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‘ Overview

Why using Cost-Effectiveness Analysis
=  Appropriate spatial and temporal scales
= How to deal with spatial heterogeneity ?

Bioeconomic modelling of farming activities
» Linkages with the SWAT model

= Data

= How costs are calculated

o Dual values in Bioeconomic modelling
o Comparaison of Agricultural Gross Margins between scenarios
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= Mapping of results and ratios

@ Case studies




Devising environmental mitigation programmes:
. a complicated exercise

Varying spatial and temporal scales

= Characteristics of agricultural production
Soil types, slopes, farming systems, proximity to streams...

Stochastic climatic events within the implementation period of measures
Rainfalls, temperature, infection pressure,.. affecting yields

Fluctuation of market commodities prices + changes of EU subsidies

Changes of practices and crops at risk
Land Use and Compensation of profit losses (if any) when implementing measures
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Why Cost-effectiveness analysis ?

CE analysis useful in comparing mitigation measures

* Provides a rationale for decisions to be taken

at the level of agricultural areas for drinking water abstraction
at the river basin level

* Costs and Effectiveness should be compared on a common
spatial and temporal scale

Basin, sub basin and watershed levels (most relevant scales)
Hydrological simulation period (scale used for quantifying)

Land Use and Water and pesticide flows and concentration at the outlets
Vienna, Austria,
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Costs versus Effectiveness

Effectiveness of measures assessed

o for medium-term goals by the use of indicators (pressure, practices
intensity or risk of transfer)

o for final goals (impacts) where models are required
Discounted costs

Single useful quantitative indicators for selecting measures
Discounted sum of annual costs (€)

Concentration reduction (ug.l=1) or indicator values

Land Use and

e can be calculated at different scales within a river basin.

21-24 September
2015

Sensitivity analysis needed
& Ratios to be handled carefully, because of the deterministic approach




Integrated Assessment Framework

Local
stakeholders

Modelling of Farming Systems + Définition of scenarios g 1
Spatialised mitigation measures

¥ ¥

Bio-economical Agrienvironmental modeling Agrienvironmental indicators
mOde"ng SWAT (Soil and Water Assessment Tool) model IFT (H et HH), PREMA.(AI pressure),
Mathematical programming Land use practices Composite Indicator
(HRUnit)

(Hydrologic Response Unit) (HRUnit)
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o e o Costs assesment Effectiveness of Measures
Water Qually Pression, Potential risk (Indicators)

Vienna, Austria,

21-24 September Decrease of concentrations (SWAT)
2015

Spatially distributed
& Cost-Effectiveness Analysis

Choice of measures and location

» Towards a transfer of methods and tools
to stakeholders




Linking economic modelling with SWAT model (data)

Farming systems data |
[ Economic data

Costs of inputs
q and mechanization

Land use
(Land, Crops,

rotations, .. ) Selling prices overa | -
long period —
| Each year of simulation
SWAT-GenLu Crop management : :
model Fertilizers, pesticides, %. BioEconomic Land use

( Dates, Frequency of

model Profit
applications, Doses,..)

Mathematical Programminglil GeREE S UMBESD)
N (GAMS)
| } ¥
Yields
Land Use and Effecti Reference yield by soil typd Costs
V,::?;erﬁ;?::;y ectiveness Yield simulated using SWAT
21-24 September by HRU)
2015




‘ Bio-economic modelling

Land Use and
Water Quality
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Farming systems heterogeneity is addressed by using bio-economic
modelling to appraise marginal and total costs of implementing measures.

Data availability
Model “representative” (average) farms and/or “type” (modal) farms.

Geographical information on farm plots and management practices is
lost.

We overcome these problems
by

* calculating costs at the
Hydrological
Response Unit : hydrological
units level used by the SWAT
model
(soils/landuse/practices)
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Bio-economic modelling

Alternative form of aggregation

combines farm plots in each spatial unit together, treating them as a single
entity
ensuring consistency with the environmental modelling

o Each HRU: a single entity with a crops sequence+practices

Linear input/output analysis

o Leontief production functions: description of the production possibility
set within a HRU.

o For each output, number of techniques (crops and practices with and
without measures) in competition,

o Subject to constraints from the availability of inputs and/or attached to
measures

Each combination of constraint levels and production techniques
results in a single solution.
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HRU: common calculation unit (swaT-Bio-economical models)

Les sous secteurs hydrographiques considérés
comme prioritaires sur I'AAC

)
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HRU: common calculation unit (SWAT-Bio-economical models)

Land Use and
Water Quality
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‘ HRU: common calculation unit (SWAT-Bio-economical models)

[ Rotation 87_TBNN ] [ Rotation 37_TBNN ]
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Yields by crop and HRU .
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Land Use and 00 |
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Method for calculating costs of scenarios
MAXIMISE

+ = i .
E (GM) HRU, scenario O E ( GM) HRU, scenariol l ncentive scenariol

e ™\ <:| I:inCSx x ><Sx,hru _CSx,hru (XSx,hru):|

Marginal costs of the measure C’ _
a(mCSx X XSx,hru _Cz,hru (XSx,hru ))

ax Sx,hru

Optimal area with measure(s) X = [—C'lehm (X * ) + incSX} =0

- _/

$

Integrating marginal costs by HRU, by sub basin

\ 4

TOTAL COST of the measure(s) for sub-basin and river

@ basin




Case Studies
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A ‘{“Charenteriverbasin\ »
R % o : / avce
Agricultural catchments for abstraction of drinking water within the
Garonne river basin [ oo,
- Coteaux de Gascogne (Upper stream of the Gers rivers) ..‘-\
- Charente river Basin (sub basins and catchment areas) Costal el
E COULONGE : withdrawn 9 =
5-6 millions m3 /year
90 000 people (5 % of the o
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Water Quality
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. population of Poitou-Charentes

region in 2013)
Water supply for the town of la
Rochelle

'k.‘

St Hippolyte

Coulonge s

ST HIPPOLYTE : withdrawn
6,6 millions™ m3 /year
200 000 people 11 % de Ia
population of the Poitou-
Charentes region)

A

1 i Zone d'étude "AAC Irstea"
A Captagesd'eau

@ |a Charente

Cours d'eau de classes 1 et 2

106 sub basins (SWAT)
Total area: 367 000 ha
Agricultural area: 260 000 ha

Cours d'eau de classes inférieures a 2

Qualité de I'eau prés des stations analysées
Trés bon

Bon

Moyen

(@)

o

) Mauvais
i | S|

@ Médiocre Km

@

Traitement des données :
Unité ETBX Irstea Bordeaux

Absence de données
Sources : EPTB, Agence de I'eau Adour Garonne, BD Carthage ©



Discounted costs for the simulation period

Scenario SO B+ (Costs €)

I 5368523 ; 3393530
[ 3393529 -1780948
[ 1780947 ; 1052373

[ 1052372 -607507
-607506 ; -205372
205371, 92738
92737 ; 117345

Scenario S4 (Costs €)

I 5368523 4174708
4174707 ; 2542856
I 2542855 ; 1469588
P 1469587 : 787338
787337 ; 369211
-369210; -120884
120883 ; 76042

Land Use and
Water Quality
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Scenario SO B+ (Costs €)

I (12649912 -8327931)
I 18327931 ; -5746649]
I 15746649 ; -3671160)
[ 13671160 ; -2515467)
[T 12515467 ; -1568242]
[ ] 11568242 ; -674581)

15

Costs calculated with reference
to the baseline scenario

HRU

Scenario S4 (Costs €)

I 17920652 ; 15604615
I 15604614 ; 10535251
I 10535250 ; 7513504
I 7513803 ; -5033270
| 5033278 ; 3171601
-3171900; 1650258
1650257 ; 35113

[ | 1674581 ; 29704

SubBasin
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omparison of costs at the sub-basin level

Les sous secteurs hydrographiq
comme prioritaires sur I'AAC

PRTIvs
es

Scenario SO B+ (Costs €)

Scenario S6 (Costs €)

)
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19967416 ; 12621371

118327931 ; -5746649]
B 15746649 ; -3671160] B 12621370 8681884
[0 13671160 ; -2515467) [ -sse1883 ; -5794612
| 12515467 ; -1568242] 5704811 ;-2471237
| 11568242 ; -674581) 3471236 ;1722413
- 1722412 ; 85051
| 1674581 ; -29704)

I (12649912 -8327931)

Scenario S7a (Costs €)

Scenario S6 (Costs €)
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[0 wmees anc modese
[ oD e pde1s %
deSAU en vigne
3003 bassins avec plus de 80 %

I 6185635 - -32999084

S 34U en grande cuture
sutres sous bassins " "
—
———-
I 26676619 19967417
I 32999083 - -19778740
I 19778730 - -11249140

Unité ETBX Irstea Bordeaux
19967416 ; -12621371

I 12621370 ; -8681884

[ -ses1883 ; 5794612

| -5794611 ; 3471237
3471236 ; 1722413
1722412 ; 85951 -1883914 - 3003

I -11249139 - 6632980
1] -e632079 - -3768241
| -3768240 - 1883915

Sources : Chambres & ageicutture




17
‘ Conclusion

Results show that it is possible
to classify scenarios based on their Cost-effectiveness

represented graphically
- maps with spatially distributed cost- effectlveness ratlos

- scatterplots
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Colt-Efficacité des scénarii par sous-bassin
(ScénarioS4)

Cout-Efficacité des scénarii - Echelle Bassin) Efficacité: réduction de concentration a ['éxutoire
de a I'éxutoire
-8.0
000000
A 15000000 € i . . \ . ISBV? - | .
“so I . I SBvrzhm‘&w}
000 000 € Efficacité (ugl?) *
SBWL1 ]
* 58993
* 535‘ f 5000000¢ # SBVE
B1A : SBVS & ]
ac ¥ r
sS4 t
e : ¥ Public participation in water
M management should be meaningft

Land Use and
Water Quality
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allowing for rational discussion
:' between stakeholders.

Cot (€)

(United Nations, 2000; Aarhus Convention, 199§
World Water Commission, 2000; WFD, 2000)
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