995). Specific cropping systems files with all the information regarding

Laura Mula

Adaptation strategies of Mediterranean cropping systems to climate change
Tesi di dottorato in: Produttivita delle piante coltivate, XXVI ciclo - Universita degli Studi di Sassari

54



the management of the trials were created reporting the date of fertilization, type and
quantities distributed, dates of mowing.

The model has default values that have been precalibrated in different environments,
parameters of forage crop both annual and poly-annual, including the pastures. A list
of the modified parameters for the pasture used in this experiment is presented in
table 2. The thermal time (PHU) was calculated from the daily temperature as
accumulated temperature during the growing season minus the crop base
temperature. Then, due to annual temperature fluctuation and cropping duration, the
value varied from 1900°C to 2200°C.

Graphical presentations and statistical measurements were used for evaluation of the
model. In graphic representations, the simulated (y) and measured (x) values of crop
biomass yield were compared. Linear regression was obtained from scatter diagrams
and expressed by Eq.(1).

y=ox +p

were o and f are slope and intercept of the linear regression between observed (x) and
predicted values (y).

The model results also were evaluated using the parameters specified in table 2. The t

test was used to compare the means of two groups.

Table 2: Statistical indices; (E= simulated values; M= observed values).

Mean absolute error

n
|E; — M;l
MAE = —_—
(Schaeffer, 1980) o n

Relative root mean squared
error

\/Z?=1(Ei — M;)?
_ n

RRMSE = = X 100

(Jorgensen et al., 1986)

M

L (M; — M)? =37 (E; — M;)?

Modeling efficiency EF = —
(Greenwood et al., 1985) ?:1(M i — M)?

n —_ M2
Coefficient of residual mass CcD = Li=1(E; 1\@
(Loague and Green, 1991) ?:1(Mi - M)?

n . —yn .
Coefficient of determination CRM = =2i=1 M; — Yo B
(Loague and Green, 1991) ?:1 M;
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3. Results

3.1.Model calibration
During the calibration process some crop parameters such as maximum crop height,
base temperature, maximum "Leaf Area Index", DLAP1 that regulates the shape of
the curve relative to the LAI, PPLP1 that correlates with the density of the LAI of
plants and PPLP2 that correlates the LAI with the density of plants were modified. A
management file was created for each experimental plot and each cutting operation of
biomass during the trial was included in the operations file.
Figure 2 shows the comparison between measured and simulated data by EPIC. The
resulted in very low R” and high RRMSE when the biomass harvested from the four
plots were considered. For the second plot, when comparing the measured and
simulated yields after this calibration step, the correlation showed a reasonable
coefficient of determination of 0.55 (figure 2, II), but, the simulations tended to
overestimate yield which resulted in predicted yields that were higher than the
measured. A general overestimation by the model was also reflected by the mean

absolute error (MAE) of 0.42 t ha™ (table 4, II).

Table 3: Main changes in crop parameters related to the calibration of the model for the
pasture. Default crop parameters are in bracket.

Variable Explanation Value
Potential heat units is the thermal time (sum of
PHU  heat units above the crop specific base temperature 1900
(C))
LAI max LAI max Crop specific maximum leaf area index
(DLAI) under optimum growth conditions.
The optimum temperature at which the crop will
TOP  grow without being physiologically damaged by 18 (15)
heat.
The minimum (base) temperature at which the crop
TBS  will grow without being physiologically damaged 5 (0)
by cold.
Point in the growing season when the leaf area

5

DLAI index begins to decrease due to leaf senescence. 0.80(0.70)
DLAP1 Defines a point on the LAI development curve 3.01

early in the season (% season, % max LAI). (15.05)
DLAP?2 Point on the LAI development curve when LAl is  60.96

near maximum (% season, % max LAI). (50.95)

. ) . 2200.50

PPLP1 First of two points on population curve. (22.50)
PPLP2 Second of two points on population curve. ?4(1)(;) (;19 )O
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Figure 2: Observed biomass yield (t ha™ DM) vs biomass yield (t ha™ DM) predicted by EPIC.
The roman numbers indicate the individual plots of the experimental model "scheme Corral".
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Table 4: Statistical indices to assess simulation efficiency after the calibration.

I Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00
Max +inf. +inf. 1.00 +inf. +inf.
Best 0.00 0.00 1.00 0.00 1.00
Calculated value 0.55 70.38 0.04 -0.13 0.83
I Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00
Max +inf. +inf. 1.00 +inf. +inf.
Best 0.00 0.00 1.00 0.00 1.00
Calculated value 0.42 45.36 0.49 -0.09 1.17
m Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00
Max +inf. +inf. 1.00 +inf. +inf.
Best 0.00 0.00 1.00 0.00 1.00
Calculated value 0.63 63.10 0.23 -0.24 1.42
v Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00
Max +inf. +inf. 1.00 +inf. +inf.
Best 0.00 0.00 1.00 0.00 1.00
Calculated value 0.90 69.83 0.00 -0.30 1.23
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Figure 3 shows the regression between the measured and observed data of the first

cuts of each plot during all the years of experimentation (1983-1988). On the left,

figure A shows the beginning of vegetative activity after the summer stasis, figure B

(on the right) shows the vegetative growth after the winter stasis. The model is

sensitive to rainfall in autumn, production simulations show an R* of 0.60.
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Figure 3: Regression between measured and simulated yield (t ha™ DM) for the first cutting in

autumn (A) and spring (B).

Table 5: Statistical indices to assess simulation efficiency after the calibration.

A Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00
Max +inf. +inf. 1.00 +inf. +inf.

Best 0.00 0.00 1.00 0.00 1.00

Calculated value 0.35 30.87 0.44 0.16 1.43

B Parameter MAE RRMSE EF CRM CD
Min 0.00 0.00 -inf. -inf. 0.00

Max +inf. +inf. 1.00 +inf. +inf.

Best 0.00 0.00 1.00 0.00 1.00
Calculated value 0.72 62.70 0.50 -0.12 1.67
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The simulated production, have good correlation with precipitation from September
to August. The linear correlation between total DM and precipitation (r=0.90) was

significant (DM = 0.0111*RAIN + 3.49, R*= 0.82, P=0.03) (figure 4).
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Figure 4: Correlations of yield ( t ha'lyear'1 DM) with rain (mm).

4. Discussion
Duru et al, (2009) comparing observed data with the simulated herbage
accumulation rates in spring at 10-day intervals, obtained a good overall fit between
predicted and observed values for herbage accumulation rate over the first growth
cycle, with R* = 0.82 in 2002 and 0.79 in 2004.
The annual average yields shown in this work are in line with the results of Riedo et
al. (1998), obtained in a study carried out in an area of Swiss Central Plateau that
shown simulated annual dry matter yield, expressed as the average of 2 years and two
cutting regimes, 7 and 10% higher than the respective measured values. Whereas, for
the same sites, differences in yield were higher and ranging from 47 to 87% were
obtained for individual growth periods, and the simulations were compared with the
weekly yield data.
Results by Romera et al. (2010) show that during winter, it was possible to predict
herbage mass with enough precision (R*=0.9) even after 28 days since the last

measurement. But the model accuracy needs to be tested further for the other seasons,
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particularly spring, where faster grazing rotation and higher growth rates are

expected.

5. Conclusions

In this study the use of the EPIC model to simulate the growth of natural pasture in
Mediterranean climate is investigated. The EPIC model was chosen due to its simple
mechanism used to simulate the crops growth that allow to consider the natural
pasture as an homogeneous canopy without consider the different species that
constituting the system. As first use of the EPIC model for this purpose, some
difficulty and critical issues emerged during the calibration process.

In order to ride over these difficulty and improve the calibration, part of the future
activity will be based on the use of different dataset related to experiments carried out
in different area of Sardinia using a similar experimental design (Corral scheme) or
simplified observation of the pastures production. These additional data may be used
not only to improve the calibration but also for validation purpose as independent
data. To this day, the results are not entirely satisfactory due to some problems in
simulating the spring growth rate. We aim to solve this problem improving the
calibration with the additional data or, if the calibration will not give good results,
modifying the model equations. In this way the model could be able to simulate
correctly the biomass accumulation after each cut like observed in the trials based on
the Corral scheme. To achieve this goal, we will be able to rely on the collaboration
of researchers of the Blackland Research and Extension Center of the Texas A&M
University in Temple, Texas.

Given the economic and environmental importance of the pastures in the
Mediterranean environment, the availability of a calibrated model for the simulation
of forage production is particularly useful. In such environment, the productions are
characterized by a high variability within year and between years due to the
characteristic climate variability. Consequently, the availability of such a tool would
allow to program a more sustainable management of forage resources by estimating
how much biomass could be available for the animals in the near future, which as
consequence affect the decision about grazing rotation, feed allocation and extra

animal feed distribution.
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