
MAINTAINING THE TYPICITY OF WINES IN A CONTEXT OF CLIMATE CHANGE: 
THE IMPACT OF DELIMITATION – EXAMPLE OF THE CÔTE ROANNAISE PDO

Located in the Loire 
department (France), at 
the foot of the Monts de 
la Madeleine, the "Côte 
Roannaise" PDO is renowned 
for its red and rosé wines.

The specifications define the 
boundaries where the grapes 
must be grown. Altitude is 
the primary delimitation 
criterion: it ranges from 380 
to 550 meters in the current 
boundary, and north-facing 
slopes are avoided. Since 
the soils in the area are very 
homogeneous, soil type is only 
a secondary criterion.

INTRODUCTION TO THE 
"CÔTE ROANNAISE” PDO

CONCLUSION

By cross-referencing all these results, experts will determine 
new desirable altitude limits for vineyard establishment 
based on aspect and slope.

The presented method could be replicated in other mid-
mountain vineyards seeking to adapt their boundaries to 
climate change.

CONTEXT AND CHALLENGE

Agroclimatic Study: What Altitude Variations Are Possible for the 
Current Boundaries, Taking Climate Change Models into Account? 

Conducted over the period 1995–2024, with projections through 
2050–2100 based on the RCP4.5 and RCP8.5 scenarios, the study 
confirms the observations of winegrowers:

METHODOLOGY AND INITIAL RESULTS

The energy received by the vine determines the ripeness of the grapes. Based 
on the energy balance of the vine canopy at a given moment, the relationship 
between radiation and air temperature at the vine level was calculated. 

Based on the energy balance of a plant canopy : 
where : a = albedo of the plant surface   
Rg = global radiation
RS = radiation from the plant surface   
Rc = radiation from the sky   
     = convective heat flux    
G = heat flux into the soil 
       : latent heat of water vaporization and : actual evapotranspiration 

…by developing the formula and differentiating it with respect to air 
temperature Ta, we obtain the relationship :

Producers in the appellation have observed that climate change is 
altering the distinctive character of their wines, all made from “Gamay 
Saint-Romain,” to which they are deeply attached. To preserve it, they 
asked INAO to revise the parcel boundaries: a first in France to adapt 
to the climate. The idea: move to higher altitudes to compensate for 
early ripening and limit spring frosts, which are more frequent at the 
bottom of the hillside. A commission of experts has been appointed to 
work toward this goal.

Expected climate type (based on the Huglin index)
The favorable types for Gamay range from cool to temperate.

MODELING OF ENERGY RECEIVED AS A FUNCTION 
OF TEMPERATURE AND EXPOSURE

This allows us to calculate the theoretical amount of solar energy received by the 
vineyard at Roanne’s latitude, on an hourly basis and for each ten-day period, from 
early July to late September, for different slope gradients and orientations.

From this, we can determine the theoretical elevation to which the vineyard would 
need to be moved for a given slope and aspect so that it receives, on average, the 
same amount of solar energy as a south-facing vineyard with the same slope:

View the detailed calculation in the INAO website

Altitude variation to be considered between a south-facing slope and another slope 
with equivalent gradient

INCORPORATING FIELD MEASUREMENTS TO REFINE 
MODELING AND DELINEATION CHOICES

Four sensors were installed in the vineyard, at elevations ranging from 
390 to 620 meters, to record temperatures over the course of a year. 
The data will be available in the summer of 2026. Objectives:

→ Analyze local temperature variability and the risk of spring frost 
based on altitude.
→ Determine new altitude limits for vineyards, relevant for the coming 
decades.

Current situation 
1995-2024

Outlook 
2029-2050

Outlook 
2079-2100

Elevation ≈  
620m
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Rg

RS 

Rc

G

ET

ET

c

c

Je
an

 D
U

C
H

ES
N

E1 , 
H

er
vé

 Q
U

EN
O

L1-
2 , 

Je
an

-Ja
cq

ue
s 

M
A

C
A

IR
E1 , 

Jo
ël

 M
O

U
LI

N
1 , 

Je
an

-M
ar

c 
RO

LL
A

N
D

1 , 
Fr

an
ço

is
 G

A
RN

O
TE

L3*
 a

nd
 A

le
xa

nd
ra

 C
H

ER
IF

I3  

1  I
N

A
O

 c
on

su
lt

an
ts

 fo
r t

he
 re

vi
si

on
 o

f t
he

 C
ôt

e 
Ro

an
na

is
e 

PD
O

 b
ou

nd
ar

ie
s

2  C
liM

oA
, I

RL
20

46
 C

N
RS

, B
SI

, 7
6 

G
er

al
d 

St
re

et
, L

in
co

ln
 7

60
8 

– 
N

ou
ve

lle
 Z

él
an

de
3  I

N
A

O
, s

ite
 d

e 
To

ur
s,

 1
2 

pl
ac

e 
A

na
to

le
-F

ra
nc

e 
37

00
0 

To
ur

s –
 F

ra
nc

e
*  C

or
re

sp
on

di
ng

 a
ut

ho
r: 

G
ar

no
te

l, 
(+

33
)2

 4
7 

20
 5

8 
38

, f
.g

ar
no

te
l@

in
ao

.g
ou

v.
fr

Im
pr

es
si

on
 : P

ik
as

so
 / 

G
ra

ph
ic

 d
es

ig
ne

r :
 F

lo
ra

 L
e 

C
he

na
de

c


