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Abstract:

This paper offers an approach based on the econtiremry of index numbers that revisits the
classical surplus accounting technique. We meakerproductivity gains and the combined effects of
output and input price variation on French farmensome between 1959 and 2011, for the whole
agricultural sector. During this period, total facproductivity grows at an average annual rate of
1.4% mainly due to a decrease of input quantityr akie last thirty years while output volume has
stagnated since the end of the nineties. Over ti@enperiod, with a share of nearly 70% of the glob
surplus, the customers appear as the main benefiaf these productivity gains through a decrease
in agricultural and food prices. Farmers only mtdi 23% of the surplus corresponding to a low
increase in farm income. Finally, the suppliers tmgayers are the losers in the surplus distobuti
via respectively a significant decrease of relaintermediate input prices and a substantial gravfith
public subsidies in favour of the agricultural sect
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1. INTRODUCTION

As a major source of growth and the main deterntimhmeal prices, productivity is a key
variable in economics. As Zvi Griliches once stated there was only one thing that should
be measured in economics, one should focus on Fateor Productivity (TFP). In fact,
productivity is a variable of interest becausetiiise changes determine welfare. However
measuring productivity gains is only one side @& pmoblem. Attention should also be paid to
the distribution of productivity gains among théfelient inputs and outputs retained by the
technology in order to assess which of them recqwi&e advantages from technical
innovations and better management.

For a long period, this last question has beenidered as a key issue in productivity
analysis. Kendrick (1961), Kendrick and Sato (19@@\voted a large part of their works to
measure TFP growth from quantity changes and PtitycSurplus (PS) shares from price
variations simultaneously. During the seventieshsanalyses became a standard practice in
France or other European countries. Particulattg agricultural sector was one of the
industries where numerous studies were conductexdar to conclude if the productivity
gains generated by farmers were captured or ntdidbypstream and downstream sectors.

More recently, thanks to the index number theorg &@ne use of flexible parametric
functional forms or non parametric data envelopmeathniques which allowed new
technology modeling developments, TFP estimatiawtbeen an extraordinarily innovative
field of research (Hulten et al., 2001; Fried ef 2D08). Unexpectedly, few interests have
been focused on the distribution side of TFP gaBeveral reasons can be mentioned to
explain it. First, while the popular Laspeyres dnalasch indexes were the pillars of the
surplus accounting techniques which allows theisbaof productivity changes into price
variations among the different stakeholders, tldexmnumber theory shed light on the caveats
concerning usual TFP estimations based on theseRaand Laspeyres measures (Diewert,
1976). Second, the development of computable geeegralibrium models made sectoral
accounting analyses less fashionable (attractiVb)rd and especially in the agricultural
sector, the debate about the link between prodtictijyains, the producer’s income and its
comparative level with other industries became tepgcal in the developed countries (even
though the objective of parity is still embeddedthe farm legislature). Finally in Europe,
with the collapse of the Marxist analysis in agitigtal economics, the distributive side of
technical innovations received less attention.

Nevertheless, it seems crucial to include both gima and distribution of TFP changes in

the debate on agricultural policy. Because manyeguwents interfere with producer prices
and provide direct payments to farmers, value atdwgms coming from TFP growth should be
taken into account by policies setting administeatprices and subsidies. For example, if
farmers are able to retain a significant sharehefrtproductivity gains, direct payments or

output prices could be adjusted downwards over tnree relatively painless way. Inversely,

if farmers leave their productivity gains to consim through price decreases or to the
upstream sector or to landowners by input priceeases, it could be justified (at least in the
short run) to augment direct payments as a compgendar policy reforms.

This paper proposes to evaluate the productivilysgand the combined effects of output and
input price variations for the whole French agrictdl sector over the last fifty year period.
Through the surplus accounting technique and tieeofissuperlative additive indexes, TFP
changes are estimated as the difference betweeoutipeit and input quantity variations.
Simultaneously this global Productivity Surplus JPS splitted into its price change



components in order to determine the stakeholddéasmérs, customers, suppliers,
landowners, etc.) who are (or not) the benefickané these TFP gains. Since the nineties,
major reforms of the Common Agricultural Policy (BAhave resulted to a decrease in
institutional prices while “Compensatory Paymeritave risen. Therefore, our study provides
some arguments to justify or not the past refubabme countries such as France to adopt the
proposal of some Member states for making the dpagments degressive. In addition, our
conclusions concerning the most recent period cheniaed by high levels and volatilities of
output prices highlight the relevant current debateEurope as regards the evolution of
previous deficiency payments up to countercyclgtddsidies as it is in progress in the United
States.

The remaining part of this paper is therefore oigoh as follows. In the next section, we
present the surplus accounting technique, its $atpar quantity and price indexes necessary
to measure and to share TFP gains while statingrédevance to this paper. Section 3 details
the computation of TFP changes and price advantigesur empirical application on the
French agricultural sector as linked with its mdifferent stakeholders. Lastly, section 4
summarizes our conclusions.

2. SURPLUS ACCOUNTING REVISITED

2.1 Surplus accounting

Surplus accounting provides an extension of thexntumber approach by describing how
the economic surplus resulting from productivityowth are shared between the various
agents (Kendrick and Sato, 1963; Courbis and Teni8ié5; CERC, 1980). Considering that
the total value of] differents outputs is exhausted into returnd tifferents inputs, the
accounting identity holds for any particular sector
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Given equation (2), changes in the output and in@ltiles between two periods can be
expressed in terms of changes in quantities anteriConsidering thap, = (p’ +dp),
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And after simplification and re-arrangment, it lsad equation (3)
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where the left hand side represents the produgtsirplus (PS) defined as a difference
between the price weighted changes in output apdtiguantities. The right hand side

measures the sum of price advantages (PA). Forstakeholder, its price advantage or
remuneration change over the two periods is equdhée difference between the quantity
weighted changes in its related output or inputgriSuch price variations result in transfers
between agents that add to the value of the progtycsurplus and fundamentally, equation 3
means that the sum of remuneration changes sharedgathe different stakeholders (PA)

cannot exceed the total productivity gains (PS).r&yrouping positive price advantages on
the left hand side and on the right hand side, R® a&ll price disadvantages (negative price
advantages in absolute value), one can estableslfottowing balanced productivity surplus

account (table 1):

Table 1. Balanced sur plus account

Uses Resour ces
PS (if >0)

+

dp, )}j for any price increase of outpj

—dp, ))J for any price decrease of outgu

+
+

dw X for any price increase of input ~dw > for any price decrease of inpir

Total economic surplus Total economic surplus

The productivity surplus can be negative (prodiistifosses). In such a case, since the
equality between PS and PA has to be maintainedu@ation (3), the productivity losses have
to be compensated through increases in some quiipes or decreases in some input costs.

Overall, the various changes in quantities andegricorrespond to either an "origin"

(resources) or a "distribution” (uses) of the tatabnomic surplus. For instance, national
accounts available at the French agricultural sdetel allow the splitting of value changes

into quantity and price effects. Thus enabling asanalyze all the corresponding transfers
among customers, suppliers of intermediate inpggeds, chemicals, energy, feeding stuffs,
services, ...), suppliers of primary inputs (laboland, fixed assets) and government
(subsidies and taxes). Table 2 depicts the correlpg transfers.

! An input price increase is considered as a pribeaatage for the corresponding input (its remuiiemais
increasing) while an output price decrease hastadnsidered as a price advantage for the custongout
price is becoming cheaper).



Table 2. Origin and distribution of the total economic surplus

Total economic surplus
Distribution or uses Origin or resources
Technical and Efficiency | Negative productivity surplus Positive productivityrplus
changes
Customers Decrease in output prices Increase pubptices
Suppliers of intermediate |Increase in the price of intermediai®ecrease in the price of intermediate
inputs inputs inputs
Suppliers of primary inputs| Increase in the retdon primary| Decrease in the return to primary
inputs inputs
Government Increase in taxes, decrease Déetrease in taxes, increase |in
subsidies subsidies

2.2 Productivity surplus (PS) and Total Factor Productivity (TFP) change

With equation (3), productivity gains (PS) are defi as the difference between output and
input quantity variations expressed in absolutegefi.e in euros). They can also be directly
referred to the usual Solow technical change residis a measure of TFP growth rate
expressed in relative terms (%). Let us define tthditional underlying multi-output and
multi-input production function:

F(y,x,t)=0
with t a time trend
and x, y input and output vectors respegy (4)
X=X, %00 Xy )
y= (yj 1 Yoren Y Y )
From equation (4) and assuming output prices e@oamarginal costs and marginal
productivity returns for input prices, the residtethnical change defining TFP growth rate

over time can be estimated as the weighted ouggmi&itions not explained by weighted input
changes:
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which is the productivity surplus rate defined & firom equation (3) divided by the total
output value.

2.3 A Bennet based productivity surplus decomposition

In equation (3), PS is defined as Laspeyres owpdtinput quantitity changes weighted by
price levels from initial period s while PA is edi@ Paasch output and input price variations
weighted by quantity levels from final period t. éB® two components can be similarly
defined through a Paasch quantity changes andpeisses price variation respectively:

J | J |
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=1 i=1 j=1 i—1

P SPaasche: P ALaspeyres

The equivalent relationship could be expresseceims of a Bennet additive index which
relies on an arithmetic average of the two Lasgegrel Paasch expressions of PS and/or PA
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This productivity surplus decomposition does nqgiedel on any arbitrary choice between the
two periods. It can be refered to as the supedatidex concept notably the Fisher, while the
additivity property of the aggregation formula elestthe splitting of value changes into price
and quantity effect in absolute terms. However tBennet based productivity surplus
decomposition has not received a great deal oftaitein the literature, it can here prove its
usefulness. Compared to the Fisher index, it ismdtiplicative but additiveand presents the
same relevant properties of equicharacteristichgditionally, this Bennet computation of PS is
consistent with the general Malmquist or LuenberfeP formulations. Namely, Caves et al
(1982) have shown that the Bennet index closelycqopates the true TFP change that is as
much defendable as the Fisher index which is censitlas the most general and satisfactory
index (Diewert, 1992). In practice, both indexexlléo extremely similar results (and so does the
Torngvist index). This has been observed by allsugdo have made empirical comparisons of
index numbers in time series as well as in crosBoseanalyses (see for example Bureau et al,
1990).

“The additivity property means that the real valevplume) of an aggregate is equal to that obthineadding
the real values of the components at any aggregatib-level.
3Property which says that an index should not beedéent on the basket of goods of one particuldoger



3. GENERATION AND DISTRIBUTION OF PRODUCTIVITY GAINSIN FRENCH
AGRICULTURE

3.1 Thedata

This study focuses on the French aggregate agrrallsector. Value, quantity and price
indexes originate from National Accounts publishegl INSEE (Institut National de la
Statistique et des Etudes Economiques) and Eurdgtat methodology of the Agricultural
National Accounts is detailed in Eurostat (2000§e&the period 1959-2011, the accounts are
expressed in current national currency and in echgia quantity or price indexes (base year
100=2005). The output vector comprises 30 diffepoducts (18 crops, 10 animal products
and 2 service activities) while the input vectontains 15 specific inputs (10 intermediate
inputs, capital consumption, land, government, chiftebour and finally managerial or
entrepreneurial input).

Table 3. Inputsand outputsretained in the surplus decomposition

Inputs Outputs
ntermediate inputs: Crop products: Animal products:
Seeds and planting stock Durum Cattle
Energy and lubricants Wheat Calf
Fertilisers and soil improvers  Grain maize Sheep and goats
Pesticides Barley Equines
Veterinary expenses Other cereals Pigs
Feedingstuffs Oeaginous products Poultry
Maintenance of materials Protein crops Eggs
Maintenance of buildings Raw Tobacco Milk
Agricultutal services Sugar Beet Dairy products
Other good and services Other industrial  Other animal products
crops
Fixed capital consumption Fodder maize Agricultural services
I Others forage plantsutput
and
Fresh vegetables Secondary activities
Hired Labour Plant and flowers
~ Potatoes
Sovernment Fresh fruit
Entrepreneurial income Quality wine
Table wine

Concerning the primary inputs (fixed assets, lamdl dabour), some rules have to be
stipulated to decompose value changes in quamiypaice effects. The quantity of capital

consumption (machinery and building equipmentjgisuated by the depreciation at constant
price. Land quantity is measured as the total sarfa hectare (hired and owned land) and
changes in quality are assumed to be reflectedde pariations. The quantity of hired labour

is estimated in full time worker equivalent. Regagdthe price of primary factors, user costs
were defined so as to respect the accounting ige(it). For hired land, the user cost is
defined as the value of land rents paid. As regaydbe owned land, a fictitious price equal
to the hired cost of leased land is used. The cwst of hired labour is equal to the total
compensation of salaries divided by full time egilewnts of hired workers. Since farmers pay



taxes and receive subsidies, the stakeholder “govemnt” has to be put into consideration.
For this specific stakeholder, we consider a retcaiculated by total taxes minus total
subsidies in value terms. Quantity variations ofdléaxes are supposed to be correlated with
land surfaces owned by the famers while the voluofiégxes and subsidies on production are
directly linked to their related quantity outputdexes. Finally, the entrepreneurial or
managerial income is measured as the differenaeeleet the value of output (including taxes
and subsidies) and the value of all other inpultsréfore, its unit cost is obtained by dividing
this income by the family labour units expressetulntime equivalent persons.

3.2 Generation of productivity gainsand TFP growth

PS measured as the gap between input and outputit§uariations leads to different results
according to the chosen price system (LaspeyreBaasch formulations). With Laspeyres
price weights for quantities, the average annuabf8unts to 1 228 millions of 2005 euros
while with Paasch weights, it only reaches 899ianB of 2005 euros. This result takes its
origin from the significant negative correlationtween quantity and price of some main
products in the agricultutal sector such as friptsatoes, wine, poultry and pork. For these
outputs, there is no price intervention to prevamte volatility due to an inelastic demand.
Therefore, the Bennet PS calculated as an aritbnmetan of the Paasche and Laspeyres PS is
around 1 064 millions of 2005 euros. Over the wihgeeod, the cumulated PS represents a
total of 55 327 millions of constant euros.

According to equation (6), the ratio between PS #edglobal output value represents the
annual TFP growth rate generated by technologialedficiency changes. Figure 1 presents
TFP evolutions between 1959 and 2011 using thedyaisp, Paasch and Bennet formulations
and calculated through equation (6). As for theiowmr calculations of PS, there are
significant differences between the Paasche angédyass indexes since their respective
annual growth rates range from 1.20% to 1.68% ts@ty. Retaining the arithmetic mean
of these two trends thanks to the Bennet formutatirench agricultural productivity gains
reaches 1.44% per year over the whole period. thd€EP growth rates are significantly
different based on four different periods. Betwd&®9 and 1973, despite a high progress in
input utilisations and especially in chemical, maehy and feedstuff concentrates, TFP have
augmented by 1.37% per year thanks to a rapid essgm of output volume (2.20%). As a
consequence, capital and intermediate input prodiles have decreased while the partial
productivities of labour and land have increaseudtimy the second period (1974-1991), TFP
grows faster and attains 1.89% per year. Despd#ievadown of output growth (1.76%), this
significant TFP gains essentially results from labsavings combined with a stagnation of
machinery and chemical. This follows that the gdnproductivity increments for each input
and notably for labour. The third period beginnind 992 until 2002 is still characterized by
a high TFP growth rate (1.65%) mainly due to adagpécrease of family labour whereas
hired labour seems to be increasing. Finally ower last period (2003-2011), TFP rates
declines significantly despite a continuous deaedgamily labour input and a stagnation of
the other input quantities. This low performancayioates from a lack of output progress
which seems mainly explained by the successive @4#tms and the liberalisation process
of international exchanges. The intervention prieluctions and the decoupling of
agricultural aids have partially promoted more agiee farming techniques and crop yield
contractions.



Figure 1 TFP evolutions in logarithm terms over peeod 1959-2011
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Table 4 : Annual growth rate of output, input, T&® partial productivities in French agriculture
based on four sub-periods and the PS Bennet fotimla
1959-1973 1974-1991 1992-2002 2003-2011
Output (%) 2.20 1.76 0.90 0.23
Input (%) 0.83 -0.18 -0.78 -0.75
TFP or surplus rate (%) 1.37 1.89 1.65 0.94
Partial productivities
Intermediate inputs (%) -1.16 0.67 0.30 0.63
Capital (%) -3.19 1.10 0.72 0.20
Land (%) 2.44 2.33 1.27 0.86
Hired labour (%) 6.05 4.27 -0.50 0.50
Family labour (%) 5.09 5.28 4.79 2.74

3.3 Distribution of economic surplus and price advantages

Over the whole period, the global economic surgusiulating PS and all negative price
advantages expressed in absolute value represtattd af 84 000 millions of constant euros.
This aggregate mainly comes from productivity gaj6%) but also from relative price
decreases (price disadvantages) related to ditfestakeholders as suppliers (18%)
government (12%) and land owners (4%). These ressuare distributed among customers
who are the principal beneficiary stakeholders (p9&lowed by the farmers 23% and

salaries (7%).

Beyond this synthetic cumulated balanced surplegswatt, more detailed assessments can be
drawn by different stakeholders according to ther fprevious sub-periods which are

characterized by specific relative price evolutigefsables 6 to 9 and figures 3 to 4).
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Table 5. Cumulated balanced surplus account 1959-20
in millions of 2005 euros

Uses % Resour ces %
Customers 58315 69.4|ps 55 327 65.8
Hired labour 6119 7.3| Suppliers 15365 183
Fixed assets 156  0.2| Government 9962 11.9
Farmers 19450 23.1 Land owners 3386 4.0
Distribution of economic surplus 84040  100.0| Generation of economic surplus 84040  100.0

During the 60s until the beginning of the 70s ¢eble 6), productivity gains were mainly

absorbed by the farmers while the consumers antirdownstream industry get slight

advantages in terms of regular food price decre&esultenaously, the intermediate input
cost reduction and the progressive rise of pulitls through the European intervention prices
impacted farmers’ incomes positively and represerdignificant resources of the global

economic surplus.

Table 6. Origin and distribution of the total ecomo surplus for period 1960-1973
(annual average in millions of 2005 euros)

Uses Resources

PS 1348.8 62%
Customers 352.7 16.2%

Suppliers 512.2  23.5%
Fixed Assets 57.7 2.6%
Land owners 62.6 2.9%
Government 199.5 9.1%
Hired Labour 205.8 9.4%

Family Labour 1622.3 74.4%

Total economic surplus] 2180.8 100.0% 2180.8 100.0%

The second period (cf. table 7) starting from tiwstfoil shock to the 90s was still
characterized by a significant TFP growth, a ragedrease of intermediate input prices and
high levels of European intervention prices. Cantrio the previous period, producers’
revenue did not benefit from these components whafiributed to providing substantial
price advantages to the consumers. This laterlgleamaled that French producers did not
catch any advantage from the productivity gaing thay were able to generate despite the
objective of the CAP to improve their revenue.

Throughout the third period (cf. table 8) followitlge major 1992 CAP reform (1992-2002),
one can note that both consumers and farmers’ pdeantages were augmented thanks to
new resources coming from several components: AP growth rates, new direct
"compensatory" payments (which were provided tapoers on a per hectare basis for arable
crops or on a per head of cattle basis for beefodinced to compensate European
intervention price reductions and continuous inetrate input cost reductions. All along this
eleven year period, thanks to high productivity ngaithe progressive direct payment
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settlement seems to over-compensate the prevots gupports. Overall, farmers were able
to keep two third of their productivity gain distution. After the second wave of reforms
called “Agenda 2000” adopted in 1999, new direcgnpants decoupling from the output
production were introduced to offset further pradecreases. Nevertheless, these decoupling
subsidies did not compensate production price temh& and as a result, farmers’ income
declined significantly while consumer’s advantafgglowed the chaotic TFP variations.

Table 7. Origin and distribution of the total ecomo surplus for period 1974-1991
(annual average in millions of 2005 euros)

Uses Resources

PS 1027.8 43.6%
Customers 2214.3 94.0% 0.0

Suppliers 577.0 24.5%
Fixed Assets 0.1 0.0%
Land owners 124.9 5.3%
Government 131.8 5.6%
Hired Labour 142.6 6.0%

Family Labour 4953 21.0%
Total economic surplus| 2 356.8 100%| 2 356.8 100.0%

Table 8. Origin and distribution of the total ecomo surplus for period 1992-2001
(annual average in millions of 2005 euros)

Uses Resources
PS 13255 62.2%
Customers 15527 72.8%
Suppliers 2420 11.4%
Fixed Assets 13.9 0.7%
Land owners 13.9 0.7%
Government 564.5 26.5%
Hired Labour 16.6 0.8%
Family Labour 5349 25.1%
Total economic surplus| 2 132.0 100.0% 2132.0 100.0%

Finally for the most recent period from 2005 to 2@f. table 9), the TFP slowdown
combined with the output price volatility and thewth of intermediate input prices have led
to huge deviations for producers’ revenue and 8agmit price disadvantages for consumers
whereas the suppliers have significantly turnedhgr own advantages. The degression of
public aids has also resulted to a new favouralblares of economic surplus for the
Governmerit

4 One can note that this recent period is charaet@ii®/ the decoupling of public aids. As a resudtitting the
value of subsidies between quantity and price &fface no more significantly linked to the outpugnqtities as
it is assumed in our surplus model for the pasioderAnother rule of calculation could modify ouwrelusion
about the government’s surplus share.



12

As a last point, one can note that for hired labitgirprice advantages were continuously
progressive over the whole period while land owngglsnot get any positive return from their
land properties except during the second shorog€i992-2001).

Table 9. Origin and distribution of the total ecomo surplus for period 2002-2011
(annual average in millions of 2005 eyros

Uses Resources
PS 373.8 44.4%
Customers 3954  47.0%
Suppliers 539.4 64.1%
Fixed Assets 90.3 10.7%
Land owners 46.1 5.5%
Government 157.0 18.7%
Hired Labour 54.3 6.5%
Family Labour 25.7 3.1%
Total economic surplus 840.9 100.0% 840.9 100.0%

Figure 3: Evolutions of resources by different staidders
(in cumulated millions of constants euros 2005)
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Figure 4: Evolutions of uses by different stakeleotd
(in cumulated millions of constants euros 2005)
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4. CONCLUSION

Several conclusions can be drawn from this studyceming the generation and distribution
of productivity gains in French agriculture ovee tlast fifty years.

From a methodological point of view, our resultstfiargue in favor of using equicharateristic
price or quantity indexes such as Bennet indexesder to estimate TFP evolutions in an
industry such as agricultural sector characteriagda high negative correlation between
prices and output quantities through an inelasgémahd. Second, they demonstrate the
usefulness of the surplus accounting technique ignddditive formulation in order to
calculate simultaneously the generation and didiobh of productivity gains from the
farming sector among its upstream and downstreanmsines. Moreover, this framework can
easily be applied to any component of the agrifsogply chain with the aim to improve its
functioning about the key issue of stakeholder meenations in relation (or not) to their own
productivity gains and market powers.

From an empirical point of view, our study cleaslypports the view that over the last fifties,
the French and European agricultural policies hkrgely failed in their objective of

improving French farmers’ income. Indeed before 1882 CAP reform, farm price supports
did not prevent the transfer of the productivityinga generated by producers to the
downstream food industry and consumers throughdonagket prices. Then, during a short
period of six years, the Mac-Sharry reform has rexe the situation for the producers. They
have obtained a significant income growth througtv wlirect payments not totally decoupled
from the supply quantities. Since 1999 with the Adge 2000 policy, the degression and the
progressive decoupling of aids have resulted teva unfavourable share of economic surplus
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for farmers. Therefore their revenue is no moreatated with the TFP evolution. Moreover
since 2005, the recent chaotic price evolutionsugput and intermediate inputs have led to
an erratic share of the global economic surplushferproducers.

For the future, one can expect that generationdsstdbution of economic surplus in French
agricultural sector will be settled on differensba. Comparatively to the last fifty years, the
slowdown of technical yields in cash crop actigtend the new agricultural practices, which
aim at becoming more environmental friendly, wilstrain the forthcoming TFP gains.
Therefore, the economic surplus might become dighimd more difficult to share among the
stakeholders. At the same time, as the convergprmeess between European and world
prices seems already achieved, most of the projecpoint at the maintenance of prices at a
quite high level but with an increasing volatilitfherefore, farmers’s revenue will go on to
fluctuate significantly around a slightly increagirtrend; the consumers as well as
downstream food industry will suffer higher marketce levels and finally, the suppliers
might recapture some advantages through the groWtbrices for livestock feed and raw
materials. In such a context, the debate concertiieg European agricultural aids will
certainly evolve as it is the case in the Uniteat&t where all previous deficiency payments
are turning to countercyclical subsidies.
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