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MODELING OF THE BEEKEEPING SECTOR
BY USING THE AGMEMOD MODEL FOR UKRAINE

The aim of this article is to highlight the main models of partial equilibrium used in agriculture economics. As the agri-
cultural sector of Ukraine is currently in the process of reforming, in order to adapt to EU standards. There are several agrar-
ian policy entities that require decision-making, for example, on reforming the land market, privatization of state ownership
or the agricultural tax system. The process of policymaking is not easy, often interferes with certain interests expressed by
various stakeholders. Considering this tool for the objective, decision-making can help speed up the decision-making process
and thus increase production, trade, and investment in Ukraine's agriculture. Based on best practices for using models in
the European Union, Ukraine uses the AGMEMOD model. The AGMEMOD model is developed and maintained by the
AGMEMOD Partnership, which is the consortium of numerous universities and research institutes across Europe and
beyond. The main group is in Germany Thiinen Institute of Market Analysis) and the Netherlands (Wageningen Economic
Research) and coordinates and combines the work done with AGMEMOD model. As an example, the application of the
model as shown in the creation of a new sector in the AGMEMOD model for the modeling of the beekeeping industry. The
sector of beekeeping is completely new to the AGMEMOD-UA block and requires certain revision, but it is very important for
Ukraine. Because Ukraine is one of the biggest exporters of honey to the European Union and one of the important export-
ers around the world. The beekeeping industry is strategically important not only from the standpoint of export relations of
Ukraine-the world but also from the point of view of food security, increasing the yield of the crop and providing fodder base
Sor the livestock sector. Therefore, in modeling, the agrarian sector is also advisable to model and sector beekeeping. This
sector will make the model completer and more holistic. Modeling according to this system should improve the interrela-
tions between separate sectors in the block of Ukraine and help in making agropolitical decisions that will concern not only
beekeeping but also the agricultural sector.

Keywords: beekeeping, partial equilibrium modeling, agricultural policy analysis, AGMEMOD, honey market, export.

MOAEJIOBAHHSA I'AJIY 31 B/IKIJIBHULI TBA
3 BUKOPUCTAHHAM MOJEJI AGMEMOD JIJISI YKPATHH

Ywmias A.C.

Memoro yiei cmammi € 6uceimienna OCHOGHUX e1eMEHMI8 POPMYBAHHA HOB020 ceKMOpy 00xcinbHuymea ¢ mooeni
AGMEMOD. B cmammi maxoc 0RuUcano 0CHO8Hi MoOeili 4acmKoeoi pienosazu, uio 3acmoco8ylomuca 013 ananizy azpap-
HO20 CeKmopy ma ananizy 6nauey azpapHoi nonimuKku na ciivcoke 2ocnooapcmeo. Ha oanuii yac ¢ Yxpaini 6iodysacmucs
aKmueHe pegopmyeants 6cix 2anyseil, ma azpaprHozo ceKmopy 30Kpema, 3 Memoro adanmauyii 0o cmanoapmie €eponeii-
cvko20 Corozy. Takum uunom, cyd'ckmu azpapnoi nonimuku, AKi 6nIU6AIOMb HA NPUITHAMMSA PiUieHb, HANPUKNAO, W00
pepopmysannn 3emenvHo20 punKy, RPUCAMU3AYIl 0ePIHCABHOT 81ACHOCHI Ad0 NOOAMKOBOI CUCHEMU CITbCbKO20 20CHO-
oapcmea nompeoyromy 36aXcenux AHAIMUYHUX PO3PAXYHKIE MaA NRPOZHO3I8 {000 MONCTUGUX HACTIOKI6 8NIUEY Azpo-
nonimuunux piwienv Ha azpapuuii cekmop. Buxooauu 3 naiikpawux npakmuk 6UKOPUCIMAHHA Mooenell YacmKosoi pis-
Ho6azu 011 OUIHKU 6NIUGY HA azpapHuil cekmop 6 €eponeiicskomy Coro3i, YKpaina nouana eukopucmogysamu mooens
AGMEMOD. Mooene AGMEMOD (https://agmemod.eu/) € eKoHomempuunolo, OUHAMIYHOI0, MYTbMUHAYIOHATILHOIO,
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MYNIbMURPOOYKIMHOIO MOOE/I0 YACMKO80I pigHosazu 01 AHA3y azpaprozo punky ma nonimuxu. Pooomy AGMEMOD
RIOMPUMYE KIII0106a 2PYNA, AKA CKAA0AEMbCA i3 cniepodimnukie Tionen-incmumymy ¢ Himeuuuni (Johann Heinrich von
Thiinen Insitute of Market Analysis, https://www.thuenen.de/en/) ma Wageningen University & Research (Wageningen
Economic Research Institute https://www.wur.nl/en.htm). Akmueni kopucmyeaui mooeni 6x00ams 00 MAK 36aH0O20 KOHCOP-
uiymy AGMEMOD, sakuii éukonye pons HA2NA006020 OP2ary ma W{OPIiYHO U3HAYAE OCHOGHI HANPAMKU PO36UIMKY MOOei.
Ax npuknad 3acmocysanus mooeii 6yi10 ROKA3AHO CHMEOPEeHHA H08020 ceKmopy 00xcinonuumea 6 AGMEMOD. /lanuii
cekmop € abconromuo noeum ona on1oky AGMEMOD-UA i nompedye negnux doonpauioéann, ane 6in € Oyxce 8axiciueum
ona Yxpainu. Tomy wo Ykpaina € oonum 3 naudineuiux ekcnopmepie medy oo €sponeiicvkozo Corosy. Ianyzo 60scine-
HUmMEA € CIMPAMEZiuHO 6AXNCIUBOI0 HEe MIIbKU 3 NO2NAJY eKChopmHuux eionocun Ykpaina — Ceim, ane it 3 mouxku 30py
np0o006oLUOT Be3neKu, RIOBUULEHH YPOHCATIHOCHT CEKMOPY POCTUHHUYMEA MA 3a0e3ne4eHHs KOPMOBoIo 6a3010 CeKmop
meapunnuymea. Tomy, npu mooenoeanni azpapnozo cexmopy O0UIIbHO MAKOIHC MOOETI08amU | CEKMOP 00NHCITbHUWMEA.
Came ueii cexmop 3pooums mooens oinvui nogHoto ma yinichoro. Mooentosanns 3a yicro cucmemoro mae noKpauumu
63A€EMO36A3KU MIMC OKpemMumMu cekmopamu 6 onouyi Ykpaina ma 0onomozmu 6 RpUiiHAmMMI AzpOnonimuyHuX pitiens uio
0yoyms cmocysamucs nHe minbKu 0OMCITbHUYMEA, a il AzPAPHO20 CEKMOPY 8 YLIOM).

Kniouogi cnosa: 60xcinonuymeo, Mooenioganis 4acmrosoi pignosazu, ananis CilbCbKo20Cno0apCbKoi noaimuxi,
AGMEMOD, punok medy, exchopm.

MOJAEJUPOBAHUE CEKTOPA INYEJTOBOJACTBA
C UICITOJIB30OBAHUEM MOJAEJU AGMEMOD JJIs1 YKPAUHBI

Ymuas A.C.

Lenvio dannoii cmamou sn615emMcs 6bloeIeHUE OCHOBHBIX MOOEEll YACHIUYHO20 PABGHOGECUS, UCHOIb3YEMBIX 8 IKOHO-
MuKe cenbekozo xozaiicmea. IockonvKy azpaphslii cekmop Ykpaunvl 6 Hacmosiuee epems Haxo0umcs 6 npouecce peghop-
MUposanus 0nsa mozo, umoovl aoanmuposamsca k cmanoapmam EC. Ilpoyecc enedpenus no6oil noaumuKu a61aemcs
He J1e2KUM, 4acmo meuiaen onpeoeeHHbIM UHMEPECAM, GbIPANCEHHBIM PAZIUYHBLMU 3AUHMEPECOBANHBIMU CHIOPOHAMU.
B ceéeme mozo uncmpymenma 01a 00beKmMUGHO20 NPUHAMUA PEUIEHUIl MOMCEM ROMOUb YCKOPUMDb RPOUECC NPUH-
mus pewteHuil u mem camviM YEeTUYUNYb NPOU3B00CHIE0, MOP2OGII0 U UHBECHMUUUU 8 CETbCKOe XO03AUCHE0 YKPauHbl.
Ocnosbleasco Ha nepedosoll npakmuke ucnonvzosanus mooeneii ¢ Eeponeiickom Coroze, Ykpauna ucnonvzyem mooesn
AGMEMOD. B kauecmee npumepa npumeHneHus mooenu 6u110 ROKa3ano co3oanue Ho6ozo cekmopa 8 mooenu AGMEMOD
01 Mooenuposanus nuenosoocmea. Cekmop nuenogoocmea cosepuieHno Hoegwlii 01 onoka AGMEMOD-UA u mpeoyem
onpeoenennoll 0opadomKu, Ho IMO 04Uensb 6axcho ona Yxpaunot. [lomomy umo Yrpauna sagnsemcs 00num u3z Kpynuei-
wiux Ikcnopmepos meoa ¢ Eeponeiickuit Coro3 u 00HUM U3 8aj)cHwlxX IKCnopmepos 60 écem mupe. ITuenoeoocmeo umeem
cmpamezuueckoe 3HaYeHue He MObKO ¢ MOYKU 3PeHUs IKCROPIHBIX OMHOWEeHUIl YKPAUHbI-MUDA, HO U C MOYKU 3DEeHUs
HPO006OSILCIBEHHON (E30NACHOCU, NOBLIUEHUSL YPOICATIHOCHU U 00eCnedeHs: KOPMOBOH 6a3bl 07151 HCUBONIHOE00Ue-
cKko2o cexkmopa. Ilosmomy npu modenuposanuu azpapHozo CeKmMopa Maxice UenecoofpasHo Mooeiuposams U ceKmop
nYen0600Ccea. Imom cekmop coenaen mooens foee noaHoul u yenrocmuoil. Mooenuposanue no 3moit cucmeme 0071)4CHO
WIYHIUID 63AUMOOMHOUIEHUS MENCOY OMOSTbHBIMU CEKMOPAMU OlI0KA YKpauHvl u ROMO4b 6 RPUHAMUL GZPONOIUMU-
YecKux peuienuil, Komopuie 6yoym Kacamocs He moibKo RYeN0600CHEA, HO U AZPAPHO20 CEKMOPA 6 UeIoM.

Knwuesvie cnosa: nueno6o0cmeo, MOOEIUPOSAHUE HACTIUYHO20 PAGHOBECUsl, AHAU3 ASPAPHOU  NOJUMUKLU,
AGMEMOD, pwirok meda, s3xkcnopm.

Problem statement. The agrarian policy is an important
component of state economic regulation, because, subject to
the promotion of effective political measures, it is able to
create conditions and promote the development of agrarian
economy, provide food security, support the development
of Related to agriculture, industries and contribute to the
development of rural areas. Taking into consideration that
every political decision provokes different consequences,
it is important to predict them, evaluate and timely correct
these measures in order to implement the most effective for
society and the country of decisions. The question of the
formation of methods of estimation of accepted or projected
political decisions is highlighted not in full measure,
because, analyzing agrarian policy and agrarian Science
in Ukraine, it is possible to conclude about insufficient
use of the economic apparatus The main model of partial
equilibrium of the European Union is analyzed in the article.

Analysis of resents research and publications.
Research problems of analyzing and simulating the
functioning of the agrarian sector are dedicated to the
work of many scientists such as M. Bogonos, M. Banse,
P. Salamon [3], O. Von Ledebur, M. Van Leeuwen,

F. Bouma, G. Salputra [7], T. Fellmann, O. Nekhay. In
particular, the agricultural sector investigated Ukrainian
scientists A. Dibrova, S. Kvasha, V. Onegina and others.

Selection of previously unsolved parts of the common
problem. The studies on the agricultural sector modeling
demonstrate insufficient use of partial equilibrium models
to assess the impact of agropolytical solutions and to
simulate the activities of the agrarian sector. Therefore, on
the example of the use of AGMEMOD is the econometric
dynamic partial equilibrium model, which analyzes the
impact of scenarios of political decisions on the agricultural
sector of the EU countries, as well as Ukraine has shown
the main aspects of creating a new sector for the Ukrainian
beekeeping industry.

The formulation of the aims of the article (problem
statement) is to explain the basic elements of creating a
new sector for the beekeeping industry in the AGMEMOD
model. And, also to describe the most popular partial
equilibrium models used to analyze the agrarian sector and
analyze the impact of agrarian policy on agriculture.

Statement of the basic material. The agriculture
sector of Ukraine is currently in the reform process, with
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the objective to adapt to EU standards. There are several
agricultural policy subjects requiring policy decision
making, e.g. regarding the reform of the land market,
privatization of state property or the agriculture tax
system. The policymaking process is not easy, frequently
hampered by interests expressed by different stakeholders.
Considering this, tools for objective decision making could
help speeding up policy decision-making processes and
thus boosting production, trade, and investments in the
agriculture sector of Ukraine.

Partial equilibrium models’ main characteristic is that
they concentrate on the isolated market, considering the
rest of the economy as an unchanging background for
the analysis of supply and demand in this market. When
compared to general equilibrium models, PE models are
more limited in the sense that they cannot include the
effects of dispersion of changes in the analyzed market to
other sectors of the economy. However, they can be quite
useful for a detailed examination of many factors affecting
the behavior of agents in this market, especially when the
influence of these factors does not seriously affect sectors
other than the one in question. Thanks to their detailed
structure, they often include diversified policy variables
and services to study the effects of their changes [2].

In addition, the models are classified according to
the major links (such as farm-region or sector-economy)
which they emphasize, the techniques and methods which
they use, and the ways in which technological alternatives
and migration activities are incorporated into them.
Traditionally, these models are grouped into computable
general equilibrium (CGE) and partial equilibrium models.

Econometrics is often used for the estimation of policy
effects in agriculture. There are two main approaches in this
respect. The first is the estimation of the influence of policy
variables within a single equation econometric model.
And the second is the estimation within a simultaneous
equations system of behavioral relationships. In such a
system, supply, demand and price are endogenous variables,
and the model is closed when supply equals demand. The
equations may be broken into several equations depending
on the system modeled. For example, if a commodity
is exported, its total demand is a sum of domestic and
export demands that depend on different sets of variables.
Simulation models include partial and general equilibrium
approaches. ESIM and WATSIM [3] are examples of
partial equilibrium models. They simulate future effects of
the policy reforms on production, consumption, trade and
domestic prices of a wide range of agricultural products
of the EU countries in static perspective26. Changes in
the rest of the sectors of the economy are considered only
exogenously. Parameters of the functions of these models
are calibrated to the values of the models’ reference year.
GTAP is an example of a computable general equilibrium
model. It is characterized by global coverage and simulates

the development of all the sectors of economies of the
countries considered. The model also includes linkages and
feedbacks between the sectors and simulates bilateral trade
flows between the countries. AGMEMOD [3]and CAPRI
[4] are partial equilibrium models that incorporate several
modeling techniques. AGMEMOD estimates future effects
of the policy reforms on the agricultural sector of the EU
and few non-EU countries on a year-to-year basis (i.c.,
dynamic perspective). Unlike AGMEMOD, CAPRI is a
static model and includes only EU countries. The main
difference between the two modeling systems is that in
AGMEMOD, parameters of the core functions (e.g., areas
of crops harvested, yields, animal stocks, consumption) are
estimated econometrically, and in CAPRI, mathematical
programming technique is used for estimation of the
decision-making change.

The commodity coverage of the current version of the
model extends to markets for grains, oilseeds and to the
markets for their associated meals and oils, root crops,
livestock milk and dairy products, apples, oranges, tobacco,
and cotton. Most of the equations in the model have been
estimated using annual data over the period 1973-2018,
or over shorter periods in case of data were not available
(such as for the new member states).

Ukraine is divided into 6 regions according to the
parties of the world in AGMEMOD.

The previous Ukrainian model in AGMEMOD is
developed by Van Leeuwen et all[3]. This version uses
historical data until 2010 and starts projections in 2011.
Since 2012 Ukraine's country block has been included in
the model [3]. In the new version, historical data till 2013 is
used and projection starts in 2014. Additionally, a new
feature in AGMEMOD has introduced: the regionalization
of a country. Ukraine is the first country to be regionalized
in AGMEMOD. After consultation with our Ukrainian
partners, six regions of Ukraine are defined, as shown in
Table 1.

The variables entering in each sub-model represent
consecutive positions in the balance sheet of each market.
On the supply side the beginning stocks, production, and
imports are being considered and on the demand side
the domestic use, exports and ending stock are modeled.
For each product in each country also the respective
domestic prices (market-clearing prices) are modeled. The
equilibrium in each market is reached in the model also on
the level of the whole EU.

This implies that the EU net export variable is used
as the closing variable at the EU level. The necessary
condition for the model to be solved is that the equality
between supply and demand in each market in each country
must hold [5].

The model contains endogenous and exogenous
variables (parameters). The endogenous variables are
mostly prices and the variables determining the supply and

Table 1. Regionalization of Ukraine in AGMEMOD model

West Center East South Crimea North
(L’viv, Karpaty, | (Poltava, Kirovograd, (Donetsk, (Zaporizhian, (Volyn,
Regions Ivano-Frankivsk, | Vinnitsa, Cherkasy, Lugansk, Mykolaiv, Zhytomyr, Kyiv,
Chernivtsi, Khmelnitsky, Kharkov) Odesa, Kherson) Rivne, Sumy,
Ternopol) Dnipropetrovsk) Chernihiv)
Mnemonics in
AGMEMOD UA WE UA CE UA EA UA SO UA CR UA NO

Source: developed by the author based on [7]
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demand in the market of each product in every country. The
exogenous variables include a set of variables describing
the general macroeconomic conditions for the functioning
of the agricultural market (GDP, inflation, exchange rates,
population), world agricultural prices as well as CAP
instruments. A change in exogenous variables may determine
the assumptions of scenarios simulated by the model.

In the AGMEMOD model, the equilibrium is reached
in each market of each country independently. The
characteristic feature of the model is that the price does
not serve as a variable, which would lead to the equality
between the supply and demand in the separate market at a
given moment of time, but is exogenous for the supply and
demand variables at a given moment of time. Therefore,
one of the positions of the trade balance sheet, in most
cases imports or exports, is treated as a closing variable. On
the country level, however, there exist interdependencies
between markets of products. They result from the
assumptions of substitution or complementarities between
the products. The arable land allocation between different
kinds of crops according to the relative profitability of their
products can be given as an example of substitution. At
the same time, the use of different grains, oilseeds, and
the derived products as fodder in livestock production
determines the relation of complementarity between
crops and livestock. As it was mentioned before, country
market models are solved independently, nevertheless, the
behavior of supply and demand variables in each member
state market model is driven by a common factor, so-called
key price of this product. For each market included in
the AGMEMOD model, the key price is the price of the
product in the country, which is its most important producer
in the EU. In most cases, the country's price of a given
commodity depends on the simultaneous development of
key prices, lagged domestic and EU (or key country) self-
sufficiency rates and other variables [5].

The behavioral equations of the model are mostly
individually estimated with econometric techniques
(generalized least squares). However, in situations where
too short time series were accessible, the quality of data
was unsatisfactory, important structural breaks (e.g. policy
regime change) were observed or the estimation resulted

Bee colonies Per tamily
inventories production

N

Imports + Beginning + Production -
stocks

CAP GDP, Population,

instruments Exchange rate

in the values of parameters inconsistent with the economic
theory (such as positive price elasticity of demand or
negative reaction of domestic price to the key price),
calibration techniques were used.

Considering many countries and commodities included
in the AGMEMOD model, the number of parameters and
equations to be estimated is very large. A decentralized
estimation strategy is employed to make the task
manageable and better informed: all equations of a country
model are estimated by the AGMEMOD partner responsible
for that country. It is thus impossible to report in detail all
the estimation procedures that have been followed as well
as all estimation results. Rather we summarize the general
criteria provided to each AGMEMOD national team
undertaking the processes of estimating the parameters of
their country model. Country level econometric estimation
results, detailed specification test information and complete
documentation of the AGMEMOD country models can be
requested, country-by-country, directly from the respective
national teams. The general criteria break the model
parameterization process into a maximum of five stages:
pre-estimation, estimation, post-estimation, calibration,
and validation.

Conclusions and results of this study are a highlight
of the main elements of forming a new beekeeping sector
in the AGMEMOD model. The article also describes the
main models of partial equilibrium used for the analysis of
the agrarian sector and analysis of the influence of agrarian
policy on agriculture.

We also added three new variables HN-honey natural,
HP-honey bee colonies productiveness and HC-Honey bee
colonies for implementation of the honey market. This
sector is broken down only by region. Honey producers
in Ukraine are divided into 2 types: households and public
enterprises. Regarding the geography of production, it is
advisable to distinguish the following regions: West (L’viv,
Karpaty region, Ivano-Frankivsk, Chernivtsi, Ternopil),
Center (Poltava, Kirovograd, Vinnytsia, Cherkasy,
Khmelnytskyi, Dnipropetrovsk), East (Donetsk, Lugansk,
Kharkiv), South (Zaporizhia, Mykolaiv, Odesa, Kherson),
Crimea, North (Volyn, Zhytomyr, Kyiv, Rivne, Sumy,
Chernihiv).

Ending stocks - Domestic uses = Exports

Figure 1. Beekeeping sector modeling structure

Source. developed by the author
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The model contains a system of equations that are
unlocked simultaneously. This model also considers the
influence of exogenous factors, including World market
price, GDP, exchange rate and other indicators that
compute AGMEMOD. For example, the price of honey
depends on the World market price; The exchange rate
allows you to convert world prices into national currency,
which is necessary for the assessment of domestic market
prices. The GDP deflator allows you to calculate real
market prices, and the population influences the overall
level of consumption in the country. Real GDP shows the
level of consumer profits. Thus, due to the consideration
of exogenous parameters, we obtain more accurate
endogenous variables. To endogenous variables, we
include such data as Honey production, Honey imports,
Honey exports, Honey domestic use, Honey ending stocks,

Honey per family production, Honey food use and others.
To solve this system, a large amount of historical data is
required. Figure 1 shows a beekeeping sector modeling
structure.

Data sources for the honey production are mainly
compiled from two sources: The Food and Agriculture
Organization of the United Nations and the State Statistics
Service of Ukraine.

In AGMEMOD, each indicator of the honey sector is
described by the corresponding equation. These equations
are estimated using the program “R-Studio” and time series
regression and formed in the system. In the end, we will get
detailed simulation results that include predictive estimates
of supply, demand, import, the export of domestic prices,
etc. Based on the above, we can predict the export potential
of honey and the development of the beekeeping industry.
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