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Abstract

The paper discusses some of the problems of sebsestagriculture in countries in
transition and proposes a methodology for analysisemonstrates that approaches
which ignore the dualistic agriculture structurenmat provide consistent estimates of
the behavioural parameters of the total agricultseztor. The bias is analysed using
stochastic simulation and it is concluded thatghbsistence agricultural sector has to
be explicitly modelled alongside commercial agitiee. This is achieved using the
principle of a block diagonal representation ofldtic agriculture, which is then
applied to Bulgaria. This allows efficient decompios of the different effects and
provides a reliable representation of the procéssgocultural commercialisation. The
effects of subsistence farming on overall agricakyperformance are presented and
interpreted within a Structural Change Agricultupalicy Analysis Model (SCAPAM).
The place of subsistence agriculture in transigoonomies is found to be compatible
with optimisation principles and it is concludedatisubsistence agriculture plays the
role of market clearing. Some extensions of théhoanlogy are discussed.

JEL classification: C13, C15.
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1. Introduction

Transition to the market economy in Central andt&asEurope has resulted in a
number of outcomes one of which is the widespraadtigce of small-scale subsistence
or "peasant” farming. Consequently agricultureh@ €EECs is now characterised by a
dualistic structure comprising a market-orientedi@eof commercial farms and much
small scale subsistence farming. An important pathe production and consumption
of many food products is not marketed. This lafggrs of the subsistence sector makes
overall agricultural performance unpredictable. eierthe prevalence of subsistence
farming is a major problem in achieving a stablacadfural situation and in predicting
aggregate policy effects. Uncertainty about fudegelopments of subsistence farming
creates problems for agricultural and rural develept. Thus its analysis is important
for policy making strategies which will lead to asljiments in the agricultural and rural
economy.

In this paper we show that ignoring the underlythglistic agriculture structure leads
to models with unreliable forecasting abilities.eTieasons for this failure are discussed
and the conditions under which one can obtainbkdiapproximations by not explicitly
modelling dualistic agriculture are defined. Theme found to be restrictive and
inapplicable to transition economies. It is themdastrated how to model subsistence
agriculture and its impacts on total agriculture estimated.

The paper is organised as follows. First we presentdescription of the existing
subsistence patterns in one country in transitBulgaria. The existence of similar
patterns of subsistence agriculture in other CEiS@#so shown, but our analysis is for
Bulgaria. A brief review of recent analysis is meted followed by formal
representation of a dualistic agricultural econowmlyich investigates the ability of
conventional modelling to produce unbiased resitlis. shown that bias exists but has
no specific analytical representation. The biaduikher analysed via a stochastic
simulation experiment, which leads to the conclasihat ignoring the dualistic
structure of agriculture in countries in transiticain have major effects on the results.
Using the principle of a block diagonal represeamgta dualistic agriculture sector
model is then developed. Impacts of the subsist@@atterns in Bulgaria are analysed
using this approach and implications of the resarid future research discussed.

2. The role and place of subsistence patterns in Bulgarian
agriculture and other CEECs

Bulgarian agricultural production is characteriseg a bimodal farm structure
comprising a small number of very large productiwdts — co-operatives, private
farming companies, informal associations and psastrips and a very large number of
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small scale farms. In 1996, 72% of farms cultdaonly 7.2% of the total land, while,
at the other extreme, only 0.4% of farms cultida8®% of the land. The first group of
farms is often ignored in economic analysis. Itegarded as an "exception to the rule"
and defined as "neither efficient nor equitablear($s et al. 1999). The conclusion of
this approach is that small scale farms are nddleiand will disappear in the near
future. Such a view is incomplete. The farms eaisbver Eastern Europe and can not
be dismissed. They have now survived for more tharyears during transition and are
the rule rather than the exception. In Bulgariaalérecale household farms currently
account for more than 30% of total agriculturaldarction.

The main feature of small scale agricultural prdaiurcis its loose and incomplete links
with the market. A substantial part of total camgdion is not provided through the
market but by household self-sufficient productidable 1 shows the share of marketed
guantities in total consumption which demonstrates tendency towards household
self-sufficiency, since the share of marketed gtiast in total consumption has
decreased during transition. The market providss flean half the supply of major food
products and indicates the importance of houseti@duction in Bulgarian agriculture.
This production is mainly self-sufficient and wedide it as subsistence farming.

Table 2.1

Percentage of Bought Quantities in Total Consumptid Some Food Products in
Bulgaria, 1989-1998.

Products 1989 1991 1992 1993 1994 1995 1996 1997 1998

Vegetables 759 714 60.0 599 636 681 598 639 629

M eat 74.1 64.2 578 593 611 66.1 59.8 54.1 52.3
products

Milk 80.2 824 685 60.6 594 524 524 483 475
Potatoes 55.2 46.0 395 399 444 396 443 48.2 433
M eat 704 65.6 549 520 550 545 488 441 479
Fresh 556 60.0 62.3 515 450 46.1 49.2 39.7 50.9
fruits

Eggs 394 396 412 435 388 409 384 344 36.7

Source: National Statistical Institute, Householdi8ets Data.

Although consumption provides a general picture tlié overall importance of
subsistence behaviour, we are mainly interesteghroduction. Table 2.2 presents
information on the degree of commercialisation @frious farming structures. A
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significant number of individual farms (77.2% onregage) do not sell any production.
This indicates the dominance of subsistence bebaviBven large (over 10 ha)
individual farms exhibit a low degree of commernsalion. Only 21% of large
individual farms sell more than half their prodocti Part of the non-marketed
production however is used as inputs for furthedpction (e.g.. fodder for livestock),
and the statistics do not accurately representistebse. Large private companies and
co-operatives appear to be market oriented. Norketad production in the companies
can be attributed to the use of some products @stsnwhilst the smaller degree of
commercialisation in co-operatives could indicatens subsistence behaviour. The
figures on small co-operatives reveal a strong-sdficiency tendency. There is a
polarisation among small private companies. Aboaif lare predominantly self-
sufficient, while the other half are mainly commialc

Table 2.2

Distribution of Farms, According to Degree of Conmaigisation (Share of Marketed
Production) and Size, Bulgaria, Cropping Seasory [19®8.

0 upto25% upto50% upto75% up to 100%

Individual farms

less than 0.5 ha 84.0 6.0 3.4 3.3 3.4
0.5-1ha 64.0 9.3 11.4 10.5 4.8
1-5ha 63.5 6.0 12.4 13.6 4.4
5-10 ha 31.2 32.4 11.5 9.7 15.2
more than 10 ha 10.8 14.4 54.0 11.9 8.9
Companies and co-operatives

Small company 40.0 15.0 0.0 5.0 40.0
Large company 0.0 8.3 8.3 16.7 66.7
Small co-op 68.0 0.0 4.0 8.0 20.0
Medium co-op 11.5 9.0 24.4 26.9 28.2
Large co-op 0.0 6.7 20.0 35.6 37.8

SourceFAO, 1999.

This bimodal farm structure is not peculiar to Barig, but exists in all countries in
transition. It is however difficult to present angprehensive comparative picture of
farming structures in Eastern Europe because ofliffierent formats of information.
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Sarris et al. (1999) present detailed data. In Roeana 1995, 0.6% of farms cultivated
over 40% of the land. A similar pattern occurddmngary, where, in 1994, the largest
farms, comprising 0.2% of the total number of farmdtivated 84% of the land, and at
the other extreme, 77% of farms cultivated only d#4he land. Data on the Czech
Republic and Slovakia reveal similar bimodal fatnustures.

The loose link of small scale household based priiaiu with the market is another
common feature of agricultural economies in the CEHn Romania in 1996 (Sarris et
al., 1999) 51% of farm households did not sell gmgduction. It was officially
recognised that in Poland "... over half of alhiarhave practically no involvement with
the market." (Kwasniewski, 1999). Some 40% of tiverall agricultural output in
Russia in 1995 can be attributed to householdssgfieient production (Serrova et al.,
1999). In Slovenia, in 1996, households consuméd &#their own production (Sarris
et al., 1999). The real problem is the lack ofritrerket and the primary aim of this type
of production is self-sufficiency rather than fales Subsistence farmers in Eastern
Europe are surviving rather than pursuing profifeotives and conventional market
analysis is not easily able to accommodate theiagon.

Subsistence farming is not new in economics. Thieenpmenon characterises
agricultural and rural economies in many LDCs. Tdren "subsistent” or "peasant” does
not have an established definition. Often it iserefd to as self-sufficient and non-
marketed production. For an extensive descriptibnsubsistence agriculture see
Wharton (1970). The widespread existence of sudrgst patterns is not temporary and
the problem lies not just in the nature of subsise but in its significant size and place
in the overall agricultural economy. How can marHlletived analysis be applied to
situations where the market does not exist? On&l@ssume that, subsistence farmers
act rationally and in the same way as commercianéas. Subsistence farmers
maximise utility functions that reflect both econormand non-economic factors and are
subject to economic and non-economic constrainibsiStence farming uses resources
which could be used elsewhere in market-orientechifay and other sectors and its
existence may cause a loss of overall productibaieficy. Notwithstanding this loss of
efficiency at the aggregate level, subsistence desnmay be efficient with regard to
their own utility functions. Consequently from aneentional economics point of view,
small-scale farmers are unlikely to react to gowe¥nt policies in a normal, "rational”
way. However when they dominate the productionamhe products, predictions based
on “normal” economic models may be unreliable. Tdmctions of the small farm sector
to market signals are probably weak and a markett&ad agricultural policy may not
have much influence.

The lack of markets and inclusion of non-econonainstderations in decision-making
processes are important aspects of subsistenaaultigne. Subsistence behaviour could
cause a perverse supply response (Ozanne, 19%29) wnusual consumption response
which could invalidate the conclusions of markettgrded analysis. Even if subsistence
farmers exhibit similar behavioural patterns to cwencial ones, they will be different.



These differences destroy the image of represeataitonomic agents and produce a
world of heterogeneous economic behaviour. By oty faccounting for this, we may
thus introduce bias into aggregate analysis whiak l®ad to inconsistent results.

The first recognition of the existence of the pasblis probably Mishev (1997) who
stressed the different economic behaviour of stdsie farmers, compared to
commercial ones. The framework of analysis is simib that of Aghion and Howitt

(1998) on market structure and firm behaviour. s&tbnce farming is only loosely
connected to markets and this approach was adbyt&drris et al. (1999) and Serova
et al.(1999). Its political dimensions were recagadi by Kwasnewski (1999) and
OECD (1999) now acknowledges the widespread s@nsistpractices in economies of
transition.

The significance of subsistence is revealed bynedés of its share in production and
consumption of major agricultural products. TheQiE (Agency for Economic Co-
ordination and Development) 1997 annual report,gBu&, determines shares from
household budget data and presents an explanatidhe growth of subsistence due to
the fall in real incomes. A similar outcome is wimoby Todorov (1998) who assesses
the non-marketed sector using social accountingriceat Caskie (2000) explains
subsistence patterns as the outcome of the ovaratiomic situation, which replicates
work of Tho Seeth et al. (1998).

A quantitative evaluation of the likely effects thfe subsistence sector on the overall
agricultural economy in a partial equilibrium frawmk is developed in Mishev et al.
(2002). They concentrated on the relationships wfsistence with the rest of the
agricultural system and an intuitive informal jéisaition of their approach is presented
in Kostov (1999). Beckmann and Pavel (2000) amplgombination of computable
general equilibrium and household models, but da erplicitly consider the
relationships between subsistence and commeraigudtgre.

3. Consequences of conventional modelling of a dualistic
agriculture

It is common practice to ignore subsistence farming quantitative analysis of
agriculture. The weak price response of the subsigt sector combined with the
stronger effects of commercial agriculture leada situation where the total production
response is lower than when only commercial farmingsts. The process of
construction and estimation of a conventional naalgtic agricultural model is based
on pooled data from both subsistence and commexgiaulture and the parameters of
the latter will be a mixture of those of the ungrt) sub-sectors. We ask whether a
modelling exercise of a dualistic agricultural eooy which ignores subsistence can be
constructed to properly represent overall agricaRuComparisons to a such model can



provide a view about how conventional modellingh cape with the challenge of
subsistence farming. We investigate whether it assfble to assess this response
without explicitly including information about th&ubsistence sector in modelling the
total sector. It seems intuitively clear that bpagng the underlying dualistic structure
will introduce bias in the results. We are integédsin the nature and reasons for such
bias and likely ways to overcome it. A dualisticriaglture which comprises both
subsistence and commercial sectors with their owodyction and consumption
functions could in a static framework be represgie some combination of them. It is
clear that having only aggregate data one can atinproduction and consumption
functions for the total agriculture. Moreoverthie period of interest is one year, this
representation would be an exact one. The potefatidbias in such a representation
arises only in a dynamic framework. In general wendt know the exact form of the
underlying production and consumption functions. il@wto this employing in the
estimation of the parameters of total agricultunectional form which is different from
the "true" production and consumption functions safbsistence and commercial
agriculture, could in principle lead to reasonadg@roximation of the dynamics of total
agriculture. If this is the case, then we woulddixde to predict the total agricultural
response to given policies and thus subsistencddwaat represent a challenge for
agricultural models. The important question thatinweestigate is when and how we can
derive a reasonable representation of a dualigticu@tural economy?

3.1. Dualistic agriculture and its block diagonal representation

Let us consider an agricultural economy consistofigk commodities. Then the
production vector can be expressed as:

p=(R PR Rey P,

where production of the individual commodities H@een split into commercial and
subsistence components and ordered such thand R, for all i < k are the
commercial and subsistence components of the sammaodity. If we denotejand p
as the vectors of commercial and subsistence ptiougve can express the "true"
model of a dualistic agriculture as:

p.(t+D) _IXA() XD, [pc(t)\ )

p(t+1) = [ps(t +1) TXOTPO =1 %ol )



where

X(t) is a matrix in which elements are general fiorts and which is partititioned above
into four (k x k) matrices. We refer to the matkxas a transition matrix. We use t to
denote the information set at a given moment iretand the notation can accomodate
any time dependency in the model. We consciousbtyaguch a level of generality in
order to be able to assess all potential implicstid he above model is general and thus
can represent any dualistic agriculture. Specifying functional relationships in this
case is unacceptable, because it would destroyriiversal application of our analysis.

The above can be expanded into:

Pe(t+1) = Xa()pe(t) + Xa(t)ps(t) (2)
Ps(t+1) = Xc(t)pe(t) + Xp(t)ps(t) (3

(Xa-1) and (% - 1) give the own impacts of commercial and sulesise production on
themselves one period ahead, whilerEpresents the impact of commercial farming in
the current period on subsistence farming in the period. Similarly X% gives the
influence of subsistence production on the commksgctor one period ahead. These
matrices are functionals not parameters, so withosg of generality we can cut off
longer lags by simply accomodating them in a mediffunctional form. From a
statistical point of view, the representation canviewed as a projection of the "true"
model expressed in a state space form

The most appropriate way to determine whether saiternative representation
provides an acceptable way to deal with the probketo compare the total aggregate
effect. That is to compare, for example, total maitbn obtained according to the
alternative representations. Total production candpresented by:

y(t+1) = p(t+1) + p(t+1) = Xa(O)pc(t) + Xe(D)py(t) + Xc(t)p(t) + Xp(t)ps(t) (4)

Let py(t) = Q(t)y(t), where Q(t) is a diagonal matrix Wwielements defining the share of
subsistence in total production that is=®/(P, + R..;) for all 1< i< k.

Then

y(t+1) = Xa(O(1 - Q)Y (1) + Xe(OQM)Y (D) + Xc(t)(I - QD)) (1) + Xo(HQMY() =
[Xa(t) + Xc(OI(1 - Q(©)y(t) + [Xp(t) + Xe(DIQM)Y(1)
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Denoting A(t) = X (t) + Xc(t) and D(t) = X%(t) + Xg(t) we can write this as

y(t+1) = A(DR(t) + D(HR(D) ®)

which means that a block diagonal transition mater provide an exact representation
of the total production effects. In order for thetimates obtained from this
representation, to hold for more than one pericehdhthe relative shares of subsistence
and commercial production obtained must be truehif occurs then these estimates
will be true in general. That is we need:

Pe(t+1) = A(R(E) = Xa(B)Pc(t) + Xa(t)ps(t)
and  p(t+1) = DOR(L) = Xc()p(t) + Xo(t)ps(D)

Both the above occur if and only if, ) p(t) = Xa(t)ps(t) (6)

Simply stated, the latter requires that the effestssubsistence on commercial
agriculture be equal to those of commercial on istdrsce agriculture. In order for this
to occur, it is sufficient to base the model onharacteristic of production for which
these effects are invariant with regard to the istdrsce/commercial division of
agriculture. One such characteristic for produci®the resource base, that is area for
crop products and number of animals for livestocadpcts. A unit of land can be
employed either in subsistence or in commerciakcatjure. Consequently the effect of
subsistence on commercial and commercial on sebsistwill be the transfer of
resources between the two sectors. Assuming inbligisinits for these resources leads
to equal effects between the sectors. This apprabaWws us to divide total agriculture
into two autonomous sub-sectors, which can be nextiedleparately, but in a similar
way on the resource basis. Therefore a block di@gmansition matrix can be applied
to resources, which can have a dynamic behaviocewr ghimals, machinery) specified
but at any given time they can be employed in amyg of the two subsectors. By later
applying appropriate yield and production functioves can assess the total production
effects. We denote the representation defined Pyafsl (6) as a block diagonal
representation.

Let us examine whether this choice of A(t) and B(the only one possible. We assume
there exist A*(t)= A(t)+U(t) and D*(t)=D(t)+V(t) with provide the true representation
of dualistic agriculture. Then:
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y(t+1) = [Xa(t) + Xc(I( - QD)Y(D) + [Xo()) + Xe(®]IQ®Y(L) =

A*D(I - Q(1)) + D*()Q() =

[Xa(t) + Xc(®) + U@DI( - QOO + [Xo(®) + Xa(t) + V(D)IQ)y () =
y(t+1) + U@ - QD))y(D) + VIOQMY(Y) = y(t+1)+ U()n(t) + V(H)p«1)

Therefore U(t)g(t) + V(O)p(t) = 0 (7)

On the other hand from (2) and (3)

P(t+1) = A*(t)pe(t) = Xa(t)pc(t) + Xa(t)p(t)
Ps(t+1) = D*(t)ps(t) = Xc(t)pc(t) + Xp(t)ps(t)

Xa(®)p(t) + Xc(t)pe(t) + Up(t) = Xa(®)pc(t) + Xa(t)p(t)
Xp(®)ps(t) + Xa(t)ps(t) + V(1)ps(t) = Xc(t)pc(t) + Xo(t)ps(t)

Xc(Opc(t) + UOR(t) = Xa(B)p(t)
Xe(Dp«(t) + V(O)ps(t) = Xc(t)pc(t)

The above two equations are combinations of (6) (&@nhd This means that there is no
gain in imposing requirements for uniqueness orbtbek diagonal transition matrix.

In the case of consumption, the invariant role wadard to the subsistence/commercial
division can be represented by consumption uritg, is population units. Although it is
possible for a given person to consume both surgistand commercial components of
the same products, we can assume that consumpttbe subsistence and commercial
components of a product are backed up by "prodoptifations” and every population
unit only belongs to one of the two subgroups. &iagery product will have its own
"population” division, the population variable iach a model will be multiplied by the
number of products. We do not need to explicitiydel these "population” variables,
but only their changes, which can be assesse@psomiate functional transformations
of existing variables in the model.
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3.2. Modélling dualistic agriculture by ignoring its structure

Now let us examine the consequences of discardingnmmring subsistence farming.
The traditional approach will not distinguish beemep and p but will treat them as
similar. We note explicitly that although this meawe treat all agriculture as
commercial, it does not imply that the parameterthe behavioural functions defining
this total agriculture will be similar to these thie real commercial agriculture. The
existence of subsistence means that this appraapbses some restrictions on the
transition matrix. This can be regarded as a sgb-@d the discussed alternatives of
block diagonal transition matrix representationhwit

AX() = Xa(t) + Xc(t) + U(D) = DX(1) = Xp(t) + Xa(t) + V(1) = Z(D) (8)

From (4), (7) and (8)

y(t+1) = Z(1) y(1) = [Xa(®) + Xc(Oly () + [U(D) - VOIQ(1)y (D) 9)

On the other hand using (7)

U()p(t) = -V()ps(D)

Ul - QM)y(®) = -V(H)Q(1)y(D)
Uy () - UOQ(M)y(H) =-VOQM®Y()
Uy () = [U®) - VOIQM)Y(®)

The right hand side of the above is the last teri{®) which can be substituted to obtain

y(t+1) = =Xa(y(1) + XcO)y(t) + U®y(t) (10)

It is clear from the discussion on the nature @& kihock diagonal representation that
(10) should hold for any choice of U(t), which istrpossible. While the choice of U(t)
in an explicit representation of a dualistic agitiexal economy will lead to an
alternative representation of the latter, ignorithgs dualistic structure can create
substantial bias, which is expressed by the chafidd(t). It is not possible at this level
of generality to say anything about the dimensiohthis bias, but it it depends on the
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specific functional forms for the model. It is alsot possible to present any analytical
results for this bias. It will depend on the estiatbparameters of the specific functional
forms. Within the block diagonal representationnfeavork, it is possible to get a

representation in which U(t) is zero. As definedt)Ufives the "error" made in

estimating the cross-effects between the subsistamcl commercial sectors and as
demonstrated this "error" does not have serioussemuences on the future
performance of the estimated model. This sugdésitsit is impossible to make U(t)

zero in the case when we ignore the dualistic &ira¢ because, in this case, this
definition of U(t) does not make sense. Viewing)Ugs a term in the process of
interaction between the subsistence and commeagactulture sectors leads to the
conclusion that the indirect "estimate" obtainedewhgnoring the dualistic structure

will depend on both the size of the subsistencdoseand the relative difference

between its behaviour and to the commercial sector.

4. A simulation experiment

A simulation experiment was designed to analyse ass#ss the size of this bias and
clarify when a conventional approach towards dtialegriculture will not have serious
consequences.

4.1. Design of the study

A hypothetical dualistic agricultural economy wasnstructed and a simple data
generating process (DGP) assumed. Estimation obémavioural parameters of this
economy was carried out, ignoring the dualistiactire. Finally projected figures for
total agricultural production are compared to géhgenerated by the assumed real DGP.

We have prviously considered a general case withesitiming any precise functional
forms. We now assume specific forms to produce lt®esilt is assumed that the
agricultural production system operates under emigbroduction elasticities and that
the processes of estimation and forecasting algdogntonstant elasticities. Therefore
it is necessary to construct an elasticities madnd initial vector with production

values for the base period. The latter was gernénaedomly. The elasticities matrix
was constructed from a lower triangular matrix wiéimdomly generated values which
subsequently was corrected in accordance with treorétical requirements of
homogeneity and symmetry and the restriction factyt positive values of the own

price elasticities. The size of the simulated @agtural system was restricted to ten
commodities and the minimum period for estimatidrth@ corresponding elasticities
matrix is ten years, the average length of tramsitAll major agricultural products can
be covered in this model. For simplicity a detenstin DGP was considered. It was
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assumed that in the base year, half the total ystexh for each commodity is
subsistence based, the remainder commercial pioduand the elasticities matrix
constructed applies to the commercial part of adfucal production. Subsistence
production was assumed to exhibit similar behavtouhe commercial sector but with
a weaker price response. Its elasticities matrig eanstructed by scaling the elasticities
matrix for commercial production by 0.6. We ruld the possibility for perverse supply
response (Ozanne, 1999), which can lead to grddterences than the design assumed
here. The shares of subsistence correspond toutlient values for commodities in
countries in transition. A process of transformatiof subsistence into commercial
agriculture is assumed which further decreasessittee and share of subsistence. The
other difficult assumption is the equal share dbssstence for all products. This is
employed to avoid the possibility of mixing up th#ects of the different shares of
subsistence with the price changes and the spewdrsformation of subsistence into
commercial agriculture.

One could ask why we have employed a hypothetioah@my. Would it not be better
to base our experiment on a real agriculture? ,Rivet want to produce general, not
specific results. Moreover, the characterisationtred existing dualistic agricultural
economies in Central and Eastern Europe is imfency. Even basic measures of the
share of subsistence agriculture are missing,|deteathe functional parameters. Where
the latter are available, as is the case of Budghfishev et al. (2002) employ quasi-
constant production and consumption elasticities)quality of the estimates is dubious
due to the shortage and unreliability of the edfiomadata. The simulation can be valid
only if one knows the true data generating procébs. latter is impossible even if we
had extremely long time series of reliable datapsy because we would have to use
the same data used in estimating the data gengnatotess which would have been
technically flawed.

Data for a period of 30 years has been generatest tandomly generated price
changes vectors for each of the 30 years have &gglred consecutively to the base
and following years separately to both subsistemmkecommercial production and total
production has been estimated. 30 years lengthfiigisnt to allow for generalisation
of the experimental results. In addition, a contstate of transformation of subsistence
into commercial agriculture has been assumed amdrporated into the DGP.
Schematically this can be represented by:

Yst= Ys 1t D" Es™Pe- MY (11)
Yet= Yet1t Det* Ec*Pet MYsia (12)

where y is the production vector; E is the elaiisi matrix, p - a vector of price
changes, and r is the rate of transformation ofistdnce into commercial. D is a
symmetric diagonal matrix with production on theimdiagonal and zeros elsewhere.
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The subscript t refers to the time period (1 to 88§ the subscripts s and ¢ denote
subsistence and commercial production. The assamputi a constant transformation
process of subsistence into commercial has bedinded to enable easier estimation of
the behavioural parameters when subsistence isadrand to restrict the possibility of
additional bias. The simplistic assumption of astant rate of transformation allows us
to isolate the effects we wish to analyse withoxplieitly concentrating on the
interaction process.

Based on the generated data, a model that ignaresistence was constructed.
Elasticities matrices, estimated by recursive legsareSon the basis of the first 10, 11
and so on years were constructed and the remaaidée 30 years period forecasted
using the elasticities matrices. Projected valuesewwhen compared to the DGP. This
process was replicated 500 times and the resudimged. This has been repeated for 12
different combinations of the rate of transformat@nd the variance of the randomly
generated (from a normal distribution) price vestolfhe values of the rate of
transformation were set at 0, 0.01, 0.02 and (R@8e variation values were set at 0.02,
0.05 and 0.1. The case of no transformation wasided to distinguish between pure
price effects and the combined impacts of price @madsformation changes. The last
value of the rate of transformation is the limiathwill complete the transformation of
subsistence into commercial over the period. Tloeeeit is natural to divide the range
of the values of interest for the rate of transfation (from O to 0.03) into several
segments. The price variation values analysed sjpored to average price changes of
between 14% and 30. Actual price changes in tls fiears of transition were often
much more dramatic. Using different price variatidor the beginning and remainder
of the period would allow us to represent the cleanipat avctually took place during
transtition. This however introduces a structuraalx into our experiment, which will
influence the results. Thus the simplifying assuons rule out some factors that could
possibly increase the effects we analyse. We see&rglity of the results and owing to
this we intentionally bias our experiment in a diren towards smaller differences. If in
such a simplified and intentionally biased expenitribe differences are substantial, this
means that it is not possible to obtain reliabteilts by ignoring subsistence agriculture.

4.2. Simulation Results

1 In this case the results will be inconsistent,ause we have "mixing distributions”. It is
however impossible to obtain consistent estimatiésowt employing information about the

underlying distributions, that is the dualistic urat of the production process.
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It was expected that both the transformation eatd prices variance would have
negative impacts on the forecasting capabilitiesttid models. The greater price
variance
Figure 1 Simulation Results
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Oneyear ahead forecast error bandwidth
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has an impact. The greater price change increégeproduction outcome from the
different types of economic behaviour and theretbeeerror following estimation will
be larger. The impact of the transformation ratads straightforward. When forecasts
are based on the minimum sample Sizs well as a low price variance, the greater
transformation rate is associated with larger srroHowever when the estimation is
carried out over 15 or more observations and pace&nce is increased, the relationship
is blurred. The lack of transformation between @ibace and commercial does not
substantially improve results. The forecasts alleusireliable. In the case of five years
ahead forecasts, augmentation of the estimatioplsammduces the forecasting error; for
10 years ahead forecasts, this improvement is nifgignt which is probably an
indication of model misspecification.

It appears that the short term forecasts are telifecause the average deviation from
real values is small. Looking at the maximum dewrat(the difference between
projected and real values for the product with tg&taerror) this desirable picture
vanishes. Nevertheless, the projections behave whEn the estimation sample
increases and this improvement is significant foalker price changes. This shows that
the short term forecasting abilities of a modelt tiggnores subsistence, can be good
under stable prices and for a long data set witlichviio estimate the behavioural
parameters. Unfortunately this is not the casectmmtries in transition. Although the
requirement for stable prices can be met for someiries, by cutting off the first
dramatic transition years, there is often not sidfit data length. In the case of middle
term forecasts, the estimated models are unrelidiilerefore subsistence has to be
explicitly modelled to obtain reliable projections.

The bandwidth containing the error of the estimatedlels is defined by the difference
between the smallest and largest error. Increasiagestimation sample decreases this
bandwidth. In the case of transformation of subsis¢ into commercial, the bandwidth
shrinks rather fast and although the average @wes not converge, the bandwidth
does. This means that the estimated models aredhibat introducing a shift parameter
may increase their forecasting reliability. Thus see that the existence of subsistence
in this deterministic case of a DGP leads to thecheion of a structural break. The
problem with such a shifter is that for it to havdurable effect, it has to be constructed
continuously as a sequence of structural breaksasoshift function rather than a
parameter. It has been argued (Kostov, 1999) kestet types of shifters are non-linear,
due to the non-linear nature of the interactioncpss between subsistence and
commercial. An attempt to find a linear approxiraatito the shifting function, when
subsistence and commercial are modelled separatady carried out (Mishev et al.

2 In some cases the matrices formed by the data mear singular, and therefore estimation
of the elasticities inefficient, the minimum samplee for these cases was increased to 11 or 12

years.
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2002), but we have a non-linear transform of a Imear function, for which it is
difficult to find a linear approximation. Thereforeven when subsistence and
commercial agriculture are modelled separatelyk la¢ information about the
transformation process can restrict the gains tdetiog effort to improve projections
in the middle term, while longer term projectiamuld still remain unreliable.

When there is no transformation, there is no rieedtroduce a shift parameter and it is
easier to obtain reliable results by increasingsthmmple size. Nevertheless, it has been
demonstrated that there exists an exact representaf the behaviour of the
agricultural production system, in which subsisterand commercial are modelled
separately and their behavioural parameters aresidj to reflect the interactions
between them. This can lead to the conclusion dahietodel of no transformation can
approximate transformation cases, which contradistsesults. The latter can however
only be true in the general case when no functitorahs are specified. Accounting for
the effects of the interactions between subsistandecommercial in this case however
can not be done by retaining constant elasticities.the models presented the
transformation is approximated by a trend and thbiguous results about the effect of
the transformation rate follow from the linear appmation of a non-linear function.

4.3. Implications of the Simulation Experiments

The simulation experiment shows that ignoring digant patterns of heterogenous
economic behaviour in subsistence farming in coemtm transition, can invalidate
results of analysis. As a quantitative implementatof the general case developed
earlier, we can define some necessary conditidngpmventional modelling is to
provide a reasonable approximation of the undeglyrocess of a dualistic economy. It
has been demonstrated that, even in a simplifi@héwork, ignorance about the true
underlying process can generate complex dynamitsofdr as heterogeneity in an
economy is the rule rather than the exception,iléetanalysis of different behavioural
patterns and their determinants can provide vatuaifbrmation for analysis. In the
case of subsistence farming, this information lwabd extracted from its interactions
with commercial agriculture. Therefore the challeng in understanding and assessing
the process under which subsistence farming isfiamed into commercial farming.

The main factors influencing the bias introduceddmporing the dualistic structure are:

» relative share of the alternative patterns of eomnobehaviour (that is relative
importance of subsistence farming)

* stability of the economic environment

* nature and form of the interactions between thesadbors
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Some conditions under which ignoring subsistencdl wot lead to serious
consequences for the efficiency of the estimatethrpaters and the forecasting
capabilities in the case of constant elasticities lsted but these are restrictive and
inappropriate for most countries in transition. Toaditions are:

« sufficient length of data period

To estimate a full production elasticities matrix the case of constant elasticities
production functions requires at least 30 yearsa.dd@hat is the cost of ignoring
subsistence can be partially offset by increadimglength of the data set.

« stable relationships between subsistence and corraher

It is difficult to provide a formal definition ofhis requirement. It means that
interactions between subsistence and commerciudtgire should be free of structural
breaks or can be approximated from the data. Tiesmns that the process of
transformation of subsistence into commercial ltagd correlated with some of the
parameters used to identify the model or the pwtes to exhibit a constant trend.
There is thus a trade-off between the above twairegpents. Lack of any interactions
between subsistence and commercial for exampledearease the length of data
required to 20 observations.

» stable prices

Relative price changes have to be small. Undertaahslasticities production functions
these have to be within 10% per year. While thisissally the case in developed
countries, the CEECs experienced massive pricegesag the beginning of transition.

The above conditions have to hold simultaneouslyhe time periods used for both
estimation and forecasting in order for conventionaodels to provide reasonable
approximations of the performance of the total adtural economy. Unfortunately
they are all violated in most countries in tramsiti Elaboration of more realistic
approximations requires ever more severe restnstio

5. Using the block diagonal representation in modelling dualistic
agriculture

5.1. General description of the approach

It is thus necessary to explicitly model the dusisgricultural structure in order to
obtain reliable results about future agriculturatfprmances. The main tool used here is
the SCAPAM (Structural Change Agricultural Policyn#lysis Model) methodology.
We present a general description of the main golesiof this approach with regard to
the block diagonal representation of a dualisticicagfural economy and its
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implications for modelling. Detailed functional deption can be found in Mishev et al.
(2002). SCAPAM is a partial equilibrium, dual stuie, small country, agricultural
simulation model constructed on the assumption #gatcultural policies result in
changes in prices of agricultural products. Thalamestic prices quantitatively express
agricultural policies and are the main instrumentds generate production and
consumption responses. In the case of Bulgariapall £ountry, world prices are not
influenced by domestic policies. Consequently ddimesd world prices are exogenous
to the model.

The partial equilibrium assumption is needed to entdle model workable and means
that markets are at equilibrium in the base antbviohg periods, other commodity
markets outside the agricultural sector being inildgaium too, and changes in these
other markets have no direct influence on agricaltmarkets. The latter effects are not
excluded from the model but are assessed througte smacroeconomic variables.
Therefore developments of other sectors of the @ognare implicitly included in the
model. Every individual product market is clearbbtigh foreign trade. The total crop
area is constant and price movements and otheablesi affect the distribution of this
area between the different crops. Liberalised espanmd imports are also assumed - that
is, if no specific agricultural policies are assuinthe price of each product equals the
world price, corrected for any discrepancy duertogotransmission.

The basic idea is that commercial and self-sufficiproduction have different
objectives and their outcomes will have differehamacteristics. Thus the products of
subsistence and commercial agriculture are intrallsi different and should be treated
as such. As a result one can expand the existyngudtural product structure by
splitting every product into market and subsistenomponents and then treat these
components as different products.

The split of agricultural production and consumptiato subsistence and commercial
components significantly increases data requiresnemtestimation of the behavioural

parameters and represents a two fold increaseeimdimber of products. However we
can obtain an exact block diagonal, with regardh® subsistence and commercial
representation of the behavioural parameters. Hisws both subsistence and

commercial sectors to be modelled by incorporativegcross effects between them in
separate models for subsistence and commerciaupigdlt would be appropriate to

base the modelling on invariant with regard tossstence and commercial sector
measures of production and consumptions, thatneasure which provides the same
cross effects between those two sectors. SCAPAN cestant elasticities functions to
represent the production and consumption comporadrdagriculture. The behavioural

parameters are the elasticities. An invariant waétard to the subsistence/commercial
division measure of agricultural crop productienand area. A unit of land can belong
to only one of the two sectors. Therefore crop pobdn can be represented via
areal/price elasticities, which reflect the arealleeation between the different products
within the subsistence or commercial sectors. dpgfifit yield functions for subsistence
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and commercial farming, applied to this land thé@regotal production. An invariant
measure of livestock production is the number ofmais, which allows the same
approach to be applied.

Consumption is modelled similarly, based on "constiom units". While subsistence

consumption is equal to subsistence production neercial consumption is determined
in terms of the division of the total populatiortan‘commercial" and "subsistence".

This division is done separately for each prodactording to the size of subsistence.
Commercial consumption for a given product is ai#di by applying consumption

elasticities to the "product population”.

Thus far subsistence and commercial sectors arsemied separately, ignoring the
interactions between them. The essence of the bthagonal representation is to
incorporate these interactions into the separatdefador subsistence and commercial
production and consumption. In terms of SCAPAM tsachieved by using a
parameter which simulates the process of intenacti@tween subsistence and
commercial production, by transforming area (or hamof animals) from subsistence
into commercial use and vice versa, according aireome changes. One can define
this as the elasticity of substitution between mibsce and commercial production.
Real income is selected as a proxy for the econmaspportunities (incomes, job
opportunities, overall economic development). Misle¢ al. (2002) present a detailed
description of an optimisation algorithm for esttimg the values of the elasticities of
substitution, based on Sato (1972). The interactohighly non-linear and Kostov
(1999) states that such an elasticity-like paramed@ be reliable only in the medium
term. The transformation process thus drives ressum and out of the subsistence
sector thereby changing its size. In terms of conion, this change means change in
the product specific "populations”, that is tramsftmg some production from
subsistence into commercial use, drives people afuthe subsistence sector and
enlarges product markets.

SCAPAM can be used to obtain projections about ftitare performance of the
agricultural sector. Our objective here is to eatduthe impacts of the existing dualistic
structure on the overall agricultural economy. Eheffects can be expressed as the
difference between the total production and congiompesponses with and without
subsistence and can be calculated by construatiragiditional model in which we pool
subsistence and commercial product components.b&havioural parameters of this
additional model should be the same as those ohmial components in the main
model. This is equivalent to allowing subsistenceekhibit the same behaviour as
commercial agriculture. The difference in projentmf these two models at aggregate
level will be a measure of the impacts of subsisteon total agriculture. This is not a
comparison between modelling the agricultural selayoaccounting for and ignoring its
dualistic structure, which is a different aspecttioé problems posed by subsistence
farming and has been analysed in the simulationemxgnt. The impacts of
subsistence, calculated here, assume that the npastameters, i.e. elasticities for
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commercial and subsistence sectors are correctygifsggrl. Moreover the approach
adopted to model the interaction process betwebsisence and commercial sectors
could over or underestimate the effects in the lamg Due to this we present results of
the comparison for the medium term, seven yearachfteecasts.

5.2. SCAPAM results

Several scenarios with liberalised agriculturalipes and gradual implementation of
CAP 2000-like policies, as well as different ratésconomic growth are assumed. The
price scenarios of CAP Agenda 2000 policies cordigfradual price adjustments over
three years and application of quantitative retstms in the year of accession. The
liberalised agricultural price scenario is expresby imposing world pricésin the
domestic market. The above two price scenarioscambined with moderate (2%),
high(3-5%) and explosive (5-8%) annual real incagrawth. In the first two cases, the
higher figure is applied for the first two yearsthwihe lowest figure for the rest of the
projected period. As a result six scenarios ara@inbtl. In the scenarios that simulate
possible EU membership, the year of comparisondsyear of joining the EU.

Although production and consumption response Jayyscenario, the estimated
impacts of subsistence on total agricultural prédidncand consumption, which are the
ratio of the forecasts of the two models, appedretoobust with regard to the modelled
price policies and income growthThe results are the likely impacts of subsistemte
overall agriculture in the period before possiéteession into the EU. The process of
joining the EU could induce structural breaks thed likely to change the rate of
transformation of subsistence into commercial (Kesand Lingard, 2000). It is
however difficult to make reliable assumptions abthe nature and the intensity of
future structural breaks. Nevertheless the rolasstrof the results to the chosen price
scenarios, confirms the conclusions of Mishevle{2002) and Beckmann and Pavel
(2000) that price policies do not have a consideraffluence on the development of a
dualistic agricultural economy.

It can be expected that subsistence representggragate loss of efficiency and should
reduce the expected agricultural output. This redads shown in figure 2.

% USDA 1998 world price projections are used. Dstigeprices are corrected for price

transmission between world and domestic prices.
* Income growth is positive in all scenarios whicleans a one way transformation of

subsistence into commercial. Therefore the robgsistehe results is conditional on positive income

growth.
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Figure 2.
Impact of subsistence on production (in %)vese years ahead forecasts
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Pork does not seem to be affected by subsisterie.nfay seem surprising, bearing in
mind the significant share of subsistence in tptak production. The current relative
price for pork is high, which means that in allrs@eos it is assumed to decrease which
restricts the potential growth of commercial porkoguction. Consequently the
subsistence effects on pork production are indicamt. The effects of subsistence for
milk, poultry and potatoes are large. These prallEve a considerable share of
subsistence. The result for beef and veal app&ardven that the price increase in EU
scenarios is significant. However, Bulgaria haditranally been a net importer of beef
and the pre-conditions for effective beef produttiwe lacking.

It has to be stressed however that subsistencerdadominantly a consumption
phenomenon and consumption effects are our magmeisit In terms of consumption,
the results are mixed; there is an increase foresmmducts, a decrease for others.
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Figure 3.
Consumption impacts of subsistence (in %) - sewamsyahead forecasts
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There are considerable positive effects for condgiommf milk and eggs, but otherwise
the consumption effects of subsistence are relgtiogv. The large share of household
milk production should lead to considerable subsist effects. There are significant
technological differences between subsistence anugrercial egg production, which
explains the considerable consumption effects disistence for eggs. The negative
effects in consumption for cereals are due to tkgative production effects for
livestock, expressed in lower relative feed congiiongfor cereals. Consumption effects
of subsistence are a combination of the impacthefelative share of subsistence for a
given product, technological differences betweerbsmience and commercial
production and different demand functions in thbssstence and commercial sectors.
These effects all have the expected direction.drtlg exception seems to be pork. This
is surprising given the significant share of satesice in pork consumption and
production and its low price responsiveness. ThHesistence effects are derived from a
seven years ahead comparison, which includes somandc effects particularly
economic growth which results in a relative inceeescommercial consumption.

The calculated impacts of subsistence agricultueetlze future impacts of the current
dualistic agricultural structure which are path dingde dependent. The low magnitude
of the negative consumption effects, given theaase in incomes, means that the
contemporary consumption effects of subsistenc@e@sdive. The contemporary effects
include the current differences between subsistesno® commercial consumption
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functions. One could regard the contemporary esfaxt subsistence as short term
effects, because they are deduced by keeping ircoatatively stable. The long term

effects of subsistence are impossible to calcutatee they depend on the specific
configuration of many factors, such as incomes,nenoc growth and market

development. Subsistence is an income related phemon and income opportunities
are a major factor in its developments. Subsigtdiacming has significant welfare

effects. It restricts the fall in consumption duwe grice and income shocks during
transition and its impact on production is not reseeily negative. When the relative
market price decreases, the lower price responsalisistence leads to a smaller fall in
total production compared to when there is no sidsce. Therefore unless there is
considerable improvement in incomes and employmsumbsistence agriculture will

retain its significant share, because its existesmcensistent with utility optimisation.

This view reveals why subsistence effects are piinelastic. Subsistence and
commercial price elasticities, though evolving oirere according to the transformation
process of subsistence into commercial, remaintivelg stable. They are almost
constant in relative terms. Assumed income growHs lsubstantial effects on
commercial consumption via its behavioural paramsetnd the "population” base.
Hence the main effects of subsistence relate tal foonsumption. Even if the
production functions of subsistence and commermagalculture were identical, there
would be significant dynamic consumption effects.

Both production and consumption effects are timpedeent and the main factor
influencing them is the process of transformatidrsubsistence into commercial. The
factors that determine this process are instrurheintaassessing the impacts of
subsistence. One factor is economic growth. Thastoifs are external to agriculture
and exogenous to the model. Some of the assumpéomdoyed by the SCAPAM
approach, namely the constant elasticity of tramsédion and the similar pattern of the
transformation process for all products appearriotise. A product specific
representation of the process of agricultural consraksation would aid further
understanding and assessment of the impacts obserixe agriculture.

6. Conclusions on therole and place of subsistence agriculture

It has been shown that subsistence has positivadtsmn total food consumption. On
the other hand, its impacts on total productionreegative. The positive consumption
effects can be regarded as a response to the veorggome situation during transition.
Therefore in terms of consumption, subsistence ifagms compatible with the
optimisation hypothesis. However the perceived tdgstal production efficiency leads
many economists to believe that subsistence isimeffitient” and "unacceptable”
phenomenon. Our results confirm this conclusiornvedineless, one of the assumptions
employed in SCAPAM was the clearing role of foreigade. For many agricultural
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products, foreign market access is questionablthigncase subsistence reduces supply
pressure on the domestic market by decreasing #ifici€ncy” of agricultural
production. Therefore subsistence farming has lalisiag effect on the domestic food
market. Its expansion during transition is a log@matcome of economic conditions and
it is unlikely to vanish unless a radical improverhm incomes takes place. The foreign
market could influence the process of agricultacahmercialisation and can be handled
within the SCAPAM framework by introducing an adloiital demand for exports and
allowing domestic market clearing via additionalansformation of subsistence into
commercial. This will result in a dualistic agritudle model, which will still be
consistent with the main principles developed. Sactextension will allow the effects
of agricultural commercialisation to be decompoaecbrding to their sources.

We have demonstrated the challenge that subsistagdeulture in countries in

transition presents for quantitative analysis. Vé@ehestablished the impossibility of
conventional modelling approaches obtaining coeststind unbiased estimates for
future agricultural performance. The formal anaysi a dualistic agricultural economy
has provided us with the block diagonal represemtatin important tool for modelling

subsistence agriculture. We have also quantilgtisealysed the nature of the bias
introduced into analysis by ignoring subsistenceav@ur. In this way one can define
the conditions under which the impacts of subscsemn total agriculture will be small.

By quantitatively assessing these impacts we wble @ define the market role of
subsistence agriculture. Subsistence agricultur&ansition countries is not only an
employment and income related phenomenon. Subsestisna direct consequence of
constrained domestic and foreign markets opporamiand markets are the key to
agricultural commercialisation.
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