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What will be the consequences of climate change on soft wheat in Normandy (France) in 2050-2100 ?
Prospective impact study based on ALADIN-Climate model
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Francois BEAUVAIS?, Olivier CANTAT?, Philippe MADELINE?, Patrick LE GOUEE?, Sophie BRUNEL-MUGUET?3, Mohand MEDJKANE!4 e Vienna | Austria | 3-8 May 2020
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1. Introduction 3. Method : bioclimatic approach
. . . . . . . ) o . . . .
France is the fifth largest producer worldwide of soft wheat. Every year over 35 million tons of wheat are Fig.4 Soft wheat cycle: growth stages (Zadocks scale) Phenology is simulated using the concept of degree days (base 0°C) with an associated 11h photoperiodic
harvested (average 2011-2017, data from France AgriMer) on the territory. Hence, the cereal sector occupies a EET cers. IR St <longatir criterion for the beginning of the stem elongation. The occurrence of climatic hazards is linked to the
key place in the French agricultural economy. Normandy makes a significant contribution to this outcome with 3,6 ¢« & & & 3§ § & & & & i phenological stages of the plant (fig. 4). water deficit (entire cycle), thermal exhaustion (scalding day : 25°C),
e, . . . . . Flowering Ripening . . o _ o o . . . . . . .
However, because of its high dependence on atmospheric conditions, wheat production is vulnerable to climate Meosis - elongation ; Gate, 1995). Fig.5 Evolution of phenoclimatic indicators by 2050 and 2100 in
. . . . . . 44 AR deed. th h d bl h Caen and Evreux for three RCP scenarios
change. Since the mid-1990s, a stagnation of yield has already been observed. According to the agronomists, e 2 2 Indeed, those hazards are able to generate consequences to the A Water defict for a sflwith water capacity 5. Water deficit or asal with water capacity
. . . . . . . . . . it 32 . I I . Id S d . h ff f I- b 350 mm of20|0mm inCaen(ethirecycIe)* 350 mm onOOImm in Evreux(elntirecycle)*
climate change is responsible for that : Water deficit during stem elongation and scalding days during grain filling 2 agricultural yield. Stuaying the efrect of climate on crops by wroa0s. 2omasn | 2o VS S
(Gate, 2009 ; Brisson et al., 2010). [ taking into account phenology (Holzkamper et al., 2013) and its ™™ ’ ’
_interannual variability is more precise than agroclimatic N | j
Fig.1 Location of study areas with their ombrothermal diagram and distribution of Study areas ? indicators for invariant dates (Caubel ot aI., 2015) The eIements mm . mm : |
soft wheat area in used agricultural land - £ L : . . . 130 mm e 0 150 mm S A B
, , , £ T AR e . presented are a selection of the results published in Beauvais et ; 1. worm 2| |
R _— This study illustrates 2 agricultural al 2019 g | + g g ﬁ
e " plains containing open fields in 4. Results i ' ? % é
Nl L R N | e \ - ) C .. : : Dy e o ol 1 rd Bt ot o s
\] TS V] 32:: __,;2%\: EE J’ ine-Maritime f Norma.ndy’ Nf)rth WeSt Of France. PhenOIOgy antlc'patlon : harVESt In early jUIy ? C. Thermal ;caldingdays in Caen (n'l)eiosis-ripening) D. Thermal scalding days in Evreux (meiosis - ripening)
-\J K i 1:::: J--:M A MINIAS OND Zz {r In thIS reglon’ Wheat Ioca”y 351' 1976-2005 ; 2021-2050 ; 2071-2100 35]_ 1976-2005; 2021-2050 ; 2071-2100
L e u auen ) occupies more than 50% of the | In the reference period the physiological maturity of wheat occurs at the end of j j -
\ & 5 § mlk agricultural land (fig.1 ): July, which corresponds to harvests in early August. In the context of a | . | .
\ N 7 Share of soft wheat area in . . . 20] d : : 20 I
\1@ s : Utilsated Agricultural Land pronounced climate change, along with unchanged sowing dates by 2050 and | 5 5 . | [ :
( L %-5% ° l 1 I ] ] 15 ] _ 15|
P MREMEEE. \ RmmRE _ e F:aen plaine which is under th.e 2100, the increase in temperatures would lead to shorten the crop cycle, and g g :
75 M e . B ' ~ 1110%-15%] influence of an oceanic h t dat hift in th lant oh | In th hort t hvsiological °|!
: g poa s %-20%) imat ence to a date shift in the plant phenology. In the short term, physiologica ; 5 5 y |
) S B TR b 75 0% climate. . maturity would show up in mid-July for the three scenarios, which corresponds o ? ? 0 T
AUl = B 120 % - 35 %) (11,2 °C; 740 mm rainfalls; 32 frost days and 23 . _ .
H___ﬁi N 1k 4 zgm: T — :ZE B 155 % - 20 %] hot days on climate normal 1981-2010) to a tWO—WeekS CyC|e redUCt|On. In the |Ong term’ W|th the RCP 4.5 Scenar|0’ 0] E. Numberoflvernalization da\'/s in Caen (tillering) 0, F. Numberof\liernalization dayslin Evreux (tillering)
| r/m =] 319 [1_\ ;g:: - — 2;2# =}ZE:§2:} E | . h | t . maturity WOUId occur at the beginning Of JUIV and at the end Of June for the o 1976-20055 .2021-2050 . 2071-2100 o 1976-20055 2021-2050 2071-2100
~ D e Y L, B TN e | s so * Evreux plaine where climate is - - 5 x :
T T 52::‘&\ o Uif:mo%ofthe , P , s warmest scenario. So in 2100 the wheat harvest could take place at the g g
e S N T slightly more continental. i AR e sy Ay el 4
- Rt () (i) [ studyarees (10,8 °C ; 605 mm rainfalls; 52 frost days and 33 ] Harvest on 02 August 2019 (picture : Beauvais, 2019 g 8 Y- 80j 80j
P S S W— hot days on climate normal 1981-2010) What will be the consequences ? o . i o) x.
Francois BEAUVAIS., 2019 (RPG 2016 data of ASP ; aggregation of agricultural plots in the meshes with Arcmap according to the method of Marie et al, 2014) _ '
Consequently, there would be a shorter overlap between the end of the crop cycle and the summer period, usually | f f - j .
2. Climate context : observation and proiection characterized by heat waves and water stress events which are expected to occur more often. Thus, high temperature | 6. Solar adiation in Cacn | 1. Sotar radiation n Evreux
® ° . . . . . Verm? (begining stem elongation- node 2) 14000 cal/em? (be inlin stem elon aFion- node 2)
proj triggered scalding wouldn’t be observed as much as expected and the cumulated water limitation would be also lower == e / T
1976-2005:  2021-2050 2071-2100 12000 cal/erm? 1976—20055 2021—20505 2071-2100
Fig.2 Evolution of the average annual temperature from 1950 to 2018 based on Caen-Carpiquet (fig.5.A,B,C,D). The impact on grain filling would be no heavier than at present. However, because of this precocity, =< g . SR
Norman lim is fav rabl wh (weather station) data and CNRM-2014 data (ALADIN model) for a historical scenario (past period) . . . . . . . 10000 cal/em? e 10000 calfcm? .
orma .dy C a.te. s favourab e to wheat - and three RCP scenarios (future period) for Caen emerging consequences might be expected regarding deleterious effects of lower temperatures during meiosis (tab.1), and | i s s
. H H . H 5. , . . . 8000 cal/cm E i cal/cm
production. Proximity to the English Channel ; decrease of solar radiation at the onset of stem elongation (fig.5.G,H). Mild winters would also reduce the number of , |
cp Reference period Climate projection o +3,6°C . . . 4. . . . . . 6000 cal fcm? | | 6000 cal/cm?
helps to mitigate severe frosts and summer - | Without climate vernalization days (not providing the required amount of cold days during tillering ; fig.5.E,F). ' 5 | S
H S~ H i L . . R . 4000 cal/cm? I | 4000 cal/cm?
heat waves. However, risk of water deficits in I (RPC‘;]';VS) In the end, given the greater occurrence of these new hazards, the fertility of the ears, and the growth and flowering of the : j |
spring is not excluded, especially where the e« . ' | wheat could be impacted. e | | e
soil is thinner. But climate is changing. The (CE;'E_’ZE::?;E” Y A ~' | | I SAFRAN observation [] RCP26scenario [ RCP8Sscenario W Q@3
t ture has already KNOWN 3 13°C - B B P i b el Tab.1 Evolution of the occurrence of the number of years with at least one [] Historical scenario  [] RCP 4.5 scenario M S
average temperad Ao PN day of low temperature (Tn<= 4°C) during meiosis in Caen and Evreux o . . Beauvais et al,, 2019 (Data : CNRM-2014 and SAFRAN)
or o E e 4 oo : 2 5. Limits and perspectives
+0.8°C increase between the 1951-1980 and 12°C - N SIS N AN A cenario aen vreux
- ' ' I ' 1". ;’ﬁ..‘:‘ \AJ 549 +1,1°C 1976-2005 . . , Fig.6 The spatiale variability of temperature : example
1981.2010 ﬁllmate normal (flz‘i- 2?3. |'i S80S e | a , * )0 i T Y i immediate climate Ry R 03/30 03/30 * The agricultural areas studied are flat and open_fields. Consequently, the 8x8km  north of caen (From 14:27 to 15: 23 the 24 june, 2018)
AR TWAT U g T W i Y li : : : : : T . T - S s
on, S”_m%; (e: tEmper?‘t:;egloz(sl(e)’ ast nlnle _4;;.._ '*'fz; 41 ”{} b o Rep 2 6) SFeiarfes| seanera 05/30 06/30 climate model resolution is apposite. Nevertheless the spatial variability of a0
° - W v T = ' . : LT
years 15 U.o %L above O . > NOTMAL - are 1 gl 74— 2021-2050 temperatures (fig.6) should be considered (example of sea breeze and inac¥)
On the other hand, there is nc:c significant { Simulated at RCP 2.6 scenario UEL 10/ topography effects on a local scale). Experimental temperature measurements e
. . . g°C - ' th . d . £ . . ] . . . zg:i:ig;
trend concerning cumulative rainfall. R RCP 4.5 scenario 06/30 10/30 need to be extended, associated with soil and phenology (in the field and under
RCP 8.5 scenario 08/30 11/30 " : Ay
8°C R L controlled conditions) at several geographical scales. ® 212214
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2071-2100 'i‘ﬁ':d;:;ﬁon &
Francois Beauvais., 2019 (CNRM-2014data) ~  ------------ Annual value Moving average (5 years) RCP 2.6 scenario 09/30 12/30 ::;Z:ng)m R N |
(altittce)
Fig.3 Evolution of scalding days (25°C) in May, June and July by 2100 in Normand . . . RCP 4.5 ' 07/30 12/30 * |Integrate the mechanisms governin lant physiolo and use a crop model to oD S
® g days (25°C) in May yHy maney The intent of this study is to present what would be the chgssce”arf" 09;30 1;30 t'g o vield notential 5 & plaht Physlology P
. . ", . .5 scenario estimate yield potential.
ecrario RCP .5 climatic conditions for soft wheat in 2050 and 2100 and Y P
Without redeema areenhouse g » to compare them with the reference period (1976- , , , , ,
S o L . * Develop a field survey for farmers to estimate their adaptation capacity based on
2005). The climatic data is extracted from ALADIN- their ob y Ny 4 understandi £ climate ch
. . . ) eir observations, perceptions and understanding of climate change.
Climate (data from CNRM-2014 with a spatial resolution /P P 5 5
of 8x8 km) concerning three RCP scenarios of IPCC, .
available On the IlDriaS Les fUturS du C/imat,, WEbSite' ermeasumifield >Pologicalobservations 6. ConCIUSIon
Without any reduction of global greenhouse gas Pt e _ o L
. : 0 A few references : This study demonstrates the use of bioclimatic models to unravel the crop phenology modifications, expected
|d b h 3.6°C
emISSIOnS, temperatu re Cou rlse y aS muc aS + . - Beauvais F., Cantat O., Madeline P., Le Gouée P.,, Brunel-Muguet S., Medjkane M., 2019. Quelles conséquences du changement climatique . . . . . . .
N T 13 ferndlie o Memene o e herlHens 2050 CRATEs 2 B dlisos prespasive & peri du modle AATR- e, @meem, to occur by the end of the century, under the main environmental climatic drivers. Without a global climate
. 4 (flg.Z). The number Of hOt days over May’ June and JUIY mis a jour le : 09/04/2020, URL : http://lodel.irevues.inist.fr/climatologie/index.php?id=1414, https://doi.org/10.4267/climatologie.1414 ; ] ] i ] L ] ] .
¥ would be mul tiolied by four (fig.3). At the same time [Brisson N, Gate P, Gouache D, Charmet G, Oury X, Huard f, 2010, Why are wheat ields stagnating n Europe2 A comprehensive data | poicy, the scale of climate change is substantial. Contrary to the initial hypothesis, the intensity of the feared
: . . : L for coclimati ncators 1o asess crop cimate utabilty according 10 ecoysioogica ecnnica and avaity criers aoricsrwratang. | N1@Zards would be least. On the other hand, unexpected hazards could occur. Faced with these changes, the
snari lat fall d d by -13% i e — e ’
Scenario RCP 2.6 cumuiative rainta wWou ecrease y o IN Sp”ng Forest Meteorology, 207, 94-106. DOI: http://dx.doi.org/10.1016/j.agrformet.2015.02.005 . . . I . .
o . L - Gate P, 1995, Ecophysiologie du blé tendre. De la plante a la culture. Paris, Technique et Doc. Lavoisier, 429 p. agricultural sector can adapt by looking for wheat ideotypes adapted to tomorrow's climate. If varietal
With reducing of green house gas an d -30 A) IN summervr. G iven th e Stagn at I0ON 1IN y| e | d S - Gate P,, 2009. Les raisons du plafonnement des rendements du blé en France. Perspectives Agricoles, 355, 6-12. . . . . . .
emissions - Holzkdamper A., Calanca P, Fuhrer J., 2013. Identifying climatic limitations to grain maize yield potentials using a suitability evaluation Selectlon or the use Of Old Varletles does not a”OW adaptatlon then new Crop rotatlons Wl” have to be
Franois Beauvais, 2017 (CNRM-2014 data) already Obse rVEd, th| SIS alarmin g. approach. Agricultural and Forest Meteorology, 168, 149-159. DOI: https://doi.org/10.1016/j.agrformet.2012.09.004 )
considered. In this case, a similar study will have to be carried out for the crops under consideration.


https://doi.org/10.4267/climatologie.1414
https://doi.org/10.1016/j.fcr.2010.07.012
http://dx.doi.org/10.1016/j.agrformet.2015.02.005
https://doi.org/10.1016/j.agrformet.2012.09.004

