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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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Резюме
Изведени са перспективите за развитие в краткосрочен план на потреблението на четири основ-

ни за страната ни видове месо – свинско, пилешко, говеждо, телешко и агнешко, на основата на ико-
нометричен частично равновесен модел „Месо“.
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Целта на настоящото изследване е да се обоснове надеждността на използваните подходи за мо-
делиране на потреблението при посочените видове месо, разкривайки субституционните зависимо-
сти между тях. Разгледани са тенденциите в равнищата на индивидуалното потребление, както и го-
дишните вариации. Разграничени са основните независими променливи, съставящи потребителско-
то уравнение при четирите вида месо. Определени са коефициентите на еластичност, които детер-
минират измененията в потребяваните количества, произтичащи от субституционните зависимости 
между резултативната величина и независимите променливи. Демонстриран е приложеният подход 
за калибриране на модела, посредством субективно определени коефициенти, позволяващи извеж-
дането на прогноза за индивидуалното равнище на потреблението в краткосрочен план.

Най-силно изразена е обратнопропорционалната зависимост между цена на дребно и консума-
ция при пилешкото и свинското месо, където ценовата еластичност е 0,8. При тези два вида месо е 
по-осезаем и ефектът на заместването, като повишението на цената на свинското месо провокира 
нарастване на потреблението на пилешко месо и обратно, с еластичност 0,6. Симетрично на пови-
шението на икономическото благосъстояние, изразено чрез брутния вътрешен продукт (БВП) на гла-
ва от населението, се изменя консумацията на свинско и агнешко месо, докато при говеждото месо 
увеличението е най-слабо. В краткосрочна перспектива се очертава най-сериозно увеличение при 
консумацията на свинско месо.

Ключови думи: иконометрично моделиране; месо; потребление; еластичност

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 

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 = β0 + ε1β1XPRBV + ε2β2XPRPO + 
ε3β3XPRPL + ε4β4XHI + UACCBV	 		  (1)

YACCPO = β0 + ε1β1XPRPO + ε2β2XPRBV + 
ε3β3XPRPL + ε4β4XHI + UACCPOβ5Y

I
ACCPO	             (2)

YACCPL = β0 + ε1β1XPRPL + ε2β2XPRPO + 
ε3β3XPRPL + ε4β4XHI + UACCPLβ5Y

I
ACCPL	             (3)

YACCSH = β0 + ε1β1XPRSH + ε2β2XPRBV +  
ε3β3XHI + UACCSHβ4Y

I
ACCSH		                      (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 (XPRBV, XPRPO, XPRPL, XPRSH) and 
the cross-price elasticity between them and the 
income effect (XHI). At the same time, XHI 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: 

, 			         (5)
where HI are the incomes of the population, and 
GDP is the GDP of Bulgaria, at: 

, 
where , is exogenous 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, UACCPO, UACCPL, 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 = β5Y
I
ACC + UІ

АСC		        (6)

The variables YI
ACC and UІ

АСC are the first de-
rivatives of the dependent variables for the indi-
vidual consumption of beef and veal (YACCBV), 
pork (YACCРО), poultry (YACCPL) and sheep and 
lamb (YACCSH). From there was obtained:

YI
ACC = YACCt - 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:

ΔY = α + βΔX – γ (Yt-1 – Xt-1) + εt	       (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 = α / γ + X			         (9)
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:

Ε = ∆Y / ∆X			   (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:

		
(11)

The effect, achieved by changing the elastici-
ty calculation, is to maintain the consistency and 
stability of the coefficient, which in the case of 
ΔY and ΔX 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. 

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 (εXPRBV) -0.6

Price elasticity of pork (εXPRPO) -0.8

Price elasticity of poultry (εXPRPL) -0.8

Price elasticity of mutton and lamb (εXPRSH) -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 

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 
is 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 2. Cross-price elasticity between different 
meats 
Indicator Value

Cross-elasticity of beef and veal from the 
price of pork (εXPRPO) 0.4

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

0.3

Cross-elasticity of pork from the price of 
beef and veal (εXPRBV) 0.4

Cross-elasticity of pork from the price of 
poultry (XPRPL) 0.6

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

Cross-elasticity of poultry from the price of 
pork (εXPRPO) 0.6

Cross-elasticity of sheep and lamb from the 
price of beef and veal (εXPRBV) 0.2

Source: Meat model, CAPA.

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

Income effect on demand for beef and veal 
(εXHI)

0.1

Income effect on demand for pork (εXHI) 1.0

Income effect on demand for poultry (εXHI) 0.7

Income effect on demand for sheep and 
lamb (XHI)

1.0

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 

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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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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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 2019–2022 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 
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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-
ian 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. 

References

Alogoskoufis, G., & Smith, R. (1991). On error cor-
rection models: specification, interpretation, estimation. 
Journal of Economic Surveys, 5(1), 97-128.

Esposti, R. & Listorti, G. (2011). Agricultural price 
transmission across space and commodities during price 
bublles. Paper presented at the EAAE 2011 Congress, 
Changeand Uncertainty Challenges for Agriculture, Food 
and Natural Resources, August 30–September 2, Zurich, 
16 pp.

Hendry, D. F. (1980). Predictive failure and econo-
metric modelling in macro-economics: the transactions 
demand for money. In: Economic Modelling (ed. Ormer-
od, P.), London, Heinemann. 

Ivanov, B. (2017). Macroeconomic assumptions and 
evolution of Bulgarian agriculture.Ikonomika I upravle-
nie na selskoto stopanstvo, 62 (1), 3-10. (Bg)

Ivanov, B. (2020). CAP support policy impact on 
Bulgarian agriculture. Bulgarian Journal of Agricultural 
Science, 26(2), 268-274.

Ivanov, B., Popov, R., Malamova, N., Mitova, D., 
Sokolova, E., Toteva, D., Dimitrova, D., Stoychev, V., 
Dzhodzhova, A., Gorcheva, K. (2017). Synthesis report. 



72

Modeling Meat Consumption and Short-Term Prospects

10 years CAP in Bulgaria. Institute of Agricultural Eco-
nomics, 44 pp. (Bg)

Listorti, G., & Esposti, R. (2012). Horizontal price 
transmission in agricultural markets: fundamental con-
cepts and open empirical issues. Bio-based and Applied 
Economics, 1(1), 81-108.

Lusk & Tonsor. (2015). How Meat Demand Elas-
ticities Vary with Price, Income, and Product Category. 
Applied Economic Perspectives and Policy 38(4):673-
711. https://www.researchgate.net/publication/311481901 

_How_Meat_Demand_Elasticities_Vary_with_Price_In-
come_and_Product_Category

Mitova, D. (2016). Some problems of sustainable de-
velopment of meat livestock farming. Ikonomika i uprav-
lenie na selskoto stopanstvo, 61(2-4), 4-18. (Bg)

Sadd, M. H. (2009). Elasticity: theory, applications, 
and numerics. Academic Press.

MAFF. Agricultural report. (2008, 2019).
https://www.mzh.government.bg/bg/politiki-i-pro-

grami/otcheti-i-dokladi/agraren-doklad/


