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ECONOMIC AND MATHEMATICAL MODEL
FOR FORECASTING DIRECTIONS OF DEVELOPMENT
OF HUNTING ENTERPRISES

Abstract. The article summarizes arguments and counterarguments within the scientific discussion on the
development of the hunting enterprises. The aim of the article is to construct an economic and mathematical model
for determining the number of wild hunting animals, in which the production and economic activity of the enterprises
of the hunting economy will be able to operate on the basis of self-sustainability and self-financing. The actuality of
solving of this scientific problem is in the necessity of reformation of the hunting economy in Ukraine, which
provides formation of the national conception of its organization and development, which would base on the
effective economic, ecological and social instruments; and which, at the same time, would take into account national
management traditions. In order to construct an economic and mathematical model for predicting the directions of
development of the hunting enterprises, the research was conducted in the following logical sequence: analyzed by
what components are formed the total costs and total revenues from hunting economy; the boundary between the
unprofitable and break-even level of hunting activity; according to the objective function, the theoretical principles of
the economic and mathematical model were formulated, which allow to define the break-even quantity of hunting
animals; four directions of development of the hunting enterprises are considered.

The methodical basis of the study were the methods of analysis, synthesis, economic and mathematical
modeling, statistical method; the period of research - 2016-2017 years. The hunting facility of the Lviv region
(Ukraine) was chosen as the object of the research as it gave us the opportunity to carry out additional calculations
taking into account more optimistic directions of hunting economy development.

The research empirically confirms and theoretically proves that the hunting economy can function on the
principles of self-sustainability and self-financing without going beyond the established and legally established norms.

Key words: economic and mathematical model, enterprises, hunting economy, wild hunting animals, break-
even number of wild animals, capacity of hunting grounds.

Introduction. Ukraine is one of the largest countries in Europe and is characterized by extremely
favourable territorial conditions, various environmental and climatic conditions, fertile lands, rich plant
and animal world, and so on. Despite this situation, Ukraine is not without its problems. This is proved by
the fact that the percentage of woodiness in the country is one of the lowest in Europe (15.9%) [1,2].
Another problem is the rather high anthropogenic pressure on the environment and the contamination of
large areas ofthe country with radioactive substances, which leads to a decrease in the biodiversity of the
animal and plant world. In particular, for the last few decades, the following animals and plants have been
classified as rare or endangered: brown bear, lynx, otter, buzzard, eagle, yellow tortillas, and others [3].

The industrial and economic activity directed at the use, protection and reproduction of wildlife
resources, which is engaged in specialized state forest, hunting and forestry farms, hunting associations
and enterprises of other forms of ownership, is important in the structure ofthe national economy.
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The objective necessity of reforming the hunting economy in Ukraine involves the formation of a
national concept of its organization and development, based on effective economic, environmental and
social instruments taking into account national traditions of management. One of the main reasons for the
ecological and economic inefficiency of hunting-and-economic activities in Ukraine is the rather low
number of wild hunting animals, which is why the cost of hunting is almost twice the amount of income.
Analysis of the experience of hunting in the developed countries of the world proves that the production
and economic activity of enterprises of the hunting economy can be profitable and operate on the
principles of a market economy in accordance with the principles of sustainable ecologically balanced
development.

The process of reforming the hunting economy is expensive and should be implemented gradually.
The process of implementing an effective ecological and economic direction of the development of the
hunting economy, which is aimed at achieving the optimal number of hunting animals in hunting grounds,
acquires the longest time of establishment. Thus, the problem of economic stimulation of efficient
reproduction and using of hunting resources is one of the key problems in modern science and it needs
immediate resolution.

The organizational aspects of reforming and development of hunting economy in Ukraine are
highlighted in the scientific works of such scientists as Bondarenko [4], Vovchenko [5], Delehan [6],
Cherniavskyi [7], Dynka [6], Koval [9], Muraviov [10], Novikov [11], Protsiv [12], Siniakevych [13],
Tunytsia [14], Khoietskyi [15], Sheihas [16] greatly contributed to solving the issues of the economic
evaluation of the resources of the hunting economy, the ecological and economic stimulation of the using
and protection of forest and fauna resources, as well as the state regulation of hunting and hunting in their
scientific works.

The economic and mathematical modeling of the using of nature and its optimization as a scientific
problem is considered in the works of many domestic and foreign scientists. However, despite the
accumulated experience and the results obtained, the problem of economic and mathematical modeling
and forecasting of the directions of development of hunting enterprises in the current conditions of
reforming the economy of Ukraine deserves further study and becomes of special urgency.

The aim ofthe article: to construct an economic and mathematical model for determining the number
of wild hunting animals, in which the production and economic activity of the enterprises of the hunting
economy will be able to operate on the basis of self-sustainability and self-financing.

Methods. The theoretical basis of this research are the fundamental provisions of tourism science,
economics of hunting, tourism and nature management, ecological economics, the theory of sustainable
development, normative and legal support of activities in the field of hunting tourism. The methodical
basis of the study were the methods of analysis, synthesis, economic and mathematical modeling,
statistical method; the period of research - 2016-2017 years. The hunting facility of the Lviv region
(Ukraine) was chosen as the object of the research as it gave us the opportunity to carry out additional
calculations taking into account more optimistic directions of hunting economy development.

Results. The organized hunting and economic activities in Ukraine are conducted on the area of
38 340.6 thousand hectares, including the area covered by hunting regulation of 37 722.7 thousand
hectares [17]. The largest part of the structure of Ukrainian hunting grounds is occupied by field lands -
28 334.2 thousand hectares (73.9%), and forest and wetlands - 7 857.5 thousand hectares (20.5%),
1774.6 thousand hectares (4.6%) respectively [17]. In general, there are 1 113 legal entities on the
territory of Ukraine engaged in organized hunting, 783 000 hunters were registered and 6 300 hunters and
regular hunters were involved [2].

The payback of hunting economy of Ukraine constitutes about 46.9%. Total expenses on hunting are
284 018.2 thousand UAH with revenues 133 203.0 thousand UAH [17]. The average cost of hunting in
Ukraine is 7 408 UAH per 1 thousand hectares, including the cost of protection and reproduction of
hunting animals 3 266 UAH on 1thousand hectares of hunting grounds [17].

The main condition for increasing the economic efficiency of the production and economic activities
of hunting enterprises is not the reduction of the total costs of hunting, but rather the reduction of the
number of game animals to their break-even level. For the last decade, Ukraine has seen a decrease in the
number of ungulates, which are the basis for effective hunting farms. The density of wild animals in
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hunting grounds is much lower than scientifically based indicators of their optimal capacity. This tendency
makes it possible to argue about the ineffectiveness of the using of potential opportunities for hunting
grounds that are not even capable of simply reproducing wildlife and the neediness to move to a new
hunting economy based on the principles of a market economy.

In order to construct an economic and mathematical model, it is necessary to analyze what
constituents generates the total costs and total revenues from the management of the hunting economy.

Total revenues from hunting economy are formed at the expense of [18]:

- implementation of licenses in accordance with the limit for hunting animals and additional licenses
that are implemented in case of non-use ofthis limit;

- realization of shooting cards for fur animals and game birds;

- sales of hunting products (meat, skins, fat and trophies of wild hunting animals);

- provision of services to hunters in the hunting process (hunting services, trapping services, the use
of enterprise transport (car or carriage), the development of carcasses of hunting animals, housing,
clothing, weapons, documents, etc.);

- sponsorship.

The amount of revenues does not include entry fees and membership fees paid by hunters. In
accordance with the constituent documents of public hunting organizations, funds received from entrance
fees and membership fees are directed towards the reproduction of wild hunting animals.

Total costs for hunting are formed at the expense of wage costs of workers employed in hunting, the
cost of guarding, reproduction and recording of wild hunting animals, the ordering of hunting grounds and
other expenses related to the management of the hunting economy.

Other costs related to the management of the hunting economy include [18]:

- costs for the maintenance of hunting houses and hunting bases, office premises and production
facilities, namely, the cost oftheir heating, lighting, maintenance;
costs for the transport maintenance, hunting roads and their corresponding depreciation deductions;
costs for the maintenance of hunting dogs, slaughter and hunting birds, horses, etc.;
costs for the purchase and repair of hunting weapons, low-value inventory, stationery, etc.;
other costs for business events.

The basis of forecasting the directions of development of hunting enterprises is laid the economic and
mathematical model of break-even. Target function, which characterizes the level of break-even hunting
activity, is described below:
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where f1(X(Q)) - is a function that describes the total revenues from hunting; f2(Y(Q)) - a function that
describes the total cost of hunting; n - the number of components that form the total revenues from
hunting, m - the number of components that form the total costs of hunting.

The boundary between the unprofitable and break-even level of hunting activity will be such number
of wild hunting animals, in which, in accordance with the established standards of extraction (shooting),
the difference between total costs and total revenues will be equal to zero. In addition, there is a
probability that the break-even number of wild hunting animals may exceed the maximum capacity of
hunting grounds. In this case, hunting is economically and environmentally inappropriate as the proceeds
from extraction of an additional animal will be significantly lower than the costs associated with an
increase in their number, in which the hunting enterprise will receive the costs for compensation of
environmental and economic losses caused by hunting animals to forest, and water facilities.

In accordance with the objective function, the authors have formulated the theoretical principles of
the economic and mathematical model, which can be expressed using the system of equations:
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where L(Q) - revenues from the sale of licenses (shooting cards) for the extraction of game animals.
UAH; P(Q) - income from the sale of hunting products, UAH; R(Q) - revenues from rendering services to
hunters, UAH; Z(Q) - costs on the employees’ wages, UAH; W(Q) - costs for protection, reproduction,
registration of hunting animals and the ordering of hunting grounds, UAH; O(Q) - other costs related to
the management of the hunting economy, UAH; PLu- the cost for a license (shooting card) for obtaining
the u-type of a hunting animal, UAH/animal; Qu- optimal density of hunting animals of the u-species for
1000 hectares of hunting grounds, animals; qu- allowable rate of using (shooting) of hunting animals of
the u-species with a minimum (maximum) permissible density, %; S - area of hunting grounds, thousands
hectares; Ku- coefficient, taking into account the number of additional licenses (shooting cards), which
are realized in case of non-use ofthe permissible norm of obtaining u-type hunting animal; d - the number
of species of hunting animals; Ppwe - sales value of e-products from u-type hunting animal, UAH/kg, unit;
Nwe - normative output of e-products from one hunting animal of the u-species, kg, unit/animal; b -
number of types of hunting products; Psu - the cost of providing a service for the development of one
carcass u-type hunting animal, UAH/animal; Psv- cost of providing v-th service to hunters, UAH/person-
day, horse-day, machine-change; Tv - the general period of providing v-th service to hunters, man-days,
horse-days, machine-change; | - the number of types of services provided to hunters; r - percentage of
forest hunting grounds in the total area,%; OJ - annual wage fund for one hunter engaged in hunting,
UAH; OM - annual wage fund of a hunter engaged in hunting, UAH; Hu - daily norm of k-th type of
forage per one individual for the u-species of a hunting animal, tons, kg, pc/day; Tuk - the average period
of feeding the u species of hunting animal k-th type of feed, days; PFk- cost of the k-th type of feed for
the feeding of hunting animals, UAH/ on, kg, pieces; z - the number of feed types required for feeding
hunting animals.

Thus, we take into account certain specific conditions for the reproduction and usage of hunting fauna
resources restrictions for the target function ofthe model appear as follows in this form:

(10)

Qomin) < q(Qbn < q(Qmx) (11)

where q(Qbr) - the norm of usage (shooting) of the quarry at their break-even number, %; g(Qmin) - the
permissible limits of using (shooting) hunting animals at the minimum allowable number, %; q(QnaY) - the
norm ofusage (shooting) of hunting animals at their maximum permissible number, %.

The authors have tested the constructed economic and mathematical model on the example of the
activity ofthe hunting enterprises based in the Lviv region (Ukraine). In order to determine the break-even
number of hunting animals, the authors have considered four directions of development of hunting
economy, in particular:

1 determination of the break-even number of the hunting animals, based on the actual indicators of
the production and economic activities of the hunting enterprises;

2. determination of the break-even number of the hunting animals at their minimum allowable density
and the minimum permissible norm ofuse (shooting);
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3. determination of the break-even number of the hunting animals at their maximum permissible
density and the minimum allowable rate ofuse (shooting);

4. determination of the break-even number of the hunting animals at their maximum permissible
density and the maximum permissible norm of use (shooting).

Summary calculations in the context of the particular areas of the hunting economy are presented in
table 1

The analysis of the production and economic activities of the hunting enterprises in the Lviv region
has showed that none of them meets the established norms of the minimum number of wild hunting
animals, at which they are allowed to be produced (shooting, catching) [19].

The calculations, presented in table, confirm that the achievement of the break-even level of the
hunting activity, with using actual financial indicators of reproduction and using of the hunting fauna
resources, is only possible if the number of wild hunting animals significantly exceeds the maximum
possible capacity of the hunting grounds (figure).

Thus, the current situation in the hunting grounds in the Lviv region (Ukraine) gives us an
opportunity to carry out additional calculations taking into account more optimistic directions of hunting
economy development. These directions are based on the assumption that the number of the main species
ofwild hunting animals in the hunting grounds in the Lviv region (Ukraine) corresponds to the established
norms and are in the range between the minimum (at which they are allowed to be extracted) and their
maximum allowable capacity.

Summary results obtained by determining the break-even number of the hunting animals in the Lviv region (Ukraine)

Direction 1 Direction 2
Indexes
Deer Roe Boar Hare Deer Roe Boar Hare
Total costs, UAH 17 252 900 58 688 499.2
Costs per 1000 hectares
of the hunting grounds, UAH 104703 %6163
Variable costs, UAH / animal 730.8 221.1 252.4 74 927.5 532.2 1286.0 44.3
Total income, UAH 6 088 400 36 798 506.5
Incore fromone produced : : . 166239 553070 104242 715
Revenue per animal, UAH 996.5 200.9 268.0 41 1676.7 555.2 2088.1 10.7
Qr 5500 40493 13194 128782 10126 49777 8148 90461
Direction 3 Direction 4
Indexes
Deer Roe Boar Hare Deer Roe Boar Hare
Total costs, UAH 100 082 360.2 100 082 360.2
Costs per 1000 hectares 60 736.96 60 736.96

of the hunting grounds, UAH
Variable costs, UAH/ animal ~ 969.9 5777 1326.9 47.6 969.9 5777 1326.9 47.6

Total income, UAH 75 681 872.0 103 299 920.0

Income from one produced

animal. UAH / animal 16598.06 5528.31 104156 715 1659629  5527.04  10407.55 715

Revenue per animal, UAH 1661.8 5529 20795 10.7 2130.6 736.2 31275 179

Qr 13281 49777 10198 90461 9133 42330 7183 90461
Normative indicators of the number Qnin 8021 19907 5726 31833
of the hunting anirmls: Qnax 16100 49777 9827 90461
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The number of the main hunting animals species, which is calculated based
on the actual indicators of production and economic activities ofthe hunting enterprises

In order to determine the break-even number of the wild hunting animals in these areas, the authors
have calculated the total revenues and total costs on hunting in accordance with the established norms of
the output of hunting products and provided services, which are offered to hunters in the hunting process,
the expenses on the animals’ feed and the real prices of the products, services and feeds that have been
formed to date in Ukraine. In addition, in order to determine the minimum and maximum permissible
numbers of the wild hunting animals, the norms of their usage (shooting), the authors have used the
indicators that are theoretically substantiated and approved [19].

The calculations presented in Table 1 show that, in order to achieve the level of break-even level of
the hunting economy, with a minimum allowable number of wild hunting animals, it is necessary to keep
roe and hare whose number is slightly higher than the maximum capacity of hunting grounds. The number
of deer and wild boars, however, doesn’t reach the minimum capacity of hunting grounds. This can be
explained by the fact that costs on the usage (shooting) of deer and boars significantly exceed the variable
costs of their reproduction, protection and accounting. It also should be noted that the revenues from the
extraction of hares don’t cover the variable costs of their maintenance. Taking into account everything
mentioned above, it can be concluded that the breeding population of roe and hare is their maximum
number, which allows full using of the capacity of hunting grounds. In addition, a part of the fixed and
variable costs associated with the reproduction, protection and accounting of roe and hare can be attributed
to the costs associated with the reproduction, protection and accounting of deer and wild boars, in case of
increase in the number under which it will be possible to cover these costs.

Discussion. After considering four directions of the development of hunting enterprises, the authors
claim that the fourth direction is the most favorable for the Lviv region; this direction is aimed to increase
the number of hunting animals to their maximum permissible density in the hunting grounds in case of the
maximum permissible norm of their use. The calculation of the break-even number of the wild hunting
animals on the basis of actual financial indicators of the production and economic activity of the hunting
enterprises in the Lviv region has confirmed the complete inefficiency of hunting, but this doesn’t mean
that this and all other areas, that can be used for preliminary analysis of ecological and economic projects
and environmental programs, aimed to increase the population of the main species of the wild hunting
animals.

Besides that, it has been established that not all hunting enterprises can be profitable, in particular,
such enterprises which include the area of hunting grounds which is less than 10 000 hectares, which is
associated with significant costs for wages payment to the employees in the hunting industry. To increase
their economic efficiency, the authors propose to increase the area of hunting grounds due to hunting
grounds of other enterprises.
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Conclusions. The calculations which were made to determine the break-even number of the main
species ofthe wild hunting animals, have shown that the hunting economy can operate on the basis of self-
sustainment and self-financing without going beyond legally established norms. The obtained results are
not final because there is a possibility of adjusting the number of hunting animals within the minimum and
maximum capacity of hunting grounds.

The prospects for the further investigations are in the formation of a system of environmental policy
instruments in the field of reproduction and using of hunting fauna resources, which will increase the
efficiency of hunting management and make managerial decisions on the development of hunting
economy, both at the state and regional levels.

. T. Tynel O. N. 3aBbigmBckaal, B. . Mopo32 B. O. MaHapuk3

. Bobepckuit aTbiHAarbl J/15BoB [eHe LWbIHbWTLIPY MEMAEKETNK YHMBEPCUTET” J1bBOB, YKpauHa;
Z1bBOB DKOHOMMKA YKIHE TYPU3M WHCTUTYThI, J1bBOB, YKpauHa;
JYKpaviHa ynTTbiKk OpMaH Luapyatlbinibirbl yHuBepcuTeT” f1B0B, YKpanHa

AL WbINbLW WAPYALWbINAbITbIHbLW, AAMY BEATBITTAPbIH BOJ/IXXAY AbLL
OKOHOMUKANbW-MATEMATUKANBL, YATICI

. . Tynel O. N. 3aBbigmBckadal, B. . Mopo32 B. O. MaHapuk3

1MbBOBCKMIA FOCYapPCTBEHHDBIN YHMBEPCUMTET Dusnueckoii KynbTypbl
um. . bobepckoro, JTIbBOB, YKpanHa;
2bBOBCKUIA VIHCTUTYT SKOHOMUKY 1 Typusma, JTbBOB, YKpauHa;
HaupoHanbHbIl JTecoTeXHUYeCKUiAi YHUBEPCUTET YKpauHbl, STIbBOB, YKpanHa

SKOHOMUKO-MATEMATUYECKAA MOAEJIb A/1A NPOITHO3VPOBAHWA
HATIPABJIEHUW PA3SBUTUA MPEAMNPUATN OXOTHNYBEIO XO3ANCTBA

AHHOTauwms. CTtatbs 06006LIaeT apryMeHTbl U KOHTPapryMeHTbI B Hay4HOR AUCKYCCKM MO BOMPOCam pPa3BUTUA
NPeANpPUATMIA OXOTHWYLErO XO03AICTBA. Llenblo cTaTby ABNAETCA MOCTPOEHNE 3KOHOMMKO-MaTeMaTNYecKoli MoAenm
NS ONpefeneHns YUCIEHHOCTU AMKUX OXOTHUYbUX XXUBOTHBIX, NPV KOTOPOI MPOU3BOLCTBEHHO-X035MCTBEHHAS
LeATeNbHOCTb MPeANPUATUIA OXOTHUYLETO X03AACTBa ByAeT (hYHKLMOHMPOBATL Ha MPMHLMMIAX CaMOOKYMaeMoCTyh 1
CaMO(hMHaHCMPOBaHMSA. AKTYa/lbHOCTb PELUEHMS JaHHON Hay4yHOW Npo6neMbl 3aK/IHYaeTcs B TOM, YTO MOsBUNACh
06bEKTMBHAS HEOOXOAMMOCTb PethoOPMMPOBaHMS OXOTHUYLErO XO3AKCTBA B YKpauHe, KOTOpas npegycmaTpuBaeT
(hopMMpOBaHME HALMOH/IbHOW KOHLEMUMW €ro OpraHvsauuy M pasBuTus, 4YTO [O/DKHA OPMEHTMPOBATLCS Ha
3(heKTMBHbIE IKOHOMUYECKMNE, IKOSIOTMYECKME U COLMaIbHbIE MHCTPYMEHTLI C YYETOM HaLMOHa/IbHBIX Tpaguuuii
MeHeMKMeHTa. [ NOCTPOEHNS 3KOHOMMKO-MaTeMaTUYECKO MOAENN MPOrHO3MPOBaHMA HanpaB/eHUiA pasBUTUA
NPeAnpusATMS OXOTHUYLETO XO3AMCTBA UCCef0BaHME MPOBEAEHO B CeAytOLLER noruyeckoii MocnegoBaTenbHOCTL:
MpPoaHaNM3MPOBaHO, 3a CYET KaKMX COCTaBMSHOWMUX (POPMMPYHOTCA 00Wpe pacxogbl v 06LiMe MOCTynfieHus oT
BEAEHNS OXOTHUYLErO0 XO3ANCTBA; YCTAHOB/EHA TpaHMLUA MeXay YObITOUYHBIM U 6e3yObITOYHBIM  YPOBHEM
OXOTHMNYbE-X03AACTBEHHON AeATeNbHOCTU; B COOTBETCTBMN C LIENEBOI (hyHKLMEN chopMynmMpoBaHbl TEOPETUYECKNE
OCHOBbI 3KOHOMWKO-MaTeMaTU4eckoli MOZENN, KOTOpble MO3BOMAIOT OMpefenTb 6e3y6bITOYHYH UUCEHHOCTb
OXOTHUYbUX XXMBOTHbIX; PACCMOTPEHbI YETbIPE HAMPaBNeHNUs Pa3BUTUS OXOTHUYLErO XO3ACTBA.

MeToaNYeCKUM WHCTPYMEHTapueM MPOBEAEHHOr0 UCCMefOBaHMS CTalM  MeTOAbl aHaM3a, CUHTE3a,
3KOHOMMKO-MaTeMaTUYECKOr0 MOLENMPOBaHNSA U CTAaTUCTUYECKNIA METOA, MEPUOSOM 1CCrefoBaHna n3bpaHbl 2016-
2017 roabl. O6BHEKTOM MCCMEe0BaHNS M36pPaHO OXOTHMUbE XO3SMCTBO JIbBOBCKOM 06nacTu (YKpamHa), NMOCKOMbKY
MMEHHO OHO Ja/l0 HaM BO3MOXHOCTb [A/11 NMPOBELEHMS LOMOHMTENbHBIX PacyeTOB C y4eTOM 60siee ONTUMKCTU-
YECKMX HanpaB/eHN pa3BUTMA OXOTHUYLETO XO3SACTBA.

ViccnegoBaHue SMMMPUYECKU MOATBEPXKAAET M TEOPETUYECKM [OKA3bIBAET, YTO OXOTHUYLE XO3ANCTBO MOXET
(hYHKLMOHMPOBaTb Ha OCHOBE CaMOOKYMaemMoCTV 1 CaMO(DMHAHCUPOBaHNS, HEe BbIXOAA 3a Mpefesibl YCTaHOBEHHbIX
1 3aKOHOZATe/IbHO 3aKPEen/IeHHbIX HOPMATMBOB.

KntoueBble CnoBa: 3KOHOMWMYECKM MaTemaTuyeckas MOZesnb, MPeAnpuATs, OXOTHUYLE XO3SIACTBO, AWKUE
OXOTHWYbM XKMBOTHbIE, 6€3yObITOYHOCTb YNC/IEHHOCTb AUKMX XKMBOTHBIX, EMKOCTb OXOTHUYBKX YIOAUIA.
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