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Abstract: The Greenhouse effect is considered to be one efnibst influential
factors on climate change today, especially wheeenperature and rainfall
levels/distribution are concerned, making it of siderable importance in the field of
Agronomy.

Crop growth and development simulation models arealaable cognitive tool in
understanding water and nutrient dynamics in daifpsystems.

This paper looks at the direct and indirect eff@gtslimatic changes on average barley
yields. The complex nature of the study rendeheduse of mathematical simulation
models essential, both for predicting future clienabnditions and for the simulation of
crop growth and development.

Of the different simulation models currently emmdyin the agricultural sector, the
DSSAT (Decision Support System for Agrotechnologgrisfer) model was used with
the help of ENEA - Ente Nazionale per le Nuove Tdagie, I'Energia e ’Ambiente
(National Centre for New Technologies, Energy drelEnvironment) in Rome.

Initial research included the calibration and vatidn of the CERES — Barley growth
model with agronomic experimental data taken framaa belonging to the national
network of the Experimental Institute for Cerealt@ation, each from four macro land
areas in ltaly (S. Angelo Lodigiano (MI) for the ftlo of Italy; Jesi (AN) for Central
Italy; Foggia (FG) for the South of Italy; CammarafAG) for the Islands). The
calibrated and validated model was used to simulete yields for 99 years under
increased interannual climate variability condisonThe implementation of adequate
monitoring systems, with advanced data managenmahttee development of models
such as those used in this study, is crucial tdosgmlicy-making and in choosing
methods for effect mitigation.

Furthermore, the application of prediction modelsessential in determining correct
agronomic practices which are profitable, eco-cdibjgand long-lasting.
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1. Introduction

Climate changes can effect crop yields considerdblding to significant economic
and socio-political repercussions worldwide. Onethed main contributing factors to
climate change is the greenhouse effect which saaokanges in temperature in the
atmosphere and in rainfall, both in terms of preeatfn levels and its distribution. The
outlook for the environment is in constant evolat@nd often cause for disagreement
within international scientific circles. It is thiask of research to provide specific
adaptation strategies in response to possible @igtaanges in an attempt to protect soil



fertility and to guarantee adequate agriculturadpiction — both in terms of quantity
and quality, coupled with economic sustainability.

Cereal production is considered to be particulariportant in satisfying world food
demand. Despite genetic improvements and the ugertdizers and pesticides, cereal
production is still closely linked to climate cotidns, due to the fact it is grown in open
fields over vast areas and, in many cases, withoigation. Specific research,
therefore, is needed in order to evaluate the &ffe¢ climate change on cereal
production. This work focuses on possible variaionbarley production as a result of
climate change, based on variations in temperatnderainfall. The study was carried
out in four large areas in Italy which can be cdased representative of the many soil-
climate conditions found in Italy.

2. Agronomic and economic aspects of Barley produon

Barley is a cereal which is growing in importancerldwide. It is the # most
cultivated cereal in the world, following wheatceiand maize. Barley grain is used
both for human consumption and animal feed. itsed in the production of malt and
in the drinks industry for roasting, and the pleah also be used as a fodder crop when
harvested green.

Good genetic variability gives it outstanding addniity to climate and location. Its
ability to thrive in adverse conditions, as showrstudies carried out by a number of
scientists, leads to lower production costs an@éduged use of synthetic pesticides
compared to durum wheat. This is a good indicatibthe crop’s potential, especially
as a sustainable, environmentally friendly crophéligh barley is highly resistant to
drought and high temperatures throughout its whodevth cycle, the level of resistance
varies with the variety.

Studies carried out by various research centresgimout the country have shown that,
of the two-rowed barley types, some varieties shibhigh adaptability to soil-climates
conditions with medium-high production levels ambd grain quality.

World barley production estimates for 2008 (ISTAshHow production at 153 million
tonnes, up 15% on figures for 2007. Europe, wih2T nations, is the largest world
producer (Fig. 1) of barley at 66 million tonne8%4 of the world’s total). In Italy,
overall production in 2008 was 1,240,000 tonnesttiNdtaly produces 45% of the
country’s total, confirmation that the areas of lmardy and Emilia Romagna are
highly suited to barley production (Fig. 2).

Figure 1 - World barley production (%)

Russia

Ukraine
14%

Year 2008
8%

Australia
4%

Canada

iy EU-27 Source: Data processing Toepfer,

43% International, USDA, Canada, ABARE

USA
3%

Other
21%



Figure 2 - Barley production in Europe and Italy (%)
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2. Simulation of barley production in 4 selected rtal areas of Italy

The following papers aims to examine the direct emlirect effects of climate change

on average barley yields. The two-rowed cultiBarakawas favoured as it is widely

cultivated and produces good quality yields thraughltaly and a good deal of

experimental data on this cultivar was available.

The CERES model was used to simulate barley gremwthdevelopment coupled with

climate change scenarios taken from the regionahaté model (RegCM) MM4

developed by NCAR (National Center for AtmosphdRiesearch, Boulder, Colorado,

USA). This methodological approach has been useal series of studies on climate

change impactMearns, 1992; Rosenzweig et Parry, 1994; Mavrareitiones, 1998;

Minguez et Iglesias, 2001), and was approved bylR@&C (Intergovernmental Panel

Climate Change) in its 1996 report.

The first stage of the study involved the caliatand validation of the CERES model

using experimental agronomic data (base-line) takem areas belonging to the

national network of the Experimental Institute @ereal Cultivation, each from the four

macro land areas in Italy — S. Angelo Lodigiano Y the North of Italy; Jesi (AN)

for Central Italy; Foggia (FG) for the South oflftaCammarata (AG) for the Islands.

The barley cultivaBarakawas used in the study and agronomic data fronvanieus

stations was collected using the reference per@d@92001.

The minimum data set (MDS) included:

- weather data: daily weather variables including imaxn and minimum
temperatures, precipitation, sunlight and atmosph&®, levels etc.;

- soil data: data on the chemical and physical comiposof the soil (Table 1), soll
water content, nitrogen and carbon, colour, albetio;

- crop data: data on the characteristics of the syan@eld, phenological phases, etc.;

- management data: technical information on managenerhniques, such as
sowing, irrigation, fertilizers, tillage, rotation.

The calibrated and validated model was used touatalthe effects of climate change



on barley yields and to analyse the interannuahidity of productions.

With the help of statistical methodology, rainfalias estimated using a two-state
Markov chain of first-order which takes into coreigtion stochastic dependency on the
dry and wet series of days.

The precipitation on the rainy days was generatiéid agamma distribution function:

-1,
t0=x"e"P 1S T@)x=0

o = shape parameter;

3 = scale parameter;

I'(a) = gamma function garding parameter.

The meanu of distribution isaf and the variance? is a2

The minimum and maximum temperatures and sunlightewsimulated using a
multivariate first-order autoregressive model. Thgures obtained reproduce the
observed data series fairly closely.
The simulations were carried out on 99 years takitg consideration the soil type and
cultivation techniques found at the stations ursiiedy.
In order to analyse vulnerability to climatic vdmigy for each station, 5 weather sets of
100 years were generated.
The 5 weather sets were generated with a constaah rfor the observed data (Base)
and by varying the temperature data (T) and theipitation (P) by a factor of %2 and 2,
considering C@concentrations of 330 ppm.
The resulting sets were:
« Base (constant mean of observed data and constaabiity of observed data)
P % (constant mean of observed data, variabilitheftemperature equal to that
observed and variability of precipitation halved);
* P2 (constant mean of observed data, variability eftdmperature equal to that
observed and variability of precipitation doubled);
« T % (constant mean of observed data, variabilittheftemperature halved and
variability of precipitation equal to that obseryed
e T2 (constant mean of observed data, variability eftdémperature doubled and
variability of precipitation equal to that obseryed
For each of the areas studied, a sensitivity argalyas carried out, thereby obtaining 5
weather scenarios (Base, P2, P2, T2).
The “physical” meaning of the scenarios consistendiffering probability, compared
to the observed data, of the occurrence of temyerand rainfall extremes, and in the
increased variability of the same size scenarigsimimng on a daily basis.
By reducing the variability, the probability of egime events falls appreciably and the
climate generated in this way is more uniform auae.
Alternatively, by doubling the variability observesktreme values are more likely to be
obtained, further removed from the mean, due to,eoample, unexpected frosts,
drought or heavy rainfall — all of which effectriang yields considerably.
The analysis is shown graphically in figure 3 aablé 2 shows the statistical results
obtained by simulating various climate scenariod #reir effects on yields for the
cultivar Barakan the 4 study areas.



Table 1 — Physical-chemical characteristics of saied study areas

S. Angelo

Analisi del terreno Lodigiano Jesl Foggia Cammarata

M) (AN) (AG)
Altitudine (m) 70 42 0 460
Giacitura piano piano piano lieve pendenza
Sabbia (%) 52,3 18 25,1 36
Limo (%) 38 46 21,5 29
Argilla (%) 9,7 36 53,4 35
Calcare totale (%) 0 28,7 2,5 24
Sostanza organica (%o) 0,91 1,97 1,65 0,17
Azoto totale (%o) 1,72 1,13 0,13 0,9
Fosforo assimilabile (ppm) 82,7 31 51 6,1
Potassio assimilabile (ppt 95,7 238 715 78,3
pH 7,6 7,2 7,4 7,3

Figure 3 - Effects of climate change in the seleciestudy areas
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Table 2 - Yield Statistics (t/ha) for the 5 weathescenarios

Area:NORTH Station:S. Angelo Lodigiano (M) Area:CENTRAL  Station:Jesi (AN
Weather Scenario Weather Scenario
Base T1/2 T2 P1/2 P2 Base T1/2 T2 P1/2 P2
average 6,89 7,09 6,73 6,47 7,37 average 6,94 7,11 6,66 6,3303 7
min 3,49 3,94 3,32 411 3,99 min 391 3,68 4,28 454 3,37
max 9,70 10,18 9,92 852 10,98 max 8,53 8,84 8,45 7,98 8,81
St. dv. 1,36 1,23 1,11 0,98 1,32 St. dv. 0,89 1,21 1,05 0,77 ,92 0
Cv% 19,7 17,4 16,5 15,1 17,9 Cv% 12,8 17,0 15,8 12,2 13,1
Area: SOUTH Station:Foggic Area:SICILY Station:Cammarata (AG)
Weather Scenario Weather Scenario
Base T1/2 T2 P1/2 P2 Base T1/2 T2 P1/2 P2
average 6,14 6,35 6,15 5,64 6,41 average 4,71 4,88 4,61 41125 5
min 4,37 413 4,33 4,44 3,86 min 3,63 3,28 3,44 3,56 3,23
max 7,53 7,75 7,69 6,79 7,83 max 5,70 5,76 5,58 5,08 6,31
St. dv. 0,87 0,75 0,94 0,88 0,96 St. dv. 0,97 1,03 0,69 0,74 ,85 0
Cv% 14,2 11,8 15,3 15,6 15,0 Cv% 20,6 21,1 15,0 18,0 16,2

Statistical elaboration highlights the absence wy appreciable differences in the
precipitation and temperatures scenarios compartdtetBase.

Only the S. Angelo Lodigiano (MI) station showeditierence in yield (minimum and
maximum) of less than 18% for the various scenageserated with differing
temperature and rainfall conditions.

It would seem that the continental climate in tloetlm, with more concentrated rainfall
events and greater temperature ranges, both atvaaf@ high frequency, has a
considerable effect on yields (high yields in farale weather conditions and reduced
yields in unfavourable conditions).

In the stations in the south, and, in particulaSinily, the gap between the maximum
and minimum vyields is smaller, with the responsdiftering temperature and rainfall
conditions remaining fairly stable.

Maximum barley vyields from the four stations (tal?® ranged from 5-6 t/ha
(Cammarata Station in Sicily) to 10-11 t/ha (S. @logLodigiano Station in the north).
The minimum vyields showed satisfying levels (3#aj/for all the stations and the
weather scenarios studied with limited variations.

Furthermore, the PY% scenario shows one of the lowksdard deviations and
coefficient of variations, which, in terms of pradivity, means the absence of either
particularly negative or particularly productiveays.

2. Conclusions

The study of climate change using the CERES modsl lighlighted its possible
application in the primary sector by carrying ousexies of simulations connected to
probable future climate conditions and the produrctesponse of crops in rural areas of
the country.

The use of the model was initially complex, howewaice the basic process became
clear, its application potential became clear.



Results show that yield variability increases dligkvith a rise in the variability of both
the temperature and rainfall levels. These effaces greatest in the north and they
diminish in the south and island areas.

Analysis of the vulnerability of the cultivar Bamako climate variability highlighted a
greater yield sensitivity to rainfall compared twat of temperatures. A reduction in
precipitation variability by half (P¥2) led to a sderable fall in yield in all the stations
and within the different scenarios. The opposits ¥eand when doubling the values for
the precipitation variable (P2), with the higheslds found in the central-southern
stations.

It is important to continue studies on climate ad®mmpact on agricultural systems,
although these studies are still far from beingisiifically advanced and error-free.
Uncertainties on climate variables which have dacefand their level of ‘activity’ in
determining climatic phenomena, many historicalads¢ts on important parameters
which are incomplete and, above all, difficultypredicting the types and quantity of
interactions between the variables involved, dagsermit a clear interpretation of the
results obtained by this study, as in other studies

However, it is important to highlight the extremsetulness of prediction models,
especially regarding decision-making processeswfoch they can provide a scientific
and economic basis.

We would hope that, in the next few years, calcutluzdels, such as CERES, can
improve simulations on climate change and effentsrops.

In the new European Union Framework Programme ésearch and technological
development, ‘sustainable development and globahgé’ are priority themes for the
future of humankind.

The implementation of adequate monitoring systesiis, advanced data management
and the development of models such as that ustdsistudy, is considered crucial for
policy making in this sector and when decidingteyees for mitigating effects.

Finally, it is important to highlight that simulati models, although a simplification of
the system, are fundamental when outlining futeemarios.

The widespread application of prediction modelstdsbe encouraged given their
numerous advantages when choosing agronomic pgactibich are correct, profitable,
eco-compatible and long-lasting.
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