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/ l/ / Introduction

I

»* Protection of surface waters quality requiring measures

Regulations and directives (Nitrate Directive (91/676/EEC), the Water Framework Directive (2000/60/EC),
Pesticide Directive (2009/128/EC))

% Compliance with the Water Framework Directive (WFD) implying a
reduction in the impact of agricultural pressures

% Public participation in water management required in international
conventions that should be meaningful when issues are complex and

uncertainties hlgh (United Nations, 2000; Aarhus Convention, 1998; World Water Commission, 2000; WFD, 2000)

> Agri-environmental measures defined at National or Regional
level can lead to extremely different results in terms of
implementation costs and environmental effectiveness

/ [ \ 2011 International SWAT Conference, June 15-17,Toledo, Spain :(E;magﬂ



/ V / Introductior

I

*Cost-effectiveness analysis (CEA)

“*Government and Water agencies have to manage limited budgets
allocated to the implementation of measures

+*CEA to be used to select combinations of measures at the water body and river
basin level allowing for the attainment of the desired ecological objectives
at the lowest costs for society (WATECO)*

— Use of modeling tools for analyzing the different impacts and
costs of environmental policy measures

- Could help define least costs programmes

- Long periods of time

_—
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| /| Cost-E fectiveness Analysis (CEA) framework
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Stakeholders
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Cost assessment of Effectiveness assessment of mitigation
implementing measures measures on reduction of pesticides
(Commune then sub river basin concentration at the outlets
level) Region water basin, Catchment, Sub-basins
levels
’ ’ Targeting action

programmes
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/ V / Effectiveness assessment

e

Effectiveness of mitigation measures
with SWAT
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Case study

**The Gers river basin (sub basin of the

Garonne river basin) in the

“*Upstream part (UGRB) from

Lannemezan plateau to the Roquelaure
drinking water collection point

7L

% 17 small rivers and streams (9000
km?) with extremely small water

catchment areas (Coteaux de Gascogne)

S

**Hydrological processes characterized
by superficial water transfers fed by

shallow water tables with limited
» capacity

AR

— Canal Nest|
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Sources : Bd Geofla (IGN), Bd Carthage (IG N),unité Ader (Cerragref)
jon : Unité Ad
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Réalisation : Unité Ader - Cemagrefm;rdeaun(mog)
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- link canal (the Neste canal) created
Bassin versant Gers amont

\

to improve water flows
Céteaux de Gascogne
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. Case study streams

_ |
A Cemagrer AR e

+* 5 points for the abstraction
of Drinking Water (30 000 hab.)
with recurring problems of
water quality relating to
pesticides

" 65 % of water samples with
concentrations > 0.1 pg/l for
individual pesticide

= and 29 % with concentrations
§ EeSsEEmedtpet > 0.5 ug/l for total pesticides

——— Streams

Subbasins
DEM

High : 633

Low: 115
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e Km

Sources : BD A (IGN), BD Carage (IGN), CemagrefBordeaux
Réalisaton : Unité Adbx - Cemagref Bordeawx (2011)
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Sources : Bd Geofla (IGN),
Réalisation : Unité
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L.and use

e

**UGRB covers 47000 ha (470 km?)
mainly dedicated to Agriculture
34000 ha (72% of the area)

- 700 farms on 55 communes

"mainly Cash crops

Streams

i =Some Breeding activities suckler
Developed sies farming systems
by

I vater 80 % cropping pattern

- z:zlseavedfmem =Corn for grains or silage southern part

— o =spring and winter wheat

— =durum wheat

- g:eroumms sSunflower northern part

— "Permanent and temporary

g 5w grassland

e Km

Sources : Landsat 2009 (Geosys), BD Carthage (IGN), Cemagref Bordeaux
Réalisaton : Unité Adbx - Cemagref Bordeaux (2011)
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| ]/ Case study soils
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+»*Soils types of different
characteristics such as

-Alluvium
-Colluviums
-Loamy clayey soils
-Clayey soils

——— Streams
Subbasins

Soils classes

E Alluvium

- Colluvium

- Loamy soils

I Brovn clay loamy soils
- Brown soils and molasse

[ |urman

0 5 10
] Km

0 15 30
1 Km

Sources : Bd Geo ﬂ(ﬁN} Bd Carthage (IG N).uni M r (Camag
Réalisation : Unité Ader CmurelBrd ux (2009)

Sources somw(s)cw A(Iefrugreﬁmux
Réakss Unité A ‘Cemagref Bordeaux (2011)
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I Defining practices

I

s+ Define areas with homogeneous characteristics of identified crop
rotations (PCA, CA)

¢ Crops rotations further improved from land cover data by applying
—>Agronomical decision rules

—>A random spatial function, producing as many HRUs as there are
different types of crop rotations

and creating tables with practices (SWAT tables mgtl and mgt2) for each
HRU from average practices by crops constituting the crop sequence

*»Dates of management practices within periods are generated randomly
from identified average values
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Mitigation measures

Measures applied
applied only on |applied on the whole Description Implementation in the SWAT model
zones with upstream area
= BS Riparian buffer strips:Grass strip with rye-grass
BS10 ZP BS 10 GA Buffer strips width 10m: 5Smeters on either side of the watercourse Basis line scenario
BS10 ZP_ext Buffer strips width 10meters extended hydrographical network. I\‘/Iod|f|cat|'on ofthe fand use fles (sha?pe-
files): Design of new polygons alongside
BS20 ZP BS20_GA Buffer strips 2x10meters (BS 2x10m) the hydrographical network (Arc-GIS
Buffer command) and accordingly
BS20_ZP_ext Buffer strips 2x10meters extended (BS 2x10m_ext) modification of the parameter FILTERW
MW 2P MW GA Switching from che.n'.lical weefjing. to mech.anical weeding. No Modification of management
- - herbicides application and tillage parameters
IR 7P (R GA Modification of crop rotation schemes (longer rotation with Modification of management
- - succession of 4 crops minimum) parameters
/ C 79 C GA Catch crop during the inter-crop period (sowing of ryegrass Modification of management
- - between winter crops and spring crops) parameters
SGL GA Increase of grassland/decrease of arable land. Switching from Modification of the land use files
- arable land (maize, wheat...) to temporary grassland (rye grass) (shape-files)
o

*

— Effective on water quality

easures proposed by the French Rural Development programm

As the most likely to be accepted and implemented by farmers

\
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= Average values of pesticide concentrations calculated on the ten last years basis
for the modeling period

= Effectiveness is considered in terms of the relative reduction of average

concentration of total pesticides following measure implementation
Use of the values from the SWAT main channel output file (.rch)

[ ] Average concentration over the ten
0 dugl™ Jast years of hydrological simulation

[CS ]#31'1

=1 (X100
[CO]ygl'l

Effectiveness,,=| 1 -
[Cs ] 1 . .
ugl’ Baseline concentration

= Variability in effectiveness between sub basin is calculated on the difference
between inflows concentration and outflows concentration
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Calibration/Validation for stream flows

Specific discharge Qs (I/s/km?)
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|

}/ / Calibration/validation statistics for stream flows

2000000 - — SWAT Measured Data
1800000 | -
1600000 -
1400000 |
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< 1200000 -
(0
§ 1000000 -
A 800000
600000
400000 |
200000
0 1 I I I I I I I 1
A »
% 4 % 4 % \ \ \ \ \ \
S S S S S D P B @ ® ®
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Date
Calibration period Validation period
(1985 to 1995) (1995 to 2005)
R2 0.80 0.72
NSI 0.65 0.63
Specific discharge Qs Measured QSqps 5.44 |/s/km?
(liter per second per square | Simulated Qs 5.40 |/s/km?

km)

2011 International SWAT Conference, June 15-17,Toledo, Spain

CCemagref



= SWAT model has been implemented on the whole Coteaux de
Gascogne zone then calibrated in order to reproduce total yearly
pesticides concentration (1.2 p g/l) at the upper stream watershed
outlet (Roquelaure measurement point)

mConcentrations of pesticides analyzed on

- 4 measurements points alongside the Gers river (within the project)
- 5 points ( tapping for Drinking Water Supply)

- 15 measurements points out on the main rivers of the Gascogne Coteaux zone
from 2005 to 2008 (from another study by Cemagref)

—>Frequency of sampling (4 to 5 measurements per year) to low for
precise daily or monthly calibration and/or validation

—>used nevertheless for verification by comparing on the same points of
the streams, the ranking of the yearly average measured and simulated
concentrations (total pesticides)

-
/ / \ 2011 International SWAT Conference, June 15-17,Toledo, Spain CCemagret



/ l/ / Pesticides run-offs modeling

e

Water analyses show that 4 molecules represent 80 % of the total
pesticides concentration

=Herbicides (Glyphosate, S-Metolachlor)

=|nsecticide (Carbofuran)

=Fungicide from the triazole group (Tebuconazole)

= Set of Active Substances applied + frequency of their use (survey carried
out on 50 farms within the watershed area) for each crop

= Spraying practices within the watershed are compared to the average
practices set at the regional scale from a much wider sample of farms

—> Reduction of the number of applied active substances to the molecules
the most widely used + average dose (arithmetic mean) applied by
farmers

—
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/ V / Pesticides run-offs modeling

e

= fungicides (Sulfonylurea, Triazole and Strobilurin groups)

When a chemical class is widely applied

= herbicides with a mix of 3 or 4 active substances sulfonylurea

- new “Average Active Ingredient” (AAl) for its physical and
chemical properties (Koc, DT50 and solubility)

weighted by their relative concentration in the pesticide used
(for a mix of active substances)

—>we defined an average application rate calculated as the average
application rate weighted by its frequency of use

— Simulations are carried out for each of these 4 AAl
the sum of their daily concentrations simulated with SWAT used

as results

/ [ \ 2011 International SWAT Conference, June 15-17,Toledo, Spain (C?amagref



/ Pesticides run-offs modeling

e Average simulated concentrations
and measures differ sometimes
heavily but

—the ranking of the simulated
measurements points match exactly
the ranking of measured points for
all the points of the watershed

= Differences between simulated
and measured concentrations

do not imply that model calibration
is wrong

because of

the uncertainty on the
measurements themselves
(pertaining to their frequency and
the number of values within a

Average yearly flows of total pesticides (mg ha year?) from Hydrologic
Response Units to main streams of the Coteaux de Gascogne. month and year)
SWATModeling with basis line scenario - average on 15 years (1994-2009)

f‘
/ / \ 2011 International SWAT Conference, June 15-17,Toledo, Spain CCemagref

"N Scences. s £ e



/ V / Results for Effectiveness

Implementation  Scenario Measures Total Effectiveness
concentration (% reduction) [
ugl-1(outlet)
Basis line scenario
1.2 BS10_ZP_ext 29
Measure applied 1.3 BS20 ZP 35
on the zones with 1.4 BS20 ZP ext 40
priority 2 MW _ZP 20
3 LR_ZP 0.5
4 CC_ZP 1
Basis line scenario
Measure applied 1.3 BS20_GA 45
on the whole area 2 MW _GA 68
of the upstream 3 LR_GA 1.18 1
part 4 CC_GA 1.17 2
5 SGL_GA 0.66 45

— Pesticide loss may be effectively decreased by implementing measures
— Best results: restoration measures like riparian grass buffer strips
varying however when applied in priority zones or in the entire GA area

9Switching from chemical weeding to mechanical weeding could have an
immediate effect on pesticide loads

nhanced when the measure is applied on the whole upstream area (MW _GA)
xplained by the type of chemicals detected at high concentrations (mainly herbicides)
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/ V / Results for Effectiveness

Implementation  Scenario Measures Total Effectiveness
concentration (% reduction) [
ugl-1(outlet)
1.2 Basis line scenario
1.2 BS10_ZP_ext 0.85 29
Measure applied 1.3 BS20_ZP 0.78 35
on the zones with 1.4 BS20 _ZP_ext 0.72 40
priority 2 MW _ZP 0.96 20
3 LR_ZP 1.19 0.5
4 CC_ZP .18 1
1.2 Basis line scenario
Measure applied 1.3 BS20_GA 0.66 45
on the whole area 2 MW _GA 0.38 68
of the upstream 3 LR _GA 1
part 4 CC_GA @ 2
5 SGL_GA 0.66 45

relative inefficiency of other changes in management practices (catch crops,
changes in crop rotation schemes)

— Concentration objective of 0.5ugl? is never reached excepted for one scenario
— Combination of agri-environmental measures maybe more effective but need first
to be assessed

For a given measure, effectiveness nevertheless varies widely between sub
basins within the watershed
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Costs results

Effectiveness assessment at the sub river basin level

measure: riparian buffer strips 2x10m
Zones with priority

CJ communes boundaries
Effectiveness (% reduction)
|:J 20-53
[ lsa-17s
[ 7
[ 248-307
I z08-340

1:200 000 B -0
I]_5:1|0 Km - 405-70,7

Soues oty (04, Comagrf Bordoas - 70,8- 100,0

Realication : unti Adb: - Comagrel Bordeaus (2008)

Effectiveness assessment at the sub river basin level

measure: switching from chemical weeding to mechanical weeding
Whole upstream area

|:] communes boundaries
Effectiveness (% reduction)
Cl 218
[ ] 219-41a
RN
[ s18-57a
I s72-625
1:200 000 - 626-755

l]_5:1|0 Km - 756-806

Sowrces : Geofla (IGN), Ce - 80,7-59,0

amagrel Bordeaux
Realication ; uné Adb - Cenageel Bordeaux (2008)

e

Effectiveness assessment at the sub river basin level

measure: modification of crop rotation schemes
Whole upstream area

l:l communes boundaries
Effectiveness (% reduction)

[ Jor-2a

[ 2.4

[ e2ear

[ «s-53

- 54-58

: B 5063
0_51:1'0Km - 6.4-6.9
Rkt s R ot ontecs 3008) | B

[\
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Costs assessment

e

Costs of mitigation measures
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/ V / Costs assessment

e

2 Marginal costs of mitigation measures are not equal

Theoretically possible to obtain the same level of water pollution
reduction at lower cost by shifting from high-costly measures to lower-
costly measures

** The economic budgeting approach may reflect real word behavior
But budgets may not reflect efficient decisions from an economic
perspective

—>To derive a meaningful trade-off curve, all economic methodologies
need to allow farmers the ability to interchange a variety of optional
strategies into the decision making framework

**The methodology of economic optimization
—>more relevant for cost analysis of mitigation measures
—>possibility it offers decision makers to substitute alternative strategies
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/ V / Costs assessment

e

** Representative (average concept) or typical farms (modal concept) is
usually the most satisfactory way of modeling farms

= potential bias from aggregating farm-level data or using average/
aggregate data at the farm level
= [eaves out the spatial distribution of holdings

—> model farms together at the commune level as if they were a single
mega-farm

= overstate the flexibility and co-ordination of agricultural productions
= considered appropriate for small areas like communes

—>A model of Agricultural production at the commune level (HRU) is
developed in Mixed Integer Linear Programming using GAMS software
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| |/ Bio-economic maodelling

Objective fonction : MaxfC(X)\.\
fo(X) = LZZ(Xi,p,k,c : Yink P CO; , k
i p k

% %
4 Z Z Xipe Yip PL—CU,
p

For each ¢

c: commune (commune with at least 10% of its area within the catchment)

i: crop activities

[: livestock activities

p: level of practices intensiveness (intensive, average, extensive)

k: standard practices k; or with mitigation measure k,

Xipke: acreage of the activity with crop 1, intensiveness p and practice k (ha) within the commune
c

Y Yield of the activity [tons of grains or Dry Matter ha''] per crop, intensiveness level and
practice type

p;: price for grains (€.kg1) p;: price for milk or meat (€.kg1)

cv; , . variable costs of production by crop, level intensiveness and type of practice (€.ha-1)
inc,: incentive (€.ha'l)

f‘
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/ Bio-economic maodelling

e

**Levels of incentive required to make a measure appear
in optimal modeled solutions considered to give the
direct costs of its implementation

—>when the decision variable (activity with measure) appears in
optimum solution, incentive and marginal cost cancel each other out

**Marginal cost (Shadow cost) is regarded to represent the direct cost
of the non optimal activity (with measure)

**Marginal values indicate how far each activity with measure is from
entering the optimal solution
but

—
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| |/ Bio-economic modelling

e

—>Doesn’t not indicate what would be the optimal level of the activity if it
did enter the solution

—>nor does it indicate how the optimal level of other activities currently in
the solution would be affected

**To determine exactly what changes would occur

- to alter the model and resolve it, what is done for increasing level of
incentives

- Integration of marginal costs > Total yearly costs
>Discounted sum of yearly costs > Total Cost over the implementing
period

P
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Costs results

- 7\
- Implementation  Scenario Measures ;gt%;?;t;e(r%& 30000 2900 o
1.2 BS10 ZP ext 1021979 §
M lied 1.3 BS20 7P 1002726 + 800 =
onetf]seuzrg:epspv'veith 1.4  BS20_ZP_ext 1795194 25000 + _ =
riority 2 MW_ZP 18136446 1700
3 LR_ZP 11372194 — S
4 CC_ZP 7012277 < 20000 1600 ©
. 1.3 BS20_GA 4601327 - o,
Measure applied =, MW_GA 37536281 2 - Lego S
onthe whole area LR_GA 21238345 © ! T "
of the upstream 4 cC GA 15020465 g 15000 L L ~
part 5 SGL GA 125629621 = 1400 <
N | $ 10000 | | 1300 2
= Wide range of marginal = | 00 S
implementation costs 5000 + =
I 1100 S
H = E
= Some measures, depending of their 0 L e e 0 ©
costs per ha implemented (catch crops) F X XXX &R SRR
. 9 , ’ s G s , N/ , s 7 G
or the area implemented (buffer strips) ey NS ®§ & %j NS
are relatively less expensive to & &
implement on the watershed level B Area (ha) - Average costs(€/ha)
/l IIl \
'I
| ]\
[ |
|
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Costs results

Costs assessment at the sub river basin level

measure: modification of crop rotation schemes
Whole upstream area

: communes boundaries
Total costs over 25 years (€)

| | 1253-23908
| | 20910-59138
[ | s9130- 108884
[ 10s68s - 183557
I 183558 - 377755
B 277757 - 744785

I 744766 - 2708382
I 2708383 - 6385040

1:200 000
0 5 10
—— ) Km
Sources : Geolla (IGN), Comagrof Bordoaux
Realisation : unité Adx - Cemagref Bordeaux (2008)

For a giv

Costs assessment at the sub river basin level

measure: switching from chemical weeding to mechanical weeding
Whole upstream area

Total costs over 25 years (€)
~ |o-783m
| 78399 -205420
[ | 205430333033
[ 333034 - 560649
I 560650 - 963658
I ss3650 - 1387043
Y ————— ki B 1357044 - 2085783
R e e e Il 2036784 - 5629110

1:200 000

are/applied to different crops, rotation sequences and farming systems.

e

Costs assessment at the sub river basin level

measure: riparian buffer strips 2x10m
Zones with priority

Total costs over 25 years (€)
| | 0-3981

[ ] 3982-9530

[T 9531 - 13888

[ 13867 - 22701

I 22702 - 41214

B 41215 - 59150

B 50151 - 03385

Bl o265 - 275175

‘Sources : Geofla (1GN), Cemagref Bordeaux
Ralisation  unité Adbx - Comagrel Bordeaux

measure, calculated marginal costs and total costs vary widely between communes as changes

[\

2011 International SWAT Conference, June 15-17,Toledo, Spain

(Cémagref

"N Scences. s £ e



Cost Effectiveness Analysis

Implementation  Scenario Measures Total Effectiveness Total costs (€) C(k€)/E ratios
concentration (% reduction)
ugl-1(outlet)
1.2 Basis line scenario -
1.2 BS10 _ZP_ext 0.85 29 1021979 35
Measure applied 1.3 BS20 ZP 0.78 35 1002726 29
on the zones with 1.4 BS20 ZP_ext 0.72 40 1795194 45
priority 2 MW _ZP 0.96 20 18136446 907
3 LR_ZP 1.19 0.5 11372194 22744 >
4 CC_zP 1.18 1 7012277 7012
1.2 Basis line scenario P
Measure applied 1.3 BS20_GA 0.66 45 4601327 102)
on the whole area 2 MW _GA 0.38 68 37536281 552
" of the upstream 3 LR_GA 1.18 1 21238345 21238
part 4 CC_GA 1.17 2 15929465 7965
5 SGL_GA 0.66 45 125629621 2792
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|

Cost-Effectiveness results

Costs assessment at the sub river basin level

measure: switching from chemical weeding to mechanical weeding
Whole upstream area

Cost-Effectiveness ratios
T lom
[ Je9-219
[ 220507
[ s08-862
B sc3- 1240
1:200 000 B 241 - 2408
0 s AL, B 2:07 - 3563
I 5647324

Sources : Gaofla (IGN), Cemaprat Bordsatx
Realisation : unit A - Gemagrel Bowdoaus 2008)

/7

**kor
as/ar

Costs assessment at the sub river basin level

measure: riparian buffer strips 2x10m
Zones with priority

Cost-Effectiveness ratios
[ Jo-m
[ s2-88
[ 89178
[ 179 - 480
I <70 - 008
1:200 000 | EUREE
0 s 0 B issc - 2872
B 25727104

Soutcss : Geolla (IGN). Camaret Bordeairc
Reatsation s Adx - Germagret Bondeous (2008)

[ ——— —
Costs assessment at the sub river basin level

measure: modification of crop rotation schemes
Whole upstream area

Cost-Effectiveness ratios
© J21-s80
[ | sst-110
[ 1021815
[ 1s16- 3102
I 3103- 4814
1:200 000 B :s15- 6224
lJ_!’=1|u Km - 8225 - 24248

I 2:240 - 78337

Soutces : Geolla 1GN). Camagrel Bordsaux
o - Com

Réaksation : unde Adx - Cemagred Berdeaus (2009)

given measure, CE ratios of implementing measures vary widely between communes
ult of Effectiveness and Cost variability within the watershed

Mechanical weeding in replacement of chemical weeding could be then sometimes more
ost-Effective than Grass buffer strips depending of the location where the measure is applied

A
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/ Conclusion

Objective: find the changes of crops and practices that will contribute

most to achieving goals at minimum costs

»» Useful for policy analysis

—By integrating the environmental and the economic issues at diverse
spatial and time scale

—>Profitably replace more classical approaches based on pressure
indicators allowing the integration of the dynamics of the agro-
hydrological systems

—>Better target the implementation of measures and financial
incentives to farmers where appropriate

¢ CE analysis: Simple educational and communication tool
summarizing the outcomes in a single quantifiable indicator for
participatory approaches (integrated information needed)
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/ Uncertainty

I

Uncertainty at each step of the analysis
Uncertainty surrounding environmental goal and parameters
Uncertainty surrounding the sources of pollution (PS, NPS)

Uncertainty surrounding the choice of the measures defined by
Science

Uncertainty about the placement for implementing the measures

Uncertainty surrounding the Costs and Effectiveness of mitigation
measures

> Sensitivity Analysis with SWAT and Bio economic model

o
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