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Network of 17 demonstrators

• Mobilize stakeholders in the wine sector around 
concrete solutions to accelerate their adoption ;

• Develop new methods, organizational approaches, 
and solutions to move toward more climate-resilient 
systems ;

• Co-create and experiment with these solutions 
according to the specificities of each wine-growing 
region ;

• Share solutions and raise awareness among 
winegrowers

Vitilience project
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Agro-eco-climatic projections System Modeling

LOCALISATION

Figure 1 : Localisation de la parcelle

CLIMAT FUTUR SSP5-8 .5

Figure 2 : Évolution de la température moyenne annuelle à l’horizon 2100
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• Vineyard Management

• Varietal choice

• Lever Combinations

Vitilience project

• Phenological modeling

• Ecoclimatic indicators

• Water balance

• Mid-term projections 
(2050)
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DOI:10.5344/ajev.2004.55.3.207

Objectives

• Use STICS on a multi-year dataset from Saint-

Émilion (from 2003 to 2016)

• Retrieve the same conclusion (van Leeuwen et al. 

2004)

• Explore new options or formalisms

• Identify some limits 

• Guide methodology and objectives for future 

STICS use in the context of Vitilience project p. 3
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Grafted onto 3309C rootstock

Merlot (clone 181) Cabernet franc (clone 326)

Saint-Émilion Dataset

Clayey - Albaquic Hapludalf 

Gravelly - Arenic Eutrudept

Sandy - Typic Psammaquent

A

G

S
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• 6000 vines per hectare

• 1.2 m x 1.4 m (vine x row spacing)

• North-south row orientation

• Simple - Guyot pruned

A

Characteristics

van Leeuwen et al. 2004
+
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• 6000 vines per hectare

• 1.2 m x 1.4 m (vine x row spacing)

• North-south row orientation

• Simple - Guyot pruned

A G

Characteristics

van Leeuwen et al. 2004

S

+ - +++
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Definition Unit

predawn leaf water potential MPa

Introduction Materials and Methods Results Discussion Conclusion

Measurements / Observations

psibase
A n = 82 / 2004 à 2016

n = 58 / 2004 à 2013G

S n = 75 / 2004 à 2015

Measurements taken every 

two weeks from ~3 weeks 

after flowering until 

harvest.
p. 6



Definition Unit

predawn leaf water potential MPa

m2/m2

Introduction Materials and Methods Results Discussion Conclusion

Measurements / Observations

psibase

lai(n) Leaf area index

Total leaf area per vine was 
determined for each year just 

before harvest 

Leaf area measured using 
a planimeter
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Definition Unit

predawn leaf water potential MPa

m2/m2

Introduction Materials and Methods Results Discussion Conclusion

Measurements / Observations

psibase

lai(n) Leaf area index

pdsfruitfrais weight of fresh fruits t.ha-1

p. 6



Definition Unit

predawn leaf water potential MPa

Leaf area index m2/m2

weight of fresh fruits t.ha-1

Date of emergence julian day

Date of flowering julian day

Date of lax stage (leaf index maximum) julian day

Date of harvest julian day

Introduction Materials and Methods Results Discussion Conclusion

Measurements / Observations

psibase

lai(n)

pdsfruitfrais

ilevs

iflos

ilaxs

irecs
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Definition Unit

predawn leaf water potential MPa

Leaf area index m2/m2

weight of fresh fruits t.ha-1

Date of emergence julian day

Date of flowering julian day

Date of lax stage (leaf index maximum) julian day

Date of harvest julian day

Introduction Materials and Methods Results Discussion Conclusion

Measurements / Observations

psibase

lai(n)

pdsfruitfrais

ilevs

iflos

ilaxs

irecs

STICS v10.4.1

development branch
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STICS development version

OPTIONS

Variable fruit sink strength (code_fpvar) Bunch number simulation (code_calinflores)

preventing yield overestimation in 
low-bunch-number years

enables the model to simulate interannual 
variability in inflorescence number

pdsfruitfrais

better capturing interannual yield variability

p. 7



Introduction Materials and Methods Results Discussion Conclusion

STICS development version

OPTIONS

Variable fruit sink strength (code_fpvar)

preventing yield overestimation in 
low-bunch-number years

pdsfruitfrais

better capturing interannual yield variability

Nbinflo imposed number of 
inflorescences per plant

New : sink strength scaled by number of 
inflorescences = realistic berry size

𝑝fmax	= 𝑃_𝑝𝑔𝑟𝑎𝑖𝑛𝑚𝑎𝑥𝑖

𝑝𝑓𝑚𝑎𝑥	 = 	𝑝𝑓𝑚𝑎𝑥	.
𝑃_𝑛𝑏𝑖𝑛𝑓𝑙𝑜	
𝑃_𝑖𝑛𝑓𝑙𝑜𝑚𝑎𝑥

Previous : constant sink strength  (fewer 
number of inflorescences led to overly 

large berries)
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Adjustment

van Leeuwen et al. 2004

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

S

gravimetric water 
content at field 

capacity 

gravimetric 
water content 

at witling point 

HCCF* 

HMINF*

Ensures that the model 
reflects unlimited available water 

throughout the growing season p. 8
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Parametrization

• From observations data

• literature

• optimization

p. 9
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*135 cm 

obstarac* : soil depth at which root 
growth is stopped due to physical 
constraints (cm)

*95 cm 

*170 cm 

A G S

Parametrization

• From observations data

• literature

• optimization

p. 9
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𝛹!"#$ = 7
%&'%($

𝑑)"%*+"*)$ * × 𝛹#&, *

∑𝑑)"%*+"*)$
	 , 𝑎𝑣𝑒𝑐 𝛹#&, > 𝑝𝐹𝑝

Parametrization - psibase 
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𝛹!"#$ = 7
%&'%($

𝑑)"%*+"*)$ * × 𝛹#&, *

∑𝑑)"%*+"*)$
	 , 𝑎𝑣𝑒𝑐 𝛹#&, > 𝑝𝐹𝑝Parametrization - psibase 

DOI: 10.5344/ajev.1987.38.1.54

Nagarajah (1987)

AGS

1 Literature
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𝛹!"#$ = 7
%&'%($

𝑑)"%*+"*)$ * × 𝛹#&, *

∑𝑑)"%*+"*)$
	 , 𝑎𝑣𝑒𝑐 𝛹#&, > 𝑝𝐹𝑝Parametrization - psibase 

DOI: 10.5344/ajev.1987.38.1.54

Nagarajah (1987)

AGS

1

2

Literature

Optimization
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A G S

Psibase - Merlot 

STICS v10.4.1
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Cabernet franc Merlot
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LAI

STICS v10.4.1

Cabernet franc Merlot
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Cabernet franc Merlot
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Cabernet franc Merlot
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Yield comparison – Merlot G
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R² 0.09
EF: 0.07
RMSE: 2.38
RRMSE: 49.3 %
Bias: 0.11

The sink strength formalism 
better captures interannual 
yield variability and shows 
improved statistical 
performance

STICS v10.4.1 development branch

Yield comparison – Merlot G
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Comparaison Simulation / Observation − Stades phénologiques (par sol et cépage)
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Budbreak

Flowering

Veraison

Harvest

RMSE : 9.47 days 

RMSE : 11.1 days

RMSE : 12.94 days

RMSE : 4.93 days

Phenology – Merlot A

p. 18
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The soil effect is accurately captured

LAI is not well reproduced in the 
simulations

Yield is overestimated on clayey and sandy 
soils (STICS v10.4.1)

The sink strength formalism, included in the 
development branch, improves the model’s 
to simulate yield 

Key home message
Example of output for the USM Merlot A 2009

p. 19
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Limits

• Biotic effects (botrytis, coulure) in some years 

• The initialization file was kept identical across years for each soil

• Myself

• The cultivars were not recalibrated (e.g., Afruitpot, Pgrainmaxi, Slamin, Slamax) 

• Seasonal fluctuations of the water table in sandy soil were not represented

• Meteorological data from SAFRAN (8 × 8 km grid)

p. 20
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GFV (Parker et al., 2011, 2013)

GSR (Parker et al., 2020)

UniPhen (Molitar et al., 2020) 

SUWE (Morales et al., 2020)
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Framework for integrating other phenology 
models in STICS

Phenology modelling
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Defining a minimal yet reliable input protocol for STICS

Co-constructing modelling approaches

Leverage other existing models (APSIM, GrapeSoil, 
etc.) to integrate new formalisms into STICS

Apply STICS in contexts where it is appropriate and data-
supported, to answer specific questions and improve process 
understanding

p. 22
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