fal I Agran,, 8, 2, 133042

Impacts of Climate Change and Elevated CO, on Sugar Beet Production

in Morthern and Central Italy

M. DONATELLL ', EN. TUBIELLO ', L, PERUCH °, and C, ROSENZWEIG ©

INCT, Bodopmr, fraly

' WASA (IISS and Colwmbia Dlniversing, New York NY, 154

' Agronomica, Grappo Eridaonia, Seerara, faly

Corresporeding Awtbor; M. Desvarelli, ISCT Via i Conticelle 133, #0528 Bologne, falv. Tel: +39 051 a30a845;

Fax: +39 03 374857 E-mail m.adenarelitEizcs i

Recerved: 23 Jowmsary 20602, Accepred: 13 Novesmber 2062

ARSTRACT

Backcrou=n, The yickl potential of sugar beet in
Italy is lower tham in Central [-'J.lrup:. Hemee, the
profitability of the crop is abo hewer, ool o fulore
chamge in climate asociated with global warming
nay pinl @l risk the matkeeal sugar processing induos-
iry. We simulaied production of sugar beci in north-
erm amd eendral ltll:l mmdder cwrrent wl ftwre climsie
scenwrios, the litter derived from the Hadbey Centre
gemeral crculation model (GOM )

Merwons, Two future thme-perdods were considered
For mnealysie, 2040 amd 2090, with stmosphicrie CO,
comcentratioms of 450 ppom and 615 ppm. respectives
lv. Sugar beel production was simulated in modation
with soybean, sunllower, wheal, soybean, cavola il
imadEe, ai sin Dalian sites: Broscha, Padova, Maodea,
Pisa, Osinvie, and Peregia in erder o provide a wide
range of environments in Sorthern=Southern by,
The model CropSyvsi was msed (o compate aboyve wmd
below-groamd  crop  growih and viell, soil waler
mavement, and the effects of elevated COy on plant
'm}mhﬂ'ﬂ il lr]lq;ir:llhm. Simulatins wmwiler
climwte chunge inclsded the possibillity to adapd orop
mamagement o new conditions, by musdilving irriga-
thmn amounis and date of sowing,

Resvprs, Simuolation resulis indicate that sugar beet
pﬂhﬂprlim‘l. wintild nat he sipnificuntly affected ander
the dimpie chunge scensrios considersdl. Dreriguded
swpar beel yichls increased ol mos) sites aader cli-
nale change, compared fo preseat, in the range +2%
to #5% in Ml and 4% e +13% in 209, Rainfed
yichls vuried 4% fo +1 in DN, amd H% fo +9%
im 2IPML A0 maosl sibes inoreased crop-growih rabes on-
der elevated OO, and increased prociphiation reglmies
were aifficient in avercome ihe negative effecis on
crisp vickls linked to higher temipersturne. Aonticipated
sowimp helped oo moindain prodoction. ander climate
cliange al currenl levels, Irvigation increases of +13 1o
+ 3% were necessary o maintain irrigated supar beed
'rn-ll-:'ﬂnl sl present bevels, due tie higher fempern-
fores wnal imcreased evapotrums piration rafes.
Coscrvsiss, Hesalls from this stody Smlicate i

sugar becl producibon in morihern amd central Lialy
mey mal he greatly affected by fotare climate change,
if globod wourming will be charsoterized by inereased
lemperutwre and increwsed precipitation regimes, o
ihe Hadley Cenire soenario wsed herein iodicabed,
Simubations also indicated that, despite the suecess in
muintnining or incressing, yiclls from bascline levels
using wlaplution. todal irrigation use may increase un-
der Tuture climaie change, doe o incrensed evapaorn-
tive demands under glohal warming,

FKev-waords: Cropping Systems, Climate Change, Ele-
vited 0, Adapiation, Sugar Beet,

INTROILCTION

Agricultural crop production might be nega-
tively affected under scenarios of Tuture climalte
change, with potential consequences Lo The glob-
al food supply (Reilly et al., 2000 ), Many siud
ics have indicated that clevated atmospheric
CO, will tend to increase crop growih rates and
harvest yields globally. However, the incrcascs
in temperature and changes in precipitation as-
sociated with global warming may either in-
crease or decrease crop production in the fu-
ture, depending on local conditions {Roscn-
ewelg and Hillel, 1998), For example, warmer
sprng-summer or lemperalures are beneficial
o crop vields a1 northern temperate latimsdes,
where the I|:r|11l|"| ol _EHI'I.'.-'iII_LL seasons currently
limits production, H}' comirast, nereased lem-
peratures tend to depress crop vields at miad-lat-
itudes, due to shortened grain-filling periods, In
Mediterrancan-type environments, where high
summer temperature and water stress already
limit crop prodection, simulations  with  in-
creased lemperatures have shown either nega-
tive (Roseneweig and Tubiello, 19497) or positive
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impacts, the latter due 1o successful avoidance
of drought-stress (Bindi et al., 1999). Simulation
studies of climate change impact on agricultural
production have mostly focused on either single
crop or croppang systems where most of the crops
were fall-sown C3 species and spring-sown C4
species, thus lacking spring-sown C3 species such
as sugar beel. In addition to climate and hio-
physical impacts, it is well recognized that the re-
sponse of agriculiural sysiems to future dimate
change will strongly depend on management
practice, such as the type and levels of water and
nutrient application, and on the ability of farm-
ers 10 adapt 1o a changed climate.

The objective of this work was to study the ef-
fects of climate change and elevated CO, on
sugar beet production in central and northern
Italy. Previous work on the impacts of climate
change in Italy had focused on rotation systems
with wheat, maize, and sunflower in northern
and southern laly, indicating positive effects at
northern sites and negative impacts in the south,
largely as a function of changed water demands
(Tubicllo et al., 20000, That study had used sce-
narics of climate change that project climate un-
der a static doubling of atmospheric OO, levels,
Mew transient general circulation models are cur-
rently available, which compute climate changg
more realistically, through time, as atmospheric
€0, increases. Here we use such new scenarios
to analyse current and future production of sug-
ar beet in northern and central haly, focusing on
rotations with several other crops such as matae,
soyvbean, sunflower, canola, and wheat.

MATERIALS AND METHOIYS

Assessing the impacts of climate change on crop
production involved the creation of climale sce-

narios representative of both current and cli-
mate change conditions This required using ob-
served and weather gencrated-data, as well as
projechions with general circulation models. Chi-
malte data were then input into a crop simula-
tor o assess potential impacts on sugar beet
production (Figure 1).

Climate data and dimate change scenarios
Three climate scenarios were used for input in-
to the crop model: 1) Basefine, 350 ppm CO,,
representing  current  climate  conditions; 1)
“2(4i", 450 ppm CO,, representing mean cli-
mate change for the period 2080-HK49: and 3)
“20007, 660 ppm CO., representing conditions
i 2060-2099, The two time horizon chosen here-
in provided respectively an intermediate and a
fully-realized climate change scenario (see: Reil-
Iy et al., 2001). Each scenario consisted of a 50-
year long meteorological time-series.

The baseling scenario was generated in the fol-
lowing manner. At each study site, we collected
dailv meteorological data of minimum/maxi-
mum air temperature and precipitation  for
available periods. Specifically: Modena (447 40°
N, 10° 55 E: vears 1968-95), Brescia (45° 58°
N, 10° 23" E; years 1989.98), Padova (45° 54" N,
11% 32" E; years 1984-98), Pisa (43° 19" M. 117
21" E; years 1951-91), Osima (43 29" N, 13° 30
E: years 79-98), and Perugia (43 “08° M, 12° 50
E: 1989-98). Because observed solar radiation
data at the simulation sites were available for
shorler periods (-4 years), the model of Do-
natelli and Campbell (1998) was used o est-
mate solar radiation from temperature. Finally,
we emploved the weather generator ClimGen
{Stockle and MNelson, 1999a) to create a S0-year
baseline climate scenario from the observed da-
ta (see Table 1 for climatic data). ClimGen fol-
lows a similar approach to that introduced by

Table I.Tgmmuu-dpudpimhmqimnmMyﬂn&mﬂ“ﬂuﬂmnhnumdhlhhb

linse scvnarino,

Liscation Ciei-Jan Feh-May lun-Sep Anmual

Adr Temp Precip Air Tenmp. Precip Air Temp. Precip. Adr Temp. Precip.

aveg ("C) cuns {mm) avg ["C) cum [(mm}  avg () . i) avg (O} cum {mm)
Brescia .1 154 {FN] 2431 213 2w 125 kS
Paidova 5.1 4 8.7 476 19.7 453 12 L5
Maodena 5.5 213 L0 02 215 23] 123 047
Piza 1z 413 1.3 274 Z1.4 210 144 B
s 9.3 255 10,7 2 2.4 TR 138 ]
Perugia 8.2 ™ kG 26 21.2 230 135

TA5
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Bascline and climate change scenanos were in-
put inte & crop simulator, CropSyst (Stockle and
Melson, 19990, This model computed water and
nitrogen movement through the soil-plant con-
tinuum, crop phenological development, dry
matter accumulation and crop vield, It was
specifically designed for multi-vear, sequential
simulations of cropping systems. The perfor-
mance of CropSyst has been evaluated for di-
verse environments {e.g., Pala ¢t al., 19%9%; Stock-
le et al., 1997), including Northern and Central
Italy wnder both curreni and climate change
conditions { Donatelli et al., 1997 Tubicllo et al.,
H¥H). CropSyst, although not specifically vali-
dated for sugar beel, was successfully calibrat-
ed against sugar heet data eollected m field ex-
periments in Morthern Daly (Bellocch e al.,
2002 Poggioling et al., 2002).

As shown in Table 4, CropSvst cquations caleu-
late daily dry matler accumulation as limited by
either intercepted daily solar radiation or daily
crop iranspiration, depending on vapour pres-
sure deficits (VPD). Biomass computations are
perlormed using coeflicients of radiation-use ef-
ficiency, BLUE (Monteith, 1981}, and transpira-
tion efficiency, K (Tanner and Sinclair, 1983
Stockle et al., 199%4), that explicitly depend on
clevated atmospheric CO, concentration {Sto-
cle, 1992; Tubicllo et al., 2000}, The equations n
Table 4 indicate that in CropSyst, increasing

COy, levels enhance crop photosynthesis while
decreasing canopy transpiration, and that these
effects also depend on WPD. Finally, crop re-
sponse 1o elevated OO, in CropSyst is different
between C3 (wheat. barley, sunflower, and soy-
bean) amd C4  photosynthesis  (maize  and
sorghum) (see Jara and Stockle, 1999, Ar the
two almosphenc OO, levels of 450 ppm and 615
ppm considered in this work. RUE was respec-
tively +12% and +25% higher than present for
€3 crops, and +5% and +10% higher for C4
crops. The corresponding simulated reduction in
transparation efficiency was similar between C3
and C4 crops, and was -17% at 450 ppm and
35% at 615 ppm.

Cropping systems slmulations

Sugar beet production was simulated in differ-
ent rotations with soyvbean, sunflower, wheat,
soybean, canola and maire, depending on the
typical cropping system of each location [Table
5). Buch a cropping svstem approach is neces-
sary 1o realistically simulate through time the
movement of nutrients through the soil and the
patterns of water use, upon which crop produc-
tiviey and farm  viability depend. Also, we
favoured simulating rotations in order o mini-
mize the elfect of soil sickness that would og-
cur in real systems, and which is not accounted
for by CropSyst,

We assumed optimal nitrogen fertilisation for

Tabde 4. Equations for caloulation of bomes production st given C0) concontrations in CropSyst,

Biomass Prodluction

Effective Transpiralion efficiency
OO, dependence of ¢

l!"l:'i: dependence of k

C0), dependence aof T

) dependence of F

K

b = Min (r IPAR, K T}

K=k

r o= Carntin®e,

k = Ciratio*k, /F

= 1O, JA50) | Gratio

F= (b (M+E WE) 58 +y dre ) rl

= Canopy waler-use efficlency
IPAE = Intercepled Photossmthetally-Active Radsation
E, = Crop radiation-use efficiency at reference l'“i']-: conceniralsn (350 ppm)
§ = Crap radiation-use efficiency at specified OO, concentration, [C0,]
k, = Crop water-use glficheney an reference OO0, comeeniralion
k = Crop waleruse efficiency at specified OO, comcentration
T = Urop transparation al specified OC), concemiration
VP = Alr vapour pressune delicil i
Ciratio = Ratio of potential gromih an specified to reference OO, concentration
F Ratie of transpiration ot specified 1o releremoe OO, concentration

~ gEm =
!

Pevchrometric oonstan

Canopy resislance bo walersvapour iransfer ot reference OO, conceniration
Canopy resisiance W walor-vapour iransher at specified f'fﬁl:—mrh:g-m;nui..'un
Avradynanic reskstange 10 waler-vapour bramler

Slope of the saturation vapor pressure functbon of 1emperalure
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Talsle X Hadbev-geweraied cimade chunge scemarios @l six stody siles, Projecied moreases in mean air femperiorne,

Air Temp. E:"_""_J“'l S
g (°C) i) I
(=i H] 115
Perapia (1.1 1m
Piss Y% 150
Mociena (LWl 1hi
Padova [+ 150
Brescia {LES 353
Average kb 34

Fib-May Jup-Sop
}II-'IH_I' ™~ _.i'le.HI- . “-ZI'I-I-I'I ki L
1.0 ER ! 114 4.25
1.0 312 1.21 4.31
1.0%: 325 123 4.40
113 i 1.25 4.58
L1z in 1.27 4.58
1,14 335 128 443
1.0 312X 1.23 4.42

Tabde % Hodley-gemerated cimate change soenarins al sin stoddy sites. Projeched chamges in msan conmladive predipdiation.

Precipitation et -lan Feh-May Juiw-5&p

{mna) K 21D Dkl JENI 2 el
Chsimo 0 ns 41,2 ni 1] =J1 R
Perugia T4.0 s LTl 2.l T4 =155
Pisa 1159 774 56, 66,5 54 155
Modena TR 4.1 MR 4.5 133 =240
Padirva ki 251 159 L3 445 =18.8
Brescaa 4.0 2.7 17.3 19 32 =264
Average 2.3 41.3 £k | LI 6.5 =27.3

Richardson and Wright {1984). Precipitation oc-
currence (wel or dry day), determined by using
a first order Markov chain, is the primarily vari-
phle conditioning the maximum and minimum
temperature.  The  temperature  generation

{"" historical
- metdata -

bl g hnulnl| !

1-*"-] 7 climate ,.
—d | Wu

-

| .

S S u
impacts on cropping systems

Figare 1. A schematic dingram illestrating the methadals-
gy invalved im the generation of baseline amd climate dhange
soeitaibs, datn inpud inde o crop mosdel. and analysis of the
Imspects on smslated oropping systoms,

process is based on serial and cross-correlation
[maximum emperature, minimum emperaiune,
and solar radiation) 3 = 3 matrices whose cocf-
ficients are locally calibrated.

The two climate change scenarios used in this
study corresponded to climate projections of the
Hadley Centre atmosphenic model, available o
us wia the US Natonal Assessment dalasels
(Reilly et al, 2001}, In these projections, run
globally with a resolution of 27 x 257 long = lat,
atmespheric CCY, increased over the period
19HB-2 1000 at a 0.5"% rate, up to T ppm, fol-
lowing a "business as usual™ emission scenario
(IPCC, 1990, As a result, global mean temper-
atures rose, as much as 4 "C by the year 2100,
The two climate change scenarios were gener-
ated by applving 1o the baseline dataset the
changes (delta temperature increase, ratio of
precipitation change, See Tables 2 and 3) spec-
ificd in the Hadley GUM projections { 2050-20449
or 20802009, downscaled 1o each study loca-
tan amd computed in monthly averages (for
mare details, see Tubiello et al., 20001, In this
way, new, Sl-year climate change series were
gencrated from the Baseline, with mean values
corresponding o the GOM-projected changes,
but with the same variability as the current cli-
mate. Atmospheric C0), concentrations were
computed for cach period using the “business
as usual” Is-92a emission scenario (IPCC, 1996),



Tabsle 5. Cropplng systems simalabedd af sis siody sites.

Brescin and Fadova

* maize-soybean-maize-sugarbeen
= maine

Mleslena

* sugar beel-wheal-sovbean-wheal
* mae

Pisa

o sugar becl-wheal-soybean-whent
# sunflower-wheal-canola-wheal

* maize

Cmimo and Perugia

* sugar boct-wiheat-soyhean-wheat
# sunllower-wheat-canada-whent

all crops. Two scis of simulations were run at all
sites for all crops: irmgated and rainfed. Irriga-
tion water was simulated as applied automati-
cally, hased on maximum soil moisture deple-
tion of 50% plant available water in the upper
0.7 m of the soil profile.

Finally, adaptation technigues were simulated at
cach site under the climate change scenarios, 1o
investigate the effects of simple management
solutions largely available to the farmer even
today, The adaptaiion sirategics simulated were
eardier planting of spring crops and modified ir-
rigation regimes. Early planting of spring crops
helps to avoid plant drought and heat stress dur-
ing the hotter and drer summer months pre-
dicted under climate change. Increase in irriga-
tion water amounts, where additional resources
are available, and/or changes in seasonal distri-
bution, alleviate crop water stress under the
wiarmer growing conditions tvpical under cli-
mate change scenarios

Planting of spring-sown crops was anticipated
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by 15 and 30 days with respect to the baseline
case, Irngation amounts were increased as need-
ed and automatically computed with CropSyst,
within the rrigation scheme previously de-
seribed.

RESULTS AND DISCUSSION

Bascline simulations

The locations selected, although not geographi-
cally distant from each other, were character-
ized by remarkably diversified temperature/pre-
cipitation patterns (Table 1), In particular, mean
temperature increased along a north-south gra-
dient, but precipitation patterns were less ho-
mogeneous. The driest sites were Modena and
Ckimo, with a cumulative precipitation of 650
mm. The wettest site was Padova, with 1379 mm,
followed by Pisa.

Under rainfed conditions, we investigated sen-
sitivity of sugar beet yields to low and high sml
waler-holding capacity (LWHC and HWHC). as
sl depih is @ key factor affecting plant waler
avallability {and harvest vield) under low pre-
cipitation, As shown in Table &, for the LWHC
soils simulated harvest vields ranged 5695 t ha';
HWHC soils had higher sugar beet vields. in.
the range T.0-10.8 1 ha', Simulated values and
their regional distribution well reproduced ob-
served data ( Agronomica-Eridania, pers. comm. ).
In Daly, sugar beet yvields diminish following a
north-south gradient. due 10 increasing evapo-
transpiration demands and crop stress. In addi-
tion, most rainfed sugar beel crops are produced
on soils with high water holding capacity, espe-
cially under conditions of low precipitation,

Table b Sugar beet vield (roobs dry weight) sod ceclliclent of variability (V) o six sty siles, Tir the ihree climutic

seenarios, amd for wigh smd bow waier Bolding capadity sdls

Lasczat s Hol Peasa Ming
| ha” (.Y
Brescia HWHL{ LK. 15.5
LWHC 9.3 15.5
Padova HWHI ks 12.3
LWHLC Tn 1.3
Mlrlenin HWHL i lird
LW HL %1 MLT
Pisn FIWHIC B3 10
LWHL 24 | I
Csimus HWHL 1.2 IES
IWHC 5.3 235
Perugia HWHL T 15.1
LWHC A0 214K

2] HENI
t ha' W 1 b [y
13 153 9.0 12.5
13 153 a0, 12.5
TH M9 0.5 134)
TH 100 1.6 21
i 1314 k4 I5.4)
al i i S X4
2 162 LA .4
w5 M7 ful s
LA | 19,3 TZ 1.1
] 250 L | 210
TH 52 TS5 136
il i 54 215
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Accordingly, the larger sugar beet yield gains
between low and high water-holding capacily
were simulated at the sites with lower precipi-
lation 1o evapolranspiration rates, such as Pe-
rugia and Osimo (more than 50% gain). Al the
other sites, characterized by high precipitation
o evapolranspiration rates, soil water holding
capacity became less important in determining
vield.

Fimally, we computed the coefficients of varia-
tion of yield (CV), defined as the ratio of mean
vield over its standard deviation, Under rainfed
conditioms, OV cocfficients give a measure of
farm production risk, Simulated CVs were in
the range 153%-24%,

Simulated irrigated production of sugar beet
wits fairly homogenous across the study sites, in
agreement with reported data (Agronemica-
Eridania, pers. comm.). Unlike rainfed simula-
tioms, simulated irrigated vields, in the range of
1-12 t ha', were 10-15% higher than reported
farm data for sugar beet, and more representa-
tive of production al experimental sites. This s
because the leaf spot pathogen, Cercospora beti-
eofa, and Rizomamia, present in Nalian felds,
but not simulated in CropSysl, are  important
limiting factors to sugar beel production. By
contrast, under ramfed conditions, water siress,
which is simulsted by the model, is alsa a lim-
iting factor Lo production.

Climate change without adaptation

Sugar beet production was simulated at each lo-
cation under climate change scenarios. The cli-
mate scenarios produced by the GOM (see Ta-
bBles 2 and 3) showed a consistent increase in
mean lemperature at all sites, averaging annu-
ally about 1 °C in 2040 and 1.7 °C in 2090, The
projected warming was more intense during the
spring-summer months, averaging across sites as
litthe as 0.9 “C i 2040 {Oct-Jan), and as much
s 4.4 "Cin 2000 (Jun-Scp). Rainfall projections
were rather consistent across sites, indicating an
mmcrease during the autumn-winter months com-
parcd to the summers. Precipitation increases
were more pronounced in 2040, averaging + 100
mim #eross siles in the period Oct-May, but on-
Iy +6.5 mm in the Jun-Sep. In 2000, milder pre-
cipilation increases characterized the Oct-May
period (+T0mm), but a significant decrease was
projected for the summer months (-27.3 mm).
Under rainfed conditions, with the exception of

Brescia and Padova HWHC soils, rainfed sugar
beet vields increased +1% 1o+ 10% in 2040, and
slightly less, +1% 1o +8%, in 2090 (Table &).
These simulated increases were due 10 4 com-
bination of positive CO, effects on crop growth,
and increased precipitation in the period Oct-
May, overcoming negative effects on crop vield
of higher temperatures. Although precipitation
increases were smaller in X090, OO, concentra-
tion was critically higher than in 2040, aver-
coming negative climatic effects. Yield decreas-
es were simulated under HWHC soils at Bres-
cia and Padova. At these two siles, with high
baseline precipitation regimes, high water hold-
ing capacities bullered the positive effects of in-
creased  precipitation on future crop  vields.
Therefore the impacts of higher temperature
and increased evaporative demands during the
summer months became critical compared 1o
the her studv sites. At Brescia and Padova
sugar beet yvields in HWHC soils decressed un-
der bath climate change scenarios, in the range
-H% 10 -4%, and as much as -25% at Padova in
200,

Irmigated sugar beet vields were simulated to in-
crease under chimate change at mosi sites, in the
range +2% 10 +5% in 2040, and -5% o +15%
in 2K (Table 7). There was little interaction
between irrigation and climate scenarios, in the
sense that roughly the same impacts of climate
change on sugar beet vields were computed for
both rainfed and irrigated comditions (Figure 2.
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Climate change with adapiafion

Sl :iug,:nivu effecis simulated under climate
change on sugar beet production were over-
come by early sowing. Anticipation of 15 and 30
davs with respect 1o current practices reduced
water stress by providing drowght avoidance in
hath 2080 amd 2050, Ad the same time, a less-
cring of drought stress as a limiting factor to
crop growth lead to improved crop response o
CO, levels (compared to the non-adapted case).
a0 that under such adaptation future simulated
yields were consistently higher (~100% ) than
bascline production (Figure 3). However, no
risk analysis wis |'||.:r|'|.rm'|t.:|:| with I'I.'FIII]"\ 1o risk
af frost, which himats the ability to anticipate
planting under current climate. In fact, our sim-
ulation results of such adaptation technigues
may be overestimated., as frost damage was not
implemented into the maodel vsed o this work,
Adaptation of irrigation was aulomstic, =0 that
additional water was supplied 1w the crop as
needed, as a funclion of uh;lllgl:\d waler sircss
under climate change. Given the projecied in-
creases in precipitation forecast by the GOM
wsed in this work, modest incresses of apphed
water were required to oplimize Tulure simu-
lated production, in the range +13 10 +24%
across siles and scenarios (data not shown). Fi-
nally, by analyemg simulated impacts on rainfed
amd rrmgated conditions, our simulations indi-
cate that at Padova a shift from rainfed to irri-
gated management might be necessary, provid-
cd additional water is available, w restore ch-
mate change production levels 1o their baseline
vilues,

Limitations aod pnceriaimiies of moedeling study
A number of Lmitations apply to this simula-
tion study, From a climate change perspective,
it should be noted that the scenarios analysed
hercin are only one possible representation of
future climate change over laly, Although pro.
jections of future lemperaiure change are Fair-
|1_.' hl_lmugum.:nu.ﬂ across current GOMs pn:nli-:'-
tons of precipitation change, especially their re-
gional patterns, are much more uncertain. The
Hadley scenario used in this study predicts
rather “wet” climates under global warming, but
other GOMs scenarios have predicted drier fu-
ture climates, In addition, we considered only
changes in mean climate variables, while main-
taining inerannual variability at present values
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Figmre % Goraph sumsmarizing resslis for simmlabed sogar
el prodlwction af six Dalkan lecalgms, shovwing the cMecls
al adsprsiisn of carfly sowing (15 and 4 days with respeet
o eurrent praciice) on harvest vichd under bascline and oi-
maie chamge scenariss,

Larger variability of temperature and precpita-
o N climle seenarios |||ig]|l result i wddi-
tional negative effects of climate change on sim-
ulated crop yvields (e.g.. Meams et al., 1992}, -
nally, an imberent hmitation 1o thas and all cur-
rent climate impact assessments for agniculture
i5 represented by a lck of consistent dymmis
linkages between regiomal chmate change pro-
jections and the specific conditions at the sites
where the crop models are wsed, In shon, pro-
jecting luture climates al specilic sites should in-

Table 7. Sugar beet vield (reots dry welght, @ ha') ander
Irviguted condilions,

Losalum s lane e 2 1] MR}
Brescia 124 2.7 13.1
Facdiova 1.4 1.6 1.8
Mlolenia 1.5 111k 12.1
Pin 114 11.3 LS
Clsims 11.3 11.4% 1.7
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clude a number of soil-plant-atmosphere feed-
backs, These considerations, however, are mast-
Iy relevant as computational scale and coupling
issues, with larger implications for climate mod-
eling and climate prediction than for crop as-
sessment science, To this emd, crop assessment
studics consider the climate scenarios as given
and physically consistent sets, thus simply esti-
mating one-way interactions of climate on plant
production.

From a crop physiology perspective, the reader
should note that the simulated effects of cle-
vated OO}, on crop vield and transpiration, de-
rived from controlled-environment studies, may
be limited in the field by a varicty of co-limil-
ing lactors (nutrients, soil quality, pest and weed
nteractions, discases, ete.) so that our simula-
tion results should be regarded as providing up-
per limits to the actual fcld response to ele-
vated CO, (ep. Tubiello et al., 1999). Most im-
portantly, the model CropSyst did not include a
specilic temperature dependence affecting root
formation in sugar beet. Although the simulat-
ed levels of bascline production were in agree-
ment with reported data, projected vields under
climate change may be overestimated in this
work, due 1o additional potential negative ef-
fects of higher temperatures on roots develop-
menl.

Finallv, no estimate of the effect of diseases such
as leal spot was made,

CONCLUSIONS

Results from this study indicate that sugar beet
production in northern and central Italy may
not be greatly affected by future climate change,
if global warming will be characterized by in-
creased temperature and increased precipitation
regimes, as the Hadley Centre scenario used
herein indicated. In this and other “wel”™ sce-
narios of climate change, increased precipitation
regimes and elevated OO, were enough to coun-
terbalance the negative effects on crop yields
linked to higher temperatures and increased wa-
ter stress, It is possible however that increased
welness under global warming might reduce
crop viekds, through effects that ‘are not vel -
cluded in our crop models {soil saturation,
fAesoding, cte.), as recent work indicates Tubiel-
b et al., 2001, Roseneweig el al., 2002). Also,

mcreased wetness might favour the develop-
ment of eryptogamic diseases, increasing the use
of pesticides.

In agriculture, the impact of management will
continue 10 be fundamental in determining crop
systems response 1o change, Our simulations in-
dicated that simple adaptation strategies, in-
volving carly planting and increased irrigation
application, could successfully overcome small
negative effects of climate change, maintaining
or even increasing production compared 1o pre-
sent.

Finally, our simulations indicated that, despite
the success in maintaining or increasing yields
from baseline levels using adaptation, total irri-
gation use may increase under future climate
change, due to increased evaporative demands

under global warming,
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