
Ecohydrologie des 
agrosystèmes
FONCTIONNEMENT ECOHYDROLOGIQUE 
DES FERMES DE CANNEBERGE.
Silvio J. Gumiere, Thiago Gumiere et Alain N. Rousseau



L’écohydrologie nous aide à 
décrire les mécanismes 
hydrologiques qui supportent les 
processus écologiques et vise-
versa.  

Centrée sur la relation profonde entre végétation,
biote, microbiotes et eau du sol



Écohydrologie appliquée aux 
agrosystèmes

Drainage et voie de circulation d’eau;

Évolution rapide du profil de sol;

Irrigation et stockage d’eau;

Application des fertilisant et pesticides;



Objectif principal
Comprendre le fonctionnement Ecohydrologique des fermes de 
canneberges au sein d’un basin versant. 

1. Optimiser les services ecohydrologique de ce type de culture;

2. Améliorer la santé de l’ agroecosysteme par la gestion de l’eau;

3. Orienter une meilleure règlementation de la gestion de l’eau.



Connaissance de la gestion de 
l’eau à l’échelle de la ferme



Processus 
hydrologiques



Échelle de la ferme



Axes
Axe 1 – Connectivité hydrologique et interaction au sein du basin versant;

Axe 2 – Service  ecohydrologique des fermes de canneberges comparé à d’autres objets du 
paysage;

Axe 3 – Développement d’une outil d’aide à la décision pour les nouvelles fermes et procédures 
de règlementation.  



Axe 1 – Connectivité Hydrologique
ØHydrologie isotopique et modelisation pour comprendre les movement d’eau in-site et off-site.

ØRelation entre débit des rivières et le fonctionnement de la ferme.

ØDeveloper des indices de connectivité adaptés

Ø1 doc et 1 MSC



Connectivité Hydrologique

Effet des fermes sur le 
chemin d’eau à l’échelle 
du bassin versant 



Deux approches 
ØIntra-ferme et sous-bassin (MODFLOW)

ØBassin versant (HYDROTEL)
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On donne dans la figure ci-dessous l’emplacement des 8 puits à pas horaire (a, b, c, d, e, f, g, 
et h) :  

 
FIGURE 10 : LOCALISATION DES PUITS D’OBSERVATION 

La profondeur de la nappe est mesurée au moyen d'une sonde piézométrique que l'on descend 
dans le puits, et la charge hydraulique H(m) est calculée en utilisant la formule suivante :  
 

                        H= P + Z                                      (17) 

Avec :  
P(m) : Profondeur de la nappe d'eau (m) par rapport à la surface du sol,  
Z(m) : Altitude du piézomètre par rapport au niveau de la mer, au Québec, le niveau de la mer 
est à 89m environ. 
 
Les charges hydrauliques observées pour la campagne de 2018 sont représentées dans le 
graphique suivant : 
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3- Topographie  
La zone d'étude est caractérisée par une topographie assez plate où les élévations sont aux 
alentours de 114m au nord, et de 111m à 113m au sud avec une pente moyenne de 5 %.  
Les lacs sont situés dans la partie la plus haute du terrain, et servent à stocker l’eau pour 
l’irrigation.  

 
FIGURE 6 : TOPOGRAPHIE DE LA FERME PAMPEV (MNT) 

4-Réseau hydrographique  
Le réseau hydrographique traverse la ferme, et l’eau coule du nord au sud vers la rivière 
Bécancour : 
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FIGURE 11 : COURBES DE CHARGES HYDRAULIQUES OBSERVEES 

On remarque que la variation du niveau de la nappe est synchronisée partout dans le champs, 
et plus spécifiquement dans les piézomètres suivants :  

x F, avec G, et H,  
x A avec C,  
x D avec E, et B, 

On donne dans les graphiques suivantes, les charges hydrauliques mesurées pour chaque 
piézomètre comparées avec l’altitude au sol par rapport au niveau de la mer :   

 
FIGURE 12 : CHARGES HYDRAULIQUES AU NIVEAU DU PIEZOMETRE « A » 
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Méthodologie 
 

Le présent projet abordera trois volets :  
x Analyse des mouvements de l’eau de surface et de l’eau souterraine à l’échelle d’une 

ferme de canneberges, 
x Prédiction du comportement futur d’une ferme de canneberges, 
x Evaluation de l'impact de la gestion d’une ferme de canneberges 

 
1- Volet 1 : Analyse des mouvements de l’eau de surface et de l’eau souterraine à l’échelle 
de la ferme  
1.1- Acquisition des données  
1.1.1-Paramétres hydrogéologiques  
Les paramètres hydrogéologiques sont :  

a) Conductivité hydraulique 
 Propriétés de l’aquifère :  
b) Stockage spécifique 
c) Rendement spécifique 

a- Conductivité hydraulique  
Des mesures de perméabilité hydrauliques à saturation avec le perméamétre de GUELPH ont 
été réalisées dans 10 points dispersés dans le champ afin mieux représenter la variabilité 
spatiale : Parcelle N°1, 3, 6, 7, 8, 9, 11, 13,14, et 16. (Voir figure ci-dessous) 

 
FIGURE 20 : LOCALISATION DES POINTS DE MESURE DE CONDUCTIVITE HYDRAULIQUE 



Hydrotel
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Figure 1. Sketch of the catchment where all the parameters relevant to the analyses are indicated (left); AR is the
upstream catchment area (L2); AL is the downstream catchment area (L2); Qi is the inflow to the reservoir (L3T−1), that is,
the discharge from the upstream catchment; QR is the outflow from the reservoir (L3T−1); QL is the lateral inflow to the
river (L3T−1), that is, the discharge from the downstream catchment; Q is the total river discharge (L3T−1); W∗ is the
volume of the reservoir (L3); and !R is the temporal delay (T) due to the distance from the reservoir to the catchment
outlet. The right panels depict how the contributions coming from the upstream catchment after the reservoir has been
built (compared to that in natural condition) and the downstream catchment combines at the outlet.

Unit Hydrograph, to characterize the geomorphological and kinematic dispersive contribution to the hydro-
logical response, particularly focusing on hillslope component; they obtain a general model for the derivation
of the travel time distribution for idealized natural catchments.

In this paper we develop an IUH-based method that accounts for the presence of one reservoir in the
catchment (section 2) and determines how the peak discharge quantile is attenuated as a function of few
dimensionless numbers (section 3), which account for the position of the reservoir in the catchment, its vol-
ume, and its spillway. Note that among the simplifying assumptions, we do not consider the specific purpose
of the reservoir, that is, its operation rules. The method is illustrated for idealized natural catchments and
variable reservoir characteristics in section 4 and is used in a real-world case study in section 5. Section 6
summarizing the main findings of this work closes the paper.

2. Mathematical Framework

We consider a catchment of area A (L2), where a reservoir for multiple uses including flood mitigation, or for
flood mitigation only, is built along the mainstream river at a distance LR (L) from the catchment outlet (as
depicted in the sketch of Figure 1). The reservoir has a storage capacity W∗ (L3) and constitutes the outlet
section of the upstream catchment of area AR (L2).

We use the classical theory of the IUH to model the hydrological response of the catchment to the excess
rainfall. In natural conditions, before the reservoir construction, the flow discharge at the catchment outlet, Q
(L3T−1), results from the convolution of the net rainfall, p (LT−1), and the IUH, u(!) (T−1),

Q(t) = A

t

∫
0

p(t − !) u(!)d!, (1)

where ! (T) denotes travel time.

After the reservoir has been built, the flow discharge at the catchment outlet is the sum of (1) the discharge
from the upstream catchment, QR, that is reduced with respect to its natural condition thanks to water storage,
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Figure 1. Sketch of the catchment where all the parameters relevant to the analyses are indicated (left); AR is the
upstream catchment area (L2); AL is the downstream catchment area (L2); Qi is the inflow to the reservoir (L3T−1), that is,
the discharge from the upstream catchment; QR is the outflow from the reservoir (L3T−1); QL is the lateral inflow to the
river (L3T−1), that is, the discharge from the downstream catchment; Q is the total river discharge (L3T−1); W∗ is the
volume of the reservoir (L3); and !R is the temporal delay (T) due to the distance from the reservoir to the catchment
outlet. The right panels depict how the contributions coming from the upstream catchment after the reservoir has been
built (compared to that in natural condition) and the downstream catchment combines at the outlet.

Unit Hydrograph, to characterize the geomorphological and kinematic dispersive contribution to the hydro-
logical response, particularly focusing on hillslope component; they obtain a general model for the derivation
of the travel time distribution for idealized natural catchments.

In this paper we develop an IUH-based method that accounts for the presence of one reservoir in the
catchment (section 2) and determines how the peak discharge quantile is attenuated as a function of few
dimensionless numbers (section 3), which account for the position of the reservoir in the catchment, its vol-
ume, and its spillway. Note that among the simplifying assumptions, we do not consider the specific purpose
of the reservoir, that is, its operation rules. The method is illustrated for idealized natural catchments and
variable reservoir characteristics in section 4 and is used in a real-world case study in section 5. Section 6
summarizing the main findings of this work closes the paper.

2. Mathematical Framework

We consider a catchment of area A (L2), where a reservoir for multiple uses including flood mitigation, or for
flood mitigation only, is built along the mainstream river at a distance LR (L) from the catchment outlet (as
depicted in the sketch of Figure 1). The reservoir has a storage capacity W∗ (L3) and constitutes the outlet
section of the upstream catchment of area AR (L2).

We use the classical theory of the IUH to model the hydrological response of the catchment to the excess
rainfall. In natural conditions, before the reservoir construction, the flow discharge at the catchment outlet, Q
(L3T−1), results from the convolution of the net rainfall, p (LT−1), and the IUH, u(!) (T−1),

Q(t) = A

t

∫
0

p(t − !) u(!)d!, (1)

where ! (T) denotes travel time.

After the reservoir has been built, the flow discharge at the catchment outlet is the sum of (1) the discharge
from the upstream catchment, QR, that is reduced with respect to its natural condition thanks to water storage,
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and (2) the contribution of the intermediate/lateral catchment, QL, whose drainage area is AL = A−AR. Consis-
tently with the IUH approach, the total discharge at the catchment outlet is given by Q(t) = QR(t − !R)+QL(t),
where the upstream contribution QR is delayed to account for the time required for water to travel along the
main channel at a constant channel velocity, v (L T−1), that is !R = LR∕v (see Figure 1). The peak value of the
upstream contribution, and consequently that of the total discharge, is reduced with respect to the natural
condition; the relative reduction depends on the geomorphological and kinematic features of the catchment
and of the reservoir characteristics, including its position along the mainstream.

2.1. Hydrological Response of the Upstream Catchment and Reservoir Routing
The inflow to the reservoir, denoted in the following as Qi (Figure 1), can be computed by using equation (1),
where A and u are substituted by AR and uR, respectively; uR (T−1) denotes the IUH of the upstream catchment.

Reservoir routing determines the outflow QR from a given inflow (Qi) and known reservoir characteristics. It is
computed by solving the continuity equation for storage in a reservoir, as

Qi(t) − QR(t) =
{

dW(t)
dt

W(t) ≤ W∗

0 W(t)>W∗,
(2)

where W (L3) is the volume of water stored in the reservoir. The two conditions in equation (2) account for
the limited storage capacity of the reservoir, W∗, such that if the storage capacity is exceeded the difference
between the outflow and the inflow becomes negligible or null.

2.2. Hydrological Response of the Lateral Catchment
The contribution coming from the lateral catchment (ii) is determined again as the convolution between the
pertaining IUH and the net rainfall, as in equation (1). The IUH of the lateral catchment, denoted by uL (T−1), can
be derived as the weighted difference between those of the whole (u(!)) and upstream (uR(!−!R)) catchments,
as in the following

uL(!) =
{

u(!)−AR∕A uR(!−!R)
1−AR∕A

0 ≤ AR < A

0 AR = A.
(3)

3. Peak Discharge Quantile Attenuation

We are interested in exploring the relative attenuation at the catchment outlet of peak discharge quantiles,
that are peak discharges characterized by a given return period, T (T). To this aim, we consider a rectangu-
lar rainfall event of duration tp (T) and intensity as extracted by an Intensity-Duration-Frequency (IDF) curve,
i(T , t) = a(T)tn−1 (L T−1); the latter expression is that generally adopted in Italy and can be obtained by simpli-
fying the general formula (see, e.g., Koutsoyiannis et al., 1998, equations 12 and 13). Further, we compute the
net rainfall as a constant fraction of the total one, p = " i, where " is the runoff coefficient. Hence, the rainfall
event with a given return period T is expressed by the following relationship

p(t) =
{

" a(T) tn−1
p 0 < t ≤ tp

0 otherwise.
(4)

Note that the above model assumes that the net rainfall is uniformly distributed over the catchment; this
hypothesis is customary in design and risk assessment of hydraulic structures and coherent with the simplified
IUH framework defined in the previous section.

To represent the hydrological response of the whole catchment to the net rainfall event in equation (4), we
adopt the two-parameter gamma pdf as analytical model of the IUH. The gamma IUH, that is widely adopted
in hydrological practice, was first derived by Nash (1957) on the basis of a linear reservoir cascade model and
successively related to the geomorphological features of the catchment by Rosso (1984). The gamma (Nash)
IUH is given by

u(!) =
⎧
⎪
⎨
⎪⎩

e−
m!
# ( #

m
)−m !m−1

Γ[m] if ! > 0

0 otherwise,
(5)

where # (T) is the lag time, that is, the average of the travel time distribution (i.e., the IUH u(!)), and m is
the number of linear reservoirs of the cascade. The latter parameter is directly related to the coefficient of
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Figure 2. Instantaneous Unit Hydrograph of the upstream, uR(! − !R),
intermediate, uL(!), and whole catchments u(!), for m = 4 and A′

R = 0.5.
Note that the Instantaneous Unit Hydrograph of the upstream catchment is
delayed of the temporal distance from the reservoir to the catchment outlet,
!R . Vertical-dashed lines indicate the corresponding lag times.
pdf = probability density function.

variation (CV) of the travel time distribution, m = 1∕CV2; according to
the variability of the geomorphological (and kinematic) features in a nat-
ural catchment, m assumes values in the range [2, 8] (Rosso, 1984). In
spite of its simplicity compared to other models, such as that proposed
by (Di Lazzaro et al., 2016), the Nash IUH allows to take into account the
most important parameters controlling the hydrological response of nat-
ural catchments in presence of reservoirs (as discussed in the case study
proposed in section 5).

Following equation (1), the flow discharge at the catchment outlet in nat-
ural conditions is given by the following relationships, written in dimen-
sionless variables

Q′(t′)
(t′p)n−1

=
{

Φ(t′) t′ ≤ t′p

Φ(t′) − Φ(t′ − t′p) t′ > t′p,
(6)

where the functionΦ is defined based on the incomplete gamma function
Γ as

Φ(t′) = 1 − Γ(m,m t′)
Γ(m) , (7)

and Q′ = Q∕(" a(T) #n−1A), t′ = t∕#, and t′p = tp∕#. Since Q(t) depends on rainfall duration through the IDF
curve, we search for the t′p value that maximizes the peak discharge quantile, $ = argmax Q′

max(t′p), thus finding
the most critical condition for each return period (i.e., design storm method; see, e.g., Pilgrim & Cordery, 1993,
page 9.13).

For simplicity and without loss of generality, we suppose that uR is derived from u by lower truncating the pdf
at the temporal distance of the reservoir from the catchment outlet, !R, as in the following

uR(!) =
1

AR
u(!|! > !R), (8)

where the truncated distribution is normalized to its mass, AR, to let uR be a proper distribution (integrating to
one; an example is depicted in Figure 2). In other words, we suppose that the upstream catchment is bounded
downstream by the !R isoline of travel time. Note that this simplifying assumption does not affect, in essence,
the results of our analyses, as it will be demonstrated in the real-world case study presented in section 5. Also
note that this assumption is consistent with the generalized case of having more reservoirs located in the
headwater part of a catchment, approximately at the same distance to the outlet. To solve reservoir routing
in equation (2), we assume a linear relationship between the outflow and the volume of stored water (see
section 5 for a discussion on the implications of this assumption), that is, QR = W∕K ; K (T) is the storage
coefficient that determines the attenuation of the outflow with respect to the inflow, being a measure of the
ratio between the storage area and the spillway dimensions; hence, K does not depend on the volume W or on
the storage capacity W∗. Thanks to this linearity assumption, equation (2) can be analytically solved; starting
from the initial condition of empty reservoir, W(0) = 0, its solution is given by

QR(t) =
{ ∫ t

0 Qi(t − !) fR(!)d! QR(t) ≤ W∗∕K
Qi(t) QR(t)>W∗∕K ,

(9)

where fR(!) = 1
k

e−
!
k (T−1). Hence, the outflow for the reservoir can be estimated by first determining the

discharge flowing into the reservoir Qi, which requires to solve the convolution between the net rainfall
(equation (4)) and the upstream IUH (equation (8)) and, second, by solving the convolution between Qi and
the reservoir function fR (equation (9)); the analytical solution of the convolution integral in the first line of
equation (9) is provided below

Q′
R(t

′)
(t′p)n−1

=
(

1 − 1
K ′ m

)−m

⎧
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪⎩

(
1 − 1

K′ m

)m [
Φ(t′ + !′R) − Φ(!′R)

]
+

e−
t′+!′R

K′ ⋅
[
Φ
((

1 − 1
K′ m

)
!′R
)
− Φ

((
1 − 1

K′ m

)
(t′ + !′R)

)]
t′ ≤ t′p(

1 − 1
K′ m

)m [
Φ(t′ + !′R) − Φ(t′ − t′p + !′R)

]
+

e−
t′+!′R

K′ ⋅
[
Φ
((

1 − 1
K′m

)
!′R
)
− Φ

((
1 − 1

K′ m

)
(t′ + !′R)

)]
+

−e−
t′−t′p+!

′
R

K′ ⋅
[
Φ
((

1 − 1
K′m

)
!′R
)
− Φ

((
1 − 1

K′ m

)
(t′ − t′p + !′R)

)]
t′ > t′p,

(10)
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where Φ is given in equation (7) and !′R = !R∕" (i.e., the dimensionless temporal distance of the reservoir from
the catchment outlet). When the storage capacity is a limiting factor, we have Q′

R(t
′) = Q′

i (t
′) according to the

second line of equation (9).

The contribution coming from the lateral catchment (Q′
L) results again from the convolution of the net rainfall

p(t) (given by equation (4)) and the lateral IUH, uL(!), as expressed by equation (1) but with A = AL and u = uL.
The lateral IUH uL is expressed by (equation (3)) with u given by equation (5) and uR as in equation (8). Thus,
we obtain

Q′
L(t

′)
(t′p)n−1

=

⎧
⎪
⎪
⎨
⎪
⎪⎩

Φ(t′) t′ ≤ t′p, t′ < !′R
Φ(t′) − Φ(t′ − t′p) t′ > t′p, t′ < !′R
Φ(!′R) t′ ≤ t′p, t′ ≥ !′R
Φ(!′R) − Φ(t′ − t′p) t′ > t′p, t′ ≥ !′R, t′ < (t′p + !′R).

(11)

Finally, the total discharge at the catchment outlet results from the sum of the above equations (10) and (11),
that is, Q(t) = QR(t − !R) + QL(t). We focus again on the rainfall duration that maximizes the peak discharge
quantile; after the reservoir construction, the maximum peak discharge quantile is obtained for a rainfall dura-
tion, denoted in the following as #R, generally different from that pertaining in the natural (before the reservoir
construction) case, #.

Following equations (6), (10), and (11), the relative attenuation of peak discharge quantile with respect to
natural conditions is a function of the following dimensionless parameters:

• A′
R = AR∕A, which measures the ratio of the whole catchment area that is controlled by the reservoir; thanks

to the simplifying assumption on the IUH shape of the upstream catchment (uR as in equation (8)), this
parameter fully determines the distance of the reservoir from the outlet;

• K ′ = K∕", which represents the delay in the outflow due to the storage in the reservoir with respect to the
average travel time of the whole catchment (lag time);

• W∗′ = W∗

K $ a(T) "n−1 A
, which is the relative storage capacity with respect to the whole catchment dimension,

hydrological (rainfall) load, and reservoir characteristics.

4. Results

In this section we illustrate and discuss how the relative attenuation of peak discharge quantile with respect
to natural conditions is ruled by the dimensionless controlling parameters, A′

R, K ′, and W∗′. We assume m = 4,
which means that the coefficient of variation of the travel time distribution of the catchment is CV = 0.5;
further, we assume the slope of the IDF curve n = 0.3, which characterizes, for example, the average climate
of central Italy. As stated in the previous section we search for the critical conditions; hence, we focus on the
dimensionless rainfall duration, # or #R, that maximizes the natural and the controlled discharge, respectively.
Figure 2 compares the IUH of the whole catchment to those of the upstream and lateral catchments (where
vertical-dashed lines are the corresponding lag times), according to their definitions provided in sections 2.1
and 2.2, when assuming A′

R = 0.5; note that the IUH of the upstream catchment is delayed of !R for the sake of
clarity. The corresponding discharges in natural conditions for a critical rainfall event, that is, with duration #
that maximizes the total discharge, are depicted in Figure 3a; the inset in Figure 3a depicts how peak discharge
quantile (Q′

max) behaves as function of the rainfall duration, t′p. The critical rainfall event is characterized by a
duration (t′p = tp∕") slightly smaller than the lag time ", that is, # < 1 (see Figure 1).

We consider a reservoir with K ′ = 0.5 and a very large storage capacity, such that the second condition in
equation (9) is never met. Discharges after reservoir are depicted in Figure 3b. Both the upstream and lateral
hydrographs change with respect to the natural condition (Figure 3a) due to the different critical rainfall event;
the upstream contribution is also affected by the storage in the reservoir. As expected, the peak discharge
quantile is attenuated. It is interesting to note that, in this specific case, the peak discharge quantile after
reservoir is due only to the uncontrolled lateral contribution downstream the reservoir (i.e., the maximum
value of the total discharge, red line, is that of the lateral one, black line). Hence, the critical rainfall event for
the whole catchment is that critical for the lateral catchment; since the latter has a smaller area than the total
one (AL = A − AR) and smaller lag time (see Figure 2), the rainfall duration that maximizes the total discharge
is smaller than in natural conditions, #R < # (as shown in the inset of Figure 3b).

VOLPI ET AL. 9628

 19447973, 2018, 11, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2018W

R023866, W
iley O

nline Library on [25/03/2024]. See the Term
s and Conditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable Creative Com
m

ons License



Axe 2 – Service Ecohydrologique
Caracterisation du microbiome des fermes et des objets du paysage

Deffinition des principaux service ecohydrologiques des fermes et d’autre objets.

Services fermes bio et conventionnel, irrigation de precision et controle de nappe (mode de 
gestion de l’eau)

Doc et MSC 



Services Ecohydrologiques



Hydrologie Isotopique Bilan hydrologique du sous-bassin
• Mesure qualité de l’eau
• Mesure O16, O18 et H2
• Mesures microbiologiques

  

38 
 

Les deux indicateurs majeurs sont : les niveaux d’eau, et les débits dans les cours d’eau. 

Indicateur 1 : Variation des niveaux d'eau dans le lac, la nappe phréatique, et les fossés  

Évaluation : Comparaison des niveaux d'eau simulés pour chaque scénario avec les niveaux 
d'eau observés, puis identifier les changements significatifs. 

Indicateur 2 : Débits des cours d’eau  

Évaluation : Analyser les débits simulés pour chaque scénario, puis les comparez avec les 
débits observés. 

On donne dans la figure suivante les milieux humides présents dans le sous-bassin versant de 
Bécancour dans lequel se trouve la zone d’étude :  

 

FIGURE 22 : MILIEUX HUMIDES PRESENTS DANS LE SOUS BASSIN VERSANT DE BECANCOUR 
3.1- Evaluations de l’Impact sur l’hydrologie des milieux humides  
Afin d’évaluer l’impact de la gestion d’une ferme de canneberges sur les milieux humides, on 
sera en mesure de :  

- Identifier les milieux humides présents dans le bassin versant de la rivière Bécancour et qui 
se trouvent à proximité de la ferme. La région a récemment fait l’objet d’une cartographie 
détaillée des milieux humides grâce notamment aux travaux de Canards Illimités Canada. La 
région du Centre-du-Québec possède la plus grande densité de tourbières au sud du fleuve 
Saint-Laurent et certains complexes de tourbières sont fort intéressants sur le plan de la 
biodiversité (ex. : la tourbière de Villeroy) (Canards Illimités Canada, 2012).  



Axe 3 – Outil d’aide à la décision
ØDéveloppement d’un outil web d’aide à la décision pour simuler et minimiser les impacts de 
l’implantation des nouvelles fermes. 

ØDéveloppement d’un cahier de charge, bonne pratiques et normes pour les analyses du MELCC.

ØPosdoc et Doc  



Merci!


