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Abstract 

The objective of this paper is t o evalua t e how weather affec t s Italian corn and wheat 

yields and to assess the short-run input adaptation behaviour of farmers using a recently 

pr oposed struc tur al model that incorpor a t es f ertiliz er and pesticide use. In this w ay, we 

are able to distinguish between the ‘dir ec t’ weather effec t s (i.e. the agr onomic impac t s 

of weather changes on plant growth) and the ‘indirect’ effects media t ed through farm- 

ers’ input choices (i.e. adaptation impac t s). We use a large representative panel dataset 

of Italian corn and common wheat producer s co v ering the period from 2008 to 2022 

sour ced fr om the Italian Farm Ac c ount ancy Dat a Network (FADN), ma t ched with da ta on 

t empera tur es and pr ecipita tion a t a high spatial and temporal r esolution. Our r esult s 

indica t e tha t corn is vulnerable t o t empera tur e incr eases and we find signific ant dam- 

ag es already a t the sample median t empera ture, while we find no signific ant ne gative 

effec t s of t empera tur e incr e ases on whe a t yields a t the sample median t empera ture. We 

sho w that farmer s do adapt their f ertiliz er and pesticide use to in-season t empera ture 

shocks, but with varying effec t s depending on the cr op . At the sample median temper- 

a ture, adapta tion through input use reduces by approxima t ely 11 per cent the direct 

agr onomic ne gative effec t s f or corn and pr ovides a small po sitive e ffec t f or wheat. Sce- 

nario analysis shows significant yield reductions for corn and no reductions for wheat 

in 2050. Ho w ev er, f or non-mar ginal t empera tur e incr eases, the input adaptation effec t 

declines for both crops, highlighting the need for alt erna tive and complementary adap- 

ta tion stra t egies in the long t erm. 
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. Intr oduc tion 

e a ther re aliza tions are undoubt edly one of the key de terminant s of agricultural pr oduc tion.

ith clima t e chang e alt ering we a ther p a tt erns across the globe, understanding the relation-

hip between we a ther variability and crop yields has become increasingly important to inform

dapta tion stra t e gies in the agricultural sec t or and t o pr edic t expec t ed damag es more accu-

a t ely ( Auffhammer and Schlenker 2014 ). An extensive and growing body of lit era tur e ther ef or e

xamines ho w w e a ther and clima t e conditions, p articularly t empera tur e, affec t cr op yields (see

rtiz-Bobea 2021 , for a comprehensive overview). The relationship between we a ther and yield

s commonly estima t ed by me ans of a r educed-f orm panel appr oach consisting of r e gr essing

rop yields on growing season we a ther c onditions, c ontr olling f or individual fixed effec t s. De-

iations from average yields are thus attributed to deviations from average weather conditions

 Mérel and Gammans 2021 ). The assumption of causality in these models relies on the fact that

 ert ain farming decisions—such as crop choic e, parc el selection, and acre ag e—are made be-

 or e gr o wing season w e a ther re aliza tions and ar e ther ef or e independent fr om ac tual we a ther

e aliza tions. 

A prominent question in this lit era ture is the ext ent t o which farmers adapt to climate change

nd if this adaptation is c aptur ed by p anel estima t es tha t use ye arly varia tion and under which

onditions ( Mérel and Gammans 2021 ; Lemoine 2021 ). A recent contribution is giv en b y Hult gr en

t al. (2025) , who exploit these conditions and infer long-run adapta tion t o clima t e chang e us-

ng r educed-f orm s tatis tical techniques. Ho w ev er, besides long-run adaptation to climate (for

nst anc e, thr ough cr op switching, impr o v ed varieties, or inv es tments in irrigation), f armers are

lso expect ed t o adapt t o adv er se w e a ther conditions during the growing season by modifying

ther agricultural practices like input use behaviour ( Chen and Gong 2021 ) or cropping prac-

ices ( Ramsey et al. 2021 ). As a consequence, studies employing p anel da ta and fixed-effec t s

nterpr e t their r esult s as including short-run in-season adaptation in their estimates ( Blanc and

chlenker 2017 ). Still, the actual extent and impact of this short-run adaptation, such as ad-

ustment s in f ertiliz er and pesticide use, is rar ely quantified or explicitly investiga t ed. A recent

x cep tion is Bareille and Chakir (2024) , who estima t e a structural model of crop production in-

orporating input adjustments using a sample of French farms. They demonstra t e tha t farmers

o adapt to weather conditions through their input use behaviour during the growing season

nd confirm that standard reduced-form panel models capture this effect in their estima t es. 

Starting from this background, our paper aims to quantify the short-run input adaptation of

orn and common whe a t producers in Italy, focusing on adjustments in fertilizer and pesticide

se within the growing season, using a structural model based on Bareille and Chakir (2024) esti-

a t ed using farm-level data obtained from the Italian Farm Accountancy Data Network (FADN).

e focus on corn and common whe a t since these are two of the most important cereal crops

ultiva t ed in Italy. 1 

While much of the lit era ture on the impact of clima t e chang e on Eur opean agricultur e r elies

n biophysical crop models, which predict significant damage in Southern Europe (e.g. JRC Pe-

e ta IV—Hristov e t al. 2020 ), econome tric models based on observa tional da ta remain limit ed,

specially for the Medit errane an region and at subnational sc ales. A f ew studies have addressed

he impac t s of clima t e chang e on Italian agricultur e, with sec toral studies under a high-emission

cenario (RCP 8.5) pr edic ting a 12 per cent r educ tion in farmland value ( Bozzola et al. 2018 ) and

 22 per cent decline in Gross Value Added (G V A) per worker ( Olper et al. 2021 ). Using farm-level

at a, Coderoni and Pagliac ci (2023) find that c onsidering chang es in medium and long-t erm cli-

a t e, land pr oduc tivity is ne ga tively imp act ed by higher t empera tures in the colder se asons

nd in spring, and larger spring cumulative rainfall. 
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R e gar ding cr op-level studies of Italian agricultur e, ther e ar e curr ently only a few contribu-

tions and a notable gap in the lit era ture. Ac c etturo and Alpino (2023) address we a ther imp acts

on corn, durum whe a t, and grapevine pr oduc tion at the pro vince lev el using a piecewise speci-

fic ation with Gr owing De gr ee Days. For corn, they find the upper t empera tur e thr eshold t o be a t

29 ◦C, abo v e which the effec t on yields is ne gative. Chavas e t al. (2019) use corn and whe a t yields

in seven Italian r e gions over a long time period (1900–2014) for the empirical estimation and

employ a quantile autor e gr ession model to assess the effec t s of we a ther on the distribution of

yields. The paper finds that the effec t s ar e asymme tric, with lar g er imp ac t s on the lo w er tail, and

that yields in Italy exhibit slow dynamic adjustments to inter -annual temper ature changes, sug-

g esting tha t we a ther has long-t erm effec t s. A subsequent s tudy ( Chav as et al. 2022 ) then anal-

yses corn and whe a t yields and pr oduc tion risk distribution o v er time and space to assess the

linkages with Italian food security using a dataset similar to the one emplo y ed in their previous

work. Other studies focus inst e ad on durum whe a t pr oduc tion. Tappi e t al. (2022) find that du-

rum yields r eac t ne gatively to precipitation and show an invert ed-U rela tionship with maximum

t empera tur es. Tappi e t al. (2023) then further explore the het erog eneity along the growing sea-

son of the impac t s of weather shocks on yields of differ ent durum whe a t varieties. While these

studies pr ovide inter esting contributions, they o v erall answ er differ ent r esear ch questions fr om

the one we are int erest ed in, and none of them uses data at the farm level for the estimation. 

The no v elty of our s tudy lies in the f act that we do not jus t model the r elationship be tween

yields and we a ther conditions, but we also include the input use adaptation behaviour of farm-

er s b y emplo ying a structural model estima t ed using farm-level pr oduc tion data. As discussed

in Timmins and Schlenker (2009) , the use of structural models is still limited in environmental

and r esour c e ec onomics. There is, ho w ev er, a high level of c omplement arity with reduc ed form

models, and the two methods can be used in conjunction with one another to investigate the

same question under differ ent perspec tives and to provide stronger support to the empirical

estimations ( Low and Meghir 2017 ). Our study, ther ef or e, aims to pr ovide r elevant insight s f or

the understanding of the adaptation behaviour of the Italian farmers and for the development

of more accura t e crop-level clima t e chang e pr ojec tions f or the major cr ops cultiva t ed in Italy. 

We make three key contributions to the literature. First, to date, no study has estima t ed a

c omprehensive ec onometric crop model (whether reduced-form or structural) using farm-level

data for Italy. As one of the most important agricultural producers in the European Union (EU),

both in terms of output and number of farms ( CREA 2024 ), understanding Italian crops’ vulner-

ability and potential for adaptation to climate change has signific ant implic ations f or the EU

agricultural adapt ation policy. Sec ond, to our knowledge, a structural model to estimate the

yield-t empera tur e r elationship and input adaptation for corn has not been applied yet. Corn is

a critical global crop and has been extensively studied in the empirical clima t e-agriculture lit-

erature (see Schlenker and R obert s 2006 , f or an early ex ample). Mor eo v er, comp ared t o whe a t,

which is a C3 cr op , corn is a C4 cr op (i.e. f ollows a differ ent photosynthe tic p a thway) and is cul-

tiva t ed in Italy during the summer growing season. Understanding whether farmers adapt their

behaviour during the growing season and if reduced-form approaches capture short-run adap-

tation for these crops is crucial for advancing the broader literature on climate change impac t s

and adaptation. Third, while the study by Bareille and Chakir (2024) offers valuable insights us-

ing data from a specific French region (Meuse, in the north of France), its external validity has

not been t est ed acr oss a lar ger, mor e r epr esentative sample. Their analysis is based on a smaller

sample of farmers from a specific provider, while our study inst e ad uses data from a significantly

lar ger pool r epr esent ative of It alian farmers sourc ed from the EU FADN. This will help assess the

br oader applic ability of their framework and possibly encourage similar analysis in other Euro-

pean countries exploiting FADN data. 

Our r esult s indic a t e tha t in Italy both crops show a conc ave r elationship of yields with re-

spect t o t empera ture, and tha t corn pr oduc tion is mor e vulnerable to increases in tempera-
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ure than whe a t. A t the sample median t empera ture, there are sta tistic ally signific ant ne gative

mpac t s on corn yields, while wheat yields are not significantly affected. We find that wheat’s

ensitivity to temperature increases is indeed quite small. Importantly, we find evidence of input

daptation during the growing season for corn, which effec tively mitiga t es a size able p art of the

gr onomic impac t s on plant growth. At the sample median t empera ture, input adapta tion re-

uces by more than 10 per cent the damage of a 1 per cent t empera tur e incr ease. These findings

uggest a relevant adaptation potential for corn, which ho w ev er diminishes for warmer places

with t empera ture higher than the median). R e gar ding whe a t inst e ad, our r esult s indic a t e an

ffec t on input behaviour, which r esult s in a positive effec t on yields. Ho w ev er, whe a t yields are

 v erall less sensitive to temperature increases, and the marginal productivity of fertilizers and

esticides is lo w er for whe a t than for corn. Our findings imply that fertilizer and pesticide man-

gement can indeed be used to offset some of the damage to crop production from increasing

 empera tures. A t the same time, simulations of the agronomic and adaptation effec t under the

SP3-7.0 scenario for 2050 show a modest and non-significant adaptation effec t. Given that the

dap tation po tential declines at higher temperature levels, input use adjustment does not seem

o be effec tive or efficient as a long-term adapt ation strategy, undersc oring the import anc e of

eploying other adaptation strategies as well. 

These r esult s ar e quite r elevant t o ong oing deb a t es and policy development s r e gar ding the

ustainability and resilience of the European agricultural sector and underscore the import anc e

f incorporating climate adaptation considerations into agricultural policy. Agricultural input

anagement rec eives c onsiderable public a tt ention and is a central t opic in landmark policies,

ike the Farm to Fork strategy proposed in 2020, which aims to reduce the use of pesticides by

0 per cent and of f ertiliz er s b y 20 per cent b y 2030 ( Schebesta and Candel 2020 ; Gohin 2024 ).

oreo v er, an increasingly unc ert ain geopolitical context and the reliance of the EU on fertilizer

mport s fr om thir d countries raise further c onc erns about the resilienc e of agricultural produc-

ion and its adapta tion cap acities ( Loi et al. 2024 ). Our analysis finds that farmers currently rely

n f ertiliz ers and pes ticides as an adaptation s tra t egy against we a ther str ess. This highlight s

 possible trade-off: while reducing input use is essential for environment al sust ainability and

o reduce environmental degradation, it may conflict with short - t erm adapta tion needs, pot en-

ially leaving farmers more vulnerable to climate variability. 

The paper is or ganiz ed as f ollows. Sec tion 2 introduces the conceptual framework and

ection 3 the empirical stra t egy. Section 4 presents the data used in the analysis and summary

 tatis tics. Section 5 compares the results of the models and describes the results we obtained.

ection 6 provides the conclusion. 

. Conc eptual fr amework 

ollowing the approach introduced by Bareille and Chakir (2024) , we compare a reduced form

odel of crop yields along the lines of the core lit era ture ( Schlenker and Roberts 2009 ; Burke

nd Emerick 2016 ; Mérel and Gammans 2021 ; Ortiz-Bobea 2021 ) with a structural model where

hanges in inputs (fertilizers and pesticides) use are directly considered in the estimation. The

 ormer r educed f orm model c an be interpr e ted as modelling crop yields on non-linear functions

f the we a ther variables with farm fixed effec t s: 

y i,t = f ( T i,t ) + g( P i,t ) + αi + ε i,t , (1)

here y i,t is the yield for farm i , in year t . f ( T i,t ) is a non-linear function of temperature during

he crop-specific growing season, and g( P i,t ) is a non-linear function of precipitation during the

rowing season. αi represents farm fixed effects to ac c ount for time-invariant farm he ter ogene-

ty . Finally , ε i,t is an i.i.d. error term. The inclusion of the unit fixed effec t s implies that the identi-
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Figure 1 Impact of we a ther on yield ac c ounting for input adaptation. 

Figure 2 Crop production under changing we a ther conditions. Single input case. Notes: adapted from 

Bareille and Chakir (2024) . 
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fic ation comes fr om the within-farm annual deviation from the av erage w e a ther. This varia tion

is plausibly random and exogenous, and the associa t ed coefficients of we a ther variables can be

re asonably int erpret ed as causal effects. As noted before, given that farmers can modify c ert ain

agricultur al pr actices within the gr owing season, this fixed effec t s model is typic ally interpr e ted

as including short-run adaptation in the considered estima t es ( Blanc and Schlenker 2017 ). This

me ans tha t the we a ther effec t s estima t ed by this model should be comparable to the weather

effec t s derived from the structural model that explicitly ac c ounts for this kind of adaptation. 

The structural approach likewise models crop yields on we a ther conditions during the grow-

ing season, but it further allows to simultaneously and separately measure: i. the direct impact

of we a ther chang es on crop yields, independently of farmers’ adaptation (i.e. the agronomic im-

pac t); ii. the farmers’ r esponse t o we a ther chang es thr ough modific ations in prac tices (i.e. the

change in inputs use); iii. the c onsequenc es of these adaptations on crop yields (i.e. the short-

run adaptation impact). Figure 1 provides a graphical representation of the process. 

In Figure 2 , we characterize the logic of this approach in a simplified way as a comp ara tive

statics exercise with a single input (e.g. f ertiliz er). Yield is a function of f ertiliz er ( x ) and we a ther

( w ), i.e. yield = f ( ̄x , w̄ ) under average we a ther conditions and use of f ertiliz er (black line). For
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 rational farmer at given market prices, point A represents the optimal production level. He will

hoose the ̄x ∗ optimal quantity of input to produce the profit-maximizing yield f ( ̄x ∗, w̄ ) . If ‘bad’

e a ther occurs (e.g. a he a t w ave), the pr oduc tion func tion mo v es do wnw ar d, and yield is now

 epr esented by f ( x 1 , w 1 ) , i.e. the red line. Point B would now be the new optimum considering

 ertiliz er input use as fixed. 

The vertical dist anc e between point A and B, that is f ( ̄x ∗, w̄ ) − f ( ̄x ∗, w 1 ) , r epr esent s the agr o-

omic impact of the weather shock. Ho w ev er, under these new we a ther conditions the farmer

ould modify the f ertiliz er use within the growing season in response to the change in actual

e a ther and move it from ̄x ∗ to x ∗1 . After this adaptation in f ertiliz er use, yield increases up to

oint C. The vertical dist anc e from B to C, that is f ( x ∗1 , w 1 ) − f ( ̄x ∗, w 1 ) , r epr esent s the adap-

a tion imp ac t. The differ ence be tween the agr onomic effec t and the adaptation effec t le ads t o

he total impact of the weather shock (vertical dist anc e between A and C). The total impact is as-

umed to be c aptur ed by the reduced form estimation, but the gre a t advantag e of the structural

odel is given by the possibility to quantify also the agronomic and the adaptation impac t s. 

This approach is therefore well suited not only to assess the t otal imp ac t s c aused by shift-

ng we a ther conditions on cr op pr oduc tion, but also to unders tand if f armers adapt to these

onditions on the intensive margin, i.e. adjusting input applications. 

. Empirical stra t egy 

n the reduced form model, we define crop yield as a quadratic specification of temperatures

nd precipitation: 

y i,t = β1 T i,t + β2 T 2 i,t + γ1 P i,t + γ2 P 2 i,t + αi + ε i,t , (2)

here y i,t is the yield for farm i , in year t . T represents the average temperature during the crop-

pecific growing season and T 2 represents its squared term. P and P 2 r epr esent the total precip-

tation during the growing season and its squared term, respectively. αi represents farm fixed

ffec t s to ac c ount for time-invariant farm he ter ogeneity . Finally , ε i,t is an i.i.d. error term. 

The lit era ture analysing the yield-we a ther rela tionship considers the use of many non-linear

unc tional specific ations, like piecewise r e gr essions using the c onc ept of growing degree days,

inned measures of temperature, or flexible splines ( Ortiz-Bobea 2021 ). Moreo v er, the impact

f we a ther variables c ould be c onsider ed during differ ent phenologic al phases, since tempera-

ur e has he ter ogeneous effec t s during distinc t stages of plant growth. The choice of a quadratic

unc tional f orm is driv en b y tw o considerations, which ar e r ela t ed t o the struc tural specific ation.

irst, using a specification with growing degree days would imply the choice of a crop-specific

 empera tur e thr eshold, which is justified by crop phenology but does not nec essarily c orr ec tly

dentify the relationship between input productivity and t empera ture. Second, a quadra tic

unc tional f orm allows f or the estimation of non-linear effec t s in a flexible manner while keeping

he structural model parsimonious in terms of coefficients to be estimated. This same consid-

ration applies to the use of a specification that defines weather variables ac c ording to pheno-

ogical phases, since the increase in the number of covaria t es would pose significant challenges

 or conver gence of the structural model. For completeness, in Supplementary ma t erials S3 and

4 , we discuss and provide r esult s using alt erna tive r educed-f orm model specific ations. 

In the structural model, crop production is defined by a pr oduc tion technology with two vari-

ble inputs. 2 We follow Bareille and Chakir (2024) , and for each crop we assume a quadratic

r oduc tion func tion with two input s (f ertiliz ers and pesticides) like the f ollowing: 

y i,t = α( w i,t ) − 1 

2 

2 ∑ 

k=1 

2 ∑ 

l=1 

γ −1 
k,l ( w i,t )[ βk ( w i,t ) − x i,k,t ][ βl ( w i,t ) − x i,l,t ] , (3)

https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
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where y i,t is the yield for farm i in year t, x i,k,t denotes the quantity of the k th input, α( w i,t ) is a

pr oduc tion parame ter, while βk ( w i,t ) and γ −1 
k,l ( w i,t ) ar e se t s of input-specific parame ters wher e

{ k, l } ∈ { 1 , 2 } 2 . These p aramet er s hav e agr onomic interpr e tations: α( w i,t ) is the maximum yield

achievable under the given we a ther conditions, βk ( w i,t ) is the optimal amount of input k to be

used in order to achieve the maximum yield and γ −1 
k,l ( w i,t ) ar e technic al shifters that are used

t o charact erise the pr oduc tivity of the input s ( { k, l } ∈ { 1 , 2 } 2 ). This type of quadratic specifica-

tion of the pr oduc tion func tion, implement ed by F emenia and Let ort (2016) b ased on a single

input specification first proposed by Pope and Just (2003) , is c onvenient sinc e it allows techni-

cal changes in the production t echnology t o transla t e dir ec tly int o shifters of the input demand

functions. 3 

The original fe a ture introduced by Bareille and Chakir (2024) is the specification of these pa-

rameters as a function of we a ther ( w i,t ) , mor e pr ecisely of a quadratic specification of temper-

ature and precipitation: 

α( w i,t ) = α0 + αT T i,t + αT 2 T 2 i,t + αP P i,t + αP 2 P 2 i,t , 

β ( w i,t ) = β0 + βT T i,t + βT 2 T 2 i,t + βP P i,t + βP 2 P 2 i,t , 

γ −1 
k,l ( w i,t ) = γ 0 + γ T T i,t + γ T 2 T 2 i,t + γ P P i,t + γ P 2 P 2 i,t . (4) 

The farmer’s profit maximization problem for the production technology described in equa-

tion 2 , and assuming risk neutrality, can then be sta t ed as: 

πi,t = max 
x i,t 

{ 
p 

y 
t y i,t − p 

x ′ 
t x i,t | y i,t = f ( x i,t , w i,t ) 

} 
, (5) 

where p 

y 
t and p 

x 
t are respectively the crop and input prices. 

Solving the maximization problem, we obtain the input demands and the optimal yield for

the consider ed cr op . The r esulting system of three equations can then be estima t ed using SUR

(Seemingly Unrela t ed R e gr ession): ⎧ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎩ 

y i,t = α( w i,t ) − δ1 , 1 ( w i,t ) 
( p x 1 ,t ) 

2 

2 ( E ( p y t ) ) 
2 − δ2 , 2 ( w i,t ) 

( p x 2 ,t ) 
2 

2 ( E ( p y t ) ) 
2 − δ1 , 2 ( w i,t ) 

( p x 1 ,t p x 2 ,t ) 
2 

2 ( E ( p y t ) ) 
2 + ω 

y 
i + μ

y 
i,t 

x i, 1 ,t = β1 ( w i,t ) − δ1 , 1 ( w i,t ) 
p x 1 ,t 

E ( p y t ) 
− δ1 , 2 ( w i,t ) 

p x 2 ,t 
E ( p y t ) 

+ ω 

x 
i, 1 + μx 

i, 1 ,t 

x i, 2 ,t = β2 ( w i,t ) − δ2 , 2 ( w i,t ) 
p x 2 ,t 

E ( p y t ) 
− δ1 , 2 ( w i,t ) 

p x 1 ,t 
E ( p y t ) 

+ ω 

x 
i, 2 + μx 

i, 2 ,t 

, 

(6) 

where y i,t denotes yield for farm i in year t. x i,k,t denotes the k th input (1 for fertilizers and 2 for

pesticides) ac c or ding to the subscript. w i,t r epr esent s the we a ther, in our setting t empera ture

and precipitation. p 

y 
t and p 

x 
k,t represent the crop price and the input prices, r espec tively. ω 

y 
i and

ω 

x 
i,k r epr esent the farm-specific fixed effec t s. μy 

i,t and μx 
i,k,t r epr esent the r emaining err or terms.

α( w i,t ) , βk ( w i,t ) , and δk,l ( w i,t ) ar e the parame ters to be estimated, where δk,l ( w i,t ) are functions

of the technical shifters γ −1 
k,l ( w i,t ) . 

4 As we indica t ed above, we assume the p aramet ers t o be

defined by a quadratic specification of temperature and precipit ation, henc e allowing for the

pr oduc tivity of inputs to vary with weather conditions. 

Through the proposed structural model and the estima t ed coefficients, it is then possible to

quantify the input-use adaptation behaviour of farmers and to distinguish the adaptation ef-

f ec t s of these adjustment s fr om the dir ec t agr onomic effec t s of t empera tur e incr eases on plant

growth. We compute the temperature elasticities of input applications, i.e. how much fertilizer

and pesticide use change in perc ent age point s f or a one per cent t empera tur e incr e ase a t the

sample median t empera ture, using the formula: 

ε T x k = 

(
ˆ βT 

k + 2 ̂  βT 2 
k T̄ − p̄ 

x 
k 

p̄ 

y 

(
ˆ γ T 

k,k + 2 ̂  γ T 2 
k,k ̄T 

)
− p̄ 

x 
l 

p̄ 

y 

(
ˆ γ T 

k,l + 2 ̂  γ T 2 
k,l ̄T 

))
. (7) 
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The adaptation effec t c an then be computed as the pr oduc tive impac t of the input applic a-

ion adjustments described by the elasticity in equation ( 7 ) at the sample mean values. Specif-

cally, we compute it as an elasticity using the formula: 

ε T ADy = ε T x 1 

{
γ −1 

1 , 1 ( ̄w ) 
[
β1 ( ̄w ) − x̄ 1 

] + γ −1 
1 , 2 ( ̄w ) 

[
β2 ( ̄w ) − x̄ 2 

]}
+ ε T x 2 

{
γ −1 

2 , 2 ( ̄w ) 
[
β2 ( ̄w ) − x̄ 2 

] + γ −1 
1 , 2 ( ̄w ) 

[
β1 ( ̄w ) − x̄ 1 

]}
. (8)

. Data 

e use farm-level data from the R ete di Inf ormazione Contabile Agricola (RICA) da tab ase, the

talian FADN provider, which offers ac c ounting-b ased informa tion on the value of production,

ultiva t ed crop area, and expenditures on fertilizers and pesticides for a representative sample

f Italian farms from 2008 to 2022. Crucially for our estimation, RICA provides input expenses

 ttribut ed a t the crop level. 5 We consider the pr oduc tion of c orn and c ommon whe a t, which

re two of the most important cereal crops in Italy. For instance, in 2023, whe a t (common and

urum) ac c ounted for 49 per c ent of It alian c er eal pr oduc tion, while maiz e r epr esented 38 per

ent ( ISTAT 2023 ). 

Given the use of a fixed effec t appr oach, we r estric t the sample to farmers who ar e included

n the panel for at least 3 y ear s. The final sample consists of 682 corn producers (4,463 observa-

ions), and 1,141 common whe a t producers (6,472 observa tions). While this kind of farm-level

ata allows for analysis at a finer spatial scale, it has some limitations. For inst anc e, RICA c ol-

ec t s the monetary value of production from farmers and the quantity produced is then ex tr ap-

la t ed from it. An additional c onc ern c ould be giv en b y the fact tha t input da ta is also provided

s monetary expenses per crop during the fiscal year, rather than the actual quantities used. 

While this might introduce measurement error, it has been demonstra t ed tha t input expenses

re indeed highly correla t ed t o actual use and, a t le ast r e gar ding pes ticides, f armers exhibit

imit ed ye ar-t o-ye ar st oring behaviour ( Bar eille e t al. 2024 ). Yield, f ertiliz er applic ations, and

esticide applications were winsorized at the 1 st and 99 th percentiles to corr ec t implausible

xtreme values. Prices of inputs and outputs are obtained from ISTAT at the national level

 ISTAT 2023 ). Figure 3 shows the geographical distribution of the considered farms in the Italian

 errit ory. 

Concerning we a ther da ta, hourly t empera tur es ar e obtained fr om ERA5-Land ( Muñoz Sab a t er

019 ), adjusted using high-resolution climatology data and matched with farm data at the

unicipality lev el. Specifically, giv en the relativ ely coar se spatial resolution of the ERA5-Land

a tab ase (9 ×9 km), we refine t empera ture values using high-resolution clima t ology da ta (1991–

020 monthly normals, i.e. mean monthly values o v er the period) dev eloped b y Brunetti et

l. (2014) , with a sp a tial resolution of 0.9 km by 0.9 km. The sp a tial distribution of tempera-

ure normals is tightly rela t ed t o the physiographic al f e a tures of the Earth’s surface, while the

nomalies (deviations from the normal) are more homogeneous in space. We compute hourly

nomalies using ERA5-Land data (i.e. the deviation of the hourly t empera tur e fr om the 1991–

020 monthly me an comput ed from the same source) and then add them to the corresponding

aster of monthly climatologies in order to obtain a final temperature dataset which is extremely

ranular on both a sp a tial and time dimension. Section S1 in the Supplementary ma t erials pro-

ides a visual comparison of the sp a tial resolution of the two sources. In this way, we are able

o obtain a high spatial and temporal detail and reduce int erpola tion errors when ma t ching

arms to the temperature grid points. Hourly data for precipitation is also obtained from ERA5-

and and then ma t ched t o the farm municip ality. From the hourly data we then compute the

rowing season mean temperatures and total precipitation according to the considered crop.

https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
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Figure 3 Location of the farms’ municipalities included in the samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/article/6/1/qoag009/8528984 by guest on 10 April 2026
Considering typical sowing and harvest da t es in Italy, for corn the growing season starts in March

and ends in September, while for common wheat it co v er s the October-July period. 

The clima t e chang e t empera tur e pr ojec tions used in the analysis ar e obtained fr om the

dat aset SD-EQM_GCMs_IT (St atistic al Downsc aling thr ough Empiric al Quantile Mapping for

an ensemble of Glob al Clima t e Models o v er ITaly) ( Fedele et al. 2025 ), which provides high-

resolution ( ∼5.5 km) clima t e informa tion specifically tailored to Italy. The dat aset c onsists of

s tatis tic ally downsc aled data derived fr om an ensemble of CMIP6 Global Cir culation Models

(GCMs) f or c ed by sc enarios SSP1-2.6 and SSP3-7.0. We use pr ojec tions fr om f our GCMs (CESM2,

CMCC-CM2-SR5, CNRM-ESM2-1, EC-Earth3-Veg) under the SSP3-7.0 6 in order to construct en-

semble pr ojec tions (corr ec ting f or differ ences in b aseline ye ars with ERA-5 Land data). Table 1

provides the summary s tatis tics of the variables included in the analysis. 

5. R esult s 

Table 2 r eport s the r esult s of the r educed-f orm model outlined in equation 1 for corn and whe a t,

using differ ent adjustment pr ocedur es t o comput e the standar d err ors. We find that both cr ops

display a concave relationship with temperature and that corn pr oduc tion is mor e sensitive to

t empera ture than whe a t, a result tha t is consist ent with the lit era tur e on both cr ops ( Schlenker

and R obert s 2009 ; Burke and Emerick 2016 ; Mérel and Gammans 2021 ). Moreo v er, both crops do

not seem to be particularly affec ted by total levels of precipitation. The precipitation coefficients

f or corn ar e not signific ant, while f or whe a t the coefficient of the linear term is negative and sig-

nificant, although small in magnitude. Sinc e c orn in Italy is an irriga t ed cr op , w e w ould expect

a similar result. Whe a t inst e ad is mostly rainfed and hence w e w ould hav e expec ted a conc ave

relationship (as found by Chavas et al. 2019 ), where ver y dr y or very we t gr owing seasons have

a ne gative effec t on yields. A possible explanation is that the observed data fall primarily along
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Table 1 Summary s tatis tics. 

Corn Common wheat 

Variable Mean SD Min Max Mean SD Min Max 

Averag e t empera ture ( ◦C) 18 .95 1 .04 12 .49 21 .06 12 .96 1 .09 8 .88 17 .38 

Tot al precipit ation (mm) 716 .50 199 .57 252 .14 1453 .41 828 .83 216 .63 401 .10 1842 .53 

Yield (100 kg/ha) 110 .19 24 .10 41 .67 165 .32 56 .04 12 .82 22 .77 85 .00 

Area (ha) 19 .90 28 .66 0 .04 403 .81 17 .34 25 .12 0 .15 345 .23 

Output price (2010 = 100) 115 .5 26 .84 77 .74 204 .25 117 .69 25 .85 81 .89 195 .27 

Fertilizer price (2010 = 1) 1 .02 0 .20 0 .85 1 .83 1 .03 0 .23 0 .85 1 .83 

Pesticide price (2010 = 1) 1 .01 0 .10 0 .87 1 .25 1 .03 0 .11 0 .87 1 .25 

Fertiliz er applic ations 258 .92 148 .14 15 .20 946 .00 144 .39 86 .85 8 .91 608 .63 

( €/ha, defla t ed t o 2010) 

Pesticide applications 126 .81 77 .82 9 .38 517 .72 88 .34 60 .66 5 .59 369 .05 

( €/ha, defla t ed t o 2010) 

Table 2 R educed-f orm estima t es of the yield-we a ther rela tionship. 

Coefficient Robust SE Clustered SE Conley SE 

Corn 

Me an t empera ture 42.225 11.111 ∗∗∗ 15.775 ∗∗∗ 24.260 ∗

Me an t empera tur e squar ed −1.135 0.293 ∗∗∗ 0.420 ∗∗∗ 0.651 ∗

Tot al precipit ation −0.002 0.012 0.015 0.013 

Tot al precipit ation squared 5.38 × 10 −6 7.47 × 10 −6 9.43 × 10 −6 9.96 × 10 −6 

Common Wheat 

Me an t empera ture 7.007 3.340 ∗∗ 4.182 ∗ 4.072 ∗

Me an t empera tur e squar ed −0.271 0.123 ∗∗ 0.162 ∗ 0.166 

Tot al precipit ation −0.011 0.004 ∗∗∗ 0.006 ∗ 0.004 ∗∗∗

Tot al precipit ation squared 3.57 × 10 −4 2.15 × 10 −4 ∗ 3.09 × 10 −4 2.28 × 10 −4 

Notes: Clustered SE are clustered at the Agrarian Region (Agrarian Regions (Regioni Agrarie) are t errit orial 
subdivisions defined by ISTAT used for agricultural and land classification. Each region shares similar agricultural 
practices, clima t e conditions, and t errain. The Italian t errit ory is divided in about 300 agricultural r e gions.) - year 
le vel. Conle y SE are c omputed with a dist anc e cut off of 100 km (A 100 km cut off should allow t o c aptur e the 
sp a tial decay of error correlation, considering the size of administrative units (provinces) or agro-ecological 
r e gions. Sec tion S2 in the supplementary ma t erials pro vides a sensitivity analysis b y v arying the Conley dis t anc e 
cutoffs. The r esult s r emain signific ant f or mor e expansiv e windo ws of 200 km and 300 km and, f or corn, f or a 
smaller threshold of 50 km.). ∗, ∗∗ and ∗∗∗indica t e p-values lo w er than 0.1, 0.05 and 0.01, respectively. 
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he descending section of the yield response function, where precipitation levels are already

ufficient or excessive. Sections S3 and S4 in the Supplementary ma t erials display the reduced

 orm r esult s f or, r espec tively, a model specific a tion tha t consider s w e a ther re aliza tions in differ-

nt phenological phases and a model specification with cumulative temperature (i.e. beneficial

nd harmful de gr ee days). The r esult s of both models are consistent with the results presented

n Table 2 . 

To compare the results of the reduced-form and structural models, we compute yield-

 empera ture elasticities of both models at differ ent quantiles of the growing season

https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
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Figure 4 Yield-t empera ture elasticities at different t empera ture quantiles. Notes: For corn, the quantiles 

(25th, median and 75th) correspond respectively to 18.47 ◦C, 19.25 ◦C, and 19.59 ◦C. For wheat 12.48 ◦C, 

13.18 ◦C and 13.64 ◦C. A 1 per cent increase in temperature at the median corresponds to + 0.19 ◦C for corn 

and + 0.13 ◦C for whe a t. Vertical bars indica t e the 90 per cent confidence intervals. 
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t empera ture distribution. The elasticities for the structural model are computed starting from

the estima t ed coefficient s 7 (r eported in Sec tion S5 in the Supplementary ma t erials ) and the

standar d err ors ar e c omputed using the delt a me thod. Figur e 4 plot s the elasticities f or both

crops and shows that the reduced-form and the structural model indica t e comp arable effec t s,

supporting the hypothesis that r educed-f orm models alr eady c aptur e in-se ason adapta tion.

As expected by the coefficients estima t ed in the r educed-f orm model, we find that there is no

signific antly ne gative effec t on Italian whe a t yields, even a t higher percentiles of the t emper-

ature distribution, while there is a positive elasticity (non-significant) at lo w er t empera tures.

For corn instead there is a negative and significant effect already at the median temperature.

A 1 per cent increase in temperature at the median (i.e. a 0.19 ◦C increase) reduces corn yields

by approxima t ely 0.25 per cent. The r esult s f or both cr ops ar e in line with the lit era ture. F or in-

st anc e, Bareille and Chakir (2024) find a positive elasticity (0.57) of whe a t yields at the sample

me an t empera tur e (in a colder r e gion). Studies of c orn yields in other c ountries inst e ad sugg est

significant damage from increased temperatures (e.g. Schlenker and Roberts 2009 ; Mérel and

Gammans 2021 ). As a robustness check, section S6 in the Supplementary ma t erials presents a

struc tural specific a tion with cumula tive t empera tur es (beneficial and harmful de gr ee days) and

compares the yield-harmful degree day elasticity of the model with the one obtained from the

r esult s of the reduced form model presented in Section 4 of the Supplementary ma t erials . As

discussed in Section 3 , we advise a c autious interpr e tation of these r esult s, as the t empera ture

thresholds defining beneficial and harmful he a t accumula tion f or cr op gr owth do not necessar-

ily apply to input pr oduc tivity. 

We then use the estima t es of the structural model to investigate the behaviour of the farm-

ers r e gar ding input use, and to assess if they are indeed adapting the input choices to observed

we a ther conditions. Table 3 displays the elasticity of f ertiliz er and pesticide use to tempera-

ture, 8 comput ed a t differ ent quantiles of the t empera ture distribution b ased on Equa tion ( 7 ).

The estima t ed elasticities depic t a he ter ogeneous se t ting. For corn, f armer s in the lo w er part

of the t empera tur e distribution incr ease the use of f ertiliz er quite substantially in r esponse

t o marginal t empera ture incre ases, where as this effect diminishes at higher temperatures. In

https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
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Table 3 Input - t empera ture elasticities. 

First quantile Median Third quantile 

Corn 

Fertilizers 0.994 ∗∗∗ (0.307) 0.692 ∗∗ (0.298) 0.360 (0.400) 

Pesticides 0.701 ∗ (0.366) 0.945 ∗∗∗ (0.352) 1.209 ∗∗∗ (0.464)

Common wheat 

Fertilizers 0.258 (0.19) 0.478 ∗∗ (0.213) 0.674 ∗∗ (0.299) 

Pesticides 0.494 ∗∗ (0.209) −0.055 (0.227) −0.548 ∗ (0.316) 

Notes: For corn, the quantiles (25 th , median and 75 th ) correspond respectively to 18.47 ◦C, 19.25 ◦C, and 19.59 ◦C. 
F or whe a t 12.48 ◦C, 13.18 ◦C and 13.64 ◦C. A 1 per cent incre ase in t empera ture a t the median corresponds 
to + 0.19 ◦C for corn and + 0.13 ◦C for whe a t. In brackets the standard errors obtained with the delta method. ∗, ∗∗
and ∗∗∗ indica t e p-values lo w er than 0.1, 0.05 and 0.01, respectively. 

Table 4 Temperature elasticities: agronomic and adaptation effects. 

First quantile Median Third quantile 

Corn 

Total 0.065 (0.105) −0.241 ∗∗ (0.111) −0.383 ∗∗∗ (0.129) 

Agr onomic effec t s −0.011 (0.105) −0.272 ∗∗∗ (0.111) −0.402 ∗∗∗ (0.129) 

Adaptation effec t s 0.076 ∗∗∗ (0.009) 0.031 ∗∗∗ (0.007) 0.02 ∗∗∗ (0.007) 

Common Wheat 

Total 0.068 (0.054) −0.018 (0.066) −0.08 (0.085) 

Agr onomic effec t s 0.059 (0.054) −0.04 (0.066) −0.124 (0.085) 

Adaptation effec t s 0.009 ∗∗ (0.004) 0.022 ∗∗∗ (0.005) 0.044 ∗∗∗ (0.008) 

Notes: For corn, the quantiles (25 th , median and 75 th ) correspond respectively to 18.47 ◦C, 19.25 ◦C, and 19.59 ◦C. 
F or whe a t 12.48 ◦C, 13.18 ◦C and 13.64 ◦C. A 1 per cent incre ase in t empera ture a t the median corresponds 
to + 0.19 ◦C for corn and + 0.13 ◦C for whe a t. In brackets the standard errors obtained with the delta method. ∗, ∗∗
and ∗∗∗ indica t e p-values lo w er than 0.1, 0.05 and 0.01, respectively. 
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ontras t, pes ticide use displays the opposite pattern, with the estimated elasticity rising at

igher t empera tur es. R e gar ding whe a t, f ertiliz ers’ elasticity is incr e asing with t empera ture,

hile for pes ticides, ins t e ad it decre ases and becomes nega tive for higher quantiles of the dis-

ribution (i.e. farmers reduce the quantity of pesticides applied in response t o t empera ture in-

reases). 

It is possible to assess the c onsequenc es of this adaptation behaviour on crop yields, disen-

angling the agronomic and adaptation effec t s, as illustrated in Fig. 1 and following Equation

 8 ). The adaptation effec t is giv en b y the pr oduc tive impac t s of the changes in input applica-

ions. The agr onomic effec t is then computed as the differ ence be tween the total effec t and the

daptation effec t. Table 4 shows r esult s f or corn and whe a t, r espec tiv ely. We observ e a strong

daptation effec t f or corn, which is r educing the ne ga tive imp ac t of agr onomic effec t s by 11 per

ent at the median temperature (i.e. 0.031/ |−0.272 | ). 

The adaptation effec t is, ho w ev er, decre asing a t higher t empera tures (5 per cent in the

hird quantile), suggesting less potential for adaptation to further (non-marginal) increases in
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Figure 5 Projected perc ent ag e chang e in yields in 2050 (S SP3-7.0 sc enario). Notes: Provinc e (NUTS3) level 

estima t es of the impact of temperature changes on crop yields in 2050 (2035–2065) ( per cent change) 

under SSP3-7.0. The pr ojec tions ar e based on the r esult s r eported in Sec tion S7 in the 

Supplementary ma t erials , obtained using the structural model. 
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t empera ture. Int erestingly, the adapta tion effec t is higher at lo w er t empera tur es, indic a ting tha t

farmers in colder ar eas ar e able to take advantage of warmer -than-aver age seasons by adjust-

ing their input use. R e gar ding whe a t, the agr onomic effec t s ar e o v erall more modest in absolute

terms, as displayed in Fig. 4 . Even if modest, adaptation effec t s ar e signific ant, showing gains

from input adjustments. 

As an illustrative non-marginal impact assessment, Fig. 5 displays the projected perc ent age

change in yields at the pro vince lev el in 2050, under SSP3-7.0 for the model ensemble using the

s tructural es tima t es (see Section S5 in the Supplementary ma t erials ), under the assumption

that crop-specific cultivated areas do not change in the considered future scenarios. Nonethe-

less, it allows us t o charact erise province het erog eneity in clima t e chang e pr ojec tions. Acr oss

the provinc es c onsidered in our analysis, growing season mean temperatures increase on av-

erage by 2.10 ◦C for corn and by 1.86 ◦C for whe a t. Corn production is more severely affected,

and the w or st impac t s ar e f ound in central Italy and in the lo w er Po valley, with some provinces

showing up to a 18 per cent decrease in yields. For wheat, the impac t s ar e o v erall more modest

if compared to corn, but some provinces loca t ed in the southern part of the country suffer sig-

nificant damages (up to 14 per c ent). Provinc es with higher elevation and cooler clima t es show

modest yield gains for both crops. Aggregating the production of the provinces included in this

analysis and considering pr ovincial pr oduc tion shar es in the 2010–2020 period, our estima t es

sugg est tha t pr oduc tion a t the na tional lev el could decline b y 4.42 per c ent for c orn and 0.72

per cent for whe a t. In Section S8 in the Supplementary ma t erials , we display pr ojec tion maps

for the individual models, in order to ac c ount for inter-model het erog eneity. 

As shown in Section S7 in the Supplementary ma t erials , under the projected scenario, the

adaptation effec t s ar e small (f or ex ample, f or corn, they would r educe agr onomic damages by

approxima t ely 5 per cent on average) and not signific ant f or both cr ops in all provinces. This

r esult suggest s tha t adapta tion thr ough gr owing season input adjustment s is mor e effec tive f or

marginal changes in temperature, but its potential in offsetting the damages of non-marginal

https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
https://academic.oup.com/qopen/article-lookup/doi/10.1093/qopen/qoag009#supplementary-data
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 empera tur e incr e ases is limit ed. These r esult s should be interpr e ted with caution and as

ndicative, as they involve t empera ture rang es tha t ext end beyond the hist orical experience

f many provinces and do not account for technological innovation and adaptation on other

argins. 

. Conclusions 

he paper makes a contribution to our understanding of the t empera tur e-yield r elationship

nd the rela t ed farmers’ input adaptation behaviour within the growing season, focusing on

orn and whe a t yields, two of the most important crops cultiva t ed in Italy. Mor e specific ally, we

re able to assess the short-run adaptation behaviour of farmers in response to weather con-

itions, with r e gar d to adjustment s in f ertiliz ers and pesticides. We provide external validity to

he structural model dev eloped b y Bareille and Chakir (2024) , using data from a different area

nd a larger datase t, f or a new country and a new cr op , corn, with a differ ent photosynthe tic

rocess (C4) and growing season. 

Our findings highlight that, in ac c ordanc e with results obtained in other countries, both crops

ho w a concav e r elationship with gr owing se ason me an t empera tures. Corn displays a higher

ensitivity t o t empera tur e incr e ases than whe a t. The mar ginal effec t of t empera ture on corn

ields is negative and s tatis tic ally signific ant alr e ady a t the sample median t empera tur e. Ther e

s, ho w ev er, evidence of input adaptation for corn, which effec tively mitiga t es a significant p art

11 per cent at the median t empera ture) of the agr onomic impac t s on plant gro wth. As w e sta t ed

n the intr oduc tion, these r esult s ar e quite r elevant since, t o our knowledg e, ther e is curr ently no

tudy that assessed farmers’ adaptation using structural models and observational farm-level

at a for c orn. Regarding whe a t, we find tha t its sensitivity t o t empera tur e incr eases is indeed

maller, as we find no significant negative effect in our sample up to the third quantile of the

 empera ture distribution. This result is consistent with the ones obtained by Bareille and Chakir

2024) , since they find a positive effec t of t empera ture on yields for whe a t in a region (Meuse,

orth of France) with a more t empera t e clima t e. Ev en though w e do not observ e extensiv e im-

ac t s, ther e is evidence of a modera t e adapta tion effec t on whe a t yields from input adjustments

n response to temperature. 

Illustra tive simula tions of the agronomic and adaptation effec t under the SSP3-7.0 scenario

n 2050 show significant damages for corn in the majority of provinces, while the effec t is of

maller magnitude and mostly never signific ant f or whe a t. Aggr e gating o v er all the provinces

onsidered in the analysis, corn yields are projected to decrease by 4.42 per cent and wheat

ields by 0.72 per cent. For both crops, the input adaptation effec t under the 2050 climate pro-

ections is limited and never significant. This result suggests that adaptation through input use

an be an effective stra t egy t o offset some of the imp ac t s of mar ginal t empera tur e incr eases.

o w ev er, it does not seem to be effec tive as a long-term adaptation strategy to non-marginal

 empera tur e incr eases, highlighting the need f or the adop tion of o ther adap ta tion stra t egies,

ike changing crop v arieties, adjus ting planting or sowing da t es or cropland allocation, espe-

ially for corn. 

We acknowledge that the r esult s should be interpr e ted with caution due to some limitations.

he analysis is based on an unbalanced panel, and measurement error in the variables likely

ontribut es t o the rela tively wide c onfidenc e int ervals. In addition, we are only able t o iden-

ify short - t erm adapta tion through input use, hence the findings should be considered as not

c c ounting for long-term dynamics of the agricultural sector or for o ther adap ta tion stra t egies

i.e. irrigation). 

Nonetheless, w e believ e these r esult s pr ovide valuable insight s to inf orm agricultural and

nvironmental policy at the national and European level, in light of the current input r educ tion
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tar ge t s. By charac terizing agricultural input s as a short - t erm adapta tion mechanism, our study

highlights the trade-offs faced by farmers and policymakers to reconcile economic resilience

with environment al sust ainability. While r educing input use is essential f or pr eserving biodi-

v er sity and long-term environmental health, these tar ge t s must be balanced against produc-

tive stability ( Gohin 2024 ), since inputs can provide an adaptation strategy to adv er se w eather

conditions. 

End notes 

1 In 2023 corn harvest reached 5.331 million tonnes o v er a cultivated area of 498,500 hec tar es,

while common whe a t pr oduc tion t otalled 3.688 million t onnes o v er a cultiva t ed are a of

1,269,000 hec tar es ( CREA 2024 ). 

2 The choice of f ertiliz ers and pesticides as the variable inputs is justified since these are ar-

guably the two main inputs employed by farmers during the growing season, i.e. when crop

allocation has already been decided. For corn also another adapta tion stra t egy, irriga tion,

is available to farmers, but due to data limitations the actual amount of wa t er used is not

available. This means that our estimates can be interpr e ted as a lo w er bound of the adap-

tation effec t f or c orn. Sinc e c ommon whe a t is rainfed in Italy, the abo v e consideration is not

ext ended t o this cr op . 

3 We r ef er the r e ader t o Bareille and Chakir (2024) and Femenia and Letort (2016) for an ex-

tended discussion of the struc tur e and interpr e tation of the parameters. 

4 Specifically, δk,l ( w i,t ) = 

γ −1 
k,l ( w i ,t ) 

γ −1 
1 , 1 ( w i ,t ) γ

−1 
2 , 2 ( w i ,t ) − γ −2 

1 , 2 ( w i ,t ) 
∀{ k; l } ∈ { 1 ; 2 } . 

5 Notice that this level of disaggr e gation is a unique fe a ture of the RICA dat aset, sinc e the EU

FADN only provides input use data aggrega t ed a t the farm level. 

6 We do not include scenario SSP1-2.6 since it displays very limited changes in temperature

comp ared t o current levels. 

7 Importantly, the estima t ed p aramet ers of the pr oduc tion func tion r espec t the assumption of

nondecreasing and concave relationship with the two inputs, fertilizers and pesticides. 

8 We focus on elasticities with r espec t to temperature since it is our main variable of interest,

but elasticities can be computed also with respect to precipitation starting from the structural

estima t es. 
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