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1. Introduction

The Impact Assessment bio-economic Model for figlgemanagement (IAM) has been developed in the
framework of the Bio-economic partnership workingpup project funded by the French Ministry of
Agriculture and Fisheries in 2009-2010. The proggted at gathering together an expert group of:

- fishermen/fishermen’s representatives

- French administration

- Scientists (biologists, sociologists, fisheriesmomists,...)

to build methodologies to assess biological anibseconomic impacts of scenarios of :
- Fisheries management
- Evolution of the economic context (variation of inr output prices)
- Evolution of the environmental context (variationrecruitment...)

The methodological discussions and works have besed on threease studies covering the Channel,
Atlantic and Mediterranean seas and characterigedabious management and methodological context
(figure 1). Some open interviews with the fishirgct®rs were conducted to evaluate the context and
management stakes in the fisheries studied. Tw&inggroups by case study (6 working groups inlota
and two transversal working groups have gatheregérticipants. Fleets definitions, assumptiomsit$

and dynamics taken into account in the model wéseudsed in the project with participants. Several
scenarios were tested for each case study andgrtindicators to compare performances of various
scenarios were selected.

Bay of
St-Brieuc
scallop fishe

)

Demersal fisheries
in the bay of Biscay

Hake fishery

9B 9A in the Gulf of Lion

Figure 1- Case studies of the Bio-economic partnership warkioup project

Thelmpact Assessment bio-economic Model for fishemesmagement (IAM) developed in this context is
described in this document.



2. Main characteristics of the IAM Model

The model has been developed in R/C++ to allow basylling, flexibility and performance. The core of
the program has thus been coded in C++ and thdaoteuses R for data handling, for outputs and to
produce graphs.

C++ R
Advantage Inconvenience Advantage Inconvenience
, . - User-friendly .
- Computation - Relatively _ - Computation
time complex - Processing tool time
. . for i/o (statistic

- Object oriented - Inputs/Outputs analyses, graphs, ...)
language .

- Results - Interactive tool
- Modularity processing (xls, .mdb,...)
- Reuseable -Widely used by

european fisheries

Driving C++ with R

Figure 2- Compared Advantages and inconveniences of C++ and R

The use of two complementary programming langu@igéS++ ) enables to take advantage of both tools
and to offset their disadvantages.

Parameterization is easy as the model uses dirgetlputputs of the assessment working groups 8npu
for short term prediction) and a limited numberiradicators calculated from DCF data. For the French
fisheries, this process has been automated byilirtkie model to the Ifremer databases.

It is an integrated model coupling the biologicghamics of fish stocks with the economic dynamas t
perform impact assessment for management plangtakito account the biological impacts and the
economic impacts for fleets. The model assesses siep for each scenario the impacts in terms of F,
SSB, Biomass, total catches, catches by fleet, <Qmsenue, Gross cash flow.

It provides results on transition phases and cao ptovide results of cost benefit analysis of ades
compared to status quo in terms of net presenevalu
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Figure 3- Simplified representation of the Impact Assessrbéveconomic model for fisheries

The main characteristics of the model are the fatg:
Stochastic model (only in recruitment for the mothen
Age structured, yearly time steps, spatially aggred.
Multi species, multi fleet and multiétier
A mortality module splits fishing mortality betwedeets according to métier by fleet based on
landings proportion.
Several kinds of market models are possible:
0 constant price assumptions
0 price-quantities relationship
0 price-importations/exportations relationship
Economic dynamics such as fleet dynamics, catdhabicrease through investment or technical
creeping, or short terms behaviours can been iediud
Several assumptions concerning impacts of scenamnogross revenue are possible including
reallocation of effort assumptions



The model is structured on a modular basis to aflewbility in the development. Each module dekes
a process and works with a set of inputs and aada&@n of the outputs. The modular structure ersatn
add extra functions.

The various control variables are:
- Selection pattern
- Fishing activity (i.e. fishing time, number of op&ons)
- Number of vessels
- TACs

The model can run simulations to test impacts xédi TAC values or of fishing mortality objectives
(FMSY) declined into a fishing mortality decreasghemes to reach objective a given year. Fishing
activity or number of vessels are the control \@da adapted accordingly.

When used for simulation, the program generatésifiut series data set and compiles several statist
- status of stocks (biomass, spawning biomadsnfjsmortality, total catch)

- fleet performance (Total Gross Return, Total$sr@ash Flow of the fleet)

- individual performance by fleet (Mean Gross Refumean Gross Cash Flow)

- total vessel number by fleet

- employment in the fishery

- crew salaries

- producer, consumer and state surplus variatioarie(net present value)

The program can also be used through optimizaggnrént maximization)

3. Notations and structure

3.1.Notations

The parameters of the bio-economic model use tl@ximg indices :

Symbols Description
t Time
f fleet
m métier
e species
ie age (depends on species)
Ce category (depends on species)

Table 1— Definition of indices used in the model desdoipt



3.2. Structure of the bio-economic model

The following flow-chart shows the variables of teenulation model and the relationship existing
between them and more generally between the diffem@dules. The input, intermediate and output

variables have been separated and are presentbd,fimllowing sections, for each module.
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Figure 4 — Simplified flow-chart of the bioeconomic model.



4. Modules description

4.1.Fishing mortality and discards survival module

This module is divided into two sub-modules. Timstfsub-module carries out the splitting of total
mortality rate into fleets, using their ratio intcia or landings at age. The second sub-module leddsua
catchability coefficient which is used in the siaidn to relate the control variable « effort » the

fishing mortality applied to the stock.

4.1.1. Sub-module Fishing mortality allocation

* Initial parameters

Notation Description
= Initial fishing mortality coefficient (here, by sgies
& and age)
Splitting variable at a given level (here, catch by
species, métier and age)
Total splitting variable (must be defined at the
crossing level of the two previous variables)

Ce,f,m,i

Ctotg,i

Table 2— Input parameters for the sub-module « fishingtatity allocation »

. Calculated variable
Notation Type Description Equation
. . . .. _ I:e,i ><Ce,f,m,i
Fefmi output Instantaneous fishing mortality coefficient F. ¢ ,i = W
hi

Table 3- Output parameters for the sub-module « fishimgtadity allocation »

4.1.2. Sub-module catchability estimation

The catchability coefficient is estimated from thiial fishing mortality and corresponding fishimgfort.

In the simulation, fishing mortality rates are edéted from fishing effort assuming constant caldlts.

* Initial parameters

Notation Description

Eini; Initial effort by fleet and métier

Table 4 - Input parameters for the sub-module « catchtgl@ktimation »



. Calculated variables

Notation Type Description Equation
A , Catchability (by species, fleet, métier and = Fe t mi
Qe fm,i Sortie age) qe,f,m,l Einifym

Table 5- Output parameters for the sub-module « catchglgEitimation »

4.1.3. Module Fishing mortality

This module uses the two methods described aboyeodluces fishing mortality partitioned into flset

and métier. Thether category contains residual fishing mortality not@unted for by the fleet or métier
considered in the analysis.

* Initial parameters

Notation Description
d Percentage of total catch discarded in number (by
e, f,m,i H Zas
species, fleet, métier and age)
Sre Survival rate of discards (by species)
=T Effort by fleet and metier

Table 6 - Input parameters of the module « Fishing mdstali

. Calculated variables
Notation Type Description Equation
Correcting factor of fishing mortality K -1
i : : . c=1-sr.d_; ..
Kemi Internal linked to discards survival & f.mi ere fmi
Fishing mortality (by species, fleet, Fr L =q E K
Fletmit Output métier and age, at tinig Input for efmit — Hefmim=fmt=tet,
moduleCatchet Population dynamics
Initial morality « other fleets, other = _F =
Foth Output meétier » by species and age. Input for oth; =F, _Z Fe.t mi0
moduleCatchet Population dynamics m

Table 7-Calculated parameters for module « Fishing mdytali



4.2.Module Population dynamics

* Initial parameters

Notation Description
Neit=0 .
v Total number at age by species
et Nsizox ge by sp
Me Natural mortality rate by age and species
We | Weight at age by species

Table & Initial parameters for the module « Populatiomaiypics »

. Calculated variables
Notation Type Description Equation
Total mortality rate (by species _
Zejit Output | and age at time t). Input to Zein = Mg # Z Fretmi. + FOt,
moduleCatch f.m
—_ _Ze,i,r
Ne,i+Lt+1 - Ne,i,t € , et
i - _Ze,i.t _Ze,i+ t
Ne‘i’t OUtpUt {Tlrtl]ren?er atage by species at Ne itLt+l T Ne,i,t € + Ne,i +1t € )
For + group
Be. Output ;Ercr)]tsltblomass by species at B., = z Ne (W,
. I

Table 9- Calculated parameters for the module «Populatisramics »

4.3.Module Catch, discards and landings

e Initial parameters

D

Notation Description
WD. Average weight of discarded individual by specied
e age
el Average weight of individual in the catch by specie
il

and age

Table 10- Initial parameters in the module « Catch, didsand landings »
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Calculated variables

Notation

Type Description

Equation

Ce,f,m,i,t

Catch in numbers (by
Output
age over period t).

species, fleet, métier and Cetmit

- ;f‘m’i’t X Ne,i,t x@1- e_ze'i't)

e,it

Ce,i,t

Catch in numbers (by 3

z Fre,f,m,i,t + FOtn:,i
f,m

species and age over Ceit =
period t)

Output

Z

X Ne’i’t X (1_ e_Ze,i,l

e,i,t

Ye,f,m,i,t

Catch in weight (by
species, fleet, métier and
age over period t).

Output

e, fm,it

=wC

e,

xC

e, fmit

Ye,i,t

Catch in weight (by
species and age over
period t).

Output

et

= WCe,i x Ce,i,t

De,f,m,i,t

Discards in weight (by D

species, fleet, métier and
age over period t). D

Output

e f mit = e, f.m,i

=d xY

e f mit

i XxwD,; xC si wD, ;

e, fmit
disponible,
sinon.

e, f.m,i e f mit

I—e,f,m,i,t

Landings in weight (by
species, fleet, métier and
age over period t). Input i
moduleMarket

Output

=]

=Y,

e fmit

D

e, fmit

Table 11— Calculated parameters for the module « Cat&eadids and landings »

4.4 Market/price Module

The market/price module has two functions:

The first function is to aggregate productions kg @and species into productions by grade and specie

according to an age-grade key matrix.
The second function is to calculate the price adgrand species that can either be an input pasaoret
result from a price model function (of the prodantby grade, the importations, exportations eba.jhe

second case parameters of the price model areditlin the input file. The following table gives an
example of price function that could be implementethe model.

* Initial parameters

Notation Description
a,. Constant of the price model specific to each comiakgradec
B.. Price elasticity of grade
Vec Cross elasticity with other grades for grade
icate, Transformation Matrix for age/grade by specieéc/h
mak m1.m2 Correspondance métier-species-grade with métier

Table 12—Initial Parameters for the Price/market module

11




+ Calculated variables

Notation Type Description Equation
Catches in Weight (by species, _ .
Letmce | Internal | fleet, initial metier-species, grade | Le fmet = Z(Le,f,ml,i,t xicat,, )
for t) '
Catches in Weight (by species, L _ L
Letmct Output fleet, metier, grade for t) input of efmet ™ z efmlit

; £ mi)Cmat, =1
the economic module (f.mb)amaty,

ln Pe,c,t = ae,c + IBe,c X In(z Le, f,m,c,t)
f,m

Mean price (by species, grade for |t)

input of the economic module + Voo xIN( Z Lot meatt)
f,mcat#c

Pect Output

Table 13- Variables calculated for the Price/market module

4.5. Economic module

The economic module produces indicators of perfagea for consumers, state and producers including
indictors for the whole fishery, by fleet, by meassel per fleet.

The economic module relies on input data basedata cbllected within the DCFAppendix VI of the
European Decision No 199/2008 gives the followisgdf economic variables to be collected by flmed
member state.

Variable Group Variable

Gross value of landings

Income from leasing out quota or other fishing tsgh
Direct subsidies

Other income

Wages and salaries of crew

Imputed value of unpaid labour

Income

Personnel costs

Energy costs Energy costs
Repair and maintenance costs Repair and mainteicaste
Variable costs
Other operational costs Non-variable costs
Lease/rental payments for quota or other fishigbts
Capital costs Annual depreciation
Value of physical capital: depreciated replacemahie
Capital value Value of physical capital: depreciated historicallue
Value of quota and other fishing rights
Investments Investments in physical capital
Financial position Debt/asset ratio

! COMMISSION DECISION2008/949/ECof 6 November 2008, adopting a multiannual Commyuprogramme
pursuant to Council Regulation (EC) No 199/2008alggthing a Community framework for the collection,
management and use of data in the fisheries santbsupport for scientific advice regarding the nam fisheries

policy.

12



Employment

Engaged crew
FTE National
FTE harmonised

Fleet

Number

Mean LOA

Mean vessel's tonnage
Mean vessel's power
Mean age

Effort

Days at sea
Energy consumption

Number of fishing enterprises/units

Number of fghenterprises/units

Production value per species

Value of landings per species
Average price per species

Table 14— Economic and transversal variables collectetlivihe appendix VI (EC) No 199/2008

The model works with a subset of the economic amdsversal indicators (landings data in quantity an
value by species by fleet and metier) collectechiwithe DCF and with other indicators from external
data sources available. Inputs parameters ard ligtiw.
The economic module calculates outputs indicateragueconomic indictors listed above and outputs
from the biological and the market modules.

Input parameters

Notation | Description | Sources/ (type)
TRANSVERSAL DATA
nbwv Nb vessels DCF/ (1)
nds Days/ Days at sea DCF/(1)
cnh Employment DCF/(1)
GVL;, Income_landing/ Gross value of landings DCF/(1)
Landings by species and fleet, output from
Le. Catches module DCF/(1)
GVL.; Income_landlng/ Gross value of landings bI%CF/(l)
species
If data by métier are available
Landings by modelled species and fleet
Letm /metier, output from Catches module DCF/(1)
Income_landing/ Gross value of landings
GVLem metier by modelled béSCF/(l)
GVl Inco_me_landlng/ Gross value of landings DCF/(1)
metier
nds,» Days/ Days at sea by fleet and métier DCF/(1)
DCF ECONOMIC DATA
Fc Fuelcost/ Energy costs DCF/(1)
Fvol Fuelcons/ Energy consumption DCF/(1)
ovG Varcost/ variable costs DCF/(1)
rep Repcost/ Repair and maintenance costs DCF/(1)
Fixce Fixedcost/ non variable costs DCF/(1)
CCW Crew costs wages DCF/(1)
dep Depreciation DCF/(1)

13



Ks

Capital

DCF/(1)

If data by métier are available

Fcim Fuelcost/ Energy costs
Fvol, Fuelcons/ Energy consumption
OVGn Varcost/ variable costs

ECONOMIC DATA FROM EXTERNAL SOURCES

Ic Landing costs (% GR) External data sources/ (2)
Nb of hours at sea by year
nbh Harmonized reference 2000 h (250 days pExternal data sources/ (2
sea* 8 hours/day)
cshg Crew share (% of the Return to be Shared)  Extela@ sources/ (2)
mwh Net Minimum national wage External data sourcgp/
mwhg Gross Minimum national wage External data sour(®s/
iCt Interest External data sources/ (2)
eeg Crew costs contribution External data sources/ (2)

+ Calculated variables

Table 15-Inputs parameters of the economic module

Indicators of type ini are intermediate indicatoadculated at the beginning from the input data ased
in the model after to calculate the output indicsitdndicators denoted 1 in the last column can be
calculated only with DCF data, indicators denotedduires external data sources that are not &laila

any case.
Notation Type Description Equation Data
sources
Indicators ini
- _ 1
GVLoths Ini GR other species by fleet GVLOthS =GVl zGVLe,f
e
GR other species by fleet GVLOthSr 1
GVLothsug | Ini and unit of effort in case GVLothsug = —
uef=uefm ue;
GR other species by fleet GVLoth _ GVLoths 1
GVLothsue Ini and unit of effort in case othsug = (ue _Zue )
Cas uef<>uefm f - fm
If data by métier are available
i - _ 1
GVLoths,. Ini GR other species by fleel GVLoths ,, =GVL, , Z“GVLE ‘m
' métier S
- GVLoth 1
GVLothsug, | Ini GR other species by fleet GVLothsug, = SVEONSm
' and unit of effort métier ' ue ,
— _ 1
GVLothmet Ini GR other métiers by fleet GVLOthmeﬁ =GVl ZGVLf,m
m
GR oth Stiers by fleet GVLothmet GVLothme} !
: other métiers by flee othmete, =—————MM——
GVLothmetuge | Ini and unit of effort f ue, _zuef’m
m

14




. . _ FCn 1
pf; Ini Fuel price euros/L pff =
Fvol,,,
Fuel consumption by unit Fvo|ﬁni 1
Fvolug Ini of effort (nb of days at | Fvolue, =
sea) ndsy,
Other variable costs by o)V oM 1
ovcueg Ini unit of effort ovcug =
ndsfini
option b: ovcGuvl: other ove 1
oveGy variable costs as a oveGvl, = fini
percentage of the gross GVL,,
value of landings !
Output indicators
GVLT = Z(Pe,c X Le,f,c) 1
a. ec
+ GVLothsue* ue,
if it is assumed that the fleet has only one métier
GVLf = Z(Pe,c X Le,f,c)
ec
b.
+GVLothsue * (ue, - > ue, )
m
Total b if it is assumed that the GR other species comeg
GVL Output o1al gross revenue bY | trom other metier and that there is a reallocatibn

fleet

effort when effort of the modelled metier decreas
(requires an estimation of the effort by metier)

GVLf = Z(Pe,c X Le,f,c)
n GVLoths

if it is assumed that the GR other species comeg
from other metier and that there is no reallocatio
of effort (requires an estimation of the effort by
metier)

C

es

If data by métier are available

Total gross revenue by

GVLf,m = Z(Pe,c X Lec, f,m)

GVLim OUIPUL | Aot metier +GVLothsug,, * ue, ,
GVL, =) GVL,,
a- " z
+GVLothmete, * (ug, — > ue, )
GV, Output Total gross revenue by m

fleet

if it is assumed that there is a reallocationftdré
when effort of the modelled metier decreases

15




GVLf = Z(Pe,c X Le,f,c)
b. ec
+ GVLothmet
if it is assumed that there is no reallocationféire
Output indicators calculated regardless of métiatadavailability
GVL
GVLay Output Mean gross revenue by GVLay, = f
vessel by fleet nby,
tbs Output | RN to be shared by rtbs, = GVLay, - pf,.Fvolue, .nds, —ovcy
vessel by fleet
wa oupt Gross Value Added by | 9V& = GVLay, - pf,.Fvolue .nds; .
vessel by fleet —ovcue ..nds, .—rep; — Fixc,
- output Gross Cash Flow by gcf, =GVLay, - pf;.Fvolue, .nds
vessel by fleet —ovcug .nds, -rep, - Fixc, —ccw,
Net Cash Flow by vessel -
ngct Output by fleet y ngcf, = gcf, —dep,
Net Profit by vessel by | gp; = ngcf; —ic;
9px Output fleet or Owner surplus
If crew share unavailable
Cew, Ini
Cew_r; =——
Crew costs share as a % rtbs; Ini
Ccw_k Ini of the RTBS .
- B Cew; Ini
(GVLay, - pf,.Fvolue, .nds—ovc; )Ini
Ccw, =Ccw_r, * rtbs,
=Ccw_r
Ccw Output | Crew costs = f
* (GVLay, - pf,.Fvolue .nds, —ovcug nds;
Cew,
Crew costs by crew — f
CcwCr Output | ~ " ° Cew;, cnb,

If crew share available

Other crew costs =

opersg = Ccw, Ini —cshr, * rtbs; Ini
= Ccw, Ini —cshr,

opersg Ini vacation, employer
contribution, premium | (GVLay, - pf,.Fvolue .nds-ovc; )Ini
Ccw Output | Crew costs Ccw, =cshr, * rtbs, + opersg
Cew,
Crew costs by crew — f
CcwCr Output | = o Cew;, cnb
Owner share by vessel — _
sshg Output by fleet sshr =rtbs, (1—cshr,)
cshrF Output | SreW share by vessel byl oo T = cshy, x rtbs,

fleet

16




Gross wage by crew cshrTf 2
wageg Output member including crew | wWageg =
contributions Cnbf

Surplus calculation

2
csg Output ]Elsergtss Labour surplus by csg, = cshrf _ Oclgf
: 2
Opportunity costs of — » %
oclg Output | 7 by fleet ocl; = mwhgxcnb, xnbh;
2
. Total producer surplus by — % +
Psg Sortie fleet (gross value) Psg, =nbv; x(csg, +gp;)
= - 2
ncshg Output Net crew share by fleet nCShrf CShrTf cc&
Net wage by crew nCShrf 2
wagen Output member wagen = onb
f
Ccs Sortie Labour surplus by fleet | CS; = ncshg —ocl; 2
. Net Opportunity costs of — x % 2
ock Sortie || 2bour by fleet ocl; = nmwhxcnb; x nbh,
: Total producer surplus b — 2
pS Sortie fleet P PIUSBY ps, =nby, x(cs; +gp;)
If landings costs available
sts Sortie State surplus associated sts =Ic, xGVLav xnby, 2
to one fleet

Table 16— Output variables of the economic module

Economic indicators can be calculated:

- by mean vessel by fleet

- by fleet

- for the whole fishery
to analyze impacts of scenarios on the individ@afgrmances of vessels, the performances of gwstsfl
or the whole performances of the fishery.
Cost-benefit analyses of scenarios are evaluateddh the total surplus variation (producer, consym
and state surplus variation) of the scenario copb&r status quo in term of net present value. i®éts
to discount rate can be analysed.

4.6.Scenarios and management module

Control variables of the model are :

- The exploitation pattern through a selectivity fact

- The fishing effort through variations of the adtivby vessel (number of days at sea) or of the
number of vessels by fleet

- The TAC through the variation of activity and numbévessels such that the TAC is reached
according to the stock abundance

- A Fishing mortality objective reached through tistep decrease of number of days at sea or
of number of vessels
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Besides, all the input parameters can be modifienligh various scenarios at any time of the sinuat
It is thus possible to test for example the impaé®svolution of :

- fuel price

- number of vessels by fleet

- ex-vessels prices

4.7.Stochasticity module

For each variable of the model, this module carcifpea probability law to take into account of
uncertainties in the model.

4 .8.Behaviour module

This module is under development. It is designedinidude short and long term behaviours of
investment/disinvestment, discarding, effort altama compliance, etc.
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