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Abstract

The prospects for development in the short term of the consumption of four main types of meat (beef,
pork, poultry and lamb) are presented. The results are based on the developed partially equilibrium dynamic
model ,Meat”. The aim of the present study is to substantiate the reliability of the approaches used to model
consumption in these types of meat, revealing the substitution relationships between them. The trends in
the levels of individual consumption as well as the annual variations are considered. The main independent
variables that are included in the consumption equation for the different types of meat are distinguished. The
elasticities, which determine the changes in the consumed quantities as a result from substitution dependencies
between resultative value and independent variables are indicated. The applied approach for calibration of the
model, by means of subjectively determined coefficients, allowing to derive a forecast for the individual level of
consumption in the short term is demonstrated.

The most pronounced is the inverse correlation between retail price and consumption of poultry and pork,
where the price elasticity is -0.8. In these two types of meat, the substitution effect is more noticeable, as the
increase in the price of pork provokes an increase in the consumption of chicken meat with an elasticity of 0.6.
The consumption of pork and lamb changes symmetrically with the increase in economic welfare, expressed
in terms of GDP per capita, while the increase of beef consumption is the weakest. In the short term, the most
serious increase is expected in the consumption of pork.
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Modeling Meat Consumption and Short-Term Prospects

LlenTa Ha HacTosILWOTO M3cneaBaHe e fa ce 060CHOBE HaAeXAHOCTTA Ha M3MNOM3BaHNTE NOAXO0AM 38 MO-
JenvpaHe Ha NnoTpebreHneTo Npy NOCoOYeHUTE BUAOBE MECO, pa3kpmBanky CybCTUTYLIMOHHNTE 3aBUCMMO-
CcTV Mmexay Tax. PasrnegaHu ca TeHOeHUMWTE B paBHMLLATa Ha MHOMBUAYANHOTO NoTpebneHne, KakTo v ro-
ONWHUTE Bapuauun. PasrpaHnyeHn ca OCHOBHUTE HE3ABUCUMU MPOMEHIIMBY, CbCTaBsLLM NOTPEOUTENCKO-
TO ypaBHeHMe Npu YyeTupuTe Buaa Meco. Onpegenenn ca KoeuumeHTUTe Ha enacTUYHOCT, KOUTO AeTep-
MUHUPAT M3MEHEHNATa B NOTpebsiBaHUTE KONMMYECTBA, NPOM3TUYALLN OT CyOCTUTYLIMOHHUTE 3aBUCUMOCTM
MeXay pesynTaTvBHaTa BENMYUHA U HE3AaBUCUMUTE NPOMEHNNBU. [IeMOHCTPMPAH € NPUINOXEHUAT NOOXOL
3a kanMbpupaHe Ha Moaena, NoCpeAcTBOM CyOeKTMBHO onpeaeneHn koeurumeHTH, No3BoNSABALLN N3BEX-
[aHeTo Ha NporHo3a 3a MHAMBUAYAITHOTO PaBHULLE Ha NOTPEONEHNETO B KpAaTKOCPOYEH MNIiaH.

Haw-cnnHo n3paseHa e obpaTHoMponopLUMoHanHaTa 3aBucMMOCT MexXay LeHa Ha ApebHO 1 KoOHCcyma-
LMS MpU NUMELLKOTO N CBUHCKOTO MeCo, KbAeTo LeHoBaTta enactuyHocT e 0,8. Npu Tean aBa Buaa meco e
no-oces3aeM N eeKTLT Ha 3aMeCTBaHETO, KaTo NOBULUEHMETO Ha LieHaTa Ha CBUHCKOTO MeCO NMpOBOKMpa
HapacTBaHe Ha NoTpebrieHMeTo Ha NUMEeLLKO Meco 1 0bpaTtHo, ¢ enacTnyHocT 0,6. CUMETPUYHO Ha NoBuK-
LLIEHNETO Ha MKOHOMMYECKOTO BNaroCbCTosAHNE, U3paseHo Ypes BpyTHUS BbTpeLleH npoaykT (BBIT) Ha rna-
Ba OT HaceneHneTo, ce N3MeHs KOHCyMaumusaTa Ha CBUHCKO M arHeLKo Meco, 40oKaTo Npu roBexaoTo Meco
yBenuyeHmeTo e Han-cnabo. B kpaTkocpoyHa nepcnekTMBa ce oyepTaBa Han-Cepmo3HO yBenmyeHne npu

KOHCyMaLuATa Ha CBUHCKO MeCO.

Knroyoeu Aymu: NIKOHOMETPUYHO MOAENupaHe; Meco; NoTpebrneHne; enacTuyHoCT

Introduction

The development of animal husbandry in Bul-
garia, including meat production, in recent de-
cades has been marked by a number of problems
such as low productivity and efficiency, a predom-
inant share of small and medium-sized farms,
limited financial opportunities, weak investment
activity and low competitiveness (Mitova, 2016;
Ivanov et al., 2017). The contribution of live-
stock to gross agricultural output decreased from
38.0% in 2007 to 22.3% in 2018 (MAFF, Agri-
cultural report, 2008, 2019). Considered by sec-
tors, during the same period the relative share of
gross production of poultry meat in gross output
from agriculture decreased from 5.2% to 3.6%,
from pig breeding — from 4.7% to 3.6%, and from
sheep breeding and goat breeding — from 4.6% to
2.4%. The significant decline in livestock num-
bers, most pronounced in pigs, sheep and goats,
determines the reduction of meat production in
the country. Despite the positive growth trends
observed in the last few years in the production
of pork and poultry meat, the harvested produc-
tion is not able to meet domestic needs, which
provokes a steady increase in imports. Given the
importance of consumption as a factor for the de-
velopment of production, it can be expected that
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the growing, albeit at a very slow pace, purchas-
ing power of the population in the country will
stimulate the growth of production.

Forecasting the dynamics of production and
consumption in the short and medium term al-
lows the development and comparison of scenari-
os for the application of different interventions in
the meat sector. With this in mind, and through
the tools of econometric modeling, a partially
equilibrium model “Meat” was developed with-
in the project “Establishment of Center for Ag-
ricultural Policy Analysis” (CAPA). The scope
of the model includes four main modules for the
production, consumption and trade in beef, pork,
poultry and sheep (lamb).

The aim of the present study is to substanti-
ate the reliability of the approaches used to model
consumption in these types of meat, revealing the
substitution relationships between them.

Methodology

The derivation of the consumer module in
CAPA modeling is a part of the overall model
specification of meat demand. The econometric
modeling works with a system of equations, as
the derivation of the purchase prices of the differ-
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ent meats is external to the CAPA model. These
prices are linked to European wholesale prices of
meat, which reflects the high market integration
of the Bulgarian meat market with the Europe-
an and the fact that the country is a net importer
of beef, pork and poultry, which is the reason for
the high determination of domestic prices. Only
in the case of lamb and mutton, Bulgaria is not
a net importer and much of the consumption is
supplied directly from the farms, but the exter-
nal prices of lamb in neighboring countries and
the EU are in this case an arbiter in fixing nation-
al price levels.

According to Listorti and Esposti (2012) the
horizontal price transmission is a spatial relation-
ship between the markets, such as between Bul-
garian and European prices in most cases. There
is also cross-commodity price transmission (Es-
posti and Listorti, 2011), and in CAPA modeling
and especially in modeling the consumption of
different meats, cross-commodity transmission
between them is included. The model equations
for the consumption of different meats and their
functions in the CAPA model is as follows:

YACCBV - B0 * SIBIXPRBV + gZBZXPRPO +

83[33)(PRPL + 84B4XHI + UACCBV (1)
YACCPO - B0 + 81 Bl>(PRPO + 8ZBZI)(PRBV +

83BSXPRPL + 84B4XHI+ UACCPO SY ACCPO (2)
YACCPL: BO+ 8IBI)(PRPL + SZBZI)(PRPO +

83B3XPRPL + 84[34)<HI + UACCPLBSY ACCPL (3)

YACCSH: B0 + 8IB1>(PRSH T 82BZXPRBV+
83B3XHI+ UACCSHB4YIACCSH (4)

The design functions for calculating the de-
pendent Variables - YACCBV’YACCPO, YACCPL, YACCSH’
which represent the consumption of meat per cap-
ita are functionally dependent on the prices of the
respective meats (X oo» Xogpor Xprprs Sprsr) and
the cross-price elasticity between them and the
income effect (X,). At the same time, X, is an
independent proxy variable for income, which is
represented by gross domestic product (GDP) per
capita, deflated by the inflation rate. This variable
is exogenous for the model and is taken as a com-

plex index, taking into account the predictions of

different institutions and agencies. Ivanov (2017)
gives its derivation in CAPA modeling, as:

HI = f{GDPgz), 5)
where HI are the incomes of the population, and
GDRP is the GDP of Bulgaria, at:

GDPgg = GDPEZ « GDPyrowrn »
where GDPgprowes > 1S €Xogenous variable taken
from synthesizing various international forecast-
ing agencies (IMF, EC, World Bank and Minis-
try of Finance).

One of the most important elements of the
computational functions in CAPA modeling is
the obtaining of the adjustment factor, which is
respectively (UACCBV’ U, ccror Uncerrs UACCSH)' Fol-
lowing the CAPA modeling, the error or adjust-
ment factor is also subject to modeling using the
Error Correction Model (ECM), which is:

UACC - BSYIACC + UIACC (6)

The variables Y', .. and U', . are the first de-
rivatives of the dependent variables for the indi-
vidual consumption of beef and veal (Y,
pork (Y, .po)» poultry (Y

acce)
lamb (Y, ..,,)- From there was obtained:
1

CCBV)’

) and sheep and

CCSH
Y ACC YACCt B YACCtavg (7

The error correction model is one of the most
common tools in applied econometric model-
ing, which attempts to reduce the stochastic er-
ror and to fix the adjustment factor. Alogoskou-
fis and Smith (1991) described the path that this
modeling tool takes, as well as the different mo-
dalities that are applied by individual research-
ers. Hendry (1980) set the closest expression to
the ECM, where:

AY =a+BAX -y (Y, —X ) Te (8)

Where it is stated that the dependent variable
(Y) itself is dependent on itself, and not only on
the independent variable (X), which serves to
include this element, in order to correct the er-
ror in a stationary model:

Y=a/y+X ©

The elasticities that show the strength of the
response of the dependent variable, in this case
individual consumption, when changing the in-
dividual types of prices (X) are also subject to
calculation and are not exogenous or dummy
estimates. Martin Sadd (2005) developed and
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showed in great detail how large the elasticity ap-
plication is, far beyond the economy, as it is the
ratio between:

E=AY/AX (10

Ivanov (2020) developed and used a differ-
ent method for calculating the elasticity, and by
means of additional calibration of the elasticity
coefficient, the final result for the factor elasticity
is obtained. According to him, the elasticity is not
the difference between the current and its previ-
ous value for a given indicator, but the difference
with the average:

t . —
- ;— (=Y} /¥
e (Xe=X) /X )

The effect, achieved by changing the elastici-
ty calculation, is to maintain the consistency and
stability of the coefficient, which in the case of
AY and AX sometimes undergoes an overreac-
tion and shows large amplitude that is not sym-
metrical between the two variables.

CAPA modeling understands the importance
of solving these two key technical elements of the
computational functions (the adjustment factor
and the elasticity), which together with the rele-
vance of the included variables and the system of
equations predetermine the reliability of the re-
sults. By designing the consumption per capita of
the four types of meat, we proceed to obtain the
gross result for the consumption of meat, where:

Total Meat Consumption =

Y * Population Number (12)

Results

Substitution dependencies, expressed in terms
of price elasticity, substitution effect and income
effect in poultry, pork, beef and veal and sheep
and lamb, are crucial for the projection of the
consumption per capita. The value estimates of
the inversely proportional relationship between
price and quantity consumed for the four types
of meat are given in Table 1. The price elastici-
ty of meat, as a food product, is inversely propor-
tional by default, but at the same time it depends
on the change in the inflation of consumer goods.
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If the overall inflation of consumer goods chang-
es in one direction or another to a greater extent
than for meat, this leads to a different elasticity
for meat. That is why CAPA modeling uses de-
flated retail prices for meat, which helps to more
accurately measure own-price elasticity.

In a study of Lusk and Tonsor (2015) is as-
sert that “own-price elasticities are more inelastic
for a price increase (for higher prices) than they
are for a price decrease (for lower prices)”. This
observation was related to consumer reactions
in the United States, with higher prices showing
relative inelasticity, indicating the role of income
elasticity, which intervenes in parallel with price
elasticity.

The relatively low and slowly growing in-
comes of the population in the country determine
the behavior of price elasticity of meat, and due to
this fact, the price elasticity of demand increases
with price increases and decreases with decreas-
ing prices. Price changes have the most signif-
icant impact on the demand for pork and poul-
try, which occupy the largest share in the national
diet. The coefficient of elasticity shows that when
the price increases with 1 unit, the quantity con-
sumed decreases by 0.8 units. Traditionally, the
higher market price of beef and veal in the coun-
try determines the smaller quantities consumed
by households. For this reason, the price elastic-
ity is lower (-0.6) compared to the coefficient es-
timate for pork and poultry. If the price of beef
becomes cheaper, its price elasticity will also in-
crease. The increase in income will also lead to a
change in price elasticity, which may acquire the
ratios observed by Lusk and Tonsor (2015).

The seasonality of the consumption of lamb
and mutton, which is present mainly in special
cases in the consumption of people in the coun-

Table 1. Price elasticity of different types of meat

Indicator Value
Price elasticity of beef and veal (eX,,) -0.6
Price elasticity of pork (€X,,,,) -0.8
Price elasticity of poultry (eX,,,) -0.8
Price elasticity of mutton and lamb (X)) -0.3

Source: Meat model, CAPA.
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try, determines the lowest value of the coefficient
of price elasticity for this type of meat. When the
price increases by 1%, the quantity consumed de-
creases by only 0.3%, which is a typical reaction
to goods belonging to a special category, which is
not associated with daily and mass consumption.

The substitution effect is most pronounced be-
tween pork and poultry. The assessment of cross-
price elasticity shows that an increase in the price
of pork by 1% leads to an increase in the amount
of poultry meat consumed by 0.6% and vice ver-
sa (Table 2). The consumption of pork changes
in the same ratio with an increase in the price
of poultry. The change in the retail price of beef
and veal has the most significant effect on the in-
dividual consumption of pork at a value of the
cross-elasticity coefficient of 0.4. The percentage
increase in the price of beef and veal leads to an
increase in the consumption of poultry by 0.3%,
as well as of sheep and lamb by 0.2%.

The effect of income has the most signifi-
cant impact on the demand for pork and sheep
and lamb, as the amount consumed per capita in-
creases symmetrically with the growth of pur-
chasing power (Table 3). Given the higher re-
tail prices of these two types of meat, the assess-
ment of elasticity demonstrates the presence of
consumer preferences, but also opportunities to

Table 2. Cross-price elasticity between different
meats

Indicator Value

Cross-elasticity of beef and veal from the 04
price of pork (eX :

PRPO)

Cross-elasticity of beef and veal from the
) 0.3
price of poultry (eX

PRPL)
Cross-elasticity of pork from the price of 0.4
beef and veal (eX :

Cross-elasticity of pork from the price of 06
poultry (X )

PRBV)

PRPL)

Cross-elasticity of poultry meat from the 03
price of beef and veal (eX :

PRBV)
Cross-elasticity of poultry from the price of 06
pork (X :

Cross-elasticity of sheep and lamb from the 02
price of beef and veal (eX, ) )

PRPO)

replace them in lower incomes. Consumption of
poultry meat, as the cheapest and most afford-
able animal protein, reacts less to the change in
income. The increase in purchasing power by
1% leads to an increase in the quantity of con-
sumed poultry meat by 0.7%. The income effect
1s weakest in beef and veal with a demand elas-
ticity coefficient of 0.1. Beef and veal maintains
the highest retail price compared to other meats,
which is largely due to shrinking production in
the country. At the same time, a large part of the
quantity produced is from dairy animals, which
causes large differences in the quality of meat on
the market, while consumers are constantly in-
creasing their requirements.

Annual data on the quantity of pork consumed
per capita (including direct consumption and pro-
cessing) show an upward trend since 2007, reach-
ing 28.3 kg in 2018 (Fig. 1). An exception was ob-
served only in 2012 and 2013, when consumption
remained at 22.6 kg due to the more significant
increase in retail prices.

The projection of consumption per capita in
the period 2019-2022 reflects both the indicat-
ed substitution dependencies between the differ-
ent meats, taking into account the horizontal and
cross price transmission, forming the expected
price changes, as well as the projected change in
income. The forecast estimate of consumer de-
mand, derived as the first derivative of the de-
pendent variable in the CAPA model, was cor-
rected by the negative values of the adjustment
factor, determined on the basis of the deviations
from the historical data for the previous seven
years. Pork consumption is projected to continue

Table 3. Income effect on the consumption of
different types of meat

Indicator Value

Income effect on demand for beef and veal
0.1
(eXy)

Income effect on demand for pork (eX,) 1.0
Income effect on demand for poultry (eX,;) 0.7

Income effect on demand for sheep and 1.0
lamb (X)) ’

Source: Meat model, CAPA.

Source: Meat model, CAPA.
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to grow from 32.2 kg in 2019 to 36.9 kg per cap-
ita in 2022. The factor changes forming the fore-
cast are mainly reduced to the expected income
growth, which will be stronger than the project-
ed increase in the retail price of pork — by about
0.9% on average for 2019-2022 compared to the
average for 2015-2018. The impact of the substi-
tution effect on beef and veal was also consid-
ered, where a more significant increase in price
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levels in real terms is expected — by about 6.8%
for the two periods compared.

The values of consumption per capita of
poultry meat show some fluctuations in the pe-
riod 2007-2013, while after 2014 the quantity
consumed is constantly increasing, under the
influence of production growth and cheaper
imports (Fig. 2). Retail prices in the short term
are projected to be around 4.72—4.86 BGN/kg,
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Fig. 1. Modeling the consumption per capita of pork, kg

Source: MAFF, NSI and Meat model, CAPA.
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Fig. 2. Modeling the consumption per capita of poultry, kg

Source: MAFF, NSI and Meat model, CAPA.
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which is slightly above the average level for the
years from 2015 to 2018 — 4.79 BGN/kg and
will not be negatively affect the level of con-
sumption.

The expectations are that the positive trend
will continue in the next four years, as the quan-
tity consumed per capita will be between 25.2 kg
and 26.7 kg. The forecast reflects the substitu-
tion dependencies between the quantity of poul-
try consumed and the expected positive change
in the prices of beef and veal and pork. The pres-
ence of a positive difference between the histor-
ical values of consumption and its projection in
most of the studied years determines the posi-
tioning of the adjustment factor at the level of 1.3
kg, which corrects the initially determined fore-
cast values.

The higher selling price of beef and veal com-
pared to the prices of pork and poultry, against
the background of the relatively low purchasing
power of the population, is the main factor hold-
ing back the growth of consumption.

The emerging trend in the period 2007-2018
shows a decrease in consumption from 4.8 kg to 3.7
kg per capita. The forecast for the development of
retail prices in the next four years indicates an in-
crease to a level of about 12.70 BGN/kg, which will
have a negative impact on the level of consump-
tion. The correction of the initially forecast is posi-

tive and raises the estimate of consumption to a lev-
el of 4.2 kg per capita in 2019, and this level is ex-
pected to decrease over the next four years.

The consumption per capita of sheep and lamb
is at the lowest level compared to other types of
meat. Besides the seasonality of consumer de-
mand, the high market price as a result of the re-
duced production in the country also has an im-
pact. The annual values of consumption in the
last twelve years are relatively stable, most of-
ten at the level of 1.3 kg per capita with small
fluctuations (Fig. 4). The differences between the
projection of the first derivative of the dependent
variable and the historical levels in the previous
six years are negative values, which determines
a correction in decrease of 0.39 kg. The forecast
based on the horizontal price transmission out-
lines an increase in retail prices by about 1.6%
on average for the period 2019-2022 compared
to the average for 2015-2018. The growth in the
prices of beef and veal, as the main substitute for
lamb, is more significant, which determines the
impact of the substitution effect in the direction
of increasing consumption. At the same time,
with the increase in income, a symmetrical in-
crease in consumption is expected, reflecting the
magnitude of the income elasticity of sheep and
lamb demand. Taking into account the influence
of these factors, in the next four years an increase
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Fig. 3. Modeling the consumption per capita of beef and veal, kg

Source: MAFF, NSI and Meat model, CAPA.
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in the level of consumption is forecast from about
1.4 kg to 1.6 kg per capita.

Total domestic consumption, derived as a pro-
jection of per capita consumption and the project-
ed number of population, outlines the most seri-
ous upward trend in pork (Fig. 5). The quanti-
ties of meat used in the country for direct con-
sumption and processing are expected to reach
233.3 thousand tons in 2022. The projected ex-
cess of total consumption on average for the pe-
riod 20192022 compared to the average level

for 2015-2018 is with 20.9%. Despite the declin-
ing population, the driving factor will be the in-
crease in income in conditions of high price lev-
els of beef and veal.

The total domestic consumption of poultry
meat in the country will also increase, but at a
slower pace than pork. The quantity consumed in
the country is projected to reach 181.2 thousand
tons by 2022, which is 1.5% above the level of
2018 and 10.4% above the average for the previ-
ous four years. The income elasticity of demand

25
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Fig. 4. Modeling the consumption per capita of sheep and lamb, kg
Source: MAFF, NSI and Meat model, CAPA.
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Fig. 5. Total human consumption of pork, poultry,
Source: MAFF, NSI and Meat model, CAPA.
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for poultry meat is weaker than that of pork,
which explains the more moderate growth rate,
taking into account the substitution dependencies
on the prices of pork and beef and veal.

An increase is also expected in the total con-
sumption of sheep and lamb in the country as the
average projected amount for the next four years
is 10.3 thousand tons, which is 11.7% above the
average level for the period 2015-2018. The sym-
metrical reaction of the demand quantity to the
income growth determines the derived forecast.

The growth rate will be the lowest in the to-
tal consumption of beef and veal, as the projected
quantity for 2019 is 29.0 thousand tons. Domestic
consumption is expected to gradually decrease in
the coming years, reaching a level of 26.9 thou-
sand tons in 2022, which is close to the level of
2016. The comparison between the average val-
ues of consumption for the two compared peri-
ods shows that the expected excess is 7.8% dur-
ing the forecast period compared to the average
for 2015-2018.

Conclusions

The obtained results from the modeling prove
the reliability of the applied approach in the pro-
jection of the per capita consumption and the to-
tal domestic consumption, reflecting the specif-
ics of the influencing factors. The estimation of
elasticities, derived on the basis of the differ-
ences between the current and average values of
the resultant and factor values, provides great-
er precision in determining the substitution de-
pendencies, based on the consistency and stabil-
ity of the coefficients. By applying the error cor-
rection model, a higher accuracy of the adjusting
factor is achieved, which allows the derivation of
a more accurate projection for the consumption
per capita.

Specifically for the conditions of the Bulgar-
1an meat market, the macroeconomic environ-
ment and the forecast for the development of pur-
chasing power of population, the results of the
model show the strongest interchangeability be-
tween poultry and pork meat, as a reaction to
price changes. The increase in income has the
greatest effect on the consumption of pork and

sheep and lamb. It can be said that the demand for
meat is more elastic to prices compared to the in-
come elasticity in beef and less inelastic in lamb.
The modeling shows that the income elasticity of
meat demand is slightly stronger than the price
elasticity, which can be considered the economic
reality in the country, characterized by relative-
ly low incomes of people. As incomes rise, price
elasticity can be expected to increase, while in-
come elasticity may shrink.

Given the derived dependencies in the short
term, the most serious increase in domestic con-
sumption of pork is forecast. The shrinking pro-
duction in the country and the expected increase
in retail prices of beef and veal, taking into ac-
count the weak elasticity to income, will re-
strain the growth of consumption in the next four
years.

The forecast derived by the econometric mod-
eling method does not take into account the impact
of emergencies, such as the spread of COVID-19
and its impact on economic indicators and espe-
cially on income. In view of the expected nega-
tive consequences, adjustments in the projected
values of meat consumption are possible.
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