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Abstract

In this thesis the results of research conductesetected aspects of beekeeping sector in the
Czech Republic and Switzerland are presented. @erisg the lack of studies focusing on
the economics of small-scale beekeeping operatiotise Czech Republic, Switzerland and
other comparable countries, submitted dissertatimt possibly (at least to a certain extent)
fill this gap in the literature and contribute tdéartfication of economics of beginning
beekeepers’ operations, while providing insighbtittie contemporary beekeeping sector in
terms of agriculture, economics, natural and urbabitats, and drawing a comparison
between the beekeeping sectors in both countriggplidd methodological framework
combines the use of both quantitative and qualgathethods of data collection and data
analysis to obtain complex and integrated view o lieekeeping sector, including specific
stakeholder (beekeepers’) approach. Apart fromettaduation of the economics of the hobby
beekeeping operations, Czech honey price time ssasiequantitatively analysed and the
aspects of beekeepers’ professionalization andctseleinitiatives promoting beekeeping
within specific target groups are presented. OVettais dissertation is a contribution to the
long-term sustainability of beekeeping sector webgard to pollinator-dependent agriculture

in the Czech Republic, Switzerland and other coaigarcountries.
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1 Introduction

»You will probably more than once have seen hetelfluiig about the bushes, in a
deserted corner of your garden, without realizifgtt you were carelessly watching the
venerable ancestor to whom we probably owe mostioflowers and fruits (for it is actually
estimated that more than a hundred thousand vasedi plants would disappear if the bees
did not visit them) and possibly even our civili@gat for in these mysteries all things

intertwine”
Maurice Maeterlinck (1901, p. 389)

1.1 Relevance of the Topic

Although honeybees provide various bee productagiopropolis, pollen, beeswax, royal
jelly and bee venom), their crucial role lies iram pollination. Through proper pollination
honeybees along with other insects and animals lenthle existence of several dozen
entomophilous plant species and determine the welafragricultural production of selected

crops.

According to Tautz (2008), honeybees are considénedthird most valuable domestic
animals in Europe. The main reason for this impmgais their pollination activity that
should be perceived as a crucial element in thddigofood supply, since the beneficiaries
include not only farmers, but also local and (ijitational consumers of the pollinated crops
(Hein, 2009). As the pollinating service also affethe production, which is already used by
other organisms within the nature (Cane, 2005)ké&egng contributes to the conservation of

biological diversity and productivity of naturaldagricultural ecosystems.

With regard to reported significant bee colony ésgNeumann and Carreck, 2010; Potts et
al., 2010a,b) adverse agricultural, economic andremmental impacts of pollinator declines
became of utmost interest for scientific communéty, proved by numerous research works
(e.g. Allen-Wardell et al., 1998; Gallai et al. 08) Hein, 2009; Kevan and Phillips, 2001).

Bee colony losses in diverse countries throughdwgt wworld have been traceable to
dissemination of pathogens and parasites (Neumarth Garreck, 2010), agricultural
intensification (Grol3, 2011; Richards, 2001; Ritkeet al., 2008), other miscellaneous

! The first is cattle, the second is pig and thetfois poultry (Tautz, 2008).
1



causation (e.g. Colony Collapse Disorder — Oldr@®@07; van Engelsdorp et al., 2009) and
combinations of these factors. Some further reasmisnd the pollination crisis barring
pollinators’ decline are given by Westerkamp andtsbherger (2000), who point out the
drawbacks of missing know-how in proper flower harg] alien crops growing and the
reliance on a single pollinator species, and a#icustomers’ year-round demand for certain

crops.

In addition to that, contemporary European beekmgpgias been facing other severe
challenges, including for example climate change Qonte and Navajas, 2008; Menzel et al.,

2006), beekeeper numbers’ decline or economicatiyivated adulteration.

In the course of time beekeeping sector is confrmiith problem of beekeeper’s ageing (EC
DG AGRI, 2013; Klein et al., 2007) and accordingligh declines in beekeeper numbers and
a loss of incentives for beekeeping. The resultsstafly by Potts et al. (2010a) show
significant 31 % decrease in the number of beeksepeEurope between 1985 and 2005.
Such trend is driven by diverse factors, for exargumcio-economic conditions (agricultural
policy, subsidies, taxes, prices for bee produtty er demands on bee diseases treatment
and mite control (Potts et al.,, 2010a; Watanab®4)L9Since the role of beekeepers, their
professional knowledge and proper beekeeping prdire indispensable for honeybee
colony survival (Jacques et al., 2017), it is eB8akrio develop a long-term sustainable

strategy to reverse this unfavourable trend angridspective consequences.

Beekeeping affects both crop and animal farming, ka1 products extend beyond the
agriculture and food processing industry to phameut#cals, chemistry, medicine etc. Honey
is considered as a product of high value and gquaitd therefore it becomes a frequent target
of economically motivated adulteration (Everstinele, 2013; Fairchild et al., 2003; Strayer
et al., 2014). Fraudulent practices can have negampact on the overall image of food
industry, agriculture and consequently they catluarfce consumers’ preferences. Hence, the
international cooperation towards detecting adatien and improving food safety
regulations is needed.

Apart from the current threats to managed beekgeapiizurope, there are also opportunities

to be used. Honeybees proved to be excellent msintifor data sampling in environmental

pollution issues, where they work as promising ibdicators monitoring environmental

quality (Badiou-Bénéteau et al., 2013; Zhelyazko2812). There also exists variety of

multifarious projects supporting and promoting afiiore and pollinator conservation — for
2



instance urban beekeeping is gaining popularity rmpublic (Fenske, 2018; Lorenz and
Stark, 2015; Salkin, 2012).

With respect to the attention turned to sustainaddgiculture, where all three parts
(ecological, economic and social) need to be bakhnthe involvement of relevant actors
(farmers, consumers, environmental NGOs and the) ldan be of great importance to
research and its results (Neef and Neubert, 2@4&Eording to the principle of idiosyncrasy
putting theory into practice requires locally baggdrmation and science (Daily et al., 2000).
Moreover, farmers (and beekeepers) usually relyaorextensive base of agronomic and
biological knowledge, which is frequently bound ¢ertain regions and agroecosystems
(Tilman et al., 2002).

Given the aforesaid problems of managed beekeepungdamental role of world’s
ecosystems (Balmford et al., 2002, Daily et al.0®0and critical pollinator dependence
(Aizen et al., 2008; Chopra et al., 2015; Garibaldal., 2009; Garibaldi et al., 2011; Winfree,
2008), beekeeping remains a topical scientificassu

There is a call for raising the attention paid taimtaining pollination services in agricultural
management (Kevan and Phillips, 2001; Klein et daD0Q7). Another scientific gap is
identified by Allen-Wardell et al. (1998) in scidit knowledge regarding nationally
coordinated efforts addressing honeybee declinbghwnclude inter alia projects to reduce
pesticide misuse and educational programs for aelegtakeholders in order to enhance
agricultural management policies and practicesctffg beekeepers’ livelihoods. The need
for international cooperation is also stressed (Maun and Carreck, 2010; Potts et al.,
2010b). Therefore, the necessity of scientific aesle, interdisciplinary cooperation and
adequate policy to create sustainable beekeepintprsshould be integrated not only

horizontally across countries and regions, but aéstically from international to local levels.

In the upshot there is missing overall strateggreserve the sector over a medium (or large)
period of time. Sustaining global agriculture degerboth on pollination by managed

honeybees and wild insects (Hein, 2009) and theshionld not be to combat either managed
or wild pollinator conservation strategies, buteatfind the optimal solution to preserve both
managed beekeeping and biodiversity (Geslin et28l1,7). As stated above, the scientific

2 |.e. an unusual or unexpected feature, habit,uemigss, distinguishing element of behaviour anekpression
(Longman, 2009).
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research is essential to help develop economicaliple sustainable management in
introduced beekeeping and support pollinator sgeaieexistence through successful

integration of bee protection and conservationointemporary agricultural production.

This dissertation is a contribution to the longxesustainability of beekeeping sector with
regard to pollinator-dependent agriculture in thee€ Republic, Switzerland and other

comparable countries.



1.2 Objectives

The overall objective of this thesis is to evaluide beekeeping sector in the Czech Republic
and Switzerland in terms of selected aspects, ifgestector's weak spots and make

appropriate recommendations thereon to relevakéktdders.
Specifically, the dissertation aims:

To compare selected theoretical underpinningsniafgto contemporary beekeeping sector in
terms of agriculture, economics, natural and urbabitats and to make a comparison
between the beekeeping sectors in the Czech Reparudi Switzerland in order to determine

common traits, clarify differences and place timglifngs in context with existing literature.

To investigate and assess economic situation obyhaeekeeping operations in the Czech
Republic and Switzerland through doing an econaosimeulation of variously sized hobby
beekeeping operations, calculating their initialestments, annual expenditures and annual
revenues, identifying potential shortcomings, aodnake suggestions to improve the
economics of small-scale beekeeping operationsarCzech Republic and Switzerland.

To assess the time series of Czech honey prices towe span 1995 — 2018 through
indicating and measuring the change in Czech hgmegs by means of growth rate and
linear approximation, and constructing an ARIMA rabdf given time series according to
Box — Jenkins methodology and on the basis of cocistd model to forecast short — term
future price development of Czech honey.

To assess beekeepers’ professionalization as dicagu aspect of beekeeping sector through
data comprehension, describing the current statbeekeepers’ professionalization in the
Czech Republic and Switzerland on the basis of woed expert interviews, and to

determine drawbacks and recommend their possilhié@as.

To provide insight into selected beekeeping initeg promoting beekeeping in the Czech
Republic and/or Switzerland within specific targgoups, through data comprehension and
placing them in context of existing literaturepdssible.

Last but not least, this thesis aims to fill th@ gathe literature and contribute to clarification
of economics of beginning beekeepers’ operationthénCzech Republic, Switzerland and

other comparable countries.



1.3 Thesis Structure

Figure 1 shows an overview of the thesis’ structnctuding rationale of each single chapter.

Figure 1: Structure of the thesis

« The initial chapter provides insight into current sitoatiof beekeeping sector and jits
contemporary challenges, considering the scientificextrand significance of the conducted
research in order to better understand this distinctiveareh area.

 The brief review of theoretical underpinnings is carriad based on the existing literature,
completed research studies, published work and primay clancerning Czech and Swiss
apiculture, the economics of beekeeping and the role ofdegsikg for agriculture, nature
and urban habitats. The aforesaid key points of the liteeateview are selected, inasmuch as
they relate to the dissertation objectives.

* Applied methodological framework combines the use of bagdlantitative and qualitati
methods of data collection and data analysis. The reseagtioniology is designed this waly,
as the aim of the study is to obtain a complex and integratedis{lt) view on th
beekeeping sector, including specific stakeholder (begdes") approach, which should not
be ommited. Initial dataset description and its compartsoreviewed literature examines to
what extent the sample corresponds to general Czech and Beékeeping population.

*Used analytical methods enable to detect the relationdhdween variables, thorough data

comprehension as well as outcome presentation and intatiore
Chapter 4:

Empirical Study

« Discussion chapter gives an overview of the significartcomes of undertaken research,
considering these findings with regard to current state edldeeping research, if possible.

The limitations of the study are formulated in order to cimageribe the generalizability and
Chapter 5. yalidity.
Discussion

« Final chapter summarizes the main research oute@mawing that the objectives set ha
been achieved and providing some of the implicatioihconducted research. One research
gap is stated here, inasmuch as there still retpginal issues to be solved.

Source: own processing



2 Literature Review

Beekeeping sector considerably exceeds the conosptif honey production and pollination
securing food production, since the range of itgants is much more varied nowadays. Insect
pollination is essential to crop farming and byession to animal husbandry (through
pollinating forage crops) and biofuel industry. Nemd/or rediscovered trends of urban
agriculture and beekeeping in the city emerge \&dir dhe world. The role of bees in nature
and biodiversity conservation is also significapfen for the environmental pollution
assessment. Topical issue represents the econenpicHitability and economic viability of
beekeeping operation, the valuation of beekeepibgigefits and market competition, which
are together with bee colony losses and beekeepgsing calling sector’'s long-term

sustainability into question.

Reviewed theoretical underpinnings hence referhto dontemporary beekeeping sector in
terms of agriculture, economics, natural and urbabitats and sustainability. The primary
data on Czech and Swiss beekeeping is gathereddmgletailed description of the branch
within these two countries. Czech and Swiss beakgepas a long tradition and locally

produced honey is in both countries appreciatech dggh-quality product. Small scale

beekeeping prevails in comparison to commercial faems. Top-quality bee research is
integral to beekeeping sector and together witlikdxeegers’ professionalization is the sine qua
non of its success. So, it is reasonable to dragoraparison between Czech and Swiss
beekeeping in order to determine their commongstraiitd define gaps, which can be bridged

by cooperation opportunities.

2.1 Beekeeping Sector in the Czech Republic

In this part the apicultural sector in the Czeclpitsic is presented with regard to its key
features — bee colonies, beekeepers, main beeqispdhstitutional background and research
activities. According to the Sector Strategy of tWenistry of Agriculture of the Czech
Republic (MZe, 2017), the main strategic priority Czech beekeeping sector as a whole is
to ensure sufficient numbers of healthy bee cokfoe ample and continuous pollination of

agricultural crops and satisfactory and top-qudliyey production.



2.1.1 Bee Colonies

Czech Republic has relatively high bee colony dgresnong European countries, inasmuch
as more than 630 000 bee colonies are managedhérthe natural conditions (particularly

moderate climate and bee forage abundance) ararihle to beekeeping.

Honeybee breeds distribution to a certain extemtesponds to the linguistic regions of
Europe (French-speaking, German-speaking) and idwV multilingual countries
(Switzerland). Regarding managed honeybee brebdshdneybee population in the Czech
Republic is relatively homogenous and the Carnidiameybee Apis mellifera carnica
prevails. In addition to that there are stockshef Buckfast beeApis mellifera buckfatthe
European dark bed\pis mellifera melliferpand of course some cross-breeds (KaSpar et al.,
2016 and 2017).

The Carniolan honeybee is listed as the animaltgeresource in the National Program for
the Conservation and Utilisation of Genetic Resesilin the Czech Republic ¢gla, 2019).
According to the Breeding A%tonly Carniolan honeybee can be bred in the CRagpublic.
Added to this, the COLOSS Association (2019a) mot the risks driven by free honeybee

trade, where possible genetic threats are neglected

The bar chart below in Figure 2 shows the numbebes colonies in the Czech Republic
between the years 2000 and 2016 at year intervedsn the chart it is clear that the numbers
of bee colonies were fluctuating from year to y&nce 2014 the number of bee colonies has
oscillated around 600 000. In winter 2007/2008 tarkigal bee colony losses due to varroosis
were reported (SVZ, 2009; VIadzR, 2008), however the results of latest studiesvimer
colony losses in the Czech Republic (e.g. Brodsdeneet al., 2019) show favourable
development. Bee colony losses driven by bee disease reduced through excellent
cooperation between Czech Beekeepers’ Union, Sttirinary Administration of the Czech
Republic, and Bee Research Institute in Dol (CBQO&).

Apart from the bee colony losses caused by beaskse Czech beekeepers are from time to
time confronted with bee colony thefts (e.g. So@08) and/or vandalism (e.g. Suchoradsky,
2011).

% Act No 154/2000 Coll., on breeding, stirpicultumed record keeping of farm animals and on amendsrtent
some related laws, as amended. / Z&kofh54/2000 Sb., o Sledmi a plemenith a evidenci hospodskych
zvitat a o zming nékterych souvisejicich zakénv platném z&ni (plemen#sky zakon).
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Figure 2: Bee colonies in the Czech Republic (208602018)
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Source: own processing according to CBU (intera#hd2019)

The bee colony density in the Czech Republic ist®8& colonies per Kmwhich indicates
one of the highest levels in Europe (Brodschneaded., 2019).

With regard to bee pasture and the agriculture famdstry, bee colonies benefit from
diversity of bee forage sources and they ensurgdfigmation of flowers (for floristry) and
various agricultural crops — for example oil pla(dgseed rape, sunflowers, white mustard),
forage crops (alfalfa, red clover), fruit trees{kgs, apricots, cherries, peaches, pears, plums),
shrub berries (currants, gooseberries), vegetabl®u(nbers, squash), medicinal and aromatic
plants (fennel, dill, coriander) and herbs (Zelepéava, 2017). In 2016, nearly 34 % of the
Czech Republic was covered by forests and therefelasving structure of tree species in
terms of volume: spruce (50.5 %), pine (16.4 %gdbe(8.3 %), oak (7.2 %), larch (3.8 %)
and others (Kahuda, 2018).

The types of beehives, which are commonly usedhi& €zech Republic, still vary

considerably, however the two main types are tamé& dimensions of 39 x 24 cm and 42 x
27.5 cm. Also the Langstroth hive type (frame disiens of 44.8 cm, see Picture 6 in
Appendices) gained in popularity among Czech bg@kgecommunity in past decades
(CBU, 2008).



2.1.2 Beekeepers

In the Czech Republic there are more than 58 O@kdmpers and almost three fourths of
them are older than 46 years. In 2019, nearly oirteof ten Czech beekeepers are male and

small scale (hobby) beekeeping continues to prevail

To describe the development of the number of Chedkeepers, the data of CBU are used,
which represent the count of CBU’'s members. Aceaydo CBU (2019) about 98 % of all
beekeepers in the Czech Republic are registeredeirCzech Beekeepers’ Union. The bar
chart in Figure 3 illustrates the number of beekegpunited in the CBU in the Czech
Republic between the years 2000 and 2018 at yeawvais.

Figure 3: Beekeepers in the Czech Republic (20002018)
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Source: own processing according to CBU (interadhd2019)

It can be seen that the number of beekeepers hesidenably declined from 55 245 in 2000
to 45 604 in 2008, closely corresponding to a trpresented by Potts et al. (2010a). Since
then the figures have gradually increased. As ogghds the decreasing trend of European
beekeepers indicated by Potts et al. (2010a), theuat of Czech beekeepers is steadily
growing. According to CBU (internal data, 2019),mmaake up the vast majority (87.1 %) of
Czech beekeepers.

The graph in Figure 4 depicts the age distributadnCzech beekeepers in 2019. The
proportion of beekeepers up to 45 years is relgtisv (in total ca. 27 %) in contrast to the
majority of beekeepers older than 46 years. Thetdglow shows that the demographic

structure in Czech beekeeping sector is highlyassjve, as stated earlier by Simpach (2012)
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and the age structure of Czech beekeepers matdtteshe general problem of beekeepers’
ageing in apicultural sector in Europe, as eviddniog the EC DG AGRI report (2013).
However the Czech Beekeepers’ Union (CBU, 2019kdmfoster the interest in beekeeping

in order to improve the unfavourable situation.

Figure 4: Age structure of Czech beekeepers (2019)
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Source: own processing according to CBU (intera#d2019)

With regard to the beekeeping operation sizes iwasked on the assumption that hobby
beekeeping prevails in the Czech Republic and @nlgmall minority of bee farms is
commercial. The bar chart below (Figure 5) shovesdinucture of the beekeeping operations
in the Czech Republic between the years 2015 afhfl @Dyear intervals. From the chart it is
clear that the two thirds of Czech beekeepers neattegbeekeeping operations up to 10 bee
colonies, which confirms that the hobby beekeegngdominates here (similarly to some
other European countries — see e.g. Chauzat, 20ittB}. more than a fourth of beekeepers in
the Czech Republic have between 11 to 30 bee @sofiihere is just one to two percent
difference between the two categories (11 — 15X6d 30). The beekeepers, who manage
more than 101 bee colonies, account for ca. 0.5 & €zech beekeepers. From the point of
view of professional beekeeping, defined as anatjmer with more than 150 bee colonies, in
2018 there were 107 professional beekeepers (CBénal data, 2019) in the Czech
Republic.
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Figure 5: Sizes of Czech beekeeping operations bdsen the bee colonies (2015 — 2018)
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Source: own processing according to CBU (interadhd2019)

One of the objectives set by the Ministry of Agitave of the Czech Republic in its Sector
Strategy (MZe, 2017) is the professionalizationbetkeepers through improvement of the
current education system and supporting educatictalities, including centres and training

programs for beginning beekeepers and the geneloéicp

2.1.3 Bee Products

The use of bee products (honey, pollen, propobestvax, royal jelly and bee venom) is not
solely limited to the food industry, but they afscaused in cosmetic industry, pharmacy,
chemical industry, furniture manufacturing, glasdustry and so forth (CBU, 2008). With

regard to their economic significance to Czech beplkg, honey and beeswax production is

presented in detail.

The best pasture for bees is provided by landscaffesng many floral species with rich
nectar and pollen and blooming from early sprindate autumn. In the Czech Republic the

most important floral varieties in terms of beekagpare: oilseed rap&(assica napus false
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acaci4 (Robinia pseudoacacja European raspbernR(bus idaeys red clover Trifolium
pratensg, alfalfa® (Medicago sativp sunflower Helianthus annuys European spruc®icea
abieg, and fruit trees (Haragsim, 2004, 2007 and 20@8).account of geographical and
climatic conditions, Czech honey is predominantiyitifioral (mixed), while the monofloral
honey types (e.g. rapeseed honey, false acaciay leortk sunflower honey) are rather rare
(CBU, 2008). The bar chart below (Figure 6) sholesdevelopment of total honey supply in
the Czech Republic between the years 2000 and 2016.

Figure 6: Honey supply in the Czech Republic (2000 2016)
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Source: own processing according to SVZ (2017)

It can be seen that the amount of honey produetoies greatly from one year to another and
furthermore, there may be differences within th@msgear in various regions. From the chart
it is clear that the proportion of domestic honegduction to imported honey is in the Czech
Republic much higher in contradistinction to Switaed (see Figure 9). The average
production of honey in the Czech Republic for tineetperiod 2000 — 2016 was 7 837.5 tons
a year, while the average honey vyield per colong gear was about 15.3 kg. This

corresponds to the long-term average (i.e. 15 tkd ®f honey per bee colony and year)
given by CBU (2008). The commercial beekeepersneawically dependent on revenues

from their beekeeping operation, use the opporumitthe migratory beekeeping to move

4 Locust tree
® Lucerne
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their bee colonies into localities with abundane Ipasture, and therefore reach the average

production between 35 and 50 kg per bee colony (CE08). According to CBU (internal
data, 2019) the total honey production in the CzRepublic in 2018 was 8 978.7 tons,

whereas the average honey vyield per colony andwasmpproximately 14.23 kg. In terms of

the international trade, the Czech Republic expoltetween the years 2000 and 2016 an

average of 2 128 tons of honey a year and impa@neaverage of 1 800 tons of honey a year.
The average import prices for honey were 80.75 Clilin 2015 and 81.29 CZK/ kg in
2016, and the average export prices were 102.98/ ®gKin 2015 and 89.22 CZK/ kg in

2016. Czech honey is mainly exported to Franceyekia, Germany and the United

Kingdom. Honey imported to the Czech Republic ppally originates from Ukraine,

Slovakia, Uruguay, Germany, Spain, China and AiganiSVZ, 2017; Zelena zprava, 2017).

Although the EU is the second largest honey prod(edféer China); it is not self-sufficient,

and so the demand for honey needs to be coveraddoyts (Rossi, 2017).

Table 1 (below) provides more detailed descriptioin Czech honey production and

international trade indicators between the yea@®2hd 2016.

Table 1: Czech honey production and internationaltade (2000 — 2016)

Source: own processing according to SVZ (2017)

Year 2000 2001 2002 2003 2004
Total Production (t) 7 500 6 300 5883 6 303 7 738
Import (t) 660 1073 1144 1757 1134
Total Consumption (t) 5889 5580 5160 6 036 5 897
Export (t) 2271 1793 1867 2024 2 975
Domestic Production (t) 5229 4 507 4016 4279 4 763
Year 2005 2006 2007 2008 2009 2010
Total Production (t) 8 371 9 051 8 466 6 078 6 892 7 455
Import (t) 1580 2 392 1724 2 060 1 825 2172
Total Consumption (t) 7125 8 448 5833 5543 6 666 8 439
Export (t) 2 826 2 995 4 357 2 595 2 051 1188
Domestic Production (t) | 5545 6 056 4109 3483 4 841 6 26§
Year 2011 2012 2013 2014 2015 2016
Total Production (t) 11 302 7 332 8 063 7 163 9 22§ 10113
Import (t) 1777 1946 2 086 2544 2 945 1776
Total Consumption (t) 10 809 7 695 8 623 8523 11 26 10 473
Export (t) 2270 1583 1526 1184 906 1416
Domestic Production (t) [ 9 032 5749 6 537 5979 8 322 8 69y

Domestic production (shown also in Figure 6 abase&jalculated by subtracting the export

from the total production. Sum of domestic prodorectand import is then considered as a total
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consumption. In relation to the honey consumptiothe Czech Republic between the years
2000 and 2015, the average was 0.7 kg of honeyxagata and year. However, the honey
consumption in 2015 was 1 kg per capita and yeaerdll, the domestic honey consumption
is considered relatively low (as opposed to Austdarmany or Greece); although it matches
with the EU average. And thus it should be incrdag®vz, 2017; Zelena zprava, 2017).
According to data by CZSO (Kholova, Michaela, Imf@tion Services Unit, personal
communication, March 6, 2019), in 2018 the averpgee® for one kilo of honey was 205
CZK.

Beeswax is necessary for wax foundation combs mtemtuand it is also used for candles, in
cosmetics and pharmacy (as a part of balms, samdsemulsions) and in glass industry
(CBU, 2008). The average beeswax production inGhech Republic for the time period
2000 — 2018 was ca. 255 tons a year. It follows the average beeswax yiélper colony
and year accounted for 0.454 kg (CBU, internal ,da@19). With regard to SVZ (2017),
between the years 2000 and 2016 the Czech Repehbiorted an average of 2.6 tons of
beeswax a year and imported an average of 13 fdreegwax a year.

2.1.4 Institutional Framework

More than 58 000 members and approximately 200dsg@ikg youth groups (representing 98
% of all beekeepers in the Czech Republic) aresdnit the Czech Beekeepers’ Union, which

shows strong organized character of Czech beekeepeain international scale (CBU, 2019).

Czech Beekeeper's Unin(CBU) is in charge of cooperation with nationalthaurities,
governmental and non-governmental organizatiormgder to ensure legislation and activities
to promote beekeeping, research, honeybee heatthingtion and bee forage sources
protection. Other tasks include professional groanld further education of its members and
approaching youth in order to arouse its interesbeekeeping. CBU’s excellent results of
making provision for honeybee health through sdp@ted methodology of uniform
preventive measures against bee diseases outbreakvell regarded. Apart from its
membership of two international organizations (Apndia and Apislavia), the CBU

® For detailed Czech honey price analysis see thehsypter 4.2
’ For details about beeswax production, see Ta@¥4Ror Titra (2013).
8 Cesky svaz selat (CSV)
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maintains many bilateral contacts, as the inteonati networking plays an important part in
knowledge transfer (CBU, 2008 and 2019).

Apimondia is the International Federation of Beekeepers’ oBsgions and another
organizations actively participating in beekeepsagtor. It was established in 1949 and it
aims to promote scientific, technical, ecologicapcial and economic apicultural
development; support the stakeholders’ global caajmn within the apicultural sector, and

improve beekeeping practice (Apimondia, 2015).

Apislavia is the federation of beekeeping organizations lavi§ and Danube countries. It
unites beekeepers’ associations from 17 member tigesin Apislavia’s predecessor
organization was a “Pan-Slavic Beekeepers’ Uniootinded in 1910 with intention to
develop mutual relationships between beekeepers then associations in the Slavic
geographical area in order to defend their interasid support the development of rational

beekeeping (Apislavia, 2016).

The Ministry of Agriculture of the Czech Republicprovides relevant information on valid
legislation and available subsidyprograms in beekeeping. It issues the Situatiod an
Outlook Report of the Betsand defines the strategic objectives of the besikgesector
(MZe, 2019). The ministry, inter alia, establishesme of the administrative units listed

below, whose activities directly affect beekeepmghe Czech Republic.

The State Veterinary Administratiotf (SVA) is the public administrative agency and
following activities come under its competence —pt@tect consumers from potentially
harmful products of animal origin, to supervisenaal health situation, to ensure high level of
veterinary protection, to preserve favourable ahifmealth situation, animal welfare and
animal protection (SVA, 2019). With regard to bemkiag, SVA's website (SVS, 2019)
provides a significant map output of outbreak @& &merican foulbrootf (Pestis americana

° Ministerstvo zensdélstvi Ceské republiky (MZe)

9 The State Agricultural Intervention Fund (Stateirzdilsky interverni fond, SZIF) is an authorized payment
agency — the provider of financial support from Ei¢ and national sources (SZIF, 2019).

1 Situaini a vyhledova zpravadély (SVZ)
12 Statni veterinarni sprava (SVS)
3 Mor veeliho plodu / Amerikanische Faulbrut (AFB), Faulbder Bienen
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larvae apiumcaused byPaenibacillus larvaessp. Larvae — cf. Genersch, 201%) with

situation overview and protection zones in the @Zgepubilic.

The objective of th€zech Agriculture and Food Inspection Authority (CAFIA) is firstly
monitoring and inspecting food and agricultural qurcts within the production process,
storage, transport, sale and import; and secortyprotection of economic interests of
consumers and the state. CAFIA is the National &dnPoint for RASFE in the Czech
Republic (CAFIA, 2019).

The Ministry of Agriculture of the Czech Republimdathe Czech Beekeepers’ Union
established théeekeeping Vocational School — Beekeeping Trainifigntre’’ for adult
education, organization of extracurricular beekegpactivities for children and youth and
arrangements of educational and cultural-educdtaxctevities for the general public (SOUV-
VVC, 2019).

Besides the institutions outlined above, there ase some other organizations devoted to
beekeeping in the Czech Republic — for example RpdBeekeepers’ Club (KlubisSnich
véelari, 2017), Association of Professional Beekeefleissociace profesionalnichsela,
2018), Beekeeping Youth @élatici, 2019), Association for beekeeping in movabianfe
hives (Pracovni spataost nastavkovych ¢elarai, 2019), Mendel Society for Beekeeping
Research (Mendelova spohmst pro ¥elassky vyzkum, 2019), Section of Commercial
Beekeepers at CBU (Sekce kowmdch welara pti CSV, 2019), Bee Watch @éli stréz,
2019), Maja — Association for Beekeeping Developni®taja, 2019), Society of Breeders of
the European dark bee (Spolek chovaiglely tmavé, 2019) and so on. Furthermore, on an
international scale, the COLOSS Associatiof2018) has its representatives of the Czech
Republic too.

4 Not to be interchanged for the European Foulbr(featsgren, 2010) / Hnilobaggliho plodu Putrificatio
polybacterica larvae apiujf Européische Faulbrut (EFB), Sauerbrut der Biene

1> Statni zeradsIska a potravinigska inspekce (SZPI)

'® Rapid Alert System for Food and Feed

7 Stredni odborné dilists veelarské — \telaiské vzalavaci centrum (SOUV-VVC)
'8 Former Professional Beekeepers' Guild (Cech piofigdnich ¢elari)

19 See the subsection 2.2.4 for details.
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2.1.5 Research

The leading power for bee research in the CzechulReprepresents th&ee Research
Institute®® in Dol, providing among other things services andnselling, delivering lectures
and self-production of honey. Bee Research Instihas certified laboratory and its research
is focused on bee diseases, genetics, bee breetheqyical properties of bee products,
toxicology of agrochemicals, botany and pollinatibiology and breeding of bumblebees etc.
The institute cooperates with the Czech Beekeepdrion and the State Veterinary
Administration. Its international relations lie marily in collaboration with the European
Professional Beekeepers Association (EPBA) and Ahstrian Professional Beekeepers

Associatioi* (Bee Research Institute, 2017).

Apart from the research undertaken by the Bee Resemstitute in Dol, some Czech
universitie§? conduct research on bees and beekeeping as aikifg on a broad range of

topics (bee breeding, entomology, parasitologyeneary sciences and so forth).

Czech beekeeping is nowadays facing a nhumber oésswhich have detrimental effects on
an apicultural sector as a whole. Economically wadéd adulteration of honey is such a
problem, inasmuch as it can undermine the trustasfsumers and affect their buying
preferences. In spite of its relatively low incidenin the EU-28 within past yeafsthe
preliminary results of the European Commission imtlan (2015) as well as the CAFIA
report (2015) revealed that the situation on theelyamarket is not optimal (CAFIA, 2015;
EC, 2015; Serakova, 2016). In the Czech Republiu)asly to Europe, there is an emerging
issue of beekeepers’ ageing (Simpach, 2012), agintinconcerns about honeybee health and
preventive measures (e.g. Kamler et al., 2016; Haped et al., 2017), research on honey
quality (e.g. BuSova and Kamska, 2018; DluhoSova et al., 2018) and agricaltuisks
occurrence (e.g. Tihelka, 2016). A wide range ahstesearch gaps emphasizes the need for

research on beekeeping.

2 vyzkumny Ustav delarsky v Dole / Institut fir Bienenforschung in Dol
2 Osterreichischer Erwerbsimkerbund (OEIB)

22 E.g. Mendel University of Brno (Faculty of Agri®cices — Department of Zoology, Fishery, Hydrobiglog
and Apidology), Czech University of Life Sciencesaue (Faculty of Agrobiology, Food and Natural
Resources), University of Veterinary and PharmacauSciences in Brno (Faculty of Veterinary Med;
Faculty of Veterinary Hygiene and Ecology), Univgrsof South Bohemia irCeské Budjovice (Faculty of
Agriculture), Charles University (Faculty of SciefcPalacky University Olomouc (Faculty of Scienet)

%3 Based on RASFF database notifications (EC, 20&8yéen the years 2002 and 2015
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2.2 Beekeeping Sector in Switzerland

In the following subchapters the beekeeping ingustiSwitzerland is described with respect
to bee colonies and beekeepers (bee stocks, begtbee colony density, bee pasture,
professionalization and so forth). Selected beaymts (honey, pollen and beeswax) are
outlined in economic terms regarding both the ddimgsoduction and international trade.
Institutional framework sets forth the organizatiaffirectly linked to Swiss beekeeping and
describes their activities. A very important partSwiss apiculture plays the research, its
focus on current issues and its organizationatsira. However, due to the unavailability of
official statistical data (on bee breeds, beehiypes, beekeepers etc.), the detailed
information is to a large extent obtained from pae communications (Jean-Daniel
Charriére from the Bee Research Centre of Agroscapita Koller from the VDRB® and
some older statistical data from the very lastlawée sources is used too.

2.2.1 Bee Colonies

Switzerland is homeland of almost 170 000 bee ¢efoaf various subspecies of the Western
(European) honeybeé\pis melliferg. Rich flora offering also alpine vegetation pdes

abundant and assorted bee pasture.

With regard to managed honeybee breeds, in Swatzérthere are stocks of the Carniolan
honey beeApis mellifera carnicaca. 50 %), the European dark bAgié mellifera mellifera
ca. 40 %), the Italian bedpis mellifera ligusticy the Buckfast beeApis mellifera buckfapt
and many cross-breeds (Charriére, personal comation¢ November 28, 2016). This
distribution is in accordance to approximate ndtutetribution of the Apis mellifera

subspecies in Europe given by for example De ladt@éh (2009) or Franck et al. (1998).

The bar chart below in Figure 7 illustrates the bamof bee colonies in Switzerland between
the years 2000 and 2016 at year intervals. It @aeden that the number of bee colonies had
remained stable between the years 2013 and 20di@atisg around 169 000 bee colonies. In
comparison to data from the year 1985 with 338 %f®& colonies (Agristat, 1995),
Switzerland has lost half of its bee colonies ia gast 30 years. The declines of managed

honeybees and especially long-term problems witintexi colony losses are possible

24 \/erband deutschschweizerischer und ratoromaniieeenfreunde
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consequence of Varroa nfit§Varroa destructoy, pathogen exposure and the combination of
some other adverse factors (Charriére and Neun28xi).

Figure 7: Bee colonies in Switzerland (2000 — 2016)
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Source: own processing according to Agristat (20@017)

According to Charriere et al. (2018), the conterapprhoneybee colony density in

Switzerland is estimated ca. 4 bee colonie$/kine highest honeybee colony density is
reported in the canton Basel — City (11.8 bee deksknf) and the lowest one is in canton

Grisons (1 bee colony/kin

Concerning bee pasture and Swiss crop farmingctleaies ensure the pollination of variety
of agricultural crops — for example legumes (fidhans), oil plants (oilseed rape,
sunflowers), fruit trees (apples, pears, chernqdsms, apricots), shrub berries (raspberries,
blackberries, blueberries, chokeberries, elderégrcurrants), vegetable (squash, cucumbers)
— and seed production (Agristat, 2017; Fluri ef a004). The pollination value of a bee
colony based on fruits and berfiesvas according to Fluri et al. (2004) CHF 1 069 avsk

to more than CHF 1 200 (BLW, 2008). Nowadays thieievas estimated even higher. The
most important tree species in Swiss forests imsesf volume are according to B¥$2017)
spruce (44 %), beech (18 %), fir (15 %) and la@¥4). In some years there is only short

%5 See for example Evans and Cook (2018) for details.

% Not included are the pollination values for otleops such as oilseed rape, sunflowers, vegetagdss
forage crops etc.

" Bundesamt fiir Statistik (BFS) / Federal Stati$t@tice (FSO)
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nectar and pollen floff available in the Swiss Plateau (e.g. dandeliohsrry trees, fruits,
rape)®® The migratory beekeeping to areas offering ridwé is therefore recommended
primarily for beekeepers in rural areas below 80fters above sea level (Lehnherr et al.,
2001).

There are three main types of beehives in commeniruSwitzerland (see Appendix II) —
Schweizerkasten (traditional type, ¢a), Dadant (ca. %) and variants of Magazinb&ute

(Charriere, personal communication, November 28620

The average Swiss beekeeping operation has cée®.4olonies (BLW, 2008; Charriere et
al., 2018), which confirms the assumption that lyobekeeping prevails in Switzerland.

2.2.2 Beekeepers

The exact number of beekeepers in Switzerland knann, as these data are not collected
systematically. The estimates are based on daten fvarious regional beekeepers’
associations and some cantonal veterinary offiSesne beekeepers are thus not included
(BLW, 2008).

The estimated number of beekeepers in Switzerlama.i 17 500 (Charriere et al., 2018) and
their average age is ca. 57 years (Charriere, parsmmmunication, November 28, 2016).
The age structure of European beekeepers is ingem¢her unfavourable, as evidenced by
the EC DG AGRI report (2013) stating that almost%0f European beekeepers are older
than 55 years, whereas only ca. 6 % account fokdegpers younger than 35 years of age.
Therefore the interest in beekeeping should befedtparticularly in young and middle-aged

groups.

To describe the development of the number of Sheskeepers, only the original data of the
VDRB statistics (Koller, personal communication, ieta 17, 2017) are used due to limited
data availability from other associations. Althoutje VDRB accounts for ca. 77 % of all
Swiss beekeepers (BLW, 2008), its data interpataheeds to be put on with caution,
whereas the generalization is not possible. Thechart in Figure 8 shows the number of
beekeepers registered in VDRB between the year? 200 2011 at year intervals.

2 Dje Tracht / shdka

? The city areas and suburbs are an exception sadiré to garden flora and extensive tree avenuesiding
abundance of nectar and pollen flow throughoustiramer (Fluri et al., 2004; Lehnherr et al., 2001).

% Movable frame hives — e.g. Zander, Deutsche Naras$
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Figure 8: VDRB Beekeepers in Switzerland (2002 — 2Q)
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Source: own processing according to VDRB (Kollegrgonal communication, March 17,
2017)

Similarly to the number of bee colonies in Switaad, the number of VDRB beekeepers
followed between 2002 and 2011 rather downwarddtrétowever the bar chart shows that
the drop slowed down noticeably since 2007. Ovenalturope there have been widespread
declines of managed bee colonies and beekeepens €éFlal., 2004; Potts et al., 2010a), so

Switzerland is no exception of this trend anyway.

The number of beekeepers, who are simultaneoustyefa, has been steadily decreasing
(around 3 000) and had amounted to ca. 15 % in PB0®/, 2008). In terms of professional
beekeepin, there are about 54 professional beekeepers iz&teind (Charriére et al.,
2018).

One of the challenges set forth by BLW (2008) foeekeeping sector is the
professionalization of the beekeeping communitgumeng new approaches to education,
training, counselling and knowledge transfer. Thaoational framework is divided to two
levels according to the target groups — beginnieekbepers and beekeeping catireBLW,
2008).

%! |.e. beekeepers who manage more than 80 bee esloni

32| e. beekeeping consultants (Imkerberater), bregdivisors (Zuchtberater), honey inspectors
(Honigkontrolleur) and bee inspectors (Bieneninspgk
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2.2.3 Bee Products

Besides their pollination function honeybees alsodiit to society through producing broad
range of natural products (i.e. honey, pollen, phgproyal jelly, beeswax, and bee venom)
which are widely used in different industries aedters. On account of diverse bee products’
economic significance to Swiss beekeeping, hon®jlep and beeswax production is

discussed in detail.

In Switzerland, but also in Central Europe the aeqgtollen and honeydew flow origins from
following floral varieties: false acacfa(Robinia pseudoacacjaalpine rosesRhododendron
ferrugineun), dandelions Taraxacum officinalg sweet chestnut tree€gstanea satia
linden trees (genuEilia), firs (genusAbieg and oilseed rapé3fassica napus On their basis
the popular monofloral honey types are producedtfkéaet al., 2001). The bar chart below
(Figure 9) illustrates the development of total épisupply in Switzerland between the years
2000 and 2016.

Figure 9: Honey supply in Switzerland (2000 — 2016)
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Source: own processing according to Agristat (20@0D17)

From the chart it is clear that the honey produrciraries greatly from one year to another.
Moreover there may be huge differences within tames year in various regions and/or
cantons (BLW, 2008). It can be seen that the ptapoof imported honey to its domestic

production is in Switzerland much higher in compan to the figures given by the Czech

3 ocust tree
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Republic (presented in Figure 6). The average mribaiu of honey in Switzerland for the time
period 2000 — 2016 was 3 420 tons a year. It falohat the average honey yield per colony
and year in Switzerland was approximately 18.3 lkgthe same time span, Switzerland
exported an average of 503 tons of honey a yeainmpdrted an average of 7 238 tons of
honey a year (Agristat, 2001 — 2017). In 2011, Ssvland imported 2 357 tons of honey
from the EU, which accounted for one fifth of toEll honey exports (EUROSTAT Comext,
p. 25 In: EC DG AGRI, 2013). Table 2 provides mdetailed overview of Swiss honey
production and international trade indicators betwthe years 2000 and 2016.

Table 2: Swiss honey production and internationalrade (2000 — 2016)

Year 2000 2001 2002 2003 2004
Total Production (t) 2834 4 288 2692 4157 4 077
Import (t) 6784 6 921 6 747 6 790 6 129
Total Consumption (t) 9176 10778 9122 10 635 9 83¢
Export (t) 442 431 317 312 367
Domestic Production (t) 2392 3 857 2375 3 845 3 710
Year 2005 2006 2007 2008 2009 2010
Total Production (t) 3223 3 656 3917 2 803 3 135 3316
Import (t) 6 324 6 415 7 058 7 244 7 576 7 898
Total Consumption (t) 9 207 9 590 10 438 9493 10 20p 10 558
Export (t) 340 481 537 554 509 651
Domestic Production (t) | 2 883 3175 3380 2249 2 626 2 66b
Year 2011 2012 2013 2014 2015 2016
Total Production (t) 4 677 2 145 3 826 2419 4 602 2 384
Import (t) 7 434 7 825 8 169 7 686 8 170 7 884
Total Consumption (t) |11 553 9440 11 456 9473 12 064 9 62(
Export (t) 558 530 539 632 703 648
Domestic Production (t) | 4 119 1615 3287 1787 3 899 1736

Source: own processing according to Agristat (20@017)

Domestic production (illustrated also in Figurelsbee) is calculated as the total production
less the export. And consequently, total consumpt® calculated by adding import to
domestic production. With regard to the honey cargion in Switzerland between the years
2000 and 2015, the average is 1.3 kg of honey ppitac and year. In addition, Swiss
beekeeping managed to cover on average 34 % ofdmnuemand for honey through its
own production (Agristat, 2001 — 2017). Accordirg@harriére et al. (2018), the average
price for one kilo of honey was 25 CHF.

Although other bee products (beeswax, pollen, rgglfl) are quantitatively less significant

than honey, they have recently experienced a suiitancrease in demand. Apart from the
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food industry, bee products are also used in caemedlternative medicine, human and
veterinary medicine (BLW, 2008; Matzke et al., 2D(ue to the unavailability of present
data, figures and estimates from the very lastlabvi@ sources are used for the market
description of other bee products. The approxinvalee of other bee products (beeswax,
pollen and propolis) is estimated ca. CHF 1.5 onilla year (Charriere et al., 2018). The
annual pollen production of beekeepers affiliated the Association of Swiss Pollen
Beekeepiny was approximately 1 000 kg in 1998. The averadepgield accounts for ca.
600 to 700 kg a year. Switzerland imports an eseéch& to 3 tons of pollen and pollen-
containing products a year. According to the datéalge Swiss beeswax processors, between
60 and 70 tons of domestic beeswax are producegegaer This amount covers the domestic
demand for beeswax necessary for wax foundatiorbso@n average, 150 tons of beeswax
is imported annually (Fluri et al., 2004; Matzkeakt 2001).

2.2.4 Institutional Framework

Unlike in the Czech Republic, Swiss beekeepersamiations are divided into three units
according their geographical and language disiobut- see Figure 10. The umbrella
organization is Apisuisse subdividing into BienemBeiz, Societé Romande d’'Apiculture
and Societa Ticinese di Apicoltura. An advisory tobaf Apiservice is responsible for the

management of the Breeding Department and the ReétHService.

Figure 10: Beekeepers’ organizations in Switzerland
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% Schweizerische Pollenimkervereinigung (SPIV)
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Apisuisseis the umbrella organization of the Swiss Beekeéssociation®’ and its members
are BienenSchweiz — Imkerverband der deutschenrataomanischen Schweiz (former
VDRB), Société Romande d’Apiculture (SAR) and Stxigicinese di Apicoltura (STA).
Apisuisse coordinates the work of three membera@asons and it works as a contact point
of the federal agencies for bee-related issuesafdguards common interests and maintains
contact with politics and international bee orgatioms, such as for example Apimordia
International Federation of Beekeepers’ Associati@pisuisse, 2018; Lehnherr et al., 2001).

Apiserviceis consulting and competence centre founded i13 2@1a subsidiary of Apisuisse.
Apart from its support to Apisuisse the organisai® involved in education, marketing (e.g.
press relations) and bee breeding (the Breedingquirepnt’ management). Apiservice also
operates the Bee Health Serdfteaccountable for bee health matters — counselling,
knowledge exchange, bee health monitoring and bl (Apiservice, 2018).

BienenSchweizrepresents the interests of beekeepers in GermdnRdwaeto-Romanian
Switzerland — a total of around 14 000 beekeepeepikg approximately 140 000 bee
colonies. BienenSchweiz publishes annual beekeeg@tendar, Swiss Bee Book, brochures,
flyers and on a monthly basis also the magazinew8iaderische Bienen-Zeitung. It is
responsible for the training and further educatbmeekeepers, and so it organizes courses,
lectures and designs educational materials. Tleet@fé networking with related associations

(Apisuisse, Apiservice, Agroscope and the likeg matter of course (BienenSchweiz, 2018).

Societé Romande d’ApiculturdSAR) unites the Vaudois, Neuchatel, Geneva ana@ Jur
associations as well as the French-speaking asensaf the cantons of Berne, Fribourg and
Valais. SAR has about 3 700 members keeping cifcB09 bee colonies. Inter alia it is
responsible for publishing the magazine Revue Budépiculture, it promotes training,
supervises honey controls and bee diseases comindl, deals with liability insurance

concerning beekeeping and networking with othekéeping associations (SAR, 2018).

Societa Ticinese di ApicolturéSTA) unites circa 500 beekeepers from the canton ohdici

Its members keep about 8 000 bee colonies. Sortine dieekeepers are semi-professional and

% Verband der Schweizerischen Bienenziichterver&is8y)
% See the subsection 2.1.4 for details.
% Die Fachstelle Zucht

% Der Bienengesundheitsdienst (BGD)
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do migratory beekeeping, but majority of them masagbout 15 bee colonies on average. By
far the most common way to keep the bees is in Dtdalzehives with 10 frames, but there are
also apiaries with so-called Swiss boxes (Schwkézten). STA bimonthly publishes its own

magazine L'’Ape and offers advisory and honey cofi8dA, 2018).

Another organizations involved in Swiss beekeepirgtheFederal Office for Agriculturé®
(BLW, 2019) responsible for financial contributiotes the training and further education of
consultants and beekeeping tutors (Lehnherr &0l1) and also for supporting agricultural
research and reviewing the effectiveness of aduall policy (BLW, 2018); and thEederal
Food Safety and Veterinary Offié& (BLV, 2019) which is in charge of legal regulatiover
bee diseases treatment measures and guidanceefarolmies stock control management
(BLV, 2016 and 2019; Lehnherr et al., 2001).

The COLOSSAssociation is global non-profit organization whikadquarters in Bern aiming
to benefit the well-being of bees all over the wamainly through monitoring, counselling
and publishing original research work (e.g. Brodsgtier et al., 2016 and 2018; Crailsheim
et al., 2009). Wide professional orientation of i&mbers (scientists, vets, agronomists,
students etc.) enables the cooperation, discussitween diverse stakeholders as well as the
knowledge transfer from science into the pract€®I(OSS, 2019b and 2019c¢).

In addition, according to the Concept of Bee Praomoin Switzerland (BLW, 2008) there are
some various associations pursuing special beakgepierests: Swiss Carnica Beekeepers
Association (Schweizerische Carnicaimker-VereingguaCIV), Swiss Mellifera Bee Friends
Association (Verein Schweizerischer Mellifera Biefreunde, VSMB), Buckfast Beekeepers
Association Switzerland (Buckfastimkerverband SdweéBIVS), Association of Swiss
Migratory Beekeepers (Verein Schweizer Wander-ImRésWI), Association of Swiss
Pollen Beekeeping (Schweizerische Pollenimkerveiging, SPIV), Working Group of
Natural Beekeeping (Arbeitsgruppe naturgemasse renk&GNI), Forum of Bee Inspectors

(Forum der Bieneninspektoren) or Apitherapy (Apidipee).

2.2.5 Research

In Switzerland the responsibilities for bee reskaace redistributed to three institutions,
which are independent of one another at an orgaonzd level, but cooperate together. Their

%9 Bundesamt fiir Landwirtschaft (BLW)

0 Bundesamt fiir Lebensmittelsicherheit und Veterimisen (BLV)
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wide range of activities brings benefit not onlylteekeepers and beekeeping organizations,
but also to federal, governmental and cantonatesfi universities and technical colleges, the
EU and global organizations, consumers and gepaldic (Bee Research Centre, 2017).

The aim ofSwiss Bee Research Centre of AgroscBp@RC) is sustaining ecological and
economical beekeeping to secure plant pollinatioth @ provide high quality bee products
through apicultural counselling (e.g. good apiaaltyractice and maintenance of healthy bee
colonies) and applied research. Furthermore, SBiss Research Centre of Agroscope
focuses on national and international networkinggBResearch Centre, 2017).

The Institute of Bee HealtA? (IBH) was founded in 2013 as a part of the Departiof
Clinical Research and Veterinary Public Health la¢ tFaculty of Veterinary Medicine
(Vetsuisse) of the University of Bern. IBH condudétsadamental and applied research to
improve the health of bees. In addition to its aeslke activities, the Institute of Bee Health
concentrates on knowledge transfer to universitgestts of veterinary medicine and biology
(in bachelor, master and doctoral study programnieskeepers and other stakeholders (Bee
Research Centre, 2017; IBH, 2019).

The Bee Health ServicE (BGD) arranges the training and further educatifnthe
beekeepers through organizing workshops, lecturégpeesentations on bee health topics free
of charge, distribution of informational leafletadafact sheets. Apart from the scientific
knowledge exchange (in local beekeeping jouffialand managing the incidents of bee
colony poisoning, BGD runs the beekeepers’ adviodirte and offers remediation and
cleaning facilities to rent. On behalf of the Feddfood Safety and Veterinary Office (BLV)
the Bee Health Service prepares annual summaryrtrepo bee health in Switzerland
(Apiservice, 2018; Bee Research Centre, 2017).

Swiss beekeeping faces a number of challenges @mskequently many scientific gaps are
identified. Unfavourable situation of bee healtldecumented statistically by winter colony
losses (Bericht des Bundesrats, 2016; Brodschemidat., 2018, Charriere and Neumann,
2010; Sieber and Charriére, 2016) and also by ase interest of stakeholders in bee health

1 Zentrum fiir Bienenforschung (ZFB)
“2 Institut fir Bienengesundheit (IBH)
“3 Der Bienengesundheitsdienst (BGD)

44 |.e. Schweizerische Bienen-Zeitung, Revue Suissgiculture and L’Ape
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(Sieber, 2014). The Asian hornatespa velutinpas well as the small hive beetkethina
tumidg pose a serious threat to bee colonies in Eurege Eyer et al., 2009; Monceau et al.,
2014; Neumann et al., 2016; Rortais et al., 20EQ)ther bee research issues, aside from bee
health problems, are influenced by some agricultisks™, beekeepers’ ageing (EC DG
AGRI, 2013; Klein et al., 2007), stakeholders’ cemiion and policy-making (Sieber, 2014)
and of course new trends — for instance the cormfegnart city, bee hotels (see Appendix I)

or urban beekeeping.

“ |.e. pesticides, GMO, bee losses caused by rotamyers, spread of fire blight infection and so Beds and
Agriculture, 2019)
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2.3 Urban Beekeeping

Urban agriculture is a sector with the potentialetoich urban surroundings by means of
strengthening the economic base of cities and tgreening. It opens up the opportunities for
small businesses, job creation, environment prateccommunity building, enhancing the
quality of life and pastime (Ackerman et al., 2054nit and Nasr, 1992; Specht et al., 2016).

Urban apiculture is a specific field of urban agliare that has grown in popularity among
wide public, as proved by numerous scientific wqkg. Bhatt and Farah, 2016; Cane, 2005;
Delaney, 2018; Fenske, 2018; Kohfink, 2010; Loranzl Stark, 2015; Peters, 2012). The
recent involvement in keeping bees in the city lbarascribed both to global pollinator crisis
(Moore and Kosut, 2016; Peterson Roest, 2019; roted., 2010a,b) and the promotion of
urban agriculture in general (Smit et al., 2001nWaeenhuizen, 2006).

Urban and suburban sprawl modifies some featuregnéal for honeybees and other
pollinators — for example diverse plant communigmposition (Plascencia and Philpott,
2017; Salisbury et al. 2015; Tommasi et al., 208&pnger pathogen pressure induced by
urbanization (Youngsteadt et al., 2015), law-algdaninciples (Peters, 2012; Salkin, 2012) or
weather and climatic conditions. The latter relatspecially to the increasing temperatlire
of urban areas, which affects floral bud phenolf@gsabbe et al., 2016; Kadldva et al., 2014;
Menzel et al., 2006; Svamberk, 2011), specificallyiodic life cycles of bee forage plants
and trees. Considering the quality of environméme, honeybees and their products often
work as promising biological indicators of enviroemtal pollution (e.g. Badiou-Bénéteau et
al., 2013; Giglio et al., 2017; Jovett al., 2018; van der Steen et al., 2016;Zairial., 2015)
not only in (sub)urban areas. The benefits ensfiomg beekeeping and pollination provided

by managed honeybees in urban areas are econaolicgieal and social as well.

From an economic perspective, urban beekeepingosisppgricultural yields of fruits and
vegetables for gardeners and earnings from beeupt®dale for beekeepers (Cane, 2005;
Kohfink, 2010). Davis and Cullum-Kenyon (2016) tilight larger honey yield from a wider

variety of plant sources contrary to traditionaiatubeekeeping’ Moreover, urban honey is

6 The temperature of the urban areas most likelyeames on the grounds of the heat island phenoameha
climate change (Li et al., 2014; Santamouris, 2012)

4" Referring to Sponsler et al. (2015 and 2017)s inécessary to point out the fact that the land=capight
differ from one another, both within and betweem/odban areas, and the agricultural landscape lsanoéfer
multifarious flora and rich bee pasture.
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considered as an exceptional product, hence oadtwunt of its relative uniqueness and low
numbers of urban beekeepers it results in higheepand considerable revenues. This aspect
might further stimulate popularity of urban beekegpwithin city dwellers.

In ecological terms, urban apiculture contributesfruit and seeds yield for resident and
migratory songbirds (Cane, 2005). Furthermore,pbkination might have some beneficial
effects on successful preservation of revegetatesteland and green spaces floras (Lomov et
al., 2010). However some studies present some inegetects of urban beekeeping on wild
pollinators. There are for instance research resshowing that introduced honeybees
(especially in unnaturally high densities) mightusa increased competition over finite
resources and/or initiate pathogen transmissiog. (Elrst et al.,, 2014; Geldmann and
Gonzélez-Varo, 2018; Geslin et al., 2017; Graysetci., 2016; Mallinger et al., 2017).

With respect to the society, bee colony represanteducational model for urban dwellers to
observe nature and interconnections between flodafauna (Cane, 2005; Delaney, 2018;
Peterson Roest, 2019). Since nature has beneditegts on mental and physiological health
considering human links to ecosystems (Russell.e£@13) and beekeeping in a form of
leisure activity prevails in Europe (Chauzat et 2013; Jones, 2004), there is a potential of
hobby beekeeping to be developed in order to elitrimegative impacts of stress and rush.
In defiance of mentioned virtues of urban apicdfuhe critics of managed beekeeping (not
only in urban areas) point out some associatedheaks (e.g. bee venom allergies and other
allergic reactions) on beekeepers and on thosagliin close proximity to bee colonies
(Stanhope et al., 2017).

Implementation of agriculture and managed beekgeponcepts into urban development
plans might also give a direction to the desigrthef cities of the future. A biophilic city
defined by Beatley (2011) might be illustrative sfich models. Cultivated areas of
allotments, gardens, hedgerows, parks and greee$pahould provide multifarious flora to
attract the pollinators and fulfil their foragingeeds (Garbuzov and Ratnieks, 2014;
Plascencia and Philpott, 2017) and to support giadexistence of diverse organisms in

urban surroundings.

“8 E.g. botanical gardens (cf. Miinze et al., 2006) @mmunity gardens (cf. Pawelek et al., 2009).
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2.4 Economics of Beekeeping Sector

Beekeeping sector contributes to the food supphylyphy honey production and partly by
pollination services to agricultural and forestpsalependent on insect pollination. However
in economic terms both these parts are in starkr@sinto one another. The overall benefit of
beekeeping sector for all EU countries is € 24dyll in comparison to revenues from honey
sale that are € 153 million (SVZ, 2015). Despite thiven figures, from beekeepers’
perspective the honey sale is of greater importasce source of income. According to Aizen
and Harder (2009) the global dynamics of domesdcdtoneybees is presumably more
affected by the economics of honey production, aathan by agricultural and biological

demands on pollination.

On account of their pollinating function, honeybegs considered as an economic linchpin
(Watanabe, 1994) and pollination has often exeieplifhe positive externality (e.g. Rucker

et al., 2012). Nevertheless it is important to meerence to possible negative externalities
of beekeeping as well — e. g. massive introduatiomanaged beekeeping being detrimental
to nature and ecosystems functioning (Geslin et 24117). Equally the overall value of

pollination cannot be solely defined by agricultieonomics.

Last but not least, this chapter presents somergemalicators, specifically focusing on
agricultural intensity, aiming to assess some #trat characteristics of beekeeping sector in

the Czech Republic and Switzerland.

2.4.1 Economics of Beekeeping Operation

In view of the fact, that the majority of Czech aBuiss beekeepers are hobbyists, the
revenues from honey sale represent an extra indonm@usehold budget. Nevertheless in
both countries there are also some professionafdrees managing hundreds of bee colonies
and being able to earn a living. The economicseskibeping operations has been described
in detail for instance by Kamler (2005) and Sergk(2012) for the Czech Republic and in
work by Hunger (2004) for Switzerland.

The amount of bee colonies (considered as an topihie honey production) is determined by

prices of the beekeeping operation outputs andrgpineduction inputs (Willet, 1992).

9 Substantial attention was already given to thadssf bees and externalities by economists as (se#l for
example Cheung, 1973; Johnson, 1973 or Sieberf)198
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Beekeepers usually start out by managing two to bee colonies and in the course of time
they let their business grow along their experieacd management skills (Leopold Center,
2010). According to Kamler (2007), the beekeepdtunope should be able to make a living
by managing the operation of 300 bee colonies. ther Czech Republic the estimate is
approximately 200 — 400 bee colonies. Considerieteb technology, higher honey yields
and successful honey sale, the number could urelgaic circumstances drop to 200 bee

colonies (Kamler, 2007).

The primary input of the beekeeping operation éshibe colony followed by other significant
inputs — labour, bee feed, bee treatment measbessproducts processing facilities and
alternatively transportation equipment (Siebert8@;9Willett and French, 1991). Labour is
considered a crucial input from two main reasonsrstly, as the bee colony grows and
develops itself, it requires regular attention; awtondly, the labour is expected by bee
products processing and beehive transportationb€8ie1980). According to Owens and
Cleaver (1973) the operating expenses include dpart the above mentioned inputs and
utilities also maintenance and repairs and adwegtiSnarketing and sales promotion). Unlike
labour costs, where it is possible to save timenipdby introducing better practices and
improving the equipment quality, it is not possilie save much on material cost items
(Kamler, 2007). Furthermore, high-quality and astd®de bee pasture (and/or supplemental

feeding) is sine qua non of bees’ welfare and welhg (Haragsim, 2007).

Beekeepers’ income comes from the sale of bee ptedhoney, beeswax), queen bees and
new bee colonies — established colonies, nuclelenies, package bees (Siebert, 1980).
Honey and other bee products can be marketed onefar markets, health food stores,
roadside stands, agritourism sites and also sodtitly from the yard (Leopold Center, 2010).
On account of relatively high bee colony dermjtyenting hives to growers for pollinatith

is extensively used neither in the Czech Repuldram Switzerland.

A significant potential of the economy of beekegpaperation lies in underused production
capacity, and consequently in increasing honeydyai the bee colony. The beekeeping
operation profitability threshold is estimated 3@18- kg honey per colony (Kamler, 2007).

0 CZ - 7 bee colonies per KrfCBU, 2017 — own communication); CH — 4 bee caerper ki (Charriére et
al., 2018)

*1 Such practice is common for instance in the Uk @etails see Champetier et al., 2015; Nash, 2B08ker
et al., 2012; Sumner and Boriss, 2006).
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Although the supplementary activittésre often overlooked, they can create a new revenu

stream.

2.4.2 Economic Valuation of Pollination

In contrast to any other agricultural input, thelipation service is influenced by many
environmental, economic and social factors; theeeforather needs wide-ranging approach
than a one-sided policy arrangement (Breeze et2804). Hence it is essential to put
pollination in the broader context of agricultugaoductivity, consumption requirements,
GDP or agricultural policies.

Complete economic effect of insufficient pollinatieervice cannot be entirely determined by
the reduction in agricultural production due to thek of substitution among agricultural
production (Gallai et al., 2009) and since theipatbr losses have diverse economic impacts
both on producers and consumers as well as in grgoand importing countries.
Nonetheless it is evident that pollinator defidcitsre been affecting agricultural productivity
(Kevan and Phillips, 2001). In particular the padiior declines might have far-reaching
consequences for regions which are already har@gtimg their consumption requirements
and/or which are net importers for specific cropcase in point is the European Union where
the fruit consumption had exceeded production by@id 2005, whereas such deficit would
most likely double considering complete pollinatwss in Europe. Similar situation would be

in the EU with vegetables and stimulant crops, saghoffee and cocoa (Gallai et al., 2009).

According to Hein (2009), the economic value oflipakion is considered scale dependent.
At the local scale it supports the income of thepper, while the economic value shows high
variability depending on the crop and the markemndtons. At the national scale the
pollination secures food supply, whereas the servalue estimates range between 1 % and
16 % of the market value of agricultural product{étein, 2009).

The monetary value of global insect pollinatior2D05 was estimated to be € 153 billion and
it represented 9.5 % of the total economic valugylobal agricultural output intended for

human consumption (Gallai et al., 2009).

Unlike the low overall importance of pollination rnedits for the GDP (ca. 0.5 %), its

significance for agriculture is much higher (ca. %). And despite unvarying general

%2 For example beeswax candles production, joinemics or consultancy (Kamler, 2007).
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pollination-dependency of the agricultural econobgfween 1993 and 2009 the growth in

producer prices for pollinator-dependent cropgmorted by Lautenbach et al. (2012).

From an economic perspective, pollinator declinas substantially affect commodity price,
which includes costs of production, distributionamketing and profit. Pollination crisis can
therefore increase the production cost, inasmucheasost of pollination rises on the grounds
of larger demand for pollinating service. From tharket perspective, pollinator shortage
brings about yield drops in production and consatyea shift in the supply function, which
leads to new, higher equilibrium price and sma#equilibrium quantity. The economic
impact of pollinator shortage can be identified tlyanges in consumer and producer
surpluses, whereas the sum of these surplusesalies the impact on social welfare (Kevan
and Phillips, 2001).

The instability of pollination services is influesat by the relative significance of crops
cultivated in individual countries and their agttawal policies, world market prices and
national economic and political developments (Lab&eh et al., 2012). On account of the
variety of crop species and heterogeneous comgosdf the agricultural production, the
vulnerability to pollinator losses differs signiiotly among countries. Subsequently,
although the interdependence of agricultural magketvs, the producer prices for a given
crop in diverse geographical regions are diffefemin one another and cannot be appraised

by one common world price (Gallai et al., 2009).

According to Klein et al. (2007), the majority ofobal crops (including many fruit crops)
might experience production loss due to pollinatoortage. In addition to that the costs for
artificial pollination would be apparently much h&y compared to ecosystem preservation
through smart and environment-friendly land-use agg@ment (Lautenbach et al., 2012).

2.4.3 Economically Motivated Adulteration of Honey

As the growth in honey production between the yd®80 and 2009 corresponded to the
rising trend in the human population for the sanmeetspan, so the increasing honey
production has been in accordance to satisfy adfglebal demand for honey per capita
(Aizen and Harder, 2009). The globalization prodassgs forth many positive and negative
effects to various areas (Svatos, 2006), and onts alrawbacks is economically motivated

adulteration.
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Economically motivated adulteration (EMA) is nowggaonsidered a serious growing issue
propelled by the combination of globalization, ewmamc opportunity, and often low
probability and severity of penalization (Kenned®013). Product counterfeiting for the
purpose of financial and/or competitive advantagaeckoned as economic adulteration.
Potential impacts of such phenomena include thé absonsumer deception, the cost to
producers competing with adulterators, illegal prand in extreme cases the cost of negative
externalitied®. Furthermore, undermining the trust of consumens endesirably influence
their preferences and purchasing patterns, andftrerpose a threat to producers’ economic
viability (Fairchild et al., 2003). Downsides of EMthus impact both the producers and

consumers.

In view of the fact that EMA is motivated by an aomic profit, some specific categories of
food ingredients are put at the risk of adulteratimd honey has become one of such targets
(e.g.Cizkova et al., 2012; Everstine et al., 2013; Lipp12; Strayer et al., 2014). Honey is
considered exceptionally valuable and vulnerabledpet, inasmuch as it exemplifies a
relatively high-priced commodity. The value of hgneesides in its image as a natural,
wholesome and pure product, and similarly its vidbdity lies also in this image, as it could
be affected by negative publicity (Fairchild et2003).

Czech Agriculture and Food Inspection Authority (€A) considers honey to be a highly
problematic commodity on the domestic market irmterof possible adulteration. The
counterfeiting methods have certainly changed tiveg and remarkably they have relatively
closely correlated with laboratory detection praged. In its report (2015), CAFIA mentions
among the honey adulteration techniques the usegdrs from plants that are not visited by
honeybees, the decomposition of higher si§aftsrived from flowering plants and passing
foreign honey off as the original Czech one. Tépkrand Chlebo (2018) describe some

further examples of honey adulteration methods too.

Due to the food chain complexity (sources, proaessdistributors etc.) it is really
challenging to instantly trace all the componeritennhedy, 2013), and therefore the

international cooperation is needed to face upritentional adulteration.

%3 E.g. welfare reduction for fruit farming (Fairathiét al., 2003)

* |.e. decomposition of sucrose from sugar beet lepma of enzymes, which are not inherent in honeybee
(CAFIA, 2015)
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2.4.4 Indicators of Beekeeping Sector

In order to assess some structural characteristicbeekeeping sector and to draw a
comparison between their results of the Czech Repabd Switzerland, some particular
intensity indicators of agricultural production eeant to the apiculture are presented (cf.
Ruiz-Martinez et al., 2015). The framework of s&decindicators proceeds from Turner and
Doolittle (1978) and Erb et al. (2013), integratthgee different dimensions of intenshyi.e.
input intensity, output intensity and some assedampacts of land-based production).

Since beekeeping directly interacts with naturabteces, the structure of insect pollinated
crops is considered one of the associated impdctand-based production. The data on
agricultural land® might be useful inter alia for comparison of vasoperspectives of
agricultural production and/or deriving croppingensity (World Bank, 2019). Table 3 below
provides an overview of the structure of three ilegebntomophilous crops cultivated in the
Czech Republic and Switzerland — oilseed rape |ewef and apples.

Table 3: Structure of leading entomophilous cropscultivated in the Czech Republic and
Switzerland (2016) — in proportion to agriculturalland (%) and in hectares

Type CH (%) | CZ(%) | CH(ha) | CZ(ha)
Arable land 27.47 70.47 407 068 2 965 606
Oilseed rape 1.42 9.34 20 979 393 000

Sunflower 0.33 0.37 4 885 15 60¢

Orchards 2.07 0.32 30 737 13 400

Apple orchards 0.26 0.16 3854 6 90(
Agricultural land 100.00 100.00 | 1481657 42083714

Source: own processing according to Agristat (2@tid) Zelena zprava (2017)

It can be seen that in 2016 the proportion of @ ddhd to agricultural land is higher in the
Czech Republic. According to Agristat (2017), thejonity (69.09 %) of Swiss agricultural

land consists of meadows and pastures. In vievhisffact it needs to be highlighted that
complete consistency across both countries andtoveris not possible. With regard to the
structure of crops, there is a considerable diffeeein the sowing areas of oilseed rape

between both countries. The proportions of the rotive crops (i.e. sunflowers and apple

%5 Cf. Brookfield (1972, 2001) defining the intensition with regard to land and/or any other natueaburce
complex as a process which can be measured bysirfpet capital, labour and skills) against conistand,
positing that the main purpose of intensificatierid substitute given inputs for land in order &ngand secure
higher production.

%% |n terms of Agristat (2017) and CZSO (2014), agtizral land comprises arable land, gardens, hopeyes,
orchards, permanent grassland (including meadodpastureland) and vineyards.
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orchards) are rather similar. Other two intensitgticators are derived from the agricultural
land structur — firstly, the amount of bee colonies per 100 &exxt of agricultural land, and
secondly, number of bee colonies per 100 hectdrasable land. Their curves for the time
span 2000 — 2015 are illustrated in Figure 11 dgdrE 12 below.

Figure 11: Bee colonies per 100 ha of agriculturdand in the Czech Republic and Switzerland
(2000 — 2015)
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Source: own processing according to Agristat (26@017), CBU (internal data, 2019) and
Zelena zprava (2017)

Looking at the trends over time, there are only esbdlifferences between both countries in
the numbers of bee colonies per 100 hectares afudtgiral land. The lines intersect in 2009
and from then on the ratios of bee colonies tocafjural land are higher in the Czech
Republic in contradistinction to Switzerland. Orc@ant of the overall bee colony density, in
the Czech Republic they are 8.8 bee colonies pér(Bnodschneider et al., 2019) and 4 bee
colonies per krin Switzerland (Charriére et al., 2018). Howeveneeds to be emphasized

that bee colony density differs from one regiommother.

In Figure 12 bee colonies are proportioned to 166tdres of arable land in the Czech
Republic and Switzerland. Considering relativelw larable land share (27.47 % in Table 3
above) in overall agricultural land in Switzerlandmpared with the Czech Republic, the

amount of bee colonies per 100 hectares of arabl& ih Switzerland remains almost double

5" Cf. Herzog et al. (2006) using some land-use Bitgrindicators too (e.g. livestock density / ha).
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in contrast to the Czech Republic. Nonethelestenlang term the lines slightly converge to

each other.

Figure 12: Bee colonies per 100 ha of arable landnithe Czech Republic and
Switzerland (2000 — 2015)
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Source: own processing according to Agristat (26@017), CBU (internal data, 2019) and
Zelena zprava (2017)

Figure 13 shows the sequence chart of bee colpere$s 000 capita in both countries between
the years 2000 and 2015.

Figure 13: Bee colonies per 1 000 capita in the GzeRepublic and Switzerland (2000 — 2015)
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Source: own processing according to Agristat (20@D17), BFS (2018), CBU (internal data,
2019) and CZSO (2019a)
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From the graph it is clear that there is an upvigedd of increasing numbers of bee colonies
per 1 000 capita in the Czech Republic since 20@8h can be ascribed to increased support
of beekeepiny after significant bee colony losses in 2007/200Bile the numbers of bee

colonies per 1 000 capita in Switzerland rathetiooie to decline since 2000.

Figure 14 below shows the development of outpuensity indicator describing yearly
changes in domestic honey production in both ceesfper bee colony. It can be seen that
since 2005 the shape of both curves is analogouis. dan be attributed to some external
factors, such as climate and weather conditiorfSentral European region, cycles in natural
phenomena and the bee colony losses changing wer (¢f. Neumann and Blacquiere,
2017).

Figure 14: Annual honey yield (in kg) per bee colonin the Czech Republic and Switzerland
(2000 — 2015)

30
/\

25

- /\ /

L AN

10

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 [2010 2012 ZmN3 2014 2015
——=CH|12,0219,3512,7119,9819/6115,4918,02 20,26 15,57 (18,0827,61 13,29 22,59 14,36 27,24
=—CZ|(14,0211,7311,36 13,19 13,9 15,1717,2216,2813,1813,8419,9913,56 14,58 11,87 15/48

Source: own processing according to Agristat (26@017), CBU (internal data, 2019) and
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New production techniques and external inputs akbdity lead to changes and development
of local agroecosystems (Benoit et al., 2012), smdhe anthropogenic activities, such as
research, infrastructure and management becomspisable to agricultural productivity

(Dietrich et al., 2012). Keeping track of agricuéilintensity and its relevance to beekeeping
thus proves useful for applications in agronomyicieint and sustainable land use and its

planning, and/or monitoring and formulating agrtacél policies.

%8 E.g. Jallvkovéa (2008), Vorliek (2008), Zlinsky kraj (2007)
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2.5 Beekeeping for Agriculture and Nature

“The environment does not exist as a sphere sepfosehuman actions, ambitions,
and needs and attempts to defend it in isolatiamflhhuman concerns have given the very
word “environment” a connotation of naivety in sonmlitical circles. The word
“development” has also been narrowed by some int@ry limited focus, along the lines of
“what poor nations should do to become richer,” atidis again is automatically dismissed
by many in the international arena as being a como&f specialists, of those involved in
guestions of “development assistance”. But the feanment” is where we all live; and
“development” is what we all do in attempting tograve our lot within that abode. The two

are inseparablé.
Our Common Future (WCED, 1987, p. 7)

Nowadays honeybees need to adapt to changing corslaf modern agricultural landscape,
to the climate change and to nature and biodiwerdallenges. In spite of indisputable
pollinator dependency of agriculture and mutuaérodnnection of beekeeping and nature,
some anthropogenic activities (e. g. use of agnmateds) have serious detrimental effects on
pollinators.

2.5.1 Pollinator-Dependent Agriculture

As the three-quarters of leading food crops wortiwiare reliant on animal mediated
pollination, there exists well-founded argument fawssible crop production limitation.
Although the pollination services belong to fundataé inputs within a crop farming
operations, the modern agricultural landscape leasrhe quite restrictive with regard to its
pollinators (Winfree, 2008).

On a global scale the managed honeybees are milycigared for honey productidhin
contrast to pollination, hence the relatively sigmwth in bee colony numbers can neither
meet the requirements of agricultural productiom moderate the native pollinator losses
(Aizen and Harder, 2009). Pollinator declines m#ga not only the total amount of yield,
but also its quality attributes as smaller sizesfrait distortions (Allen-Wardell, 1998;
Ricketts et al., 2008).

% With the exception of the USA (and few other corapie countries), where the migratory beekeeping
primarily ensures pollination of valuable cropgy(elmonds in California), rather than honey prdituc(Morse
and Calderone, 2000; Siebert, 1980).
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Aizen et al. (2008) substantiate higher pollinatdependency of agriculture by a
disproportionate growth in the regions of pollivatidependent crop cultivation — the amount
of honeybee colonies has increased at a slowethatethe accretion of area cultivated with
insect pollinated crops. The authors estimate #tpamsion of the global area dedicated to
crop farming to be circa 23 % from 1961 to 2006eveas its largest part might be attributed
to several oil crops and a variety of fruit treesl dhrubs (Aizen et al., 2008). In study across
41 European countries, total numbers of honeybtmies rose by 7 %, however the overall
acreage of honeybees-pollinated crops increaseld’ 9 (Breeze et al., 2014). The situation
can be even aggravated in the future on accouchariges in both national and international
agricultural policy (Breeze et al., 2014), highltasop production (Lautenbach et al., 2012)
as well as of non-food utilization of agricultu@bduction (Aizen et al., 2008), because some
fast expanding, insect-pollinated oilseed cropseh#vwe potential for large-scale biofuel
production (Groom et al., 2008; Herkes, 2014) amfulel industry booms resulting from
recent biofuel policy initiatives of the EU (Kim ak, 2012).

In order to maintain higher stability in pollinatioKlein et al. (2007) suggest creating a
threshold level of diversity derived from crop ey and biology, landscape patterns and
regional pollinator communities. So far the avaldadata indicate the increase of pollination
stability right within landscapes with abundancd aariety of pollinators (Klein et al., 2007).
Despite the rare occurrence of native pollinatarg&arms far away from natural habitats, the
adequate pollination of agricultural landscapes bansecured by introduced honeybees
(Ricketts et al., 2008), inter alia because ofrékatively large foraging distance (Steffan-
Dewenter and Kuhn, 2003) and bee breeding faalitwthin farm operations (Klein et al.,
2007; Ricketts et al., 2008). Nevertheless thedmenies should be placed correspondingly
to the field crops, in order to avoid possible shge in pollinating service (Breeze et al.,
2014). In view of the fact that the majority of Bpean beekeepers are hobbyists (Jones,

2004) the potential turn in migratory beekeepingnsg improbable.

Stakeholder cooperation towards sustaining polbmaservices and food yield stability needs
to focus not only on farm management practicestipes use, intercropping etc.), but also on
associated domains. Crop breeders should take rmicaafu pollinators’ interests when

developing new horticultural varieties (Allen-Walldd998). There is also a problem with
monocultures consisting partly in insufficient ntibn (Brodschneider and Crailsheim, 2010)
and partly in the so called boom-and bust cycleen@hun-pollinated plants outnumber the
pollinators during the few weeks of crop bloom, asubsequently starving pollinators
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outnumber the plants for the rest of the seasomff@&, 2008). Notwithstanding limited
direct impact of the pollinator capacity decredbe,compensation for its consequences might
have surprisingly significant effects. Although ynbkcanty reduction in agricultural
production is expected resulting from pollinatoclitees, the increased pressure on the supply
of agricultural land to attend to the needs of gnmnglobal population could contribute to
global environmental change, namely to acceleratiefprestation and habitat destruction,
pressure intensification on ecosystems, and aqgfdttis vicious circle may involve further

pollinator shortage (Aizen et al., 2009).

2.5.2 Managed Honeybees in Natural Habitats

Generally, wild insect pollinators are widely deatig due to human interference with nature
and environment. On that account it is essentiihtnw how far the honeybees meet the role
of the pollinator not only in fields, gardens andhards, but also in the wild. Even in the new
areas of its expansioApis melliferafaces great pressure and the beekeepers arelstgugg
with massive declines of the bee colonies. Thesse® have not only impact on the yield of
honeybee-pollinated crops, but also on the numespasies of wild terrestrial flora (Petr,
2018).

In defiance of significant variance in the localuadance of honeybees, their crucial
importance for natural ecosystems originates frbenr twide distribution, generalist foraging

behaviour and pollination capacity (Hung et al.1 20 According to the review by Aslan et

al. (2016), the role of introduced honeybees inurathabitats is deeply context-dependent,
and so the effects on native plants, non-nativatpland indigenous pollinators need to be
considered.

Honeybees can diversely disrupt the interactionedsen plants and other pollinator species,
inclusive of areas of the rare occurrenceApfs mellifera(Hung et al., 2017). Furthermore,
massive introduction of managed honeybees can fal®ving negative effects on wild
pollinators — e.g. competition with feral pollinedofor floral resources (Goulson and
Sparrow, 2009; Moritz et al., 2005), decreasingdwilsect densities in a flowering crop
(Lindstrom et al., 2016), hybridization leading ttee loss of traits combinations given by
natural selection (De la Rua et al., 2009), disarpof native plants pollination (Goulson,
2003), homogenization of pollinator faunas and eks (Hung et al., 2017; McKinney and
La Sorte, 2007) and pathogen transmission (Fuit,e2014; Graystock et al., 2016).
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In many cases, honeybees do not pollinate a siginifipart of the growing flora. Even in the
ecosystems where more than half of all flower sigite contributed by honeybees, these
visits, on average, for approximately 16 % of thenpspecies, are of peripheral importance.
Hence it is obvious that despite their importané ras a pollinator of wild plant species, the
numerousness and diversity of other insect pobirsainust be sustained in ecosystems (Aslan
et al., 2016; Hung et al., 2017; Petr, 2018).

However Geldmann and Gonzalez-Varo (2018) stremtsthie crop pollination delivered by
managed honeybees should not be confused with asysem service, because the
pollination is provided by an agricultural animaidanot by the local ecosystem. For that
reason the beekeeping should be considered asranaagactivity, not an act of wildlife

conservation.

2.5.3 Honeybees as Bioindicators of Pollution

Importance of honeybees for nature is not soledyricted to pollination. Notwithstanding the
disputable role of honeybees in biodiversity comagon, they can serve as reliable biomarker

of environmental pollution.

All the individual organisms and their environmdotm a complex, which needs to be
considered as a whole. Case in point is the mimaige of the living being and its biotope,
whose tight interconnection enables using certagamsms as biological indicators (Celli
and Maccagnani, 2003). Two main animal speciesneyilzees and birds (mallard, pheasant,
quail and so forth) — are used in terrestrial exdotdogy to assess harmful effects of
chemicals. On the grounds of their easy rearindortbfss manipulation, worldwide
distribution, well known and relatively short bigical cycle, the honeybees are considered to
be convenient test organisms obtained at low cDswi(lers, 2002). Results from many
conducted studies (e.g. Badiou-Bénéteau et al.3;2dn der Steen et al., 2016; ZLaet al.,
2015; Zhelyazkova, 2012) reveal that honeybeesiitigtreact to various external factors in
their environment, which makes them a reliable gatbr and enables to use them in
environmental monitoring. The honeybee as bioldgiwdicator is endowed with a range of
important morphological, ecological and behavioufehtures. Owing to its ethogram
honeybee shows to be an apt monitoring tool, whiémaged beekeeping assures an unlimited

supply of samples (Celli and Maccagnani, 2003).
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Environmental pollution is detected by means ohHige mortality rates and residues in bee
organisms, bee larvae, bee products etc. (Bogd@a@®4; Celli and Maccagnani, 2003; Conti
and Botré, 2001; Porrini et al.,, 2003). The contehtmacro and micro particles within
honeybee bodies is notably different depending aaomaber of factors including for example
beekeeping area (soil type, bee forage abundandesanforth), its ecological status,
management of the beekeeping operation (suppleimieiding, preventive measures etc.),
age of the worker bees, physiological and heatttustof bee colonies (Zhelyazkova, 2012).

In defiance of suitability of honeybees as bioildiics, some researchers highlight possible
pitfalls. One of the most important aspects foruke of honeybees in biomonitoring systems
is well-founded approach to the data interpretatishich must respect the specifics of the
entire transfer of pollutants from the environmeém@mpartments into honeybee organisms
and bee products. It should be borne in mind these bioindicators can provide a plausible
image of the actual pollution level only in a relaty small locality determined by the

honeybee flight range. Without an adequate numberontrol stations and knowledge of

contaminants transfer in the natural environmem, findings can be hardly generalized
within larger areas or regions (Baeako et al., 1994). Likewise, the increased volwhe

certain chemical elements in honey may be alsoethlng completely different circumstances
than the presence of pollutants in soil or air.ekample is inappropriateness of the material

used for processing and/or honey storage (Wieczeirak, 2006).

2.5.4 Sustainability

In view of the contemporary beekeeping problemsicwiwere outlined in the previous
sub/chapters, it is (more than ever) essentiabtsider the concept of sustainable beekeeping
in agricultural, natural and urban conditions. Teaeral concept of sustainability is therefore

dealt with in this subchapter.

Territorial development must be consistent not omith the socio-economic development,
but also with the environmentally friendly develogmh towards the sustainable use of the
landscape. Although some activities are limitedhi@ short term, respect for these principles
leads to the long-term benefit, development andaathge of those, who meet their diverse

needs in the real world (Kender, 2000). In relatiorthe triple bottom lif€® some authors

% The triple bottom line is an accounting framewankluding three dimensions of performance (i.e.iapc
environmental and financial), often called the ¢hRs: people, planet and profits (Slaper and 2al1).
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speak about the fifth sustainability revolutiong(eElkington, 1998). From an economic
perspective sustainability is linked to the probleh resource scarcity (Kuhlman and
Farrington, 2010).

There are plenty of ways to define the sustaindbleelopment. Nevertheless according to its
widespread use and citation frequency the defmigoven by the Brundtland’s Commision
focusing on intergenerational equity (WCED, 1987onsidered the standard one (Kates et
al., 2005; Kuhlman and Farrington, 2010).

“Humanity has the ability to make development snghdée to ensure that it meets the
needs of the present without compromising thetsiwh future generations to meet their own
needs. Our Common Future (WCED, 1987, p.
16)

According to Svato$ (2006, 2007) the very succés$afman adaptation strategy has reached
a critical limit given by the capacity of the Edstibiosphere and the threat to the ecological
balance posed by technological and economic glodiadin is a key problem to be solved —
possibly through the concept of sustainable devetp. The Brundtland Commission’s
report (WCED, 1987) moreover points out the limitas given by sustainable development
itself — these are imposed by the current stateafnology and social organization on natural
resources and by the ability of the biosphere spdbthe effects of anthropogenic activities.
Among other global limits (e.g. biogeochemical flgwand-system change, freshwater use,
novel entities and ocean acidification) the twoecboundaries are identified by Steffen et al.
(2015) - climate change and changes in biospheézgrity. The latter apply to beekeeping as
well — for instance through altering the floral bptienology (e.g. Crabbe et al., 2016;
Kolarova et al., 2013; Menzel et al., 2006) and chaimyéndscape structure (e.g. Dauber et
al., 2003; Duelli et al., 1999; Hendrickx et alQ0Z; Steffan-Dewenter and Kuhn, 2003;
Tscharntke et al., 2005).

Agricultural sustainability incorporates principlest resilience and persistence, while
addressing numerous economic, environmental andlsoatcomes. There is a need to
develop particular technologies and practices incafjure to approach the sustainability.
These should be accessible and effective for famtérey should lead to better food
productivity, and they should not harm the envireninbut rather have positive side effects
on environmental goods and services (Pretty, 208@)icultural systems are often linked to
multifunctionality, inasmuch as agriculture contriés to wide range of non-food tasks that
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cannot be sufficiently fulfilled by other econonsectors — e.g. water management, wildlife
and habitats, aesthetic appreciation, recreatiohtamrism (Dobbs and Pretty, 2004). Hence
Pretty (2008) considers sustainability in agricrdtas both relative and case dependent, while
finding balance between agricultural and environtaleassets. Despite the virtues of the
transition towards sustainability, it is necesdargoncede some possible secondary problems
too — see Pretty (2008).

One of the accomplishments of sustainable develapmseits ability to symbolize a great
compromise between those who are primarily conckai®ut environment and nature, those
who esteem economic development and those who rafeustastic about society. The
particular challenges of this compromise are astl@es heterogeneous and complex as the
diversity of human population and natural ecosysterariety around the world. This
malleability of sustainable development thus ermblis adaptation to miscellaneous
problems. Hence the concept has been adjusted différent situations, ranging from the
planning of sustainable cities to sustainable ilnadds, from sustainable agriculture to

sustainable fishery and so forth (Kates et al. 5200

With respect to the European apiculture, for instattie studies from France (Kouchner et al.,
2018) and Romania (Pocol et al., 2012) have focusedts sustainability. However the
research on sustainable development of beekeeprtgrsboth in the Czech Republic and

Switzerland is lacking.
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3 Research Methodology

The underlying research paradigm of this dissenais the logic method of deduction and
induction. Quantitative data is gathered from Czaol Swiss official statistics, beekeeping
equipment retailers and expert interviews conductgith Czech and Swiss beekeepers.
Firstly, the assessment of the economics of hold®kéeping operations is made. Secondly,
the statistical data on Czech honey prices is apdlysing selected methods of time series
analysis — growth rate, linear approximation andMR modelling in particular. Qualitative
data comes from expert interviews and standardimeeeys of experts (hereinafter referred to
as expert interviews) conducted with Czech and Sweekeepers and few other experts on
beekeeping sector. On the bases of expert intesvaawl case study approach the intra-case
and inter-case analyses are employed. Figure Bemiethe general overview of the research
approaches, data types, data collection methodsyped of conducted analyses.

Figure 15: Overview of the methodology
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3.1 Research Approach

In research reasoning both induction and dedudi@nbeing used together, as proved by
Dewey (1910) in the double movement of reflectibhe first (inductive) movement is from
the given partial and disordered data to a propaswdprehensive (or inclusive) entire
situation; and the second (deductive) movementask drom the suggested whole to the

particular facts in order to link these with eat¢hes and with additional facts to which the
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proposal has direct relation. Such more systenagticoach represents the motion towards the
suggestion (or hypothesis) and the motion backatisf (Dewey, 1910). Both methods of
deduction and induction are very closely related aften complement and/or combine one
another in specific research. This correlation banillustrated with an example of Kolb’s
experiential cycle (e.g. Kolb and Kolb, 2009) maetifby Molnar et al. (2012) in Figure 16.

Figure 16: Induction, deduction and Kolb’s reflective cycle
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Source: Molnar et al. (2012), p. 44

Scientific inquiry is based on the inference pre¢&ghich is applied to developing and testing
diverse propositions through the double movememneftdéction. Reflective thinking resides in
sequencing of induction and deduction for the psepof inductive explanation of abstruse
condition and deduction of additional facts to @onfor deny the hypothesis (Cooper and
Schindler, 2014).

3.1.1 Deductive Approach

In deduction, particular is inferred from generabgmositions. A deductive proof is a move

toward development, application and testing. ltibegvith connected view of a situation and

develops to particulars and their interconnectbewey, 1910; Whewell, 1989). Deduction is

the procedure to test whether the hypothesis isldapto explain the fact (Cooper and

Schindler, 2014; Thomas, 2006). Firstly, it on Heesis of theory formulates hypothesis and

through using logical reasoning and already knowmatsf tests the hypothesis. Quantitative
49



data are used for this in particular. Deductiverapph follows on from positivism and it is

often conducted by exploration to detect causalti@iships between variables. Deduction is
a way of thinking to move from general conclusioassertions and judgements to less
known, special ones. The process comes from knovatidated and generally valid

conclusions and applies them to individual casebjchv have not been investigated.
Unfortunately, impressing irreversibility of dedivet evidence is achieved at the cost of not
saying anything about the real world. Hence theud&dn is only relevant as an element of

the thought chain, in which other types of thinkapply too (Molnér et al., 2012).

3.1.2 Inductive Approach

The motion towards building up the idea is calleduction and it moves from fragmentary
details to a united view of a state. Scientificunotion represents all the processes by which
the observation and data gathering are arrangeld wigard to facilitate designing of
explanatory conceptions and theories (Dewey, 19t0duction, general is inferred from
particular, and so a conclusion is drawn from ¢ertact(s) or piece(s) of evidence. On the
one hand the conclusion elucidates the reality @mdhe other hand the facts back up the
conclusion (Cooper and Schindler, 2014; Whewel82)9Inductive analysis is characterized
as a set of approaches that fundamentally useupbreeadings of raw data to derive themes,
concepts, or models through researchers’ interfimata Its main objective is to let research
findings emerge from prevailing or important poirdsentained in raw data, lest being
suppressed by given methodologies (Thomas, 20@6@uctive approach typical for social
sciences is based on constructivism and works pityr@n qualitative data. Data collection is
used to retrieve several different views of thebfgm depending on the research purpose. On
the basis of the findings, the hypothesis is foated and then tested for the purpose of
generalization and designing a “new” theory. Indiectapproach addresses the “why” and
“how” questions and it requires deeper understanah the problem. Induction occurs
wherever a fact is observed and a question “WhiPfsarises. In order to get the answer, a
preliminary (non-binding) explanation is made arwtepted only, if it explains why the
phenomenon had occurred. An inductive conclusionbzaconsidered as a hypothesis, since
it provides explanation(s), although there mightnbere elucidations in practice. Since the
conclusions of inductive processes are alwaysenited by subjective attitudes (experience,
knowledge), their validity is limited. It is ofteantype of an exploration research, where there
Is not customary to formulate hypotheses at thenbetg of the work. These may be one of
the research outputs as well as a starting poirfoflow-up research (Molnér et al., 2012).
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3.2 Data Collection Methods

In this section the applied system of data coltecis described with respect to the general
types of data — quantitative and qualitative. Quatite dataset is primarily made up of
Czech and Swiss national statistical informationbeekeeping sector and qualitative data
material consists of expert interviews carriedwiih Czech and Swiss experts on apiculture.

3.2.1 Quantitative Data

There exist noticeable differences between the fgaon countries concerning statistical
publications. Even the statistics produced by steg#tutions (e.g. ministries) varies from one
to another, not just from country to country. Sital data production and official statistics
are closely related to socio-economic development socio-economic structure of the
country (Rothenbacher, 1998). The Czech Republic@wmitzerland are no exception, and so
the development and specific shape of their natisteistical systems are determined by
diverse factors. By analogy, the structure of adtiral production influences the type of
statistical investigation in agriculture. In cagdbeekeeping, the statistical data availability is
limited, for one thing as a result of its smalllscposition in national agricultural systems,
and for another in consequence of prevailing hobdgkeepers to commercial bee farms in
both studied countries. Although beekeeping is gim& non to agriculture due to pollination

services, its real importance is often underesahat

The sources of quantitative data on beekeepinigarCzech Republic are official statistics by
the Czech Statistical Office (CZ$Y), statistical data provided by the Czech Beekeper
Union and sectoral statistical yearboBksf the Ministry of Agriculture of the Czech
Republic. Quantitative data on beekeeping in Swdpel are obtained from Statistical
surveys and estimates about agriculture and rarftiti published by Swiss Farmer
Associatiofi*, information provided by the Swiss centre of elwele for agricultural
researcf and Swiss Federal Statistical Offite

®1 Michaela Kholova, Information Services Unit, répe¢ personal communications (2019)

%2 Situatni a vyhledova zprava 3¢ly / Report on State of Beekeeping Sector in thecB Republic; Zelena
zprava / Green Report (Summary Report on Agrice)tur

®3 Statistische Erhebungen und Schéatzungen (ber lisadiaft und Ernahrung
% Schweizer Bauernverband
% Agroscope
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Statistical data of beekeeping sector in the C&Republic and Switzerland consist of time

series of numbers of bee colonies, numbers of legeke (only in CZ), information on honey

consumption, honey production and honey prices.eTapan for the data is at least 2000 —
2016.

For the purpose of economic assessment of beekgepearation the available prices are
used. Initial data sources of beekeeping gear aatkrial prices are companieséalpo

(2018), iVcelarstvi.cz (2019), Medocentrum.cz (20Hd Bee Research Institute in Dol
(2017) for the Czech Republic and Bienen Meier @@&hd Imkerhof (2019) for Switzerland.
However some of the quantitative data necessaryeéonomic evaluation stem from the

expert interviews (see the subsection 3.2.2.2 était$) too.

3.2.2 Qualitative Data

“And most of all, we know that there are the pewagle have knowledge that we do not have,
but which we nevertheless refer to and depend @oas as we determine (voluntarily or
involuntarily) problems and questions that go beyoar own competenciés.

Ronald Hitzler (1994, p. 13 — 14, own translation)

An efficient instrument for reflection and decisioraking represents a stakeholder approach,
whereby interest groups are involved in the reseprocess. Generally speaking, stakeholder
participation in agricultural research can be cbi@rized as asystematic dialogue between
farmers and scientists to solve problems associatét agriculture, and ultimately to
increase the impact of agricultural reseatdliellin et al., 2008, p. 81). This approach may
be an essential tool for beekeeping sector, asquerstakeholder group of beekeepers can
bring new innovative ideas, provide specific knalge and experience or enhance the
awareness of certain beekeeping practices. Fomptinpose of this thesis the conceptual

framework of participatory research by Neef and égti(2011) is applied.

Qualitative data on beekeeping in the Czech Repwiid Switzerland is gathered through
expert interviews. These were conducted from Mal72 January 2018. In total 81 experts

were intervieweff — 46 from the Czech Republic and 35 from Switzetla

% Bundesamt furr Statistik

%7 See the subchapter 3.4 for details
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Due to diverse climatic, economic and social caadg within the countries themselves the
spatial distribution of interviewees is taken imtoccount. The expert interviews were carried
out in territorial units NUTS 2 (Nomenclature of iténfor Territorial Statistics) — cohesion
regions in the Czech Republic and regions in Swand. Minimum number of interviewed
experts per (cohesion) region is three. At thero@gg of data collection process the research
participants were assured that data gathering wieelldonducted anonymously (cf. Saunders
et al., 2015). All interviewees were considered aflguinformative with regard to their
individual expertise. For detailed information abthe conducted expert interviews, see the
subsection 3.2.2.2.

In order to develop an understanding of the corscapt theories held by the interviewees, a
pilot study was done to smooth out the problemsdifpahe design of the interviewing
procedure, and reformulate questions in a questioanThe need to undertake the pilot study
is stressed by numerous authors — e.g. BlessingCéuadtrabarti (2009), Maxwell (2005),
McBurney and White (2010).

3.2.2.1 Sampling Methods

It is essential to point out that in qualitativeearch; the researcher does not know how many
individuals and how many groups will be interviewddt continues until it reaches the
theoretical saturation. When the names of the ¢éxpepeat and new names no longer appear,
the sample can be declared theoretically satu@esinan, 2002; Glaser and Strauss, 2006).
In comparison to statistical (random) sampling, tieoretical sampling is done to explore
categories and their attributes, and to embedrttegrelationships in a theory. The objective
of statistical sampling is reaching the evidencealistributions of people within categories to
be described and/or verified (Glaser and Strau386)2 For the purpose of qualitative data
collection two techniques of non-probability (judgental, non-random) sampling are used.
Both of them are adopted for the expert selectiom w narrowly specialized research focus

on managed beekeeping in the Czech Republic and&land.
a. Purposive sampling

This method is applied to very small samples swEltase study research, to particularly
informative cases as well as to grounded theomares strategy, and so these samples cannot
be regarded as statistically representative oftdt@ population. In case of homogeneous

sampling strategy the attention is focused on aréqular sub-group, where all the sample
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units resemble each other and the group can bgsauhin great depth (Saunders et al., 2009).
Sample group members might share similar traiteims of age, culture, profession or life
experience. The objective of homogeneous sampéisigles in such similarity and its relation
to the research (Etikan et al., 2016).

b. Snowball sampling

Snowball sampling technique (or chain referral damgptechnique) as described by Bailey
(2008) is used to obtain necessary sample. Dis2@0R] defines the snowball technique as a
selection of individuals, where some original imi@nts lead researcher to other members of
the target group. Firstly, a few beekeepers hathegexpert characteristics are identified and
interviewed. These interviewees are then usedfasmants to identify others qualifying for
inclusion in the sample. Secondly, through gainexhtacts the other beekeepers are
approached, asked for an interview and for recondagon of further experts. And the
sampling process carries on in the same mannemfesg rounds. Such procedure proves to
be very useful in the study of this specific expgdup where the respondents may not be
easily identifiable. Snowball sampling plays an artpnt part in theoretical sampling, since it

has a validation function to some extent (Dism&92).

3.2.2.2 Expert Interviews

Expert interview is a qualitative empirical resdaroethod to scrutinize expert knowledge
(Meuser and Nagel, 2009). The objective of thisadgnerating instrument is to produce a
dialogue of experts including some distinctive fieas (e.g. thematic focus, active use of
professional terminology) and a unique conversatisatting, where the researcher is a quasi-
expert. A high degree of thematic competence ofrtterviewer is the mainstay of the expert
interview (Pfadenhauer, 2009). According to Dism@002), in qualitative research the
boundaries between the researcher’s role and teeofahe investigated person disappear,
both being equal partners. Bogner et al. (2009)hasiges the fact that the interviewer and
interviewee often share a common scientific badkgdoor relevance system, which might
have beneficial effect on expert’'s willingness totipate in an interview. The main task of
the expert discussion is to record the individuatesnents with regard to the problem to be
investigated. At the same time, comparable matshauld be provided by a large number of
respondents (Koéhler, 1992). The principal diffeeerzetween an expert interview and a
standardized (survey) interview is that in the ekpae, the interviewers do not use their
questionnaires directly in order to optimally simplthe comparability of their data, but
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rather use it as a work aid for an informed coratgoa. Expert interview is primarily aimed
at respondent’s special knowledge stocks, theitiqudarly comprehensive, detailed or
exclusive know-how and practices (Honer, 1994).

The experts are considered as experts in a spéeific In most cases they know something
that is significant or relevant to a particular dom They have an overview of a special
knowledge area and can offer within this princigleoblem solving or application to
individual issues (Hitzler, 1994). It has to be dmgfized that not only professional
knowledge is regarded as the expert one, sinceexperts are neither identical to the
professionals nor to specialists, because they havkeir disposal a relatively exceptional
knowledge asset that is fundamentally not freelgilable (Hitzler, 1994; Meuser and Nagel,
2009; Pfadenhauer, 2009). Definition of an expedrks on the assumption that expert
knowledge is distinguished from any other knowledlygeuser and Nagel, 2009). Such
knowledge is then the core to be discovered byeipert interview. Expert status does not
have to be inevitably linked to schooling nor traghin traditional educational institutions
(Pfadenhauer, 2009). Expert interviews derive fribm® generation of domain-specific and
object-theoretical statements and their subjectena knowledge in the sense of rules of
experience determining social system functioningstr and Nagel, 1991). Beekeeping is a
case in point of a domain, where the emphasis tleralaid on learning by doing,

autodidacticism and active training the proficieticgn on certificates or diplomas.

Experts associate knowledge elements and knowlegmes in a multi-faceted and highly
routine manner, make extensive use of the availalidemation and organize the knowledge
as a whole according to collectively proven pritesp(among experts). In relation to the
layman, experts develop more appropriate hypothieses problem, use successful solution
strategies, and acquire even more systematic, foed&l knowledge in the specific case
(Hitzler, 1994). According to Pfadenhauer (2009)e texpert knowledge indicates the
knowledge necessary to investigate the roots oblpnes and to explore the solution
principles. The subject matter is a description distursive explanation of what they are
doing and why they are doing that the way theydaiag it (Pfadenhauer, 2009). Method is
not apparently based on the concept of informagixinaction in the sense of questionnaire,
but data collection rather benefits from an opdennew framework providing the experts
enough space to share their knowledge (Meuser agklN2009). The aim is to create a
supportive environment in order to produce the scemd complexity of expressions
addressing pertinent issues (Holstein and Gubri885). It should be possible for both the
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interviewer and interviewee to change the order didcussed topics. However the
interviewer’s difficult task is to keep the balanoetween a conversation that is too close to
the guideline and a completely free conversatiodh(&r, 1992).

If needed, a partially standardized survey of etgo@ight substitute an open expert interview.
It is possible, when the experts are addressedoagdprs of information that cannot be found
anywhere else. A written survey meets the requirgsnékewise. On the contrary for the
exclusive knowledge (e.g. rules beyond regulatiamsyritten laws of expert action, tacit
knowledge and relevance aspects), no alternativepen expert interview is admitted
(Meuser and Nagel, 1991). Written interview per &nor fax is conceded by Mieg and
Brunner (2001) too.

Most expert interviews were conducted in privatejtaaccording to Holstein and Gubrium
(1995) helps assure that interviewees speak direuit in response to the presence of others.
Part of the data, especially in the Czech Repuhkéis gathered through standardized survey

of experts via e-mail.

As the case studies generally include a particetatoration of a smaller unit, the definition
of an “expert” is of capital importance with regatd expert’'s specific domain and
considering research orientation of the empiricakstigation (Bogner and Menz, 2009). In
contradistinction to the analytic approach, whistappropriate for case studies, in the expert
interviews analysis the attention is turned to thgen units interwoven with similar
corresponding topics dispersed in the interview s and Nagel, 2009). The questions
were grouped thematically and the compactness eofgtlestionnaire was pre-tested during
pilot study. The topics discussed in the intervies divided into categories, as follows —
economics of beekeeping operation, beekeepersegsmnalization, beekeeping practice and
sector's development towards sustainability. Indliil categories are not strictly separated

from one another, as some questfdnelate to more than one thematic group.

In this work hobby and professional beekeepers fiteenCzech Republic and Switzerland are
considered as the experts for beekeeping in giegiom. Five additional expert interviews
were conducted with decision and policy makers aesiple for different beekeeping
initiatives — a hotel manager in Bern, initiator ltdekeeping operation on a rooftop of city

® The question of queen bees is such a case in, piice the difference between rearing own quees hed
buying them belongs partly to economics, partly Heekeeping practice and partly to beekeepers’
professionalization.
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restaurant, project manager of railway beekeepkmpstion, expert on rooftop and urban

beekeeping and an under-secretary of the Minidtdustice of the Czech Republic. Personal
communications from these additional five intervseave cited in subchapter 4.4 according to
APA (2017), using letters and roles to identify geaticipants.

Interviews conducted with beekeepers included d&. ®ostly unstructured questions
focusing on various topics (e.g. beekeeping practeconomics of beekeeping operation,
professionalization and beekeeping sector's dewedop). The interviews followed the
structure of semi-standardized interview, introdlds Berg (2009). Flexible wording of
questions as well as the possibility to make nesgsdarifications and answering potential
respondent’s questions enabled the intervieweratlort particular questions to specific

situations and made every interview unique.

With regard to the type of individual questionstemiews comprised (according to Berg,
2009) identification and/or demographic questioag).( age, gender, place of residence),
essential questions (i.e. questions directly rdlaethe problem under study), and validating

and/or extra questions to control the reliabilityesponses (cf. Disman, 2002).

On account of the structure of potential answeddlowing types of questions were
formulated (in accordance with the categorizatioovgled by Reichel, 2009) — open-ended
guestions (e.g. origin of beekeeping, local soummekoney yield), semi-opened questions
(e.g. the ways of marketing bee products, volunfesolnl honey pots) and closed questions
(e.g. membership in local beekeeping organizatattending the course for beginning
beekeepers). In addition to that, Reichel (2009)dés questions according to the number of
answer-options into dichotomous questions (e.glhgeguestion) and polytomous questions
(e.g. selective, enumerative and/or order of oghon

In terms of politically definable interaction sitiens the expert has the position of the third.
In such an actor configuration not only the layndaes not exist without the expert, here also
the expert does not exist without the decision malkéitzler, 1994). The stakeholder

approach and the interviews with experts are tbeeefonsidered very important part of this

research, as they might bring specific experiediterent points of view and/or new ideas.
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3.3 Data Analysis Methods

This sub-chapter comprises of the explication argdification of analytical methods, which

are intended for analysis of both quantitative qudlitative data. Firstly, selected quantitative
methods are described, and secondly, applied tggbsi of qualitative analysis are

characterized.

3.3.1 Quantitative Methods

In order to quantitatively assess the economicbeakeeping sector, the economic data on
hobby beekeeping operations and the Czech honeg pime series is analysed. On the
grounds of the expert interviews, knowledge of gdmbkeeping practice and available
normal prices the assessment of small-sized begigeemperations in economic terms is
made. The aim is to modify theoretical assumptiohgiven categories through real data
integratior?®. It is found out that the honey price is an impnttfactor not only for beekeepers
(Aizen and Harder, 2009), but also specifically @rech honey buyers (Sanova et al., 2017).
Hence the analysis and forecast of Czech honeg9fincluding elasticity of demand for
honey) can provide insight into the developmerthed economic time series. So as to analyse
given time series, the methods of growth rate, alinapproximation, and Box-Jenkins
methodology (i.e. autoregressive integrated movawgrage model in particular) are

employed.

3.3.1.1 Assessment of the Economics of Hobby BegikeeOperations

For the purpose of this thesis, economics is ddfiaecording to Longman (2009) as an
observation of the way to produce and make theafiseoney and goods. Neither hobby
beekeepers in the Czech Republic nor in Switzerleedp the books, so the data on
economics of beekeeping operations mainly procé&eas conducted expert interviews and
normal prices. The calculations of initial investitheannual expenditures and annual revenues
are subsequently put in context of the data obthinem the respondents and/or from the
review of literature in order to draw a comparisgmiween the theoretical underpinnings and
reality, and therefore to assess to what extentdmeputation is reflective of real data. The

individual items of some basic necessary beekeepguipment are listed on the grounds of

% Case in point is the assumption that the transpusts entirely arise from migratory beekeepingyleeting
the possibility that the apiary is located outdidekeeper’s immediate vicinity.
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good beekeeping practice, providing that the lstnbt exhaustive, since a variety of

additional tools is available.

Firstly the initial investment in a beekeeping @iem of a beginning beekeeper is calculated,
taking into consideration not only tangible asséts also the education and knowledge.
Although the importance of beekeeper’s knowledghighlighted by several contemporary

research works (e.g. Jacques et al., 2017; MadersdWynne-Jones, 2016), some economic
evaluations of beekeeping operations (e.g. Hurfi4; Kamler, 2005; Sanova and Benda,
2014) omit the education as a significant factor.

Secondly the expenditures are described and cédduiacluding time requirements, annual
investments, packaging material, beeswax procesgjngen bee breeding, varroa mite
treatment, transport costs, membership fees angehand insurance. The other way around
the structure of revenues proceeds from the asabfdee products sale, from the potential of

selling products for beekeepers and in case o€teeh Republic from the role of subsidies.

In the end the recommendations for cutting the scastd increasing the revenues in the

beekeeping operation are made.

3.3.1.2 Selected Methods of Time Series Analysis

Time series is considered a set of observatiorentakequentially at different points of time
(Box et al., 1994; Priestley, 1991). Another ddfori by OECD (2007) describes time series
as a sequence of regular time-ordered recordsgofatitative characteristic of an individual
or collective phenomenon over time. Observing thange of economic variables in the
course of time, results from numerous interestganious interest groups — e.g. stock market

analysts, policy-makers, business owners, consu(bevgs, 2012).

Time series methods provide new insights into coudfitgqprices patterns and revise some
assumptions of traditional approaches. In contimstructural models, modern time series
technigues are often employed to data sets calleattdnigh frequencies (Tomek and Myers,
1993). The main purpose of compiling high frequesesjies is to observe their development
and volatility over time (OECD, 2007). To explaimet volatility in agricultural prices the

original cobweb model was developed.

Provided an original state of equilibrium betweeamand and supply of a commodity, the

cobweb theory presumes the occurrence of a distaehavhich elicits a discrepancy in given
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equilibrium and ensuing examination of price anddpiction movements (Akerman, 1957).
For some commodities where the production cycleesal certain stretch of time (e.g.
agricultural productd) the given period might not suffice to the modifion of supply.
There might be a noticeable delay in a productiwemnge in response to price change. Hence
the cobweb theorem demonstrates the complexityoskiple market reactions to newly-
emerged disequilibrium (Ezekiel, 1938;¢Bk and Sekerka, 2010). Due to the above stated
condition, the principle of cobweb theory is appgbte only to a very limited range of
industrial production, as Akerman (1957) declargtthough the cobweb theorem explains
fluctuation in production and price in consecugpreduction periods, it does not exhaustively

clarify the long cycles detected in some commoslifiezekiel, 1938).

By an example of agriculture and suchlike beekegpsan be illustrated that farmers can do
very little to influence future production, sincataral and climatic conditions represent
serious limitation. Referring to Ezekiel (1938) tbembination of cobweb processes with
such occasional incidents (natural variations, twrathanges, animal diseases etc.) may
suffice to create repetitious cyclical transitionsproduction and prices. On the contrary
Akerman (1957) does not consider unusual weathgichanges in prosperity and income of
consumers applicable, as such demand variatioastadf agricultural products and, therefore

should not justify the cobweb reasoning.

Time series analysis is comprised of extensivedaverse range of ideas and approaches that
make it a fascinating field of study. Its sciemtifelevance is proved by the substantial growth
in its use as well as its wide application scopaatural science (Priestley, 1989). In view of
the fact that several techniques describing varitypes of change over the time were
developed (Lewis, 2012); the core of this partdsekamine some of those quantitative
methods to empirically estimate short-term chanig&3zech honey prices. Three methods are
proposed to assess the course of given varialdieneseries over time — growth rate, linear
approximation and ARIMA model in particular. IBM®PSS Statistics® Software and
specifically its module Time Series Modeller, whighables ARIMA modelling, are used to

model given time series and forecast its futuraiesl Additionally, price elasticity of the

0 For majority of agricultural production there isag between the initial moment of making decisitegarding
the input and point in time when the output readhesmarket. As a consequence, supply responséidoac
work on the assumption that produced quantity dépesn available input prices and the expectatiohs o
producers concerning output prices. However thesetgtions often originate from past prices (Antdtrand
Green, 1990; Tomek and Myers, 1993).
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demand for honey and income elasticity of expemne#wf product category including honey

are computed in order to assess consumers’ behamithe market.

3.3.1.2.1 Growth Rate

Growth rates indicate the change in value (or nmtage) of a time series between two or
more different time intervals. Consequently thelgses of economic activities (for instance

movements in prices, GDP or unemployment) oftelizatthe growth rates (OECD, 2007).

According to Hendricks (2016), the growth rateight be defined as:

B x(t+ 1) —x(t) (1)
B0
And/or alternatively as:
x(t+1) =1 +r)x(t) (2)

In case the multiple periods are employed, the tamu&ransforms to:

x(t+n)=1+r)"x(t) 3)

The average growth rate indicates the constanttyroate, which would changgto Y, inn

years. Based on the given equation (4):

Yesn = Ye(L+1)" (4)
It is being solved for:
(1+7r)"= Yin (5)
YVt

And then the equation is converted in followingnfior

1
Loy = (2] ©
Yt
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In case the equation of the average growth ratds(4pnsidered in logs (whete is the

natural lod"), the shape of equation is as follows:

In(yesn) = In(ye) + nIn(l +7) (7)

Then for small growth rates the linear approximati® applicable in the form presented by
Hendricks (2016) and Sydseeter et al. (2016):

In(1+r)=r (8)
And consequently from (5) the equation takes tmfo

_ In(y1n) — In(yy) 9)
"= n

In this thesis, the growth rates are calculatedmemthly average and represented as
percentage. Growth rates of values are computed @mnstant Czech honey price series in
CZK per month. Due to the interconnection of growdltes and linear approximation, the

latter is also used.

3.3.1.2.2 Linear Approximation

In large part the modern economic analysis is ogetit on numerical calculations, nearly
always only approximate. Consequently, rather tlwark with a complicated function, it is
better to approximate it by a simpler one. In vigithe fact that linedf functions are mainly
simple, using a linear approximation seems to pessible alternative (Sydsaeter et al., 2016).

Pflueger (2013) expounds linear approximation tgholocal linearity, where a tangent line to
a function lies in close proximity to the functi¢mear the point of tangency), and so it evinces

simply computable and conceptually uncomplicatqar@xamation of the original function.

"le.ln(e®) =x

2 Womack and Matthews (1972) revisited the linedidza technique of non-linear variables through the
expansion of the Taylor's series using agricultunale series data and Bera (1984) studied the tidi@ear
approximation to non-linear regression analysis.
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According to Stopple (2003), all of the differehtc@lculus is based on an idea presented
above, where complicated functions can frequengyapproximated by straight lines. For
instance, it is given a function= f (x) and the graph of this function increases at pomta

if the derivativef’ (a) is positive. The truth of this statement is canfd by the proposition
of the linear approximation, as follows. The fupatirises at the time, when the straight line
approximating its graph rises (in other words itreases, in case its slope is positive).
Therefore for the functiop = f (x), the line through poird (f (a)) with the slopd’ (a) is:

y=f(@+f(a)(x—-a) (10)

Whenx is close ta, then:

fG) = f(a) + f(@x—a) (11)

Where= signifies approximately equal in some sense nospecified (Stopple, 2003).

Although linear approximation of the growth ratenesents a quick calculation of the growth
rate, it is necessary to stress, that there erigt®ssible impact of any irregular (OECD,
2007).

3.3.1.2.3 ARIMA Model

The original use of time series analysis consigtefibrecasting the time path of a variable.
Providing insight into the dynamic course of a tiseries leads to the improvement of
forecasts, because of the extrapolation of preolieteomponents of the given sequence into
the future (Enders, 2015). A forecast represeniediction that foresees where a time series
is heading towards. Forecast is an anticipatioa tifine series future value extrapolating from
historical figures (Stine and Foster, 2014). Usiimge series to forecast future values can
serve to economic, business and production plapmmgntory and production control, as
well as management and optimization of industrracpsses (Box et al., 1994). Even though
forecasting has constantly been the mainstay af series analysis (cf. Brandt and Bessler,
1983), the growing significance of economic dynafias generated alternative utilization of

time series analysis, hence the objective of motlera series analysis is not only to develop

0On a small scale
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appropriate model capable of forecasting, but alswdel suitable for interpreting and testing

hypotheses regarding economic data (Enders, 2015).

Priestley (1989) indicates that the classical mgghaf time series analysis work on following

two assumptions. Firstly, all time series are adex®d stationary, or they can be transformed
to stationarity (e.g. through differencing), thetaagressive integrated moving average
(ARIMA) models likewise. Secondly, all models am@nsidered linear, and so the sequence
can be depicted as a linear function of presert/palsies of an independent white noise

process.

A stochastic process (a time series) is descrigestagionary, when its parameters (mean and
variance) do not change in the course of time &edcbvariance of two random variables
depends on their distribution in time, not on thwté moment, when the covariance is
measured (Ramik, 2007). Nevertheless, Priestleg912991) claims thastationarity is,
similarly to other mathematical concepts, an id=dion, which can be practically examined

as an approximation.

White noise(as a stationary stochastic process) represesgguence of independent random
variables, which are assumed normal and havinganrogzero and a constant variance, and
their autocorrelation function is identically ze(Box et al., 2016; Enders, 2015; Ramik,

2007).

Autocorrelation function (ACF) depicts the chart of the autocorrelationfiioent px as a
function of the lagk, while being independent of measurement of givere tsequence and
consequentlypartial autocorrelation function (PACF) plots the partial autocorrelatiopg
as a function of the lak(Box et al., 2016).

Although therandom walk is a non-stationary stochastic process with highbgitively
correlated adjacent values, its first-order diffex is stationary, as it is white noise. For
random walk series the mean value equal$ytfconstant, usuallyfy = 0), but the variance
increases directly proportional to growihime), and is therefore not constant and the time
series is not stationary (Cowpertwait and Metc&f¥)9; Ramik, 2007).
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The approach of Box and Jenkins focuses on a phlatitype of non-stationary series — in
case thgX;} process is differenced times, a stationary ARMA processYy} is generated,
while model’s non-stationarity can be demonstradsdthe result of white noise process
modification. Such patterns are calladtoregressive integrated moving average (ARIMA)
models(Priestley, 1991).

The autoregressive integrated moving average (ARIddcess is generally represented by
the equation (12) given by Box et al. (1994, p.)18t condition thaty (B) and 6 (B)
correspond to operators Bof degreg andg, respectively:

®(B)(1 — B)Yz, = 6, + O(B)a, (12)

In the equation (12) there is an autoregressiveabpey (B) of orderp; B represents the
backward shift operatog describes the values in the current tinaed the values of previous
periods %.1, z-2, Z-3...); thedth difference is taken and there are moving aveogggatorO

(B) of orderqg and random shocks.

For the purpose of the given economic time serispexial case of the ARIMA (1, 1, 1)
model is employed according to Box et al. (199488).in the equation (13). It is the process,
wherep = 1,d =1,q =1, and consequently the coefficients corresgond(B) = 1 —¢:B and

6 (B)=1-0,B.

(1-¢B)Vz; = (1 - 6,B)a, (13)

In the equation (13) there is an autoregressiveabgep (B) of orderl; V represents the
backward difference operatag; describes the values in the current timend the values of
previous periodsz(,, z.,, z-3...); the 1st difference is taken and there are moving average
operator© (B) of orderl and random shoclks.

According to Box et al. (1994) an ARIMA processartler 0, d, 9 indicates a category of
models capable of representing time series whiah lmmogenous and in statistical
equilibrium, but do not have to be necessarilyiGtatry. As the non-stationary ARIMA

processes are not found in statistical equilibrmrar time, they cannot be presumed to reach

" ARMA (p, g) is mixed autoregressive (ARR;th order of difference) and moving average (Myth order of
difference) process (Box et al., 1994, 2016; End2045; Priestley, 1989, 1991).
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infinitely to the past, and consequently an inénrepresentation is impossible (Box et al.,
1994).

In order to build an ARIMA model a three-stageatere strategy is applied. The stages are
according to Box et al. (1994, 2016) identificatiestimation and diagnostic checking.

. IDENTIFICATION

It represents the use and the origin of the datarder to suggest a subcategory of models
potentially worthy of further investigation. Thejettive of identification is to get an idea of
p, d andq values and to acquire initial estimates for theapeeters. There are two general
steps in the identification procedure. Firstlyjsitnecessary to difference the time series as
many times to generate stationarity, while cumailthe process to the mixed autoregressive-
moving average (ARMA) model. Secondly, the resglithRMA process should have been
identified. The analyses of sample autocorrelatiomction and sample partial autocorrelation
function are used to carry out both stages in deatification approach. Since the graphical

methods are employed here, the judgement hasdgdreised carefully (Box et al., 1994).

. ESTIMATION

Both the first and the second stage necessarilylapyebecause sometimes part of the
identification needs to be accomplished throughetttemation procedure whereby the data is
used to make deductions about parameters proceédingappropriateness of the model
considered (Box et al., 1994, 2016).

Although R and the average of the residual sum of squaresised as goodness-of-fit
measures, Enders (2005) and Hindls et al. (2004)hasize that their suitability usually
improves, when the model embraces more parameéterse the use of Akaike’s Information
Criterion (AIC, see formula 14 below) and/or Bagesilnformation Criterioff (BIC, see

formula 16 below) is recommended on the groundsmofe appropriate interpretation.
Schwarz (1978) and Aho et al. (2014) claim thahb&IC and BIC provide a mathematical

formulation of the parsimony principle for modeliloling.

5 It is also known as Schwarz Bayesian Criterion @§BSchwarz Bayesian Information Criterion (SBIG) o
Schwarz Information Criterion (SIC).

66



Akaike’s Information Criterion (AIC) is defined by Burnham and Anderson (2002) as
AIC =n log(ﬁ) + 2K (14)

wheren is the number of observations is variancek is the total number of estimated

parameters and the maximum likelihood estimatiohE)Mof ¢ is

—_—

— Y€ (15)

0% =

n

while €, represents estimated residuals for a particuladidate model (Burnham and
Anderson, 2002).

Bayesian Information Criterion(BIC) differs from AIC in multiplication by % logn), and

so the BIC is according to Schwarz (1978) defined a
BIC =n log(ﬁ) + K log(n) (16)

wheren is the number of observations, is variancek is the total number of estimated
parameters and the maximum likelihood estimation.E)Mof o* follows the formula (15)

mentioned above.
For both criteria (AIC and BIC), smaller values pa®tter model fit (Aho et al., 2014).

In IBM® SPSS Statistics® Software package, the radmed BIC (Normalized Bayesian
Information Criterion, 2013) is employed as a gaes#iof-fit measure and calculated using
the formula with Mean Squared Error (MSE)

In(n) @an

Normalized BIC = In(MSE) + k .

where MSE is defined as

(Y — Yy (18)

MSE =
n—=k

and ﬁ;) represents the deviations of model values fronh vames (Mean Squared Error,

2013).
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[I. DIAGNOSTIC CHECKING

The last stage demonstrates the control of thedfithodel in its relation to the given data in
order to reveal possible shortcomings for the psepof model improvement (Box et al.,

1994). One of the standard practices of diagnas$terking isplotting the residualsn order

to visually inspect the periods of time concerndaga-model fit. Autocorrelation function and

partial autocorrelation function of the residuafstioe estimated model are constructed to
examine potential correlation (Enders, 2015). Ottieignostic checking methods are the
cumulative periodogram of the residualsLung-Box testproceeding from the Portmanteau
Lack-of-Fit test (Box et al., 2016). The latter wasdified by Ljung and Box (1978) into the

following form:

1@ (19)
—k

Q=nn+2)
k=1

In the equation (19 is the sample size*(a) represents the estimated autocorrelations of
residuals an& is autocorrelations’ constark € 1, 2, 3, ... , Ik as claimed by Ljung and Box
(1978) and Box et al. (2016). IBM® SPSS Statistiakulates Ljung-Box statistic algorithm
based on the above stated formula (cf. Box-Ljuradi§ic, 2013).

ARIMA models themselves showed up as a very suftdgs®l in forecasting and in seasonal

adjustment methods (Espasa, 2004) and varioustistgenecommend its application (e.g.

Bessler and Kling, 1989; Tomek and Myers, 1993jhcesithe approach performs well

especially in short-term forecasting. Neverthel&ss et al. (2016) emphasize that all models
are just an approximation, and thus no model céiregnmanifest the truth anytime.

Model’s reliance on past values of the series b@angcast is for one thing an advantage and
for another a disadvantage. Its virtue lies in datailability as well as avoiding possible
extrapolation difficulties associated with two-sidéltering methods like centred moving
averages (Beveridge and Nelson, 1981). Contrdrdydrawback shows the limitation, where
not all relevant information are taken into accodiot example the economic structure of the
market (Tomek and Myers, 1993). And finally, to ggalirase Bessler and Kling (1989), the
attainment at past predictive performance at ame tr under given circumstances does not

secure future success at prediction, because mgatieicessarily links the past with the future.
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3.3.1.2.4 Elasticity of Demand

Mankiw (2015) defines elasticity as a measure efr#sponsiveness of quantity demanded (or
supplied) to changes in its determinar®sce elasticity of demandEy) hence measures how

much the quantity demanded reacts to price chavigakiw, 2015; Sydseeter et al., 2016).

There are various methods to compute price elgsti€idemand and two of them are applied

in this thesis. Firstly, by the means of percentwenge, according to Mankiw (2015):

% change in quantity demanded (20)
d =

% change in price
And secondly, through the midpoint method (Mank2@15):

Q — Q4 (22)

And/or alternatively as:

Q;— @y (22)

In the equations (21) and (2Q)describes the quantity aRdndicates the price.
Referring to Holman (2007) and Mankiw (2015), pridasticity of demand can be:

Perfectly elastic, when §=o
Elastic, when |g > 1
Unit elastic, when |f=1

Inelastic, when | <1

® 2 0 T W

Perfectly inelastic, when §E= 0

Since the elasticity of an individual demand degend consumers’ preferences, type of
goods (luxuries versus necessities), availabilitgubstitutes, definition of the market, time
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horizon and consumers’ income (Holman, 2007; Mankd@15), the income elasticity of

demand is additionally computed.

Income elasticity of demandE;) posits the situation, when demand is considered as
function of income (Sydseeter et al., 2016). It meas how the quantity demanded reacts to a

change in consumer’s income (Mankiw, 2015).

The computation is done according to Sydseeter. d2@16) demonstrating the general rule
that elasticities are equal to logarithmic deriwves, and so whenever andy being both
positive variables (wherg is a differentiable function of), a proof proceeding from the

repetitive use of the chain rule shows that:

_ xdy _d(ny) (23)
"7 ydx  d(Inx)

In addition to that, Sydseeter et al. (2016) deteeman income density function and
cumulative distribution function, using definitaegral and providing insight into real income
distribution. A function approximating actual incendistribution to a considerable extent

(especially for large incomes) is called the Padestribution (Sydseeter et al., 2016).

3.3.2 Qualitative Methods

The case study approach as a selected methoddbtatjue data analysis is closely related to
expert interviewing as data collecting techniquelal@ative data is obtained from expert
interviews, where the researcher represents a-g@psrt endowed with particular knowledge
and experience necessary to achieve certain ldviileoretical sensitivity. With regard to
individual case studies, data analysis is accomgdighrough intra-case study and inter-case
study techniques. Simultaneously to the data dodlea framework is developed to enable
manual coding of the data entries and field notes.

3.3.2.1 Case Study Analyses

Case study is a research approach concentratednaprehension of single setting dynamics
(Eisenhardt, 1989). Case study represents a résestrategy, which undertakes an
investigation of a phenomenon under real-life amstances. This research strategy can be
carried out through using either qualitative or mjitative data, which can originate in
archival records, fieldwork, observations, verlegdarts or any combination of these methods

(Yin, 1981b). Subsequent analytical framework peatsefrom intra-case (within-case) and
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inter-case (cross-case) patterns characterizea@piced in several scientific works (Ayres et
al., 2003; Eisenhardt, 1989; Yin, 1981a,b).

a. Intra-Case Analysis

This analytical method lies in the integration oflividual case’s facts and using the single
case data. Within every single case, the simigxitind/or discrepancies can be identified
among the given facts (Yin, 1981a). Intra-case @@ helps researcher cope with excessive
data frames and gain familiarity with data, andcaceful reading of interview transcripts is

necessary (Ayres et al., 2003; Eisenhardt, 198%¢. grocedure involves detailed case study
reviews enabling the unique patterns of every singhse to emerge in advance any
generalizations across the cases are made (Eisenth889). In particular, the purpose of

intra-case analysis is to explore data coherendegoribe different beekeeping operations.
b. Inter-Case Analysis

Inter-case technique indicates either the categoselection, search for intra-group
commonalities coupled with inter-group differences,a selection of pairs of cases with
subsequent listing their similarities and differeedetween each other. The third option is
dividing the data by data source (Eisenhardt, 1989%here is sufficient amount of case
studies for synthesis and if some critical factarsl attributes are identified, cross-case
analysis can be comprised of quantitative tabutatidJnless these conditions are met, an
alternative possibility should be applied, wheréfiy explication from each one case is taken
and compared with another case explication (Yi81E%b). Through inter-case procedure the
changes across the individual beekeeping operatiasinvestigated in order to identify
resemblance and potential patterns. Findings daricdise analysis can be presented as a

combination of descriptive and explanatory evideinca form of inter-case synthesis.
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3.4 Material

In following subchapters the datasets of interview@zech and Swiss beekeepers are
separately described with respect to the geographeocation of the interviewees, their
average age and their average experience (in yeatls) beekeeping. There is detailed
information about data collection, the size of eamie dataset and several selected
characteristics of interviewed experts, their bepkeg operations and beekeeping practice
(e.g. size of beekeeping operation, honeybee stbeehive types, bee pasture, honey yield,
cooperation with farmers, engagement in environalemsues, bee colony thefts and
vandalism). After straightforward presentation loé tdata, some features are compared with
underpinnings introduced in literature review imer to examine to what extent the sample

size corresponds to general beekeeping populatigiven country.
3.4.1 Dataset Czech Republic
Data collection was carried out from November 2@lJanuary 2018 in the Czech Republic.

Figure 17: NUTS 2 (Cohesion Regions) in the CzecheBublic

Source: Vozenilek, Pavel. 16-07-2006. Map of thedbzRepublic as divided into NUTS

level 2 areas. [Picture].

Overall 44 expert interviews and standardized stg\ad experts (hereinafter referred to as

expert interviews) with Czech beekeepers were coteduwithin all 8 Cohesion Regions (see
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Figure 17), representing all 14 NUTS 3 regions (Balle 4). The minimum targeted sample
size was 3 experts per NUTS 2 region. Moreover, éxperts were interviewed on topics
concerning urban rooftop beekeeping and prison deg@hkg (see subchapter 4.4). These
additional interviews are not included in the TaBllewhere the groups of respondents are
characterized with regard to their geographicdrithstion, average age in years, and average
beekeeping experience in years. Given the numbiersterviewed experts, their highest
proportions are in three geographically largesté&3ain Regions (i.e. Southwest, Northeast

and Southeast).

Table 4: Identification of Respondents in the CzecRepublic

CODE COHESION REGIONS CODE REGIONS (NUTS 3) T oS
(NUTS 2) Amount | Average | Average
Age Experience

Cz01 Prague CZ010 Prague 4 61 32

Cz02 Central Bohemia CZ020| Central Bohemian Region 3 67 52
Cz031| South Bohemian Regiof

Cz03 Southwest _ 8 63 26
Cz032 Plzen Region
Cz041 Karlovy Vary Region

Cz04 Northwest ] . 4 70 38
Cz042 Usti nad Labem Region
Cz051 Liberec Region

CZz05 Northeast CZ052 Hradec Kralove Region| 10 62 39
Cz053 Pardubice Region
Cz063 Vysocina Region

CZ06 Southeast . ] 7 58 32
CzZ064 | South Moravian Region
Cz071 Olomouc Region

Czov Central Moravia 4 61 16
Cz072 Zlin Region

Cz08 Mora\lgaegﬁ:esmn Cz080 | Moravian-Silesian Region 4 58 24

Source: own processing according to the conductpdreinterviews

The average age of beekeeping experts intervieweatle Czech Republic is 62 years and

their age structure matches to the age distribugfd@zech beekeepers given in Figure 4 (see
subsection 2.1.2), inasmuch as the majority ofruntgvees comes from age groups 61 — 75
years and 46 — 60 years, and no respondents wéhne youngest (up to 15 years) nor oldest
(over 91 years) age categories. The youngest irtgee was 18 years old and the oldest one
was 82 years old. With regard to gender, 5 femate3® male experts participated.
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With regard to interviewees’ experience in beekegpithe average is 32 years. Only 3
beekeepers from the sample group have been kebpagjless than 5 years and there are 19
mentors giving classes to beginning beekeepershars® interested in apiculture. In addition
to that, 11 professionals are actively engaged awtly beekeeping clubs (e.g. their
establishment, management and supervision, orgamzadecturing and other forms of help

and support).

On account of the sizes of beekeeping operations) Figure 18 it is clear that the hobby
beekeepers prevail in the interviewed sample, stace53.6 % of respondents manage less
than 31 bee colonies. As seen in Figure 5 (seesubsection 2.1.2) the proportion of bee
farms up to 31 bee colonies amounts to ca. 93.2f &l beekeeping operations register in
CBU. Considering potential enlargement of theirkesping operations, only 13.63 % of all
interviewees plan to increase the numbers of the& colonies. The lack of time, and age
reasons are considered as the main expansionrbatdewever slightly less than a quarter
(22.73 %) of all interviewed beekeepers is satisfigth the amount of bee colonies they

keep.

Figure 18: Sizes of respondents’ beekeeping operattis — Czech Republic

Source: own processing according to the conductpdreinterviews
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Concerning the honey bee stocks, all interviewguees keep the Carniolan honey bAeié
mellifera carnicd in a broad variety of ecotyp@sand two respondents admitted having
former experience with the European dark bapig mellifera mellifera too. This is in
accordance with the legislation of the Czech Reapulblefining exclusive breeding of the

Carniolan honey bee.

Interviewed beekeepers keep their bees mostly irvaivle frame hives (ca. 88 %),

predominantly in frame measurement 39 x 24 cm ésponding to the commonly used types
all over the Czech Republic — regarding to the satien 2.1.1). Apart from that type,

Dadant, Langstroth and other frame measuremergs3é.x 30 cm; 39 x 27.5 cm; 39 x 30
cm) are also used within the sample group. Regardilder and traditional beehives
(accounting for ca. 12 %) the following types cam found — Gerstung, budkk and

univerzal.

With regard to bee pasture, in most cases thevieteees enumerated following bee forage
sources — oilseed rape, fruit trees, linden, mapknberry, dandelion, locust tree and willow.

The cooperation between beekeepers and farmeratherrrare, as only 7 interviewees
(mainly from Southeast Region) put such collaboratin context of beneficial flowering

strips for insects, individual private farmers, db@agriculture cooperatives or pollinating
oilseed rape fields. In view of the fact that tleemdnd for the pollinating services is derived
from the spatial distribution of crop productiomdaconsidering relatively high bee colony
density in the Czech Republic (see subsection g.th& potential cooperation is not a topical
subject for beekeepers, nor the crop farmers. dther way around, great importance is
attached to the issue of agricultural spraying ocoant of bee toxicology (cf. Modra and
Svobodové, 2009). More than a half (61.36 %) opoeslents complains about the lack of
information about spraying. However some intervieweeekeepers (29.55 %) confirm

receiving the necessary information.

Regarding the engagement in environmental issuedolrcontact with environmental
organizations, three fourths of respondents doautively engage in this area, unlike the
interviewees who are at least in indirect contadhvsome institutions focused on the

environment.

® There are two major ecotypes of the Carniolan idree in the Czech Republic - Alpine (Singer, Séfen
Peschetz, Troiseck) and Carpathian (Vigor¢ka) ecotypes (Honeybee Kingdom, 2019).
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Referring to the data from conducted expert intaxg, the average honey yield is 32.2 kg per
bee colony and year. With regard to the individegions, the highest annual honey yields
are in Central Bohemia (51.7 kg/ bee colony) andtlssast Region (41.7 kg/ bee colony) and
the lowest annual yields of honey are in Moravidestan Region (22.5 kg/ bee colony) and
Northeast Region (26.4 kg/ bee colony). Average it of honey yields originating from
respondents’ beekeeping operations are higher ceapeth the overall data given by CBU
(see subsection 2.1.3).

Half of the respondents have an experience withcbéany thefts. This problem is no longer
common only in border areas, but occurs in inlaval Besides the bee colonies, the queen
bees and mating nucs are thieves’ targets. Sanp@mian of interviewees (22 out of 44) has
experienced vandalism in their beekeeping operatioone case the apiary was burnt to the
ground. One of the rationales for these negatieeasphenomena might lie in location of the
apiary, as the aggrieved party often does not keefpees in the place of residence (15 cases
out of 21 by thefts, 13 cases out of 22 by vandglidVith regard to the honey fraud, almost
all (43 out of 44) respondents are informed abbetaroblem of honey adulteration.

Interviewed experts perceive the public awarenéseekeeping and bee products rather low
(36.36 %) or average (21.21 %), and thus the vagonity (84.09 %) of all respondents
actively participates and/or organizes various &/érfor public aiming to raise public

awareness about apiculture and its products.

3.4.2 Dataset Switzerland

The data collectio was realized within May and June 2017 in Switzetlalin total 31

experts on Swiss beekeeping were interviewed wighid NUTS 2 regions (see Figure 19),
representing 15 (out of 26) cantons (see Tabld®. minimum targeted sample size was 3
experts per region. However the Table 5 doesn’tude data by four additional expert
interviews, which were conducted on topics relatedoeekeeping promotion (i.e. urban

beekeeping in a hotel and restaurant and the nakxposition — see subchapter 4.4).

" For example beekeeping exhibitions, honey dayk witblic honey extraction, Easter craft fair, ttimtial
beekeeping pilgrimage to Svaty Hostyn, lecturingsichools and the like.

"8 Through conducted expert interviews and standaddiurveys of experts (hereinafter referred toxqene
interviews).
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Figure 19: NUTS 2 (Regions) in Switzerland

Genferseeregion
Espace Mittelland
Nordwestschweiz
Ziirich
Ostschweiz
Zentralschweiz

Tessin

Source: Tschubby. 01-01-2014. Grossregionen dev&ez2014. [Picture].

As seen below, Table 5 shows the brief identifaatiof respondents regarding their
geographical distribution, average age in yearsamtage beekeeping experience in years.
Considering the counts of respondents, their highssportions are in two geographically
largest regions (Espace Mittelland and Eastern Zéw#and) and also in Northwestern
Switzerland, where the Canton Basel — City withhighest bee colony density (according to

Charriére et al., 2018) is situated.

The average age of interviewed Swiss beekeepesg igears, which matches up with the
average given by Agroscope (Charriére, personalnmamication, November 28, 2016) and
the collected data also match with the report leyER DG AGRI (2013) stating that almost
60 % of European beekeepers are older than 55.yemndarly to the dataset of the Czech
Republic, most respondents are from age categdf6e80 years and 61-75 years, and no
respondents from the youngest (up to 15 years)olawst (over 91 years) age group. The
youngest interviewee was 27 years old and the tidesb experts were both 76 years old.

Concerning the gender, 2 female and 29 male expartgipated.
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Table 5: Identification of Respondents in Switzerlad

CODE REGIONS (NUTS 2) CODE CANTONS N
(NUTS 3) Amount AEETE PHETEE
Age Experience
CHO011 Vaud
Lake Geneva Region | 515 Valais 4 45 14
(Genferseeregion)
CHO013 Geneva
CHO021 Bern
CHO02 Espace Mittelland 6 59 26
CHO023 Solothurn
CHO031 Basel - City
Northwestern Switzerland
CHO3 (Nordwestschweiz) CHO032 [ Basel - Country 6 59 29
CHO033 Aargau
CHO04 Zurich CHO040 Zurich 4 57 22
Eastern Switzerland CHOS5 St. Gallen
CHO5 ; 5 56 27
(Ostschweiz) CHO56 Grisons
CHO61 Lucerne
Central Switzerland
CHO06 (Zentralschweiz) CHO063 Schwyz 3 64 39
CHO066 Zug
- Ticino (Tessin) CHO070 Ticino 3 62 42

Source: own processing according to the conductpdreinterviews

On account of respondents’ experience in beekegpigfice, the average is 27 years. There
were 5 beginning beekeepers (with experience up5tgears) interviewed and 13
professionals, who give tuition to candidates dadoin a beekeeping course and lectures on
beekeeping to general public.

With regard to the size of beekeeping operationsegn in Figure 20, the hobbyists prevail in
the sample group (71 % of interviewed beekeepersage maximally 30 bee colonies). In
Switzerland just 2 % of all beekeepers manage rinane 40 bee colonies and only ca. 0.4 %
of all Swiss beekeepers have the beekeeping opedatiger than 80 bee colonies (Charriére
et al.,, 2018). There were 3 beekeepers owning niwaa 40 bee colonies each and 4
beekeepers with the apiary larger than 80 bee mdan the interviewed sample. Regarding
possible expansion of the beekeeping operationyy 88.33 % of interviewees plan
increasing the number of bee colonies. The maianales of non-expansion (i.e. keeping the
amount of bee colonies stable and/or their redortare workload and lack of time and
energy.
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Figure 20: Sizes of respondents’ beekeeping operatis — Switzerland

I

101+ 10%
1-5 3%

1

Source: own processing according to the conductpdreinterviews

On account of the honeybee stocks, the responders mostly the Carniolan honey bee
(Apis mellifera carnica35 %), cross-brees(30 %), the European dark befpis mellifera
mellifera 22.5 %) and the Buckfast be&pfs mellifera buckfastl2.5 %). In comparison with
the structure of honeybee breeds given in subse@id.1, there is no Italian bedpis
mellifera ligusticg in the sample. However the proportions of staoisespond to a certain
extent to the distribution presented in literatteeiew. One of the beekeeping experts keeps
Primorski bees and Elgon bees (cf. Forsman e2@04). In view of the great variability of
honeybee stocks and their cross-breeds in Switmkrlié is necessary to highlight potential
risks resulting from uncontrolled hybridization afwleeding activities. Apart from the
negative features of hybrids, such as aggressisempesdispositions to excessive swarming
and the decline in productivity after first geneyaf the uncontrolled cross-breeding leads to
hybrid genes introduction into the environment aadceivable problems for biodiversity and
indigenous honeybee breeds (Lodesani and Costd).200

With regard to the beehives, the Schweizerkastpe tyrevails (48.57 %), followed by
variants of Magazinbeute (25.71 %; Deutschnormadm&chweizermass and Zander),

" E.g. Carniolan honey bee mixed with the Buckfast;Carniolan honey bee mixed with the Europeak dar
bee; Carniolan honey bee mixed with the Italian dree the like.
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Dadant (17.14 %) and Langstroth (5.71 %). Strucgiven in the sample is in accordance
with data provided by the Agroscope. One of therinewees keeps the bees in Klotzbeute,

Trogbeute and Warré hives.

Regarding bee pasture, the interviewees most freélyuenumerated following nectar, pollen
and honeydew sources — dandelion, linden, frugstr@pples, pears, and cherries), oilseed

rape, locust tree, chestnut, maple, blackberréspberries, clover, forest flora and fir.

The cooperation between beekeepers and farmeonssdered relatively low, admitted only
by 29 % of respondents, particularly for fruit se@ollination. However the spatial
distribution of crop production (and consequentiy tlemand for pollinating services) differs
significantly from canton to canton. Hence for thajority of interviewees such cooperation
is not a topical issue. By contrast, many of inemed beekeepers expressed their concerns
about agricultural spraying and its harmful effemtshoney bees. About one third (10 out of
31) of respondents receives in advance the infeomatbout agricultural spraying through
text message or local beekeeping organizationeiegl, controversy arose over the use of
agrochemicals on crops. Some concerns have beaessgd (e.g. Balbuena et al., 2015;
Herbert et al.,, 2014; Motta et al., 2018) about epbal detrimental impacts of
glyphosate N-phosphonomethylglycipeon honeybees, considering that this particular
broad-spectrum systemic herbicide is still usedSwitzerland. Moreover, one respondent
shared past negative experience with fast rotaryven® which had caused some severe bee

colony losses in summer (cf. Fluri and Frick, 2002)

Concerning the engagement in environmental issuelora contact with environmental
organizations, slightly more than a third (35.48 @b)nterviewed experts confirms indirect
contact on an occasional basis. Nevertheless therityadoes not actively engage in this

area.

According to the data from conducted expert intamg, the average honey yield is 18.6 kg
per bee colony and year. With regard to the geduecap distribution, the highest annual
honey yields are in Ticino Region (28.3 kg/ beeonyg) and Espace Mittelland (21.8 kg/ bee
colony) and the lowest annual yields of honey ard ake Geneva Region (9.3 kg/ bee
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colony) and Zurich Region (12.8 kg/ bee colony).mpared with the daf given by
Charriere et al. (2018), only the records of aver&gney yields obtained from expert
interviews in Ticino Region are higher than theufgs from the time span 2008 — 2015. In
Espace Mittelland the difference accounts for c&g2f honey/ bee colony. It needs to be
stressed that the quantity of honey yield depemda broad variety of circumstances (see the

subchapter 4.1).

Two thirds of respondents have no experience wath ¢olony thefts so far, while some of
them ascribe it to the broad use of Schweizerkaspearies. As reported by the beekeepers
that lost their bee colonies, these were mostly abtes frame beehives (Dadant, Magazin),
mating nucs, queen bees and some equipment. Regamndalism, 12 interviewees (out of
31) experienced various forms of vandalism (e.gsqued bee colonies, covered entrance
hole to the beehive, damaged material, apiary Hortiie ground). Significant factor in cases
of thefts and vandalism is the apiary location,duse aggrieved party mostly (in 8 cases out
of 9 by thefts, in 11 cases out of 12 by vandalisim¢s not have the apiary in the place of
residence and the preventive control is therefooeendlifficult for them than for beekeepers
managing their bee colonies in immediate neighbmadh With regard to the honey
adulteration, approximately 43.33 % of respondéiatge noticed such issue in Switzerland —
partly for imported honey and partly for incorrgctlabelled Swiss honey (declared as

monofloral).

More than a half of interviewees (58.33 %) find phéblic awareness of beekeeping and bee
products good and some of them claim credit fos thi a documefit by Markus Imhoof
providing insight into contemporary beekeeping asdproblems. In addition to that the
majority (77.42 %) of respondents promotes apical@@and bee products through numerous

activitie$? and efforts.

8 Average honey yields per bee colony and year (20@®15): Ticino Region (25 kg/ bee colony), Espace
Mittelland (23.7 kg/ bee colony), Lake Geneva Ragi@2.6 kg/ bee colony), Zurich Region (20.2 kgé be
colony) — own processing according to Charrieral.2018)

81 More Than HoneyDirected by Markus Imhoof, Zero One Film, Allegfdm, Thelma Film & Ormenis Film,
2012. [Film].

8 For instance exhibitions, bee trails, open dayapiary, stands at diverse markets, lecturinghepipy etc.
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4 Empirical Study

In this part the data is processed and interpratedrding to the analytical tools used. Firstly,
the quantitative data analysis proceeds from agpppithematics (economic calculations,
growth rate, linear approximation) and time seri@salytical methods (Box-Jenkins
methodology) using some standard statistics. THeBew on from positivism and the
deductive reasoning to provide insight into causdhtionships between variables and to
straightforwardly present the outcomes. Secondilg, qualitative data analysis (case study
patterns) based on constructivism and the indu@pgroach is conducted to retrieve sundry
views of the issue. Since the qualitative datauieaspecific phenomenological character, it is
not possible to strictly detach the results frora #malysis, and so the key objective is data
comprehension, getting to the heart of the matter @lacing it in context of both existing
literature and real life.

4.1 Assessment of the Economics of Hobby Beekeeplbgerations

In spite of the rising popularity of beekeepinggrih still persists an information shortage of
small beekeeping operations economics. Particutsfyinning beekeepers might attach great
importance to the economics before they enter gekdeping business. Although honey is
the main product and its sales are substantialceoof beekeepers’ income, the operating
costs and initial investment remain high. In ortteplace the calculations in context, they are
assessed regarding the outcomes of conducted erpextiews and standardized surveys of
experts (hereinafter referred to as expert intevrsjeand compared with findings of some

existing studies.

When the respondents were asked to evaluate thwirbwusiness in terms of profit and/or
loss, 60 % of Czech beekeepers and 34.62 % of Sweiekeepers found their beekeeping
operations profitable; not only from an economiinpof view, but also with respect to joy
and social benefits it provides them. One in terCaé&ch interviewees had a loss-making
business, whereas in Swiss sample the proportics nearly twofold. Nevertheless these
beekeepers go on keeping the bees, because tlhby bangs them self-realization, joy, bee
products and so forth. Remaining 30 % of Czechaedents managed beekeeping operation
able to cover its costs, in contrast to SwitzerJamdere the majority of respondents (46.15 %)
stated balanced budget without any profit.
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With regard to the question of earning one’s livegdely out of beekeeping, addressed Czech
beekeepers are more optimistic than Swiss resptsoas the majority of them (84.62 % in
contradistinction to 60.71 % of Swiss intervieweésjls it possible to make a living by
beekeeping, although it is considered difficult &easible under certain circumstances, such
as affiliated production (e.g. joinery), higher amb of bee colonies, enough experience in
beekeeping, realizing the potential of other bemdpcts and supplementary activities (e.qg.
beeswax candles production, queen bees and nuwarges sales) and so forth. In this part
however the hobby beekeeping operations are examimeeconomic terms, regardless

momentous dependence of earning one’s living upakéeping.

Following subchapters provide insight into theialitnvestment in beekeeping operation of a

hobby beekeeper and structures of year-round expessi and revenues.

4.1.1 Initial Investment of Beginning Beekeeper

There are various motives for starting own beekegpperation — family tradition, interest in
nature and environment, own honey production andfosth. Beginners getting to the
apiculture from a family tradition might have maagrequipment and own mentor at their
disposal. The other way around, there are beginb@ekeepers starting from zero. Since the
initial costs are relatively high, it is recommedd® visit an apiary of an experienced
professional and see the pros and cons beforetingaaoney in own beekeeping operation.
Apart from material and necessary equipment, amneoas input of knowledge is needed to
begin and succeed in beekeeping in the long terne dverall calculation of the input
investment, annual expenditures and annual revesfubse beekeeping operation is presented
in Table 21 for the Czech Republic and in Tabld&zZSwitzerland (see subsection 4.1.4).

4.1.1.1 Beehive and Bee Colony

On account of the comparability between both caoestronly movable frame hives (Dadant,
Langstroth and Zander — see Appendices Il) arectsglefor the calculation of beehive
equipment. However it is necessary to emphasizetlisadimensions of these types may
slightly differ from one country to another. Thdatdation in Table 6 presents local costs on

one beehive in CZK and CHF without bee colony.

Buying a complete beehive seems to be cheaper yaoulee hive usually does not include all
the spare parts or material (especially the beelaraes or wax foundation combs) and the

beekeeper needs to buy them separately, which goesty increases the price.
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Table 6: Costs of the Beehive and its Equipment

Type of the beehive— Dadant Langstroth Zander

Complete beehive— 2 590 250 2590 285 2399 266
Beehive equipment] Pieces CZK| CHF |Pieces CZK| CHF [Pieces| CZK| CHF
hive cover (roof) 1 210 25 1 259 18 1| 259 55
inner cover 1 315 18 1 359 245 1] 379 74
super 4 360 59 4 190 33 3] 439 59
beehive frames (not wired) 15 20 1.8 60 20 1.8 60 20 1.8
wax foundation combs (kg) 1 389| 235 1 389| 23.5 1] 389 235
gueen excluder 1 185 155 1 169| 205 1| 149 115
brood body / chamber / box 1 490 50 1 490 37 1| 439 84
floorboard (varroa diagnosis) 1 10 3.5 1 10 3 1 10 9.8
bottom board + slatted rack 1 499] 325 1 519 45 1] 499| 105
Equipment in total — 5 038 539 4 155| 411.5 4 642| 647.8

Source: own processing according to normal (consunpeices by \elpo (2018),
Medocentrum.cz (2018) and Bienen-Meier (2018)

Costs for beehive frames vary according to theioam as well as in the way of their
completeness — assembled, but not wired beehivgefavithout beeswax foundation combs
are listed in the Table 6 as the budget-wise optidineady wired beehive frames are
available at the market for higher prices (i.e. @K or 2.7 CHF for 1 beehive frafi
According to the reckoning by Slaffa2019), strong bee colony of ca. 60 000 — 80 000
honeybees (i.e. quantity around summer solsticefi:i&@ movable frame hive with 3 — 4

supers.

Possible option for Dadant beehive type hence nbghio have one brood body super for 13
frames (dimensions 39 x 30 cm) and 3 — 4 supers facl3 frames (dimensions 39 x 15
cm). It is recommended to have some beehive fraanespare parts, so the sum is 75 frames
(13 for brood box, 52 for supers and 10 as sparts)pdn case of Langstroth hive, the
assumed optimum is having one piece of Jumbo s(iper brood box) for 10 frames
(dimensions 48.2 x 28.5 cm) and 3 — 4 supers @& &/8 Langstroth each having space for 10

frames (dimensions 48.2 x 15.9 cm). Total numbeframes amounts to 60 — i.e. 10 for

8 |n Switzerland the wired beehive frames with beesfoundation combs are sold too (ca. 6.5 CHF/piece

8 Originally considering Czech beehive with framendnsions 39 x 24 cm — one such frame for 1 500002
honeybees.
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Jumbo, 40 for 2/3 type and 10 frames as spare.gatgler beehive type has brood chamber
for 20 frames (dimensions 42 x 22 cm), the recondadroptimum is 3 supers each for 10
frames (dimensions 42 x 22 cm), and so the beekegpeld need ca. 60 beehive frames

(including 10 spare parts).

In accordance with the number of beehive frames bdgeswax foundation combs need to be
purchased. It is worked on following assumptiorfgstly, that 1 kg package includes ca. 12
beeswax foundation combs, and secondly, that béenyocan annually producés of
beeswax combs (Kamler et al., 2007), which is @udr regular beeswax renewal. One bee
colony can produce ca. 0.8 kg of beeswax per ydagreas it needs between 5 and 10 frames
with beeswax foundation combs (considering thatkéepers already have some empty
beeswax comBs at their disposal). In case of beginning beekeejies assumed that they
need more beehive frames with beeswax foundatiombspand so 1 kg package is used as

default for calculation.

The price of nucle§ bee colony is ca. 2 000 — 3 500 CZK in the CzeepuRlic and ca. 250
— 300 CHF in Switzerland. The establisffdoee colonies are more expensive and vice versa,

the packaget bees are cheaper.

4.1.1.2 Beekeeping Gear

On a one-time basis the following gear and toolb(@& 7) are bought for daily operation of
beekeeping business. The list is not exhaustiveahas are other forms of equipment in
various price ranges — e.g. digital beehive weiglrgamed honey mixer, aerosol generator

and so forth.

Similarly to the beehive equipment, the prices eleeping tools may differ according to the
type, technology and so on. This relates in pdercio the investment in honey extractor and
beeswax melter, which are the most expensive itétosey extractor can be purchased for
3490 CZK or 415 CHF, but also for up to ten tinmégher costs (i.e. 32 900 CZK or 4 350
CHF). The prices of beeswax melter can eventuatlyhie level 30 000 CZK in the Czech

Republic or 1 500 CHF in Switzerland.

8 sous
8 Jungvolk
87 Wirtschaftsvolk

8 Kunstschwarm
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Table 7: Costs of the Beekeeping Gear and Tools

Gear and tools| Pieceq CZK | CHF

beekeeping veit 1| 139 241
beekeeping gloves 1 199] 28.9
beekeeping suit 1 770 76.5
bee smokéP 1| 349 12
hive scraper / chisel 1 89| 195
frame lifter 1 69 29.5
nuc box § 399 12
mating nuc 1 359 20
swarm box 1 449 84.9
beekeeping brush 1 57 12
bee feeder | 110 10
honey extractor Il 3490 415
uncapping tank |l 880 35
uncapping scratcher fork 1 110 175
honey strainer / sieve 1 258 28.5
beeswax melter 1 4 990 190
solar wax melter | 1170 310
frame assembly todi 1| 260 34
beehive frame hole punciier 1| 500 19
wire (500 gj* 1| 139| 16.5
wax foundation wire embedder 1 730 108
Total — 15516/ 1 502.9

Source: own processing according to normal (consunpeices by \elpo (2018),
Medocentrum.cz (2018) and Bienen-Meier (2018)

8 Beekeeping veil might be a part of some beekeegiitg.
% |n Switzerland the beekeeper’s pipe (ca. 53 CHE d86 CZK) is commonly used instead of the smoker.

°! Frame assembly tool, beehive frame hole punchiee, and nails are necessary only in case the bpekee
assemble their own beehive frames and do not lvagdy prepared ones.
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4.1.1.3 Knowledge

In addition to that, beekeepers should in advaretetg know the basics of beekeeping
practice. They can try self-learning (i.e. autodicasm) through reading professional books
and journals and studying numerous available ssufeeg. websites, articles), visiting
training course organized by local beekeeping degdion, having a mentor (more
experienced beekeeper) or combine two or moreiaetivProbably the most comprehensive
book about beekeeping in the Czech Republic igefafstvi” by Vesely (Zginame ¢elait,
2019) for ca. 300 CZK. In Switzerland, "Das Schweigche Bienenbuch* (Das
Schweizerische Bienenbuch, 2019) for ca. 100 CHeéorssidered good information source
not only for beginning beekeepers. Many thematiblipations as well as professional
journals archives are usually available in librarief local beekeeping organizations.
Regarding the training courses for beginning bead#ex the Beekeeping Vocational School —
Beekeeping Training Centre offers a basic coursdals, ca. 2 300 CZK) and a retraining
programme (270 hours, ca. 31 000 CZK) in the C&epublic (Akce SOUV - VVC, o.p.s.,
2019). Swiss basic courses (18 half days spread two years — 9 half days a year) are
offered for ca. 650 CHF (Imkerkurse, 2019). Apaon the basic courses stated above, there

are plenty of private courses and specific worksheailable.

4.1.2 Structure of Expenditures

Operating expenses in beekeeping operation aréfispeaccording to Synek (2011) and they
include the costs of material, feeding, beeswaxlegyqueen bees exchange, treatment,
product packaging, transport costs, membership feetocal beekeeping organization,

charges for kept bee colonies and insurance.

From an economic point of view, the expendituredemuing the bee colonies are considered
the second highest (after labour costs) in the dggikg operation. According to the size of
the bee farm, these costs can reach about 15 — @0té total costs (Kamler, 2005; Sanova
and Benda, 2014). As seen in Figure 21 the majofitespondents find feeding costs in the
beekeeping operation the highest. These are fotlolwg expenditures on necessary
equipment (i.e. beehive frames, beeswax foundatimmbs, tools and gear), packaging
material (i.e. jars, lids, labels and buckets)nsport and treatment costs, time and personal
costs. Other costs were identified only in Swissyga and they include certification of

organic beekeeping, rent, fees and charges.
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Figure 21: Highest cost items according to the inteiewees
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Source: own processing according to the resulexpért interviews

In following subsections individual categories okpenditures in hobby beekeeping
operations are described with regard to good bg@kgeractice and expert interviews.

4.1.2.1 Time Demands

Time demands in beekeeping operation can be haydantified, since they are strictly
individual and depend on a broad range of factexg.(amount of bee colonies kept,
beekeeper’'s experience and age, type of beehiee&ebping practice and used techniques,
and length of season).

According to the expert interviews, the small-sdzekeepers (up to 30 bee colonies) usually
need 1 — 2 day$a week (ca. from 8 hours on) on average in higisae (i.e. approximately
from March to October) to manage their beekeeppwyation and ca. 1 — 2 days a month (ca.
2 hours weekly or 4 hours on a fortnightly basis)winter break (i.e. from November to
February) to do the necessary maintenance, cleamogtrol and to prepare for new
beekeeping season. In middle-sized beekeeping tapesgfrom 30 to 59 bee colonies) the
time demands are higher, as the interviewed beekeeptate that the average time

requirements for their bee farms are around 2 el8sha day (ca. from 18 hours a week on) in

92 30-called “Weekend-Beekeeping*“ (cf. WeiR, 2013)
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season and approximately 1 day a week (ca. 8 hourdf-season. In terms of professional
and commercial beekeeping operations (more thaeg0 colonies kept), the interviewed
beekeepers assume to spend at the minimum 5 —sGadagek (ca. from 40 hours a week on)
on average in season with beekeeping. During theeaison they usually dedicate themselves
to apiculture between 1 and 3 days a week. Howetves,necessary to emphasize that the

given figures remain indicative, because each legmkg operation is different.

Except for the bee products sale, beekeepers m dmintries use the off-season to process
and melt the beeswax and exchange it for beeswaxdfdion combs, to prepare beehive

frames (disinfection, assembling, wiring etc.),ctean and repair the bee hives, some tools
and material, if needed. Some beekeepers widendhkpert knowledge through reading and

visiting the courses and lectures. Experiencedessibnals often organize workshops and
give lectures about various topics on beekeepiagtjipe, queen bee rearing, bee products and
the like. Few of the respondents are voluntarilgaged in local beekeeping organization and
its activities (e.g. administration, running websitorganizing courses and exhibitions) and

some write articles for professional beekeepingrals.

4.1.2.2 Annual Investments

Apart from the feeding costs, annual investmentsrie bee colony are categorized in the
following way. One sixth of Swiss interviewees aaltyiinvest in one bee colony less than 50
CHF. The majority of respondents (41.67 %) payvieen 51 CHF and 100 CHF per bee
colony a year, whereas annual investment in onecbémny of slightly more than a fifth

(20.83 %) of respondents in Switzerland amountiécsum between 101 CHF and 150 CHF.
The same proportion of interviewed beekeepers % yearly invests in one colony more
than 151 CHF. These amounts of money are maingnhded for purchase of beehive frames,

equipment and hives replacement and to cover oostsaintenance, rent and so on.

A half of Czech respondents do not invest more th@ad CZK per bee colony a year, ca.
30.77 % of interviewed beekeepers pay between XK &d 1000 CZK per bee colony a
year, while annual investment in one bee colonganfl1.54 % respondents amounts to the
sum between 1 001 CZK and 1 500 CZK. Nearly 8 %ntdérviewees in Czech sample
annually invest in one bee colony more than 1 58K.CThis money goes to equipment and
hive replacement, beehive frames, maintenanceatitee and seeds of plants intended for

outdoor sowing to provide additional nectar sournads to enhance local bee pasture.
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Since the majority of Czech and Swiss beekeeperbabyists, they do not keep the books,
and so the tangible assets (such as beehives, lestr@gtor, other equipment and gear) are
not depreciated for tax purposes. However duedaitik of potential pathogen transmission
(American foulbrood in particular), regular thordudisinfection of the material as well as its

complete replacement from time to time are recontedn

4.1.2.3 Packaging Material

Table 8 and Table 9 show the expenditures on hpaeltaging in the Czech Republic and
Switzerland, providing that the beekeeper managdé®e colonies and maximum annual
honey yield amounts to 100 kg. Packaging mateni@nded for honey storage has to fulfil

the requirements given by the legislation on stdeage of the foodstuffs.

Table 8: Expenditures on honey packaging in the Czh Republic (100 kg of honey)

plastic honey pail (25 kg volume) 1 piece 92 4 368
glass jar (for 1 kg of honey) 1 piece 6 100 600
lid 1 piece 2.9 100 290
jar label 100 pieces 159 1 159
proof seal label 100 pieces 50 1 50
TOTAL 1467

Source: own processing according to normal (consummeces by iVcelarstvi.cz (2019),
Medocentrum.cz (2018) and®lpo (2018)

In Switzerland, honey is mainly sold in 500 g vokipots (see Figure 27), and so the twofold

amount of jars, lids and labels is needed in cdigtaction to Czech honey, commonly sold

in 1 kg volume jars.

Table 9: Expenditures on honey packaging in Switzéand (100 kg of honey)

plastic honey pail (25 kg volume) 1 piece 13.5 4 54
glass jar (for 500 g of honey) 1 piece 0163 200 126
lid 1 piece 0.34 200 76
jar label 100 pieces 11(3 2 22.6
proof seal label 100 pieces 16.2 2 32.4
TOTAL 311

Source: own processing according to normal (consupmiees by Bienen-Meier (2018)
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Except for the packaging material enumerated in€kaB and 9, beekeepers might use other
honey pot volumes and offer honey in gift-wrappettkaging as well. Some small-scale
beekeepers also sell other bee products (e.g. Isdpature, mead, salves), and so they need

to purchase special phials, bottles and boxes.

4.1.2.4 Feeding

To replenish bee colony stocks before overwinteribhgs recommended to use a sugar
solution of 3 sugar parts and 2 water parts orgasparts and 3 water parts (Lehnherr et al.,
2001; Titra, 2007), since denser solutions are more diffitnlbe processed by the bees
(Topokdk and Chlebo, 2018), and the other way around tesxentrated (than the
proportion 1:1) solutions are susceptible to fertaton and they may not be attractive
enough to bees (Somerville, 2014; ¢éfa, 2007). In addition to sugar water, there are
numerous types of other feed material (e.g. Sendad Skubida, 2016; Tita, 2018) and
nutritional supplements (cf. Charistos et al., 20I%e chart in Figure 22 illustrates the types
of feed material used by beekeepers in the Czecpultke and Switzerland before

overwintering and to support spring developmerd bee colony.
Figure 22: Types of feed material
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Source: own processing according to the resulexpért interviews

According to the results proceeding from the in@mg, it can be seen that the sugar water
prevails in both countries, particularly in the €aeRepublic. Besides sugar solutions (in

varying proportions) the respondents have statedrément of supplementary feed material
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including feeding dough (or paste), feeding syrupl aother alternatives (e.g. honey,
granulated sugar, fruit juice). Although feedingups and doughs are quite popular in
Switzerland, their use in Czech beekeeping operat®rather low.

The amount of feed material needed to supply omecbéony before winter varies inter alia
regarding climatic conditions and health of a beemry. Annual honey consumption per bee
colony in the Czech Republic is estimated byrait(2007) to 60 — 120 kg. Sufficient sugar
stock replacing honey before winter season thesatamges from 15 to 22 kg per bee colony,
depending on geographical and climatic conditiohspprtak and Chlebo, 2018). Table 10

provides an overview of expenditures on feedingating to different types of feed material.

Table 10: Costs of different feed material

TYPE OF FEED UNIT PRICE PER 1 KG | CONSUMED | COSTS PER BC
MATERIAL PACKAGE | CzK CHF | BCIYEAR | czK CHF
Granulated sugar 1 kg 15 1 15 kg 225 15
Apifonda™ (feeding dough) 15 kg 44 3.20 15 kg 660 48
Apiinvert™ (feeding syrup) 28 kg 40 1.90 15 kg 600 28.5p

Source: own processing according to normal (consuprees by Bienen-Meier (2018) and
iVcelarstvi.cz (2019)

From the Table 10 it is clear that sugar has thetrfavourable price rate in contradistinction
to feeding dough and syrup. Surprisingly the défere between the unit price of granulated
sugar and feeding syrup is substantially lowerwit&rland than in the Czech Republic. In
view of this fact, the differences in proportiorfsboth feed materials used in both countries

(see Figure 22) are partially clarified.

With regard to Czech expert interviews, one fifthimterviewees (20.51 %) reckon the
feeding costs up to 199.99 CZK per bee colony, edeione third of respondents assume the
total sum between 200 and 299.99 CZK per bee colbay 17.95 % of interviewed Czech
beekeepers the sum of feeding costs is higher3B@rCzZK, but lower than 399.99 CZK. The
same proportion of interviewees estimates the edipges on feeding between 400 CZK and
499.99 CZK. Every tenth pays for feeding one bdergoa year more than 500 CZK.

Slightly more than one sixth (17.39 %) of responigen Switzerland estimate their feeding
costs to be lower than 20 CHF per bee colony, ne&l5 % assume their costs to be less

than 30 CHF per bee colony and the same proportickons the expenditures on feeding up
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to 40 CHF per bee colony. For more than a fifthSefiss interviewees the sum of feeding
costs is higher than 40 CHF per bee colony. In@zwe with the results presented in Figure
22, the majority of interviewed beekeepers usedassthe sugar water some supplementary
nutrition (i.e. honey, dough, syrup). Furthermdtes crucial role of sugar in beekeeping is
also highlighted by Serakova and Svato$ (2019).

4.1.2.5 Beeswax Processing

In case of beeswax processing, for hobby beekegplee budget-wise option the exchange of
own melted beeswaX for beeswax foundation combs in beekeeping shopsy deeswax
processors. Sometimes the commercial beekeepess davheir disposal equipment for
beeswax processing and beeswax foundation comdsigiron, offering this service to small-
scale beekeepers in region. Beekeeper brings owtediebeeswax to a processor, the
beeswax is weighed and the final value is adjustedaccount of some impurities (e.g.
pollen). Then on the basis of the weight, the besswundation combs are sold to the
beekeeper for lower price. The exchange ratesa@eyrding to the impurities between ca. 40
CZK to 60 CZK per kg in the Czech Republic and lestw ca. 8 CHF to 10 CHF per kg in
Switzerland (cf. Imkerhof, 2019; iVcelarstvi.cz,18) \celpo, 2018). One kilogram of new
beeswax foundation combs (without exchange for dvaeswax) can be bought for
approximately 350 — 400 CZK in the Czech Repubfid 20 — 25 CHF in Switzerland (cf.
Imkerhof, 2019; iVcelarstvi.cz, 2019;¢®lpo, 2018). Some processors in the Czech Republic
make a purchase of the surplus of beeswax fort@&—-1220 CZK/kg, without any exchange

for foundation combs.

4.1.2.6 Queen Bee

The queen bee lives 3 — 5 years, but in beekeapegtion her exchange is recommended
every 2 — 3 years (Top@iak and Chlebo, 2018; Vesely, 2007). Beekeepers tnégr their
own queen bees and/or they can buy them from miofesl breeders. Figure 23 illustrates the
origin of queen bees in the Czech Republic and ZanWdnd according to the results

proceeding from conducted interviews.

% |n beeswax melter or solar wax melter

% Some processors might accept honeycombs too.
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Figure 23: Origin of queen bees
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Source: own processing according to the resulexpért interviews

The groups of beekeepers who only buy queen beesotaonsist solely of beginning
beekeepers or beekeeping operations of small déatenstance in Swiss sample, there are
experienced beekeepers (from 40 to 60 years ofriexype) managing bee farms of various
sizes (from 9 to 300 bee colonies) who do not breed queen bees. According to the
interviews, in Switzerland the usual price of quéee is between 35 and 50 CHF (in some
cases even higher — ca. 85 CHF). Concerning thembee safé in the Czech Republic,
there are unfertilized queen bees (ca. 100 — 20K/ Qdeen bee), fertilized queen bees (ca.
300 — 500 CZK/ gueen bee) and inseminated queen(bae850 — 2000 CZK/ queen bee) for
sale (cf. Bee Research Institute, 2017).

4.1.2.7 Varroa Mite Treatment

With regard to beekeeping treatment against vamb@, two completely different approaches
are used in both countries. There exist severabwayreat honeybees for varroa mites and
accordingly related research studies assessingffiicacy of single methods (e.g. Giacomelli
et al., 2016; Gunes et al., 2017; Kamler et allL,&2®Rademacher and Harz, 2006). On account

of the great importance of bee colony health, abvagw medicines and treatments are

% Stated prices of queen bees are only indicativetaay can vary depending on various conditionseéie,
insemination, fertilization, queen bee breeder)etc.
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introduced (cf. Giusti et al., 2017). ReferringBeyer et al. (2018), the weather conditions

and perfect timing of the treatment are importaetdrs in varroa control strategies.

On the basis of the conducted interviews, in thed@zRepublic the mainstay of varroa
control and treatment consists in application ofrnfidol™, Gabod™ and Varidol™
medications. Other methods include use of prodootgaining thymol (e.g. Apiguaf),
spring brood coating, aerosol evaporation (M-1 ABRand drone brood removal. As seen in

Table 11, the medication is partially subsidizedtmsy EU® (i.e. combating varroosis).

Table 11: Costs on Varroa Treatment in the Czech Ramublic

Formidol™ (20 pieces — 20 bee colonies) 1 package 177 59p
Gabon PE" 90mg (50 strips, 2 — 3 strips / bee colony) 1 pgek 203 675
Thymovar™ (10 evaporation strips — 5 bee colonies) 1 package 156 519
Varidol™ (5ml) + 50 fumigation strips (1 piece / bee colpny 1 package 31 102

ToTAL — [ s7 cax |10 cz

Source: own processing according to normal (consuprces by Bee Research Institute
(2017)

In Switzerland varroa treatment mainly consistapplication of organic acids — formiacid

and oxalid® acid. According to the expert interviews, few keepers also use lacticacid,
essential oils, products containing thymol andfe@ytremove drone brood. Table 12 shows
the costs on varroa mite treatment in Switzerl&eferring to the respondents, some cantons
(e.g. Basel — City, Grisons, Schwyz) have covenedcbsts for formic and oxalic acids.

Table 12: Costs on Varroa Treatment in Switzerland

Formic acid (70 %) / Formivaf (2 — 3 ml / frame) 1 litre 11.2
Oxalic acid (5,7 %) / Oxuva¥ (5 — 6 ml / frame) 1 litre 28
Thymovar™ (10 evaporation strips — 5 bee colonies) 1 packpge 32.9

% Regulation (EU) No 1308/2013 (NAP, 2016) —ifdeni vlady¢. 197/2005 Sh., o stanoveni podminek
poskytnuti dotace na prov&d opateni ke zlepSeni obecnych podminek pro produkelaiskych produki a
jejich uvadni na trh

" Ameisensaure / kyselina mrawén
% Oxalsaure / kyselina’dvelova

% Milchs&ure / kyselina mi@a
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ToTAL — [ 72 cre]

Source: own processing according to normal (consupmiees by Bienen-Meier (2018)

Regarding the precautions, interviewees both in @mech Republic and Switzerland
emphasize particularly the importance of hygieregtar disinfection of hives and tools,
cleanliness, not to mix the contents of differemiel), in-time treatment (keeping the
deadlines), thorough year-round colony monitorimggular exchange and renewal of
honeycombs and beeswax foundation combs, strongvaltded bee colonies and last but not
least good beekeeping practice.

4.1.2.8 Transport Costs

Concerning the transport costs, it is necessatgke two aspects into the consideration. For
one thing it is the location of the apiary (seeuféy24) and for another the migratory

beekeeping.

Figure 24: Location of the apiary
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Source: own processing according to the resulexpért interviews

From the chart it is clear that the majority of €zend Swiss interviewees need to allow for
some additional transport costs, as their apia@es situated either outside their

neighbourhood or in two or more different locatigasy. in the garden, in the yard, in forest,
in the mountains or valleys, at the cottage). seaaf larger operations, spatial distribution of
apiaries works well as one of precautionary measagainst potential pathogen transmission.

Bee colony thefts and/or vandalism neverthelessngeto its drawbacks.
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According to Lehnherr et al. (2001) migratory beskeg offers among other things
additional forage in summer, significantly largemley yields on average, positive effects on
colony development and possible bee density resluati the region during lean flow period.
Its shortcomings are for instance extra work faparation, the transhumance itself, difficult
colony control, transport costs, physically demagdivork and high-risk given by potential
leaving the flow out unused due to bad weather ifbelr et al., 2001). In defiance of its
indisputable virtues mentioned above, migratorykbeping is not very popular among hobby

beekeepers due to several reasons.

Migratory beekeeping is not common between Czespamrdents, as only 4 of them (out of
44) carry it out for better bee forage and varidtahey. They manage middle-sized
beekeeping operations (from 21 up to 59 bee catpniBy contrast, frequently mentioned
arguments against migratory beekeeping are the tdckquipment, threat of pathogen
transmission, small-scale beekeeping, stress fob#es, time and age reasons. Almost one
fourth (23.25 %) of the interviewees is satisfieithvthe available bee pasture and they see no

need to practice migratory beekeeping.

In Switzerland, 9 respondents (out of 31) use thpodunity of migratory beekeeping to
provide bees with better pasture sources and ricbetar and pollen flow, to secure queen
bee breeding, to increase the honey yields an@neekt varietal honey. Frequent destination
is therefore the mountain area. They are middlegsend professional beekeepers, managing
beekeeping operations between 15 and 1000 bee ieslomhe other way around, the
mentioned arguments against migratory beekeepmbigh expenditures, lack of time, threat
of pathogen transmission, extra workload, stress tfee bees and keeping bees in

Schweizerkasten hives.

4.1.2.9 Membership in a Beekeeping Organization

The vast majority of interviewed experts both ire t&€zech Republic (95.45 %) and
Switzerland (96.77 %) are members of local beekegprganization. One of the duties of a
membet® is to pay membership fee (per person a year) aoHasge for each kept bee
colony. In the Czech Republic in 2019 the memberdbe is 200 CZK and a charge for
colony amounts to 16 CZK (@bnik ¢. 1/2018, 2018). In Switzerland all cantons andaloc

organizations have their own schedules of charyesording to the respondents, membership

1911 the Czech Republic the Beekeeping Clubs fotdEéh and Youth are exempt from the payment.
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fees are usually between 25 CHF and 50 CHF peopergear and charges for colony range
from 0.50 CHF to 3 CHF per bee colony and year tihey can be lower/higher depending on
local beekeeping organization and cantonal requargsn

4.1.2.10 Insurance

Insurance is considered as optional item of theeedjures. Nearly a third of Swiss

interviewees confirm paying private insurance (dent insurance, liability insurance,

household insurance and the like). Respondents tinenCzech Republic who are members of
the Czech Beekeepers Union have general accidentraince (by private insurance

company®™) as well as property insurance (by Self-h&fund of the CBU) and they might

rely on the legal assistarté&provided by the CBU.

4.1.3 Structure of Revenues

The profitability of beekeeping operation depends warious factors. With regard to
Eiblmeier (2016), the aim should be the highestelyoyield as possible in proportion to time
requirements and capital investment. That dependsfolowing circumstances: pollen
availability in the region, nectar and honeydewflgyear-round weather, microclimate of the
apiary, hives’ temperature, beekeepers’ knowledw skilfulness, the ability to exchange
experience, ideas and impulses, state of bee eslohealth, queen bee and her genetic
(familial) features and beekeeping practice — irdgations and the system of treatment
(Eiblmeier, 2016; Kamler, 2005).

4.1.3.1 Honey Sale

Regarding honey sale, there are various possisilitd market honey (as well as other bee
products). The results of conducted interviewsstiated in Figure 25 present the mainstay of
them. In both observed countries, the direct daten(the front yard) prevails. It can be seen
that the place of honey sale is more diversifiedSwitzerland in contradistinction to the
Czech Republic, where for instance the proportibnsales realized during events (e.qg.
Christmas market, local fair) or in other storeg.(@harmacy, restaurant, hotel, own e-shops)
iIs much lower. An interesting seasonal opportutotgell honey is to offer special Christmas

packaging of honey pots to companies as a giveaway.

19 Jrazové pojigini (Urazové pojigni ¢leni CSV, 2019)
102 syépomocny fond (Statut Svépomocného fo@igl, z.s., 2016)

193 pravni pomoc (Stmnice CSV, z.s. o pravni pomoci, 2016)
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Figure 25: Common ways to market honey in the CzecRepublic and Switzerland
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Source: own processing according to the resulexpért interviews

However, it is necessary to state that there exsgsoup of beekeepers not selling honey,
since they use it just for own consumption, asfiaagid/or they leave (some or all) honey to

the bees to avoid artificial feeding with suganupg.

Potential honey sale revenues in beekeeping opasatif various sizes in the Czech Republic
and Switzerland are stated in Tables 13 and 14h®masis of the structure of respondtfits
and beekeeping operatidfis the hobby beekeeping operations up to 30 beeniesldBC)
are selected. The average honey yield is considesdd) per bee colony a year for bee farms
with 5, 10 and 15 bee colonies, and 20 kg per by a year for operations with 20, 25 and
30 bee colonies. It is supposed that the differesteexming from higher honey vyield is used
for own consumption of the beekeepers and theiilizen Overall calculation works on the
assumption that with the exception of beekeepirgratppns up to 10 bee colonies, the honey
yield is not completely sold directly from the yaf@iven the results in Figure 25, the honey
can be marketed for higher (Group 1) or lower (@r@y prices. Group 1 (150 CZK/kg and
26 CHF/kg) includes the direct sales such as safa the yard, local and/or farmers’ market,
events (fairs, exhibitions, Christmas markets eind own shop. Group 2 (120 CZK/kg and
22 CHF/kg) consists of honey pot distribution tedbgrocery stores, restaurants and other

shops as well as to bulk.

194 see Figure 18 in subsection 3.4.1 and Figure 20lisection 3.4.2

1% see Figure 5 in subsection 2.1.2
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Table 13: Revenues of various hobby beekeeping opdions in the Czech Republic

Aqg;ae?/e Amount SEE
Yield of Honey [ Group 1 | Group 2

¥BC |kg/BClyear| oo kg kg Cle?/(I)<g Clefl(Iig o2 |xczxec
5 15 75 75 0 11250 0 11250 2250
10 15 150 150 0 22500 0 22500 2250
15 15 225 193.5 31.5 29025 3780 32805 2187
20 20 400 344 56 51600 6720 5830 2916
25 20 500 430 70 64500 8400 72900 2916
30 20 600 516 84 77400 10080 87480 2916

Source: own processing

Taking into consideration the results from Czeclpesk interviews in Figure 25, the
multiplication coefficient for the Group 1 is 0.§Be. yard sa®® 71.93 % + market sale
12.28 % + events 1.76 %) and for the Group 2 igl Qi. grocery stores 5.26 % + other
stores 1.76 % + bulk 7.02 %). Consequently, th&é@mer managing 20 bee colonies, having
an average honey yield of 20 kg per bee colonyaa gells 344 kg of honey for 150 CZK/kg
and 56 kg of honey for 120 CZK/kg. However sucltcehition is indicative, inasmuch as the
honey sale is strictly individual and depends an gtructure of beekeepers’ customers, their
preferences, networking, honey yield, promotion amghy other factors. In case of small-
scale beekeepers having full-time job it is notpaged that they all have a stand on a weekly

farmers’ market, but it might be an alternative fietired beekeepers.

In spite of the fact that the majority of Swiss Bgns sold in 500 g volumes (see Figure 27
below), the calculation is in order to draw a congun between Switzerland and the Czech
Republic carried out for 1 kg volumes. Similarlyttee calculation in Czech conditions, the
multiplication coefficients for the Group 1 and @po2 in Swiss terms also stem from the
results given in Figure 25. Total amount of horeynultiplied by 0.53 in Group 1 (i.e. yard
sale 34.25 % + market sale 8.22 % + events 10.96ar¥b)is multiplied by 0.47 in Group 2
(i.e. grocery stores 27.39 % + other stores 17.8% Ptilk 1.37 %). And thus the beekeeper
managing 25 bee colonies, having an average haek/of 20 kg per bee colony a year sells
265 kg of honey for 26 CHF/kg and 235 kg of honey22 CHF/kg. Also in this case it is

1% |n the Czech Republic the honey sale from thetfyamd is limited up to 2 tons of honey a year (Rjaze
dvora, 2019)
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necessary to accentuate the individual charactéoonéy sale and potential revenues, which
both are conditional on numerous factors — sontaeyh are described below.

Table 14: Revenues of various hobby beekeeping op¢ions in Switzerland

Average Amount Sale
Honey fH
Yield OrHoney | Group 1 | Group 2
BC x 26 22 »
> BC kg/BClyear Yield kg kg CHF/kg CHF/kg CHE > CHF/BC

5 15 75 75 0 1950 0 1950 390
10 15 150 150 0 3900 0 3900 390
15 15 225 119.25 105.75 3100.5 2326.pb 5427 3618
20 20 400 212 188 5512 4136 9648 482.4
25 20 500 265 235 6890 5170 12060 482.4
30 20 600 318 282 8268 6204 14472 482.4

Source: own processing

In terms of marketing bee products, fairly high godions of beekeepers do not use any
promotion channels to improve their bee productiessaFigure 26 shows the results
originating from conducted expert interviews.

Figure 26: Bee products sales promotion in the CzedRepublic and Switzerland
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Source: own processing according to the resulexpért interviews
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In Switzerland, according to the respondents thstmopular way to promote honey sale is
word of mouth marketing” (WOMM), whereas almost similar amount of intervems finds
advertising and marketing efforts utterly unnecasssince there is an excess of demand over
supply®® on the market with honey. Neither in the Czech udéip, more than a half of
respondents promote their bee products, as thdgrgiee direct contact with customers on
public events according to good public relatiSAgrinciples to word of mouth marketing.
Category advertising includes various signs (ond#e in the front yard — see Appendices
), business cards, advertisements in local nepsps, flyers and leaflets distribution, honey
sale in small local shops (e.g. organic food skape shop, cheese shop, pharmacy). For the
time being, the promotion through internet websdasd social networks is not extensively

used.

Concerning the structure of honey purchasers, taerethree different groups (family and
friends, regular customers and irregular clientie results of both countries are very similar,
since the category of family and acquaintance pievé43.37 % in the Czech
Republic, 42.46 % in Switzerland), being followsy categories of regular clients (33.73 %
in the Czech Republic, 36.99 % in Switzerland) @amelgular customers (22.89 % in the
Czech Republic, 20.55 % in Switzerland).

Honey origin is the most important deciding fadtmr consumers both in the Czech Republic
and Switzerland, when buying honey. Local prodaatdansiderably preferred to foreign one
(Ebener, 2015; Sanova et al., 2017).

With regard to the honey consumption features iih boountries, the average honey
consumption over a 15-year period from 2000 to 2i31bigher in Switzerland (i.e. 1.3 kg
honey per capita and year; Agristat, 2001 — 20b@h tin the Czech Republic (i.e. 0.7 kg
honey per capita and year; SVZ, 2017). Although esdarmer marketing campaigns have

197 Mund-zu-Mund-Propaganda, defined by Thorne (2088)a marketing tool of indisputably powerful
influence, when customers have a good reasonk@kelut the product and share their own opiniorgesence
and recommendation to promote the product.

108 See the subsection 2.2.3 for details.

199 pyblic relations are here defined according todman (2009) as building the relationship between a
beekeeper (who is selling variety of bee produets)l the local public. It contains direct sale talldh
customers, participation on public events (suchaskets, exhibition stands, public honey harve3titegturing
and having the honey quality confirmed by an auth@nd/or certification (Siegelimker in CHesky med in
C2).
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already focused on honey promotion (e.g. Bez medunejde, 2008; Medové sniddf?,
2019), more advertising strategies are neededctease domestic consumption of honey in
the Czech Republic.

As seen in Figure 27, there are huge differencésdam both countries in volumes of the

honey pots commonly sold.
Figure 27: Honey sale — volumes of the jars sold the Czech Republic and Switzerland
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Source: own processing according to the resulexpért interviews

The results of the expert interviews in Switzerlaodrespond to the results of the consumer
survey by Ebener (2015), stating that the saleookly jars sized 500 g prevails, followed by
250 g packaging. The bar chart shows that therenarevalues for category 750 g in
Switzerland or for category under 250 g in the @z&epublic. The latter includes in
Switzerland the volumes of 125 g (1.64 %), 100 .§24%) and 50 g (1.64 %). In the Czech
Republic in contradistinction to Switzerland thenbg pots of 1 kg are commonly sold,
followed by volumes of 500 g and volumes largenttiekg (specifically the 5 kg packaging).
One interviewed Swiss beekeeper sells few 20 k¢pauers of honey to children’s homes and

canteens.

According to marketed honey varieties, there arg fmategories identified — floral honey,
honeydew honey, monofloral honey and some othestypee Figure 28).

10 Honey Breakfasts
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Figure 28: Honey types sold in the Czech Republicd Switzerland
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Source: own processing according to the resulexpért interviews

Floral honey category includes spring, summer anceehflower honey. The proportions of
floral and honeydew honeys in both countries mafghwith each other. However there is
considerable difference between categories for rtarad and other honey types. In Czech
dataset the false acatihhoney, oilseed rape honey, linden honey and cuesioney are
considered varietal and they correspond to uniflti@neys presented by it (2013).
Reported Swiss monofloral honeys are linden hoeega honey, false acat?d honey, fir
honey, chestnut honey and alpine rose honey. Thatghrup with types of Swiss varietal
honey proposed by Bogdanov et al. (2008). GroufeadlOther” is comprised of creamed
honey and comb honey.

On the basis of the conducted interviews, the @eepaice for 1 kg of honey is 145.375 CZK
in the Czech Republic and 25.76 CHF in Switzerlaidcording to Simpach (2012), the
honey price has its own, market-independent devedmp. A half of Czech respondents set
the price based on a comparison between the mprlads, whereas more than a fifth of
interviewed experts (21.43 %) carry out neithemestions nor calculations to specify their
bee product prices. For 14.29 % of Czech respordestable price affordable to customers,
proceeding from own consideration and estimatiamizortant. Nearly every tenth out of the
Czech dataset finds crucial that revenues from yi\@akes cover the expenses of beekeeping

111) ocust tree
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operation and approximately 4.76 % of responddiaw dor the amount of yield and demand
for honey. The majority of Swiss respondents (404)sets the price according to the rate
suggested by VDRB, almost one fifth (18.52 %) déimiewed experts draws a comparison
between the market prices, while only 7.41 % oénwiewees do price calculation in relation
to expenses. Ca. 14.81 % of Swiss respondents stade honey price and 18.52 % of

interviewees do not make substantial efforts toudate own bee product prices.

Considering the honey price, the majority of Swasssumers is ready to pay higher prices
for inland (domestic) product and the price is ida®ed as the least important aspect of
honey purchase (Ebener, 2015). For Czech honeydfiyyece is the second most important

deciding factor in honey selection (Sanova et2f1,7).

4.1.3.2 Other Bee Products Sale

The expert interviews both in the Czech Republit Switzerland confirmed that for the vast
majority of interviewees honey sale is the key meosource of their beekeeping operation.
The sale of other bee products (e.g. propolis, veaes and processed goods (e.g. mead,
cosmetics) ranges from 25 % (in the Czech Repubdic30 % (in Switzerland). However
54.84 % of Swiss respondents and 34.09 % of Czesppondents confirm that besides honey
they also produce other bee products. Some of tmade it just for family, friends and

acquaintance, not for commercial purpose.

Figure 29 below provides closer insight into thie sd other bee products. From the chart it is
clear that the propolis is quite frequently markeia both countries. The category is
comprised of raw propolis, its tinctures, chewingng and the like. For example 20 ml of
propolis tincture sold from the yard approximatetsts in the Czech Republic more than 40
CZK, in Switzerland between 11 CHF and 20 CHF him €zech sample unlike the Swiss one
there was no beekeeper selling pollen (in capsarigganulated). Price of pollen might range
from 20 CHF to 24 CHF for 200 g. On account of mehd price for a bottle in 0.5 | volume
is ca. 11 CHF in Switzerland and from ca. 100 CAKhe Czech Republic, considering the
direct sale (from the yard). Regarding cosmetibhsrd exists broad portfolio of products,
varying from salves and creams to lip balms aneMike. Beeswax category includes candles
and the indicative price of 1 kg beeswax is 20 GiBwitzerland and 300 CZK in the Czech
Republic.
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Figure 29: Sale of other bee products in the CzedRepublic and Switzerland
ECH mCZz

ROYAL JELLY 8.33%

PROPOLIS 33.33%

POLLEN 16.67%

MEAD

21.05%
16.67%
COSMETICS 10.53%
16.67%
BEESWAX 21.05%

Source: own processing according to the resulexpért interviews

4.1.3.3 Sale of Products for Beekeepers

Concerning the sale of products for beekeepers;, antmall minority of all respondents
produces for instance beeswax foundation combgdwirames and other equipment. Three
interviewees from Swiss sample group rear quees foeesale (price ranging from 25 CHF to
60 CHF for a queen bee) and two of them regulalyraicleus colonies (price varying from
180 CHF to 220 CHF per colony). One Czech respanskdis own beehive frames, beeswax
foundation combs and other small beekeeping equpramly a small amount of beekeepers
offers queen bees and nuc colonies for sale, whdeaging (with a few exceptions) more
than 50 bee colonies. Moreover, referring to Karf2€05), some commercial and large-scale
beekeeping operations often run affiliated produrct{e.g. joinery, beeswax processing)

and/or counselling.

4.1.3.4 Subsidies

Regarding the subsidies, in Switzerland there ig&weral state support of beekeeping and
such competences are distributed within the cahtso@pe. Each canton has its own policy
and tools to support beekeeping — with regard ¢éocttnducted interviews, some beekeepers
receive varroa treatment agents (formic acid andlioxacid) free of charge or partially
subsidized (e.g. Basel — City, Grisons, Schwyairtbontributions to disease fund might be

covered by canton (e.g. Lucerne, Zug) and cantaarl policy is adjusted to hobby
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beekeepers (e.g. no imposition of a tax up to rertecome from beekeeping and/or certain
number of bee colonies kept). Furthermore, someicipalities directly pay beekeepers a
contribution ranging from 10 CHF/ bee colony to GBIF/ bee colony. According to the
interviews, beekeeping in the Czech Republic ispsted from the Et}? (technical aid,
combating varroosis, rationalisation of migratosekeeping, honey analysis, hive renewal),
from the state (programme 1, income tax relief up to 60 bee colonies and tiverine up

to 30000 CZK'), from regions (support of beginning beekeepers§i d&rom some

municipalities as well.

4.1.4 Summary

This subsection provides an annotated overvievhefeconomics of small-scale beekeeping
operations in the Czech Republic and Switzerlarghnding the initial investment, annual
expenditures and annual revenues including recordatems to improve their economic

activities.

According to Table 15 it can be seen that the impaterial costs for the beekeeping operation
of 5 bee colonies (BC) in Langstroth beehives (Balgle 6) are in the Czech Republic ca.
53 891 CZK and in Switzerland ca. 5 560.5 CHF,esndelow in Table 16.

Table 15: Initial investment of beginning beekeeper the Czech Republic

Beehive 20775] 4155( 62325 83100 103875 124650 £L¥HY piece
Bee colony 15000] 30000 45000 60000 75000 90700 03AK/ BC
Gear and tools 15516 15516 15516 15516 15516 15pdée Table 7
Education 2600 2600 2600 2600 2600 2600  book, eours
TOTAL 53891 | 89666 | 125441 161216 196991 2327psum in CZK

Source: own processing

112 Regulation (EU) No 1308/2013 (NAP, 2016) —ifdeni vliady&. 197/2005 Sb., o stanoveni podminek
poskytnuti dotace na prov&d opateni ke zlepSeni obecnych podminek pro produkelaiskych produki a
jejich uvaéni na trh

113149 CZzK for overwintered bee colony for the ye@d@ (Ministry of Agriculture of the Czech Republic
National Subsidies according to the Act on Agriard)

114 Act on Income Taxes — § 10 (3) a) zakén&86/1992 Sb., zakon o danichifjmpii, v platném zani
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With regard to the education, it is assumed thgirimeng beekeeper visits at least the basic
beekeeping course (i.e. 2 300 CZK and 650 CHF)baryd recommended literature (i.e. 300
CZK and 100 CHF), as outlined in 4.1.1.3.

According to the data obtained from the expert nnésvs, nearly one third of Czech
respondents (32.26 %) finds it possible to begepkey the bees with initial investment up to
20 000 CZK. The majority of interviewed experts .45 %) expect the input costs to range
between 20 001 and 40 000 CZK. Slightly more thafifta (22.58 %) of the Czech
interviewees assumes that the beginning beekeeggeisrmore than 40 001 CZK to start a

hobby beekeeping business.

Table 16: Initial investment of beginning beekeeper Switzerland

Beehive 2057.5 4115 6172.p 8230 10287.5 12345 A3HH piece
Bee colony 1250 2500 3750 500( 625D 7500 250 CHF/ B
Gear and tools 1503 1503 1503 15083 1503 15p3  dele Ta
Education 750 750 750 750 750 750 book, course
TOTAL 5560.5 8868 | 12175.5 15483 187905 22098um in CHF

Source: own processing

The majority of Swiss respondents (57.89 %) suppdke input costs of the beekeeping
operation of beginning beekeeper to be up to 60CBE. More than a fourth (26.32 %) of
interviewed experts estimates the expenditures ¢obbtween 6 001 and 12 000 CHF.
Remaining respondents (15.79 %) assume the initi@stment to be higher than 12 001
CHF.

On account of high input costs, it is worked on @issumption that the beginning beekeeper
starts the beekeeping operation with 5 bee colaamtigee maximum and after gaining some
experience increases the number of colonies. Ire cafs rooftop urban beekeeping
operatiori™> 10 bee colonies are usually considered as maxjmpraferably to an
experienced beekeeper.

115 5ee the subsection 4.4.2 for details
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Interviewed experts from both countries naturadliget into consideration the possibility of
buying second-hand ge&t but the beekeeper needs to bear in mind the iapce of

hygiene and thorough disinfection of older equipmém prevent potential pathogen
transmission. Hence the replacement of inapprapriequipment once in a while is

recommended.

With regard to annual expenditures in beekeepiregaifon, it is necessary to emphasize that
their proportions are strictly individual, inasmuels they mainly depend on beekeeping
practice. Every beekeeping operation is differemd ¢he costs cannot be generalized. The
structure of expenditures is derived from subsectddl.2, whereas some further remarks
might be added.

For both countries it is considered that the begdwandation combs are purchased through
exchange of beeswax (1 kg per bee colony) andhkdieekeeper replaces one fifth of queen
bees yearly through buying new queen bees. Theitatmsts are calculated according to the
outcomes of the interviews presented in 4.1.2.%eredseasdn’ hours account for 256 hours

(8 months, 4 weeks monthly, 8 hours weekly), ofisset'® is ca. 32 hours (4 months, 4

weeks monthly, 2 hours weekly) and there are 1Paexburs (i.e. 300 hours a year in total).
The hourly wage differs according to the countryangport costs are considered equal for
beekeeping operations of various sizes. Memberfgap are adjusted regarding the results

described in 4.1.2.9. The item insurance is ndudwed, as it is considered optional.

In case of Czech Republic (see Table 17), it isnegéd that feeding costs per bee colony do
not exceed 300 CZK and the investment is not higjtean 500 CZK per bee colony. The cost
of varroa treatment proceeds from calculating teaditures on diverse medicaméfitper

bee colony.

Y8 E g. \elarské inzertni noviny (2019) in the Czech Republid lrserate-Ubersicht (2019) in Switzerland
7 From March to October
18 From November to February

119 Formidol (9 CZK/BC), Gabon (12 CZK/BC), Thymova&1(CZK/BC), Varidol (2 CZK/BC) — see Table 11
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Table 17: Expenditures in the beekeeping operation the Czech Republic

Feeding 1500 3000 4500 6000 7500 9000 300 CZK/BC
Beeswax 250 500 750 1000 1250 1500 50 CZK/ kgh@mxge)
Queen bee 300 600 900 1200 1500 18p0 300 CZK/ cheen
Varroa treatment 270 540 810 1080 1350 16pP0 54 &K/
Packaging 1467 2934 4401 5868 7335 88D2 see Bable
Investment 2500 5000 7500 10000 125p0 15000 500/BZK

Labour costs 45000 45000 45000 45000 45000 4500® haors, 150 CZK/ h
Transport costs 1000 100( 1000 1000 1000 1000 @0 year
Membership fees 280 360 44(Q 52( 600 640 200 CZK €2K/BC
TOTAL 52567 | 58934 | 65301] 71668 78035  844( gum i 7K

Minus labour 7567 | 13934| 20301 26668 33035 394p2

Source: own processing

From the Table 17 it can be seen that the assumptigamler (2005) and Sanova and Benda
(2014) is right, and so the feeding costs in giveakeeping operations range from 19.82 % to
22.84 % of the total costs (excluded labour costs).

Table 18: Expenditures in the beekeeping operation Switzerland

Feeding 175 350 525 700 875 105p 35 CHF/BC
Beeswax 45 90 135 180 225 270 9 CHF/ kg (exchange)
Queen bee 40 80 120 160, 200 240 40 CHF/ queen bee
Varroa treatment 23.6 47.1 70.7 94.2 1178 141.371 €HF/ BC
Packaging 311 622 933 1244 1556 1846 see Table 9
Investment 400 800 1200 160d 2000 2400 80 CHF/BC
Labour costs 9000 9000 900 9000 9000 90p0  300shBQrCHF/ h
Transport costs 300 300 300 300 300 300 300 CH#/ ye
Membership fees 40 45 50 55 60 65| 35 CHF + 1 CHEF/ B
TOTAL 10335 | 11334 | 12334| 13333 14338 1533 25 um in CHE

Minus labour 1334.6 | 2334.1] 3333.1 43332 53328 633P.3

Source: own processing
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In Switzerland (see Table 18) the average costnba treatment measures is estimated 4.71
CHF*?° per bee colony. Feeding costs are considered 35 i bee colony at the maximum
and it is assumed that Swiss beekeeper annualBstievin one bee colony ca. 80 CHF.
Regarding the feeding costs, in beekeeping opeststated above in Table 18, the
proportion of expenditures on bee feeding ranga® f3.11 % to 16.58 % of the total costs,
while the labour costs are excluded. Even thoughgthen proportions in Swiss bee farms are
lower than the results within Czech beekeeping atpmers, it still corresponds to the interval
(15 — 20 %) defined by Kamler (2005).

Some costs can be saved through good beekeepicticpréusing own beeswax, rearing own
queen bees and keeping bee colonies healthy), stgopp bulk, assembling and wiring
beehive frames and repairing the equipment on aneis Customers might bring their own
pots to be refilled with honey, and so the beekeapght cut down some costs of packaging
material. Small-sized beekeeping operations midjiares varroa treatment agefitsand/or
some equipment (e.g. honey extractor). Severaldmgekg organizations offer their members
specific tools to rent (e.g. aerosol generator)adudition to that, for the purpose of cutting
back on costs within beekeeping operations Owed<d@aver (1973) suggest sharing honey
house and the equipment by two or more beekeepbish might be suitable especially for
hobby beekeepers in neighbourhood. For larger bemst and professional beekeepers
authors recommend using labour-saving equipmerg. (@utomatic uncappers, beehive
loaders), reducing labour by proper equipment gearent, process-oriented facilitation,
better organization, time management and plan@wgefs and Cleaver, 1973).

According to the revenues in Czech hobby beekeeppsgations, except for the honey sale
the subsidy from the Ministry of Agriculture of tHézech Republic (1.D.) is taken into
consideration (see Table 19 below). Moreover thasislies for beginning beekeepers from
the EU and/or the regions of the Czech Republic aareimportant tool to support new
beekeepers in order to fight against the beekeepgesng and to secure sufficient pollination

services in the future.

120 Formic acid (0.30 CHF/BC), Oxalic acid (1.12 CHERE), Thymovar (3.29 CHF/ BC) — see Table 12

121 For one thing varroa treatment agents are limhgdtheir expiration date, for another some of these
medicaments are sold in large volumes (e.g. Forifi{for 20 bee colonies, Varid8! for 50 bee colonies).
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Table 19: Revenues in the Beekeeping Operation —gfCzech Republic

Honey sale 11250| 22500 32805 58320 72900 87480 Tatde 13
Subsidy (1.D.) 745 1490 2235 2980 3725 447D 149 /@K
TOTAL 11995 | 23990 | 35040 | 61300 76625  9195psum in CZK

Source: own processing

However for the time being such financial supperaccording to the conducted interviews
not available to beekeepers in Switzerland. Theeefois worked on the assumption that

honey sale is the only revenue stream of Swissyhbbbkeeping operations (see Table 20).

Table 20: Revenues in the Beekeeping Operation — Szerland

Honey sale 1950 3900 5427 9648 12060 14472 see Tdbl
TOTAL 1950 3900 5427 9648 12060 14472 sum in CHF

Source: own processing

Even though the honey sale is considered as the meaenue source of the beekeeping
operation, there exists a potential to extend werdify the range of products and/or services,
which might be of interest to hobby beekeepers @ase in point is production of propolis
tincture and/or creamed honey as well as mentaifmgwbies.

From the following two Tables (21 and 22) it isariehat the labour costs have a significant
share in the economics of beekeeping operationgrteless interviewed hobby beekeepers
do not regard their bee farms as businesses, tharras a form of pastime bringing them joy
and at least some extra income to household bydfyebarnett, 2000). Although the results
of simulated Czech beekeeping operation with 30 dmenies support findings by Sanovéa
and Benda (2014) proposing that beekeeping becec@msomically feasible for operations
managing more than 30 bee colonies, in Swiss beekg®peration of the same size (see
Table 22) the results are not absolutely unequiyaxs the expenditures still exceed the
revenues. Compared with the results presentedlinfdr 30 % of Czech respondents and
46.15 % of Swiss respondents, their beekeepingatipas are able to cover their costs,
nevertheless 10 % of interviewed Czech experts Ehé3 % of their Swiss counterparts

admit to have a loss-making business. Contrary tibe¥\(1992) working on the economic
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assumption that all producers are profit maximizard that such notion leads their market
decision, the accomplished expert interviews widekeepers revealed that not all honey
producers (beekeepers) are profit maximizers, inabmas their decisions are likewise
influenced by other motives than strictly the eaoimone.

On account of the variability of factors having iafluence on profitability of beekeeping
operation, it is nearly impossible to predict valw development in the years to come. In
addition to that, beekeepers as well as agricdlttcn@p growers cannot simply reckon on
future revenues (cf. Winfree, 2008).

Table 21: Calculation of the Economics of the Beek@ing Operation — the Czech Republic

Initial investment (CZK) 53891 | 89666 125441 161216 196991 232766
Expenditures (CZK) 52567 | 58934 65301 71668 78034 8440p
Expenditures* (CZK) 7567 13934 20301 26668 33034 3940p
Revenues (CZK) 11995 | 23990 35040 61300 76624 91950

*without labour costs

Source: own processing

Unfavourableness of expenditures to revenues vatlon small-scale beekeeping operations
might restrict necessary investments in beekeeppegations and their potential expansion
too.

Table 22: Calculation of the Economics of the Beeleping Operation — Switzerland

Initial investment (CHF) 5560.5 8868 12175.9 15483 15790.5 22098
Expenditures (CHF) 10334.55| 11334.1] 12333.65 13333.2 14332.76:332.3
Expenditures* (CHF) 1334.55| 2334.1| 333365 43332 53325 63323
Revenues (CHF) 1950 3900 5427 9648 12060 1447p

*without labour costs

Source: own processing

Great importance is attached particularly to higitial investment of beekeeping operations
not only in case of beginning beekeepers, butialsases, when the bee colonies are lost due
to thefts, vandalism and/or infections. For ins&anehen the bee colonies get infected with
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American foulbrood (see Genersch, 2010), the ntgjofimaterial and equipment needs to be
burnt and the beekeeper has to start over agarordingly the high input costs can impose
serious limitation on follow-up beekeeping actiedi

Kamler (2007) emphasizes, that it is possible i@ tane and consequently the labour costs
through introducing better practices and improvihg quality of equipment, but it is not

possible to save much on material cost items. Heéneeausterity measures should not be
taken to the detriment of the health of bee comnkeirthermore, the beekeepers should bear
in mind their own education and professionalizatimasmuch as their bee colonies depend

on their knowledge and disease control (Jacquak, &017).

In spite of the information shortage of small-sda¢ekeeping economics and the fact that the
economics of hobby beekeeping operations is oftaglected, the findings show that the
economic terms might play an important part in Hartdevelopment of beekeeping sector,
where the hobbyists prevail. Apart from the higlput costs and significant amount of
expenditures, the lack of financial support (paady in Switzerland) together with
regressive demographic structure of European beekgeand relatively low domestic
consumption of honey (especially in the Czech Repuimight have adverse effects on long-

term sustainability of beekeeping sector both en@zech Republic and Switzerland.

In comparison to the statistical d&faon average honey yield, the outgéidrom the expert
interviews show the underused potential of honeyjdyiespecially in the Czech Republic.
Referring to Eiblmeier (2016) and Kamler (2005, 20Ghe profitability of a beekeeping
operation is influenced by the amount of honeydyiearvested per bee colony and year.
Kamler (2005, 2007) posits that the profitabilitgreshold of professional beekeeping
operations lies on average between 30 and 40 kgrudy per bee colony a year, on condition
of contemporary level of beekeeping and bee cotaegtment. It is advisable to make efforts
to reach higher honey yields through enhancingdeéeny health (proper nutrition, hygiene
and treatment measures), improving the breedinttgud queen bees (Kamler, 2005), good
beekeeping practice and own professionalizatiorcgides et al., 2017) and the like.

Beekeepers should provide their bee colonies withndant and multifarious pasture and

122153 kg/ bee colony/ year in the Czech Republ¥ZS2017) and 18.3 kg/ bee colony/ year in Swited
(Charriére et al., 2018)

123322 kg/ bee colony/ year in Czech dataset (séd)3and 18.6 kg/ bee colony/ year in Swiss datéss
3.4.2)
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therefore support honeybee nutrition (cf. Garbuzmd Ratnieks, 2014; Majewska and
Altizer, 2018). The potential of cooperation witther related organizations might be realized
as well. For example having an affiliation with #bcallotment and leisure gardeners’

association$* appears to be beneficial to both groups — beekeemel gardeners. In addition

to that, one of the interviewed beekeepers in Sndnd highlighted the virtues of adopting

permaculture practices (cf. Holmgren, 2006) to lybee forage.

On the grounds of the results of the expert ineavei (Figure 26), the weak part of bee
products sales promotion was identified, so imprguihe marketing performance might be
useful. Apart from the advertising (e.g. signboaflyers distribution, reselling honey in local

shops), the power of internet and social netwogkeains undervalued. The report by the
Leopold Center (2010) also emphasizes the impogtafsuccessful marketing comprised of
outstanding honey quality, packaging, advertising eustomer service.

Furthermore, it is recommended to increase domésiney consumption (through building
the trust of consumers in inland honey by its topify and/or certification) and to raise
public awareness of beekeeping and bee producte¢hyring or organizing various public
events — e.g. public honey harvesting, honey tgstitegustation, open days in apiaries,
exhibitions and markets). Some of the campaignstrbg realized under the auspices of a
public institution as well as private entity. Inbslapter 4.4 several initiatives to promote

beekeeping are described.

124 Czech Union of Allotment and Leisure Gardeneresky zahradkéky svaz, z.s.({ZS, 2011) and Schweizer
Familiengértner-Verband / Fédération suisse dedngfamiliaux (SFGV, 2019)
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4.2 Czech Honey Price Time Series Analyses

The aim of these time series analyses is to abs®gshe Czech honey price (as an economic
variable) varies over time, and thus some quam#anethods are selected to empirically
estimate the changes in economic variables. Firtly methods of growth rate and linear
approximation are examined to measure the short-tenanges in Czech honey prices.
Secondly, the Autoregressive Integrated Moving Ager (ARIMA) model of Box-Jenkins
methodology is applied in order to analyse giveanemic time series and to forecast its
short-term future values. In response to price tilaof agricultural commodities, accurate
price forecasting is gaining in importance for saleterest groups and stakeholders. Hence
the purpose of Czech honey price analysis is toematd the presented lack of price clarity
for both beekeepers and consumers, and to foradase price development of honey in the

Czech Republic.

4.2.1 Growth Rate and Linear Approximation

As seen in Table 36 (Appendices), the price forglok Czech honey in January 1995) (y
equalled 80.34 CZK and according to CZSO (2019b)htbney price in January 2019.{y
was 204.52 CZK. The question is, which constanivgjiorate (r) had changed the Czech
honey price in January 1995 to the price in Jan@af® within 289 months (n).

The growth rate (r) is calculated based on thend&fn expressed by Hendricks (2016):

yt+n>% (24)

Yt

1+r=(

And after the application of this formula to givéata series:

204.52\289 (25)
L+r= ( 80.34 )
r = 0.003238444 (26)

From January 1995 to January 2019 the Czech homey Ipas grown by 0.3238 % p.m. As
the r is considered very small (close to 0), thedr approximation is according to Hendricks
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(2016) and Sydsaeter et al. (2016) applicable as3kelhe linear approximation equation has
the shape as follows:

= In(yen) — In(ye) (27)
n
And consequently:
_ In(204.52) — In(80.34) (28)
r= 289
r = 0.003233212 (29)

The examination shows that computed results froowtir rate calculation (26) and linear
approximation (29) are nearly identical, which ¢ong that for very small growth rates the

mathematical technique of linear approximation lsarapplied.

4.2.2 ARIMA Model

The ARIMA model is applied to analyse, estimate Bordcast the time series of Czech honey
prices. IBM® SPSS Statistics software is used ftadgrocessing and performing analyses.
Original dataset is available in Table 36 in Appead. Using Box-Jenkins methodology

requires sufficient amount of observations (Hindisal., 2004) and the original dataset
consists of 288 records obtained from CZSO (Khaglge&rsonal communication, March 6,

2019) representing average monthly prices of 1 kgc honey in CZK over the period from

1995 to 2018 (see Figure 30).

The sequence plot in Figure 30 illustrates the ligwmeent of Czech honey prices (for 1 kg of
honey, in CZK) between the years 1995 and 2018 attimintervals. From the graph it is
obvious that the time series is non-stationary. mbe-stationarity is also examined by the
correlogram analysis (see the subsection 4.2.2.1ddtails). Espasa (2004) works on the
assumption that the long-term development of a seres is eliminated by differencing its
data, resulting in both a stationary transformatibthe original data set and creating the unit

root condition for an ARIMA model.

12%|n the following formin(1 + 1) = r
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Figure 30: Monthly sequence of the Czech honey pes in CZK (1995 — 2018)

210,00

180,00

150,00

Honey Price in CZK

120,00

90,00

JAN  SEFP MAY JAN SEP MAY JAN SEP MAY JAN SEP MAY JAN SEP MAY
1995 1996 1998 2000 2001 2003 2005 2006 2003 2010 2011 2013 2015 2016 2018

Date

Source: own processing in IBM® SPSS Statistics mfiog to CZSO (2019)

Non-stationarity of the time series needs to beosed by differencing the data (Figure 31).
Figure 31: Sequence plot of differenced time seriekata (1™ difference)
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Source: own processing in IBM® SPSS Statistics
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From the chart it can be seen that after simplesfaamation accomplished by differencing,
the new sequence plot is stationary and the meatffefenced time series data is around
zero, as proved by its calculation in IBM® SPSStiStias in Table 23, giving that the mean
equals to 0.4249.

Table 23: Descriptive statistics on differenced tira series data (I difference)

MEAN
TIME SERIES
N STD. DEVIATION VARIANCE
DIFFERENCE
STATISTIC | STD. ERROR
1ST ORDER 287 0.4249 0.13954 2.36393 5.588

Source: own processing according to IBM® SPSS Siwzdi

In order to assess the suitability of the firstafiénce of the time series, inasmuch as the chart
of the second difference also shows eliminated statioenarity (see Figure 39 and Table 37 in
Appendices), the variance of both plots is usedhWé&gard to the calculation in IBM® SPSS
Statistics, the variance of first differenced datpals to 5.588, while the variance of the
second differenced data amounts to 11.366. In wkthe fact that the variance of the first-
order differenced data is lower than the variarnicthe data differenced by higher order, the

differencing by the first order seems to be appeter

4.2.2.1 Model Identification

The model is identified through the use of the eoteelation (ACF) and partial
autocorrelation (PACF) functions analysis, as revemded by Box et al. (1994). The ACF
correlogram of original time series (in Figure 3ows a slow downward trend. The first
value (0.985) is close to 1 and the following valggadually decline with increasing lag
numbers on the horizontal axis. Therefore, givemetiseries is considered a special non-
stationary stochastic process, called random watkowt a drift. This assumption can be
verified through differencing the random walk ssritn case the sequence follows a random
walk, the differenced series exemplifies white mo{€owpertwait and Metcalfe, 2009;
Ramik, 2007). With regard to the correlogram inufgg40 (Appendices), the sequence is
considered a white noise, although some of theegadlightly overlap upper 95 % confidence

interval.

119



Figure 32: ACF of the original time series data (ndaifferencing)
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Figure 33 below shows the PACF correlogram of oagitime series and Figure 41 (see
Appendices) depicts the sequence after differerttiagriginal data.

Figure 33: PACF of the original time series data (a differencing)
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Overall, according to Ramik (2007), the downwarguemce of ACF values and the shape of
PACF (i.e. high first value followed by statistigahon-significant values) indicate the non-
stationarity of the first order, i.e. type I(1)feging to ARIMA model. The first differencing
of the given time series is therefore needed. Aftata transformation (see Figure 31),

subsequent ACF and PACF correlograms are carrie(Faures 40 and 41 in Appendices).

4.2.2.2 Model Estimation

In order to determine the appropriate model, deifierARIMA types in various orders are
tested, because sometimes the model cannot beivoegjly identified simply on the basis
of ACF and PACF analysis, and therefore more daitgg.g. Normalized BIC, Stationary’ R
and Ljung-Box Statistic) need to be employed in itin@del selection. The results of model
selection are available in Table 24. In case ofsggsonal time series the situations wigegre

d or g need to be greater than 2 are rare. Often, foloomeore of these parameters the values

of zero or unity seem to be apt (Box et al., 1994).

Table 24: Model selection criteria and their valuedor individual types

MODEL TYPE NORMALIZED BIC STATIONARY R 2 LJUNG-BOX (p>0.05)
ARIMA (0,1,0) 1.766 0.001 0.000
ARIMA (1,1,0) 1.790 0.001 0.000
ARIMA (0,1,1) 1.790 0.001 0.000
ARIMA (1,1,1) 1.791 0.030 0.053
ARIMA (2,1,1) 1.808 0.043 0.206
ARIMA (1,1,2) 1.808 0.050 0.224
ARIMA (2,1,0) 1.812 0.013 0.011
ARIMA (0,1,2) 1.815 0.010 0.008
ARIMA (2,1,2) 1.887 -0.026 0.000

Source: own processing in IBM® SPSS Statistics
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For Normalized BIC lower values indicate betterditd contrarily the larger values of R
indicate better fit. Even though the first threed®ls have shown lower Normalized BIC
levels, their Stationary Ris low and also the diagnostic check by Ljung-BStatistic
prevents from using them, as they include someetgdl structures that should be taken into
consideration. According to the ACF and PACF analgsd testing of diverse model types,
the ARIMA (1,1,1) is selected as the most suitabtelel to given time series of Czech honey
prices. In Table 25 model's parameters obtainech iBM® SPSS Statistics are stated.

Table 25: Parameters of the ARIMA (1, 1, 1) for theCzech honey prices time series

PARAMETER ESTIMATE STAND. ERROR | T-STATISTIC P-VALUE
AR (1) 0.959 0.054 17.877 0.000
MA (1) 0.933 0.068 13.689 0.000

CONSTANT 0.159 0.499 0.319 0.750

Source: own processing according to IBM® SPSS Siwzdi

If the estimated parameters are compared with ttieeamount of the standard error, it is
ascertained that both parameters significantlyediffom zero, and thus the model cannot be
simplified by parameter removal. Hence both ARda) MA (1) parameters are considered
as statistically significant, which is confirmed pyalues and t-test results too. In accordance

with the estimated parameters in Table 25, the iwakethe following form:
yt = 0'959yt—1 + St + 0.933€t_1 (30)

For the purpose of checking model’'s goodness-afiéasures, primarily the normalized BIC
is employed. The results of normalized BIC? Mtationary B MAPE (Mean Absolute
Percentage Error) and MAE (Mean Absolute Error)iar€able 26.

Table 26: Model’'s goodness-of-fit measures — ARIMAL, 1, 1)

MODEL FIT NORM. BIC R? STATION. R? MAPE MAE

ARIMA (1,1,1) 1.791 0.995 0.030 1.074 1574

Source: Source: own processing according to IBM@SBtatistics
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In case of Bayesian Information Criterion small@lues indicate better model fit, and

therefore the ARIMA type (1,1,1) is identified d&®tappropriate one.

4.2.2.3 Diagnostic Checking

For the purpose of model's diagnostic check, tlsedtels are plotted in ACF and PACF to
visually inspect potential autocorrelation and tésults of Ljung-Box statistics are discussed.
It is important to stress here that all three stagiestochastic model building described by
Box et al. (1994, 2016) necessarily overlap andchotibe separated from each other. So, the
model’s fit is also verified in previous subsecti@n2.2.2) through analysing the significance

of its parameters.

From the residual autocorrelation and partial amt@tation functions in Figure 34 it can be
seen that there are few larger values approaclhiagborderline of the 95 % confidence
interval.

Figure 34: Residual ACF and PACF of ARIMA (1,1,1) nodel
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Box et al. (2016) posit that correspondingly to itherease of the series’ length, the residuals
approximate to the white noise and accordingly, Ra@007) claims that the built model is
correct, just when the residuals are white nois&ohclusion, on account of the correlograms

in Figure 34 and the results in Table 39 (in Appees) the residuals are assessed as a white
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noise, despite some values at the margin of théc9%onfidence limit. In addition to that,
Table 27 below shows the results of Ljung-Box stati verifying model's correct

specification.

Table 27: Ljung-Box statistic results

MODEL STATISTICS DEGREES OF FREEDOM SIGNIFICANCE

ARIMA (1,1,1) 26.065 16 0.053

Source: Source: own processing according to IBM@8SBtatistics

The significance value lower than the 0.05 levdiaates that within the inspected time series
there exists a structure which is omitted in theleidlBM, 2010). Although the value shown
above (0.053) is close to being statistically digant, it is concluded that the model is
correctly specified and there are no statisticalfnificant structures overlooked within the

given model.

In order to summarize the suitability of built madbe graph of predicted and real values is

created in Figure 35.

Figure 35: Sequence plot of the predicted values drtheir fit to original time series
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From the Figure 35 it is clear that the sequeneataevelopment of the predicted values is
analogous to the original data run. Although thghsldelay is spotted in detail view, the
model is with regard to both accomplished diagrodtiecks considered adequate.

4.2.2.4 Forecasting
The last step in present time series analysis grédict short-term future development of

given sequence and to compare forecasted valubseet data.

Box et al. (2016) claim that the forecast is ngh#icantly affected by parameters’ estimation
errors, in case the sequence is long enough. Tigenalr time series is comprised of 288

values, and thus meets such requirement.

Besides model’s predictions for certain periodsimk, Table 28 (below) includes lower and
upper 95 % confidence intervals for the forecastaldes. And even though the width of a

confidence interval seems to be large, it matclpewith data variability.

Table 28: Comparison of the ARIMA (1,1,1) forecastvith real data (2019)

TIME FORECAST LOWER 95 % CL'*® | UPPER 95 % CL'* REALITY
January 2019 202.53 CZK 197.37 CZK 207.73 CZK 2DLEK
February 2019 202.76 CZK 195.39 CZK 210.24 CZK 867CZK

March 2019 203.01 CZK 193.87 CZK 212.30 CZK 20338K
April 2019 203.25 CZK 192.58 CZK 214.14 CZK 201 ©ZK
May 2019 203.51 CZK 191.45 CZK 215.84 CZK 203.40KCZ

Source: own processing according to IBM® SPSS Siediand CZSO (2019b, internal data)

Apart from the five new values of future forecafftem January 2019 to May 2019), the
predictions for original time span (from January33o December 2018) are automatically
generated (see Table 41 in Appendices) and theio fihe original dataset is visualized in

Figure 36, including the confidence intervals apd/values.

126 CL = Confidence Limit
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Figure 36: ARIMA (1, 1, 1) forecast and model’s fitto original data
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Overall, according to the Figure 36, the forecadti®@s seem to fit the original dataset well.
However it is necessary to beware of the genetaizdrom the diversity of empirical results,
inasmuch as it appears that no single modellingnigcie is convenient for all agricultural
commodities and/or research problems (Tomek andrd/y993). Although the honey price
is more (Roman et al., 2013) or less important (Ebe2015; Sanova et al., 2017) economic
factor for its buyers, it still remains crucial iasle for beekeepers’ income generated from
honey sale, enabling them not only making invests)dsut also motivating them to continue

running their beekeeping operation.

4.2.3 Elasticity of Demand for Honey

Several studies (e.g. Fairchild et al., 2000; GarertL.Opez et al., 2017; Ward, 2014) have
focused on the elasticity of demand for honey, @liog various results. Mankiw (2015) thus
emphasizes that the price elasticity of demand doéave to inevitably be the same at all

points on a demand curve and that some generalass might not apply to the real world.

Price elasticity of demand for honey is here catad by means of the midpoint method and

a percentage change. Resulting short-term elassi@te presented in line graph in Figure 37.

126



Figure 37: Price elasticity of demand for honey
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The results of short-term elasticities are ambiguasince both values of inelastic demand for
honey and very high values of elasticity can beeoled. The average price elasticity of
demand for honey between the years 2000 and 20088% (midpoint method) and 0.79
(percentage change). Ward (2014) obtained verylaimesult of price elasticity of honey
(0.765 in absolute value), indicating honey to biegpinelastic commodity. The results of

calculated long-terfi’ elasticities also imply that product’s price isnatikely inelastic.

In addition to that, the income elasticity of exgires on sugar, jam, honey, chocolate and
confectionery?® is calculated in order to provide the insight intmsumers’ behaviour in the

market with regard to the features of Engel’s'faw

The chart in Figure 38 illustrates so called Ergeaturve (Chai and Moneta, 2010),

demonstrating how household expenditures (vertigad) on a particular product (i.e. sugatr,

127) e. 2009/2016 (0.504) and 2000/2016 (0.899)

128 According to CZSO (2016b), honey is not categatias a separate food product, but within the gfif.8
Sugar, jam, honey, chocolate and confectionery.

129 Engel’s law (Engel, 1895) posits that with risingome the proportion of expenditures on food dreyen if
the absolute expenditures on food grow. Hencertbenie elasticity of demand for food ranges betweand 1.

127



jam, honey, chocolate and confectionery) vary viitusehold income (horizontal axis, in

deciles).

Figure 38: Consumption expenditures on sugar, jamhoney, chocolate and confectionery in
households to the net money income per person (dies) in 2015 — Engel curve
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Source: own processing according to CZSO (2016a,b)

From the graph it can be seen that given produegoay indicates normal goods, particularly
the necessities (cf. Holman, 2007). The resultm@dme elasticity of expenditures on sugar,
jam, honey, chocolate and confectionery in housish@h deciles) in 2015 provided in Table
29 show the downward trend. As the income elagt{&j) is higher than 0 and lower than 1,

the curve is considered inelastic, which is typfoalfood (cf. Mankiw, 2015).

There are some small differences between the themlrealues of expenditurt8 and real
data of a given product category. However the Rasg(0.9454) indicates an exceptional fit.
The quotients resulting from dividing the annugbemxditures on sugar, jam, honey, chocolate
and confectionery by annual net money income pesgomeshow according to Engel’s law
decreasing trend, and so the proportion of experediton food reduces simultaneously with

rising income.

130 They are calculated by means of the trend equatiovided in Figure 38.
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Table 29: Income elasticity of annual expenditureson sugar, jam, honey, chocolate and

confectionery in households in CZK (deciles) in 2L

Source: own processing according to CZSO (2016a,b)

Deciles
2015
1 2 3 4 5

Net money income, total (in CZK) 78697 109625 124988 135623 145520
Sugar, jam, honey, chocolate etc. (in CZK 953 1152 1407 1569 1646
Theoretical values of expenditures (in CZK) 993.93 1287.48 1403.63 1475.95 1538.33
Income elasticity of expenditures;\E 0.891042| 0.68788| 0.63095¢7  0.60004 0.575409
Engel's law™* 0.01211 | 0.010509 0.011257 0.011569 0.011311

2015 6 7 8 9 10
Net money income, total (in CZK) 156718 171850 195874 230669 341511
Sugar, jam, honey, chocolate etc. (in CZK) 1583 1822 1776 1868 2254
Theoretical values of expenditures (in CZK) 1603.99 1685.62 1801.5Q 1946.31L 2293.83
Income elasticity of expenditures;\E 0.552143| 0.525404 0.491606 0.455029  0.386(92
Engel's laW*! 0.010101| 0.010602 0.009067 0.008098 0.0066

On account of the fact, that honey could not besssd here as an individual product, but

within a specific group, the generalizability ofepented results is therefore strictly limited

and they hold true only for the analysed produdegary as a whole. In case of honey,

Fairchild et al. (2000) propose that it is consédeextremely sensitive to consumers’ income

fluctuations, while having strong positive correatwith levels of income and being rather a

luxury good than a necessity.

1311 e. the amount of annual expenditures (in CZK)garen product category (sugar, jam, honey, chaeaad

confectionery) divided by annual net money incoraegerson (in CZK).
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4.3 Professionalization of Beekeepers

“Professionalization is the process by which a dbcggnificant occupation organizes itself
to ensure its practitioners perform their servieesll and thereby earn a larger share of

societal respect and reward.
Ann Pederson (2005, p. 52)

Beekeeping is an activity requiring in-depth knadge about various disciplines of natural
sciences, such as biology, botany, veterinary seigohenology, entomology and the like. On
a long-term basis it is not feasible to succesgfkdlep bees, while having only rudimentary
knowledge of apiculture. In their pan-European gtddcques et al. (2017) revealed that the
bee colony survival is dependent on beekeeper'silatuge and disease control, which makes
the professionalization of beekeeping sector tdies issue. Beekeepers are responsible for
the state of health of their bee colonies and extmpthe good beekeeping practice they
should regularly acquire new professional skillgl &mowledge, inasmuch as new threats
constantly emerge (cf. Monceau et al., 2014; MUitin2011; Neumann et al., 2016) and
timely action must be taken. Beekeeper has to ketalrecognize the outbreak of different
diseasel? and consequently make provision for preventingr ttransmission. Tilman et al.
(2002) highlight the reliance of farmers and bepkeg on an extensive base of agronomic
and biological knowledge, which is frequently boundcertain regions and agroecosystems.
On account of the importance of beekeepers’ lifglearning, the part of the undertaken
research was focused on beekeepers’ professiotatiza

Regarding the origin of beekeeping activity, thejanity of respondents in the Czech
Republic (68.18 %) and Switzerland (64.52 %) hauseakeeper in family, among friends,
neighbours or acquaintance. Less than a fifth tfrilewed experts (18.18 % in the Czech
Republic and 16.13 % in Switzerland) started begkeefrom own interest, while the rest of
interviewees had other reasons (e.g. own honeyupteh, free time in retirement, interest in
apitherapy). In view of the fact, that the familgdition prevails in both samples, it is obvious
that direct knowledge exchange and experience rghamnight apply to these particular

respondents. A half of Czech respondents (50.7&dh)it acquiring early knowledge from

132 sych as American foulbrood (Genersch, 2010), Eeappfoulbrood (Forsgren, 2010) and varroosis
(Boecking and Genersch, 2008). Moreover, the lattighht specifically influence the occurrence of exvvirus
infections of honeybees — e.g. Deformed Wing Viisute Bee Paralysis Virus and Kashmir Bee Vil (
Starai et al., 2009; Tantillo et al., 2015).
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family member/s and/or experienced beekeepers. Mae a fourth of interviewed experts
(26.08 %) in the Czech Republic visited beekeepngrse and ca. 23.19 % relied on
autodidacticism (literature in particular). In Seatland, ca. 42.59 % of interviewees had a
mentor and 38.89 % attended training organizedballorganization. Nearly a fifth of Swiss
respondents (18.52 %) studied beekeeping as aattdidThere is a significant difference
between respondents in both countries concernirigndihg courses for beginning
beekeepers. Only 39.53 % of interviewed Czech lagmks in contradistinction to 61.29 % of

Swiss interviewees attended the course for beginoéekeepers.

Pretty (2008) posits that the lack of informatiordananagement skills is the major barrier to
the adoption of sustainable agriculture. In defealné the costs of making mistakes, it is
necessary to acquire new knowledge and informgtwoatty, 2008). The vast majority of all
interviewed beekeepers in both countries find rteducation very important and they
confirm effective learning not only through praeticbut also through studying various
sources — e.g. professional journals (CH 26.87 %;30 %), literature (CH 20.89 %; CZ
27.27 %), internet (CH 29.85 %; CZ 24.55 %) — argitimg various lectures (CH 10.45 %;
CZ 12.73 %) or sharing own experience with otheskeepers (CH 11.94 %; CZ 5.45 %). In
terms of courses availability, majority of Swissspendents (70.97 %) find the offer
sufficient, but only nearly a half of Czech inteawiees (48.78 %) is satisfied with the quantity

of offered trainings and lectures.

More than 40 % of interviewed experts in the Cz&dpublic (43.18 %) and Switzerland
(41.94 %) are lecturing in courses organized bwllbeekeeping organizations. During the
interviews it was found out that nowadays a ceréamount of beekeeping newbies quits their
beekeeping efforts within few years from the staytpoint. Some of the lecturers see the
problem in unrealistic expectations, time demanus$ requirement of continuing education.
Even though the official statistics on this phenooredo not exist, it is estimated that the
numbers of quitting beginning beekeepers accountefts of percent. In the Czech Republic
the vast majority of beekeepers are members oC#lg, which keeps statistical records of
Czech beekeepers and their bee colonies. NevesthefeSwitzerland such data are lacking,
and therefore the problem of gradual beekeepeddingemight be overlooked. In the context
of beekeepers’ ageing (cf. EC DG AGRI, 2013), gnegtortance needs to be attached to this
issue not only for the purpose of preserving certavel of bee colony density (providing
pollination, securing agricultural production anal @n), but also on account of economic
efficiency (i.e. costs on lecturing, equipment,&)m
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In conclusion, gaining new knowledge, building nekills and learning something new
belong to beekeepers’ reasons to keep bees. Aogotdi conducted interviews, there is a
broad range of motives to start own beekeepingabiper. Beekeeping is in both countries
considered as meaningful and beneficial activiipding joy, fulfilment and linking humans
to nature and environment. Apart from bee produtid additional income it offers an
opportunity to stay active, spend time outdoors areet new people who share the same
passion. Hobby beekeeping has a long traditionuiofge (Chauzat et al., 2013; Jones, 2004)
and as a leisure or therapeutic activity it cantioate not only to stress moderation
(Coleman and Iso-Ahola, 1993), but also to reductib pathological phenomena (Kunecky,
2015; Tierney, 2012) — see subsection 4.4.3.

132



4.4 Selected Beekeeping Initiatives

In following sections some successful beekeepiiiiaiives from the Czech Republic and
Switzerland are presented. Their overall objedsvi® promote apiculture not only to general
public, but also to more specific target groupg.(ehildren and youth, urban dwellers,
stakeholders in the hospitality industry, prisoheend therefore raise their awareness of
beekeeping. In spite of the supplementary charatteeekeeping to these initiatives (as they
cannot make their living solely out of apicultureéheir indisputable social virtues (e.g.
fostering social interactions in community, knowjedexchange, education) and positive
environmental effects (e.g. supporting bee poputatiin their local indigenous territories)
can compensate for the economic burden (cf. Gar26@0). Each of the presented case
studies (youth beekeeping clubs, urban beekeepiagiotel or restaurant, beekeeping behind
bars and railway exposition) can thus serve asigpiration and stimulus to encourage active

community participation as well as local entrepreship.

4.4.1 Beekeeping Clubs for Children and Youth

One of the key issues of contemporary Europeandegahg is beekeepers’ ageing (EC DG
AGRI, 2013; Simpach, 2012). In order to achievengjeafor the better in the age structure of
Czech beekeepers, there are various educationgtgmnones (supported by the E8) not
only for adults, but also for young people. Thestvidies depend both on financial support
and professional staff. On account of contentgetthécation is primarily focused on systematic
and long-term training to acquire the professidmawledge. The courses intended for young
people and beginning beekeepers include broad rahgepics — for instance general
assumptions about apiculture and the significailg od bees, honey bee stocks and their
anatomy, beehive systems and apiaries, beekeepatgydnd gear, preventive measures and
fighting diseases (AIR, 2018; NAP, 2016).

About one fourth of interviewees from the Czech #jc are actively engaged in
beekeeping clubs (i.e. supervision, lecturing, supand so on). The help of local beekeeping
organizations is of great importance to beekeepiunlgs too, because they often provide these
clubs with material and support them in terms diffstg. Beekeeping club(s) can be
established by local beekeeping organization, ehéang and secondary schools etc. Given
the CBU internal data (2019), there are more tha@ Beekeeping clubs in the Czech

133 National Apiculture Programmes 2017 — 2019 (EQ,90
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Republic. The importance of international cooperatand networking is emphasized by
activities of thelnternational Centre for Young Beekeepers®@CYB, 2019), which also
focuses on young beekeepers and the coordinatidhedhternational Meeting of Young
Beekeepers@MYB, 2019).

According to the expert interviews, in Switzerlasmime beekeepers cooperate with schools
(cf. Bienen in der Schule, 2019), inasmuch as thfégr visits of their apiaries and/or install
observatory hives to school classes. One thircesppondents has own experience with such
local educational events for young people, whidah usually organized on a volunteer basis.
Besides these initiatives there are few private pagns funded by business and some
spontaneous social occasions. In addition to thate are regional projects suchRaslway
Beekeeping Expositiori* or Bee Trails (Bienenlehrpfad, 2019; Bienenpfad, 2019) targeting
young people (as well as general public) and dttrgdheir interest in beekeeping. In the
upshot, an initiative such as beekeeping club fidden and youth is considered valuable for

future development of Swiss apiculture too.

4.4.2 Urban Beekeeping Operations

In the Czech Republic as well as in Switzerlandetae many urban beekeeping operations.
In this subsection the initial part focuses on topfoeekeeping phenomena, and consequently
two case studies of urban beekeeping within hdgpitaadustry (restaurant and hotel) are

presented.

A key to successful integration of urban beekeeamgl urban agriculture alike) into present-
day city development lies in attaining the knowledmn the suitability and specifics of the
urban surroundings. One of such particularity esfdct that many of the apiaries are placed at
the rooftops of the buildings; hence the expererinew was conducted with Czech
professional in rooftop and urban beekeeping (U@ree A, in-person meeting, 1.12.2017),

hereinafter referred to as Interviewee A.

The main specifics ofooftop urban beekeepingonsist in limited number of bee colonies
(maximum of 10 bee colonies), experienced beekedpekeeping practice (non-aggressive
honey bee stock, animal welfare, measures to ptessarming, adopting hygienic and
veterinary measures), building maintenance (roottopessibility, fire safety, information

134 See the subsection 4.4.4 for details.
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signboard, rooftop fall protection railing), comnication with stakeholders (building owner,

occupants, neighbours) and so on (Interviewee A).

Although the rising interest in urban beekeepingléibdey, 2018; Fenske, 2018) is often
attributed to a popular trend of urban agricultamel preventing pollinators’ decline, there are
some practical reasons too. On account of thedaskace in the cities, rooftops demonstrate
a suitable location for bee colonies, because ttey provide satisfactory conditions for

keeping bees. These are for instance not bothgreadents or other pests (Interviewee A).

Behnke (2017) emphasized the advantages of urbekebping within hospitality industry
and its significant role in marketing and PR. Thisra broad range of strategies to promote
rooftop beekeeping — for example public honey hstimg, organizing honey brunch,
installation of information signboards, social netking, in-house honey at hotel breakfasts,

honey sale for the guests/customers at the hateption desk and so forth (Interviewee A).

One of the virtues of urban beekeeping is largereloyield from a wider variety of sources
(Davis and Cullum-Kenyon, 2016) as well as exclingiattributed to urban honey for its
relative uniqueness given by small number of begdeseand higher prices. With regard to
the bee pasture, urban areas offer abundanceraf fesources throughout the season, which

is partially caused by heat island phenomena (ligeee A).

Considering the public awareness, there is bothitipes and negative feedback.
Irresponsibility and imprudent actions of some lesglers pose a serious threat of damaging
the reputation of conscientious urban beekeepedstla@ rooftop apiculture as a whole.
Although there is always something to improve (¢éeghnology, communication), rooftop
beekeeping remains an avocation offering amazitg \éews and opening new horizons

(Interviewee A).

For the case study airban beekeeping operation in a restauranbcal bistro in Basel was
addressed an inquiry for an expert interview. Titerview was conducted with a hobby
beekeeper working full-time as a cookery instrudtorthe restaurant’s social enterprise

(Interviewee B, in-person meeting, 31.5.2017), imaxfeer referred to as Interviewee B.

Bistro specializing in regional and seasonal diglese rise to its own beekeeping operation
on the restaurant’s rooftop 6 years ago. Interveesegme up with the initial idea, as he had
though over sustainable products concept and midsedr linkage between social enterprise,

agriculture and pollination. Nowadays there ar@& tolonies of the Carniolan honey bee and
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the Buckfast bee cross-breed in Langstroth beehBes pasture includes linden, buckeye,
locust tree blossoms, herbs, berries, fruits, \adgletand honeydew. Honey yield (ca. 15-20
kg per bee colony a year) is for sale in the bjsg@rocessed in cold kitchen and given away
to family and friends of the staff. Furthermorenby serves here as a subject of barter trade
too, when the agricultural goods from local prodac@.g. pears) are exchanged for honey.
Such transaction notably reduces food waste anéneels social networking within the
community. Even though the advertising is creativés not too intensive, because it only
consists of some information flyers and websitdgeyTrather promote urban beekeeping than
honey sale, which would lead to the pressure ohemigroduction. Urban agriculture is in
this case tightly interconnected with public engagat and volunteering. Bistro as a social
enterprise employing people with mental disabilgyfunded by city resources (Interviewee
B).

In order to collect data for the case studyudian beekeeping operation in a hoidirstly,

the expert survey was accomplished with hotel sepr@tive (Interviewee C, e-mail
communication, 6.6.2017) to obtain information amj@ct initiation, implementation and
development from business and managerial persgectwid secondly, the data about
beekeeping management was gathered from an exteralkeper hired by hotel (Interviewee
D, e-mail communication, 20.6.2017), hereinaftefemed to as Interviewee C and

Interviewee D.

The original idea came from a visit to another hatdere a similar project is running. Their
interest in urban beekeeping originates in concabwut bees’ crucial role in natural and
agricultural ecosystems, about drawing attentiobde mortality, about promotion of urban
apiculture and ecological balance (IntervieweeT®gre are three bee colonies on the hotel’s
rooftop kept in Schweizerkasten and Dadant beehiRegarding honey bee stock, they are
the Carniolan honey bees and some cross-breedsgrgiaverage honey yield ca. 15 kg per
bee colony a year. Urban surroundings offer divexsd abundant bee pasture including
locust tree, buckeye, maple, linden, rape and himeysources (Interviewee D). As the in-
house honey yield satisfies hotel’s needs so lfi@retis no reason for increasing the number
of bee colonies. Despite its exclusivity, honeyn@ sold, but processed within the hotel
restaurant and spa, and given away as a gift tel lgoests instead. In order to raise public
awareness of hotel's beekeeping activities, infdionais published on the websites, in press
releases and through social media channels. Iniaddo that, project’s successful marketing
and promotion strategy led to nomination for inrtewaprice (Interviewee C).
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In conclusion, urban apiculture is a simple anditda way to get involved in present-day
environmental issue, boost brand identity and @ndastomer/guest/visitor experience. In
case of hotels and restaurants the on-propertyelepakg is an opportunity to make a good
impression on clients, enhance their stay, surfyess expectations through transcending the
ordinariness and conduce to repeat visits. Thesgatipns are aimed not only at tourists
seeking experiential travel, but also members cdllcommunity and general public (Behnke,
2017). Interviewed experts from Basel restauradtBern hotel affirmed positive reactions of
public and own staff to their urban beekeepingvaas. However they are not only hotels
and restaurants taking the positive action in distsibhg urban apiculture business, but also
museums, theatres, city halls, hospitals, schaoissersities and the like. Kohfink (2010)

states the Palais Garnier in Paris as a case mh. poi

4.4.3 Prison Beekeeping

,,Our combined efforts aim to help rehabilitate plediving behind bars and enrich their
future lives.” Carri J. LeRoy (LeRoy et al., 202 vi)

Beekeeping has a potential for a broad range ofalsservices, as there exist numerous
practical applications of beekeeping in social wadtivities. It might represent a way of

zootherapy and/or it can be meritorious activigtttan be also carried out after social service
release (Kunecky, 2015; Tierney, 2012). Moran aekés (2014) present an alternative
interpretation of “green” prison in a form of nuting environment, preferring rehabilitative

milieu to retributive one. Progressive and moreegxpental penal practices are exemplified
in prison services in Northern Europe, where thgtesy has the potential to interconnect

parallel agendas (Moran and Jewkes, 2014).

In the Czech Republic currently runs a long-terrojgut of beekeeping in prisons “Dobra
(v)ule” managed by the Ministry of Justice of theeCh Republic. The expert interview was
conducted with Deputy Minister for Prisons and Gniah Policies, project’'s author and a
person in charge of project operation (Interviewee in-person meeting, 26.10.2017),

hereinafter referred to as Interviewee E.
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The initiative originated from the visit in Osf3 prison and the project has been a result of
cooperation between the Ministry of Justice of @mch Republic and the Czech Beekeepers
Union since 2016 (Interviewee E).

The aim of this initiative is to let prisoners firmait that beekeeping can help them change
their life philosophy, values and their way of lidter the release. Looking into the bee
community functioning can be inspiring for own lifi€éeeping bees places high demands on
beekeepers and their bee colony management. Hehas to be highlighted that beekeepers
need to remain level-headed, stay calm, respectteenunity as a whole and perceive its
needs. These values can go beyond the life belarsltb the life on release. In addition,

beekeeping is beneficial free time activity thakes business with pleasure (Interviewee E).

With respect to the “green” prisons’ sustainabjliyoran and Jewkes (2014, 2015) bring
forward two central themes: reducing intensive aeesources through modification of
physical structures of prison facilities; and prbeg “green” interventions for inmates in
order to increase their future employability aftelease and consequently decrease the level
of recidivism. The initiative ‘The Sustainabilityh iPrisons Project’ is based on similar

principles, as its goal is to bring nature andrsméebehind the bars (LeRoy et al., 2012).

Project draws on voluntariness of both the prov{getividual prisons and their professional
staff) and the prisoners who are interested in éegkg. Since apiculture is too specific
activity, it cannot be ordered, even though it igaat of a wide range of activities fulfilling
one of the main task¥® of the Prison Service of the Czech Republic (n&vee E).

The implementation of the project was preceded bpngements and preliminaries to
motivate the employees of the Prison Service ofGhech Republic and creating technical,
material, organisational and personal conditiorlowing steps were to establish relations
with the Czech Beekeepers Union and to evaluatslétiye requirements for beekeeping
behind bars (Interviewee E).

According to the Interviewee E, there were 52 baerges in 8 Czech prisons in September
2017 and the average number of bee colonies petdandl prison oscillated from 3 to 11 bee

colonies. Moreover there are 4 prisons where fpr@parations are made for successful

135 Specific Scandinavian penal practices are in Heesicribed by Scharff Smith and Ugelvik (2017)Lond
Shammas (2012).

136 Cf. §2 Act on the Prison Service and Judicial @uzfrthe Czech Republic
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implementation of beekeeping operation. Mostly niearame hives are used, which are
being manufactured for internal use in some caopat facilities. Only the Carniolan
honeybee Apis mellifera carnica is bred on account of its spatial distributiomgdal’s
docility and relatively high honey vyield. In 201f@ose 8 prisons made total honey vyield of
438 kg. Concerning other bee products, the beessyarocessed in order to be exchanged for
beeswax foundation combs. For the time being, theenq bees are bought not bred
(Interviewee E).

The beekeepers behind bars make use of off-pealorsdar theoretical preparation, studies
for the examinations in Vocational School of Begkeg in Nasavrky, frames assembling,
preventive measures, and bee colony treatmentretmllaboration with CBU headquarters
and local beekeeping organisations the participhiatge the use of professional journal
Beekeepiny’’. As a part of project funding, necessary studyemials and teaching aids were

bought (Interviewee E).

The staff had completed training course in Beekegpiocational School in Nasavrky to gain
necessary knowledge and experience. Moreover thereavailable lectures delivered by
beekeeping instructors and supervisors from CBUp vdre remunerated for lecture

(Interviewee E).

Exact numbers of inmates actively engaged in tlogept are not monitored, but there are
between 3 — 12 prisoners in each jail and 1 — 2l@yeps responsible for internal beekeeping
operation. Those interested in participation in pheject are usually shortlisted through the
prison’s officers, but it is undeniable that anyaaa freely join the project after preliminary
agreement. Participants’ initial reactions to begleg are favourable up to now. Furthermore
there are positive responses of inmates’ relatiaed friends, who appreciate person’s
involvement with such beneficial and meaningfuliatt (Interviewee E). Also Kunecky
(2015) in his work confirmed that beekeeping isatinactive activity for both the “clients”
and the “staff”.

The project has been realized with financial suppbiCzech crime prevention programme.
The costs have amounted to hundreds of thousan#s SBite 2016 up to now, which is
appropriate to high costs of beekeeping equipnm@ntaccount of initial stage of the project,

137 vgelarstvi
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the vast majority of resources has gone to beekgemols, literature as well as treating

agents and feeding material (Interviewee E).

Prison beekeeping in the Czech Republic is curyemtit focused primarily on making a
profit, since the operations are not run in thenfaf mass factory farming. Honey vyield is not
intended for sale, but for giving away to inmatesfatives and friends, for processing in
correctional facilities, for project’'s promotions(a gift items) and for charitable purposes

instead (Interviewee E).

There is no feedback from released prisoners soafaithe project is a long-term matter.
However the Ministry of Justice of the Czech Repultsesses this initiative as a meaningful
use of prisoners’ free time, which is beneficiat anly to prisoners, but also to their relatives,
friends, society and nature. The project is considlsuccessful, and therefore it is planned to
continue in its future support and further develepin The public reaction to the project is

also very positive (Interviewee E).

4.4.4 Railway Beekeeping Exposition

In Canton of Grisons special beekeeping projecisthia Biena uf da Schiena” is run. The
exposition is situated in a railway carriage whicévels from April to October round the
canton and offers interactive educational progranchildren and youth. An expert interview
was conducted with member of Jungimkerprojekt “Btimnaisa” — project’s establishing and
administrating organisation (Interviewee F, in-persmeeting, 22.5.2017), hereinafter

referred to as Interviewee F.

The idea developed from a smaller initiative orgary beekeeping courses for youth.

Motives for such beekeeping propagation were fa ing environmental concerns and for
another the exclusivity of Grison’s environs. Tleareh for partners providing the railway

carriage and financial support preceded the projgtinks to the sponsors, the visit remains
free of charge for schools (Interviewee F).

Beekeeping exposition targets children from 9 toygars old, but younger visitors (e.qg.
kindergartens) can also actively participate, etmugh they might need some help. Project
covers wide range of topics regarding apiculturee— bees’ life, bees’ work, pollination,
biodiversity and nature, wild bees and the thrdatsbees in form of insecticides and
pesticides. The aim is to bring topic’s connectitygether. There can be two visiting groups

(one of maximum 26 children) in the morning and tyvoups in the afternoon. Till June 2017

140



more than 1 400 children had seen the exhibitiahthare were 2 300 more registered for the
rest of the tour (ending in October 2017). Theierage age was 10 — 11 years. Original
estimate for project’s first year was 3 000 visst@nterviewee F).

The visit is organized in an interactive and emiarhg manner — at first the pupils have to
complete a crossword and afterwards they are makingeswax lip balm as a souvenir. The

reactions are very positive, as the children aseifeted and excited (Interviewee F).

Initial outlay of beekeeping exposition was 120 @AF. This was the price for rebuilding
the old discarded railway carriage. Some extramygant was bought for 10 000 — 20 000
CHF. Supporting services cost 40 000 CHF for twarge In addition some material costs
(e.q. lip salve, beekeeping tools, consumables)eréding (e.g. websites, social networking,
banners) and necessary maintenance service indréatsé costs up to 240 000 CHF. The
revenues come from direct sale of honey, salves savekts (1 000 CHF), and financial
donations (800 CHF), which does not include matedi@nations like t-shirts for staff

(Interviewee F).

Due to train’s technical parameters (narrow-gaadge/ay'>? it is not possible to travel across
canton’s border. However, according to the Intereie F, it had travelled through Grisons
more than 300 km until June 2017.

The number of project’s staff members has increfeed 6 to 15 people. As the train travels
round the canton, the external support (usuallyai@l ocal co-workers a day) is necessary.
There are 20 stops on the tour, and so the extags#tance is comprised of 60 people per

year (Interviewee F).

The initiative is commercialized through social wetks, teachers’ newspapers and
conferences, media release, regional print mediger{liewee F). For example it had been

widely promoted in local newspapers (e.g. Biindneck¢*°, Stidostschwet?%) and radio.

138 zkorozchodna draha / Schmalspurbahn
139 Sprecher (2017)
10 Dirnberger (2017)
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5 Discussion

This chapter provides an overview of the significautcomes of carried out research,
considering these findings with respect to curretdate of research. Lastly, research
limitations possibly affecting the generalizatiordavalidity of obtained results are discussed.

In spite of numerous research studies (e.g. Brousdbr et al., 2016, 2018, 2019; Neumann
and Carreck, 2010) pointing out significant beeongllosses, Ghazoul (2005) called global
pollinator crisis into question. Referring to COL®Survey (Brodschneider et al., 2018) the
bee colony losses differ within regions. BetweeB85L8&nd 2005 Potts et al. (2010a) reported
25 % decrease in bee colonies and 31 % decreade inumber of beekeepers in Europe.
According to statistical data (CBU, internal dagf19; SVZ, 2017), there was 20.8 %
decrease in the number of beekeepers in the CzeyphliRc between 1993 and 2018, but only
7.95 % decrease in the number of bee colonieshisame period. In case of Switzerland,
due to unavailability of official statistical datem numbers of beekeepers, only the situation of
bee colonies is presented. Regarding Agristat (392817), Switzerland had lost half of its
bee colonies in the past 30 years (from 1985 tdRMHowever contemporary average Swiss
bee colony density (4 bee colonies per’kman be considered satisfactory, although the
Czech one is more than double (8.8 bee coloniegm®: indicating one of the highest bee
colony density levels in Europe.

Although there might exist some intents accordingthe rule “the more, the better”,
sometimes rather “less is more” holds true, appatgly when applied to numbers of
managed bee colonies. Hardin (1968) in his essastritted this approach to using resources

with an example of the commons:

“Each man is locked into a system that compels diimctease his herd without limit

—in a world that is limited.
Hardin (1968, p. 4)

The problem of the capacity of the Earth’s biosphieralso highlighted by Svatos (2006),

who points out the increasing negative impact ofjrdéed ecosystems on the economic

growth and prosperity. The objective is to decreaseurce degradation and the associated
disturbance, to a level where the nature and agpsystems can counterweight them and

preserve overall sustainability (Barbier, 1987).
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Massively introduced managed beekeeping can bongesconceivable biodiversity risks to
feral bees and other native pollinators (e.g. Galdmand Gonzalez-Varo, 2018; Geslin et al.,
2017; Graystock et al., 2013, 2016; Mallinger ef 2017). The risk of disease emergence
works on the presumption that managed and/or iredohoneybees mix with wild bees
(Graystock et al., 2016) and that various pollimatshare diverse foraging sites (Furst et al.,
2014). Considering pathogen transmission threat thanaged honeybees pose to wild
pollinators, it is important to mention that thellsper might be bidirectional, since both
managed and native populations can work as paresservoir (Graystock et al., 2016;
McMahon et al., 2015). Concerns over massive inicddn of managed species are not only
relevant to high biodiversity ecosystems and ptetedabitats, but also to urban places,
where the density ofAApis melliferacolonies is nowadays sharply increasing (Geslialgt
2017). The case in point is canton Basel — Cityenghthe highest bee colony density (i.e.
11.8 bee colonies per Kjrin Switzerland was reported by Charriére et2018).

On account of honeybee stocks, conducted expemvietvs revealed presence of Primorski
bees and Elgon bees in a Swiss bee farm, althdwgghdre not indigenous to Switzerland.
Moritz et al. (2005) concede the difficulties insdussion with beekeepers (and other
stakeholders) concerning bee breeding, as the wawith endemic populations is
recommended rather than risky introduction of fomestock possibly leading to irreversible
changes to both feral and managed animals andsplané original distribution of honeybee
stocks in Europe has been significantly modifiecahthropogenic activities like importations
of non-indigenous honeybee stocks or their relooatithroughout Europe (Lodesani and
Costa, 2003). Bee breeding has been dominatediogluting “exceptional” honeybees from
various areas of Europe and Africa into manageddsg@ng (Laidlaw and Page, 1996 In:
Moritz et al., 2005), even though this practiceqérently omits the significance of local
adaptation as well as the need for local subsp@ceservation and biodiversity conservation
(Morizt et al, 2005). Even the COLOSS Associati@d19a) highlights the risks driven by
free honeybee trade, where possible genetic thneaght be neglected. Miscellaneous
honeybee populations are consequent upon extehglwgdization aiming more productive
bee colonies and/or better disease resistanceetddtriment of genetic diversity of native
stocks. In the case of the Czech Republic, the iGlam honey bee is listed as the animal
genetic resource, and thus protected against urodiect cross-breeding. As opposed to that,

the stock variability in honeybees bred in Switzed enables the hybridization, which might
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pose a serious threat both to beekeeping (negkatares of cross-breeds) and biodiversity

(affecting indigenous populations).

Organized character of beekeepers in urfdnassociations and societi&sis considered as
strength, because they can negotiate with autbsrés a community, they can also implement
procedures and forms of good practices and as dfteyp collect data, they are usually in
charge of providing statistical results and curiegtslation regarding the beekeeping sector.
Membership of beekeeping organization offers nunneitzenefits — e.g. professional training
courses to satisfy beekeepers’ educational andirigpneeds (Androulidakis and Harizanis,
1996; Pocol et al., 2014), administrative suppoidcessing subventions (Pocol et al., 2014),
library facilities, cooperation and assistance iee bdisease prevention and financial
contribution (disease funds) after bee colony leg§BU, 2008; SAR, 2018; STA, 2018). In
Switzerland, in contradistinction to the Czech R#&jm however not all statistical records of
beekeeping variables are kept. The shortage on ensnabd beekeepers might lead to omitting
some adverse developments, such as malfunctiomingrgtion exchange. In addition to that,
no official document identifying long-term strategy Swiss beekeeping sector was found,
where the strategic objectives would be set andahg-range intentions and course of the

beekeeping sector would be formulated (cf. MZe, 7201

In spite of the assumption, that beekeeping becossesomically feasible for operations
managing more than 30 bee colonies in the Czeclulitepand Switzerland, the statistical
data from both countries show that the vast mgjarittheir beekeepers are hobbyists, each
having less than 30 bee colonies. This implies ttate must be further deciding motives to
keep the bees apart from the economic one. Lowitpabifty of beekeeping sector was
already proposed by Zehnalova (2009), comparingyloees and the pollination service in
light of positive externalities and ensuring pulilizods to Coases’ lighthoud&s(cf. Coase,
1974). The current state of beekeeping sector iitz8dand, where there is (with a few
exceptions) no state support, however casts dqudot leaving the beekeeping sector, which

is traditionally dependent on hobby beekeeperglytd the market powers.

141 Czech Beekeepers* Union (CBU)

142 5ocieté Romande d’Apiculture (SAR), Societa Tisimei Apicoltura (STA), BienenSchweiz — Imkerverthan
der deutschen und ratoromanischen Schweiz (form&®RB/ — Verein deutschschweizerischer und
ratoromanischer Bienenfreunde)

143 On the example of lighthouses in thé"ihd 14" century in the UK, Coase (1974) refuted the ndtes$
securing these public goods bringing positive ewbties by the state, since the lighthouses wéectvely
managed by the private sector.

144



On account of close interconnection between bea@kgepnd other scientific fields
(agriculture, biology, botany, ecology, entomologhenology, veterinary medicine and the
like), the multidisciplinarity** is indispensable not only in the light of inteinaal
cooperation, but also regarding the knowledge temnand linking local science with
beekeeping practice. Fazey et al. (2012) stressirtiportance of knowledge transfer,
exchange and sharing to improve environmental memagt and sustainability. An example
of such international cooperation in beekeepingassh is represented by COLOSS - a
global initiative to monitor bee colony losses asithring specific data with individual
stakeholder groups (COLOSS, 2018). Furthermore)yD@I000) emphasizes that putting
theory into practice also requires locally basermation and science and Pretty (2008)
claims, that successful transition towards a mastasnable agriculture can only result from

external and financial support.

Concerning the beekeeping and agriculture, beeigaand agrochemicals are supposed to be
crucial aspects. Since there is a problem withcagitiral spraying, authorities overseeing
detrimental agricultural activities play cruciallean bee protection too. According to the
investigations by Ramseier et al. (2016) the flomgperstrips provide good food supply in
critical low-season and they are attractive both Honeybee and wild bee target species.
Flower strips also attract other agriculturally egcial insects such &yrphidae(hoverflies)
and Reduviidae which do pest control in adjacent annual cropantiBeier et al., 2016).
Although flowering strips increase both animal gotant diversity, they cannot solve all the
problems with pests, thus it is necessary to coenlims approach with common pest
management techniques (Holy et al., 2016). In addito that, Klein et al. (2007) suggest
applying crop rotation particularly to intensifiediiform agricultural landscapes, which may
alongside lead to soil improvement, erosion cordsolvell as to better pest management. The
attention should be paid to suitability of seed tomi& and plant composition for different soil
and climate conditions as well as to operation#iray management optimization (Holy et al.,
2016; Pérez-Marcos et al., 2018). Fast rotary msweght cause severe bee colony losses in

summer, as reported by one interviewee.

In spite of the assumption that the agricultur@mnéy detrimental to honeybees, problem's
reciprocity needs to be taken into considerationth@dt agricultural fields, pastures and

144 For the purpose of this thesis, multidisciplinaris understood as defined by Youngblood (2007)xas
cooperation of two or more scientific disciplinésaugh using their tools and knowledge in new wiaysrder
to consider multi-faceted issues that have at leastiink to different field of study.
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meadows the abundance of bee pasture would dimiaisth so would the productivity of
honeybees as well as the honey yield. Hence theoaght not to be to take a stand against
either agriculture or managed beekeeping, but ratkeure optimal conditions for viable
coexistence of diverse organisms and preserve agticultural production and managed

beekeeping.

Although the research employed thorough and timeswming data collection and analyses,
the generalizability of presented findings is does¢veral following reasons strictly limited.
In case of the economic assessment of hobby beiekeeperations, the calculations work on
certain assumptions (defined in the subsection &fijch do not necessarily apply to every
single beekeeping operation in the Czech Repulsitt Switzerland. Despite the apparent
conformity of predicted values to real Czech hopages, it needs to be emphasized that one
cannot absolutely rely on the forecast, since nadehaomplies with all agricultural
commodities (cf. Tomek and Myers, 1993) and nothimgyitably links the past with the
future (cf. Bessler and Kling, 1989). Similarlyetlgualitative analysis posits at least to a
certain extent a lack in validity, because eachestigated case is regarded as unique.
Nevertheless the expert interviews revealed adicarsity of opinions, hints and experience
with regard to Czech and Swiss beekeeping, beistguimental in accomplished evaluations

of beekeeping sectors in the Czech Republic antz8and.
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6 Conclusions

The assessment of selected aspects of beekeepotgr se the Czech Republic and

Switzerland resulted in following key findings:

With regard to the investigation and assessmericohomic situation of hobby beekeeping
operations in the Czech Republic and Switzerlaoohessuggestions are made to improve the
economics of small scale beekeeping operations t.encrease the revenues from bee
products sale and to decrease the expenditure®: #tia, initial knowledge has been
identified as a significant input of beginning beeger’'s operation. The results of the
economic assessment revealed a paradox. Despitasguenption that apiculture becomes
economically feasible for operations managing mibv@n 30 bee colonies in the Czech
Republic and Switzerland, the vast majority of lesgers in both observed countries are
hobbyists managing the beekeeping operations snthb@ 30 bee colonies. This indicates
that hobbyists’ reasons to keep bees are otherphaaly economic. In the light of conducted
expert interviews, the motives for keeping beebath countries are rather social (pastime,
enthusiasm, enjoyment, active relaxation, educpi@om environmental (pollination, role of
the bees in ecosystems, nature conservation ariveisity) than economic. Beekeeping
operations also contribute to local economy (addél income for hobbyists, jobs of
professional beekeepers, complementary serviceseauting crop production).

Carried out analysis of Czech honey prices oveetgpan 1995 — 2018 confirmed the
assumption that for very small growth rates the hewaatical technique of linear
approximation is applicable. Forecast values prdiogefrom constructed ARIMA model
(1,1,1) seem to fit the original dataset with rdata well and the model is regarding both
diagnostic checks considered adequate. The pugdfas®e series analyses was to moderate
the presented lack of price clarity for both be@ess and consumers, and to forecast future
price development of honey in the Czech Repubt@asiuch as the honey price is considered

as significant factor for honey buyers.

On account of indisputable correlation betweenrthbers of bee colonies and beekeepers,
the pollinator crisis should not be determined lyollyy decreasing amounts of bee colonies,
but the important role of beekeepers should bentaki® consideration too. In view of the
professionalization of new generation of beekeepkesdrawback was identified. The expert

interviews with beekeepers lecturing in beekeepimgrses disclosed that a certain amount of
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beekeeping newbies quits their beekeeping effoitisivfew years from the starting point,
while these figures are roughly estimated to bdeims of percent. Due to non-existing
statistics on this phenomenon and beekeepers’ ggéi future of beekeeping sector remains
to be of utmost interest. Even though the staibtiecords of Czech beekeepers and bee
colonies are kept by the CBU, in Switzerland sustords of Swiss beekeepers are lacking.
Hence the thorough monitoring of beekeepers’ numirecommended in order to keep a
good track of its development and to be able te tacessary measures against beekeepers’

numbers declines.

In conclusion, research outcome affirms positivgpants of beekeeping and it reveals the
potential of managed beekeeping not only for hodray commercial beekeepers, but also for
specific target groups, such as children and yawthan dwellers, stakeholders in hospitality
industry and prisoners. In order to offset the tiggaimpacts of beekeepers’ ageing, the
beekeeping clubs for children and youth are ruthinCzech Republic and other comparable
countries. In the upshot, such initiative might dmnsidered valuable for addressing new
generation of Swiss beekeepers too. On the contmar$pwitzerland a special project on
railway beekeeping exposition is run, offering mative educational program for children
and youth. Despite the fact that urban beekeepies ot appear to be economically viable
in terms of making a profit its unquestionable abeirtues can balance out the economic
burden. Existing economic models for financing eomporary urban apiculture projects
intersect either in social enterprise or straigithmercial patterns. From business perspective
such projects might help stakeholders co-createpetitive advantage and potential revenue
streams. By contrast the beekeeping behind theibarson-profit project aiming to offer the

inmates meaningful use of their free time.

Considering the lack of economic studies focusingsmall-scale beekeeping operations in
the Czech Republic, Switzerland and other comparablintries, presented research might
possibly fill this gap in the literature and cobtrie to clarification of economics of beginning

beekeepers’ operations.

The scientific gap lingers on concerning the wagdoure sufficient numbers of bee colonies
and/or ample bee colony density for the purposebath agricultural production and
ecosystems functioning. The question is, whethed (fiso, how) the state should take centre
stage through interventions or if the beekeepingtosetraditionally based on hobby

beekeepers should be left to the market powers.
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Appendices

| Examples of Bee Hotels

Some scientists (Geslin et al., 2017; Plascencth Rimlpott, 2017) see the anthropogenic
contribution as a possible conservation practidgenfrove the current state of pollinators and
foraging plants. The artificial nest for wild be@daclvor and Packer, 2015) — bee hotel — is
considered as such intervention. However despstéaige public promotion, the effects of
such installations remain disputable (Bortolottakf 2016; Fortel et al., 2016; Maclvor and
Packer, 2015).

Picture 1: Bee hotel in Botanical Garden Bern

Source: Serakova, Petra. 22-06-2017. Bee hotebiarical Garden Bern. [Photograph].
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Picture 2: Bee hotel in Botanical Garden Basel

Source: Mosimann, Carla. 07-06-2017. Bee hotelataBical Garden Basel. [Photograph].
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Picture 3: Bee hotel in Locarno

Jree J e

-

Source: Serakova, Petra. 25-06-2017. Bee hotehotel in Locarno. [Photograph].
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Il Types of Beehives

Picture 4: Dadant beehive

Source: Dumat, Maja. 02-04-2011. Dadantbeute mitigfdumen. [Photograph].
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Picture 5: Magazin beehive (Deutsche Normalmalf)
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Source: Serakova, Petra. 20-05-2017. Magazin beghivBottmingen. [Photograph].
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Picture 6: Langstroth beehive

Source: Lenz, Leonhard. 12-06-2018. Langstroth loivea meadow next to the LalRzinssee
03. [Photograph].
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Picture 7: Apiary — Schweizerkasten

Source: Serakova, Petra. 18-05-2017. Apiary in isafPhotograph].
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Picture 8: Schweizerkasten beehives in apiary

Source: Serakova, Petra. 18-05-2017. Schweizerkastehives in Naters. [Photograph].
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Picture 9: Schweizerkasten beehive (a)

Source: Serakova, Petra. 08-06-2017. Schweizerkasthive in Steinhausen. [Photograph].
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Picture 10: Schweizerkasten beehive (b)

Source: Serakova, Petra. 03-06-2017. Schweizerkastehive in Grossdietwil. [Photograph].
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Picture 11: Migratory beekeeping in Switzerland (a)

Source: Serakova, Petra. 08-06-2017. Migratoryieegon / caravan in Zug. [Photograph].
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Picture 12: Migratory beekeeping in Switzerland (b)

Source: Serakovéa, Petra. 03-06-2017. Migratory tegon / caravan in Grossdietwil.
[Photograph].
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1l Bee Products Sales Promotion

Picture 13: Signboard on the front yard

Source: Serédkova, Petra. 03-06-2017. Signboard hen ftont yard in Grossdietwil.
[Photograph].
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Picture 14: Signboard on the house wall

Source: Serakova, Petra. 03-06-2017. Signboard hen house wall in Grossdietwil.
[Photograph].

Picture 15: Stick-on label on the car

Source: Serdkova, Petra. 08-06-2017. Informatiobellaon the car in Steinhausen.
[Photographl].
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|V Statistics

Table 30: Bee colonies and beekeepers in the Czdbpublic (2000 — 2018)

Source: own processing according to CBU (intera#hd2019)

Table 31: Sizes of beekeeping operations in the @reRepublic (2015 — 2018)

Bee Colonies| 2015 2016 2017 2018
1-5 19 396 18 314 19 852 20 011
6—10 14 102 15 254 14 794 14 745

11-15 5878 6 595 6 185 6 080
16 - 30 6 547 7337 6 800 6723
31-100 3073 3523 3253 3215
101+ 231 267 230 232
TOTAL 49 227 51 290 51114 51 006

Source: own processing according to CBU interntd (2019)
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Year 2000 2001 2002 2003 2004 2005
Bee colonies 534 814 537 226 517 743 477 743 556 853 551 ¢81
Beekeepers 55 245 53 315 52 768 50 940 50 109 49 824
Year 2006 2007 2008 2009 2010 2011
Bee colonies 525 560 520 084 461 086 497 946 528 186 565 419
Beekeepers 48 678 47 966 45 604 46 033 46 5738 48 037
Year 2012 2013 2014 2015 2016 2017 2018
Bee colonies | 540 705 553 040 603 394 596 3183 659 899 635 824 8880
Beekeepers | 48 132 50471 53 447 54 416 56 558 57 559 58 1B2



Table 32: Honey supply in the Czech Republic (20002016) in tons

i Domestic Production

Year m%ﬂzﬁo Export (t) minus Export (1) Import (t)

2000 7 500 2271 5229 660

2001 6 300 1793 4 507 1073
2002 5 883 1867 4016 1144
2003 6 303 2024 4279 1757
2004 7738 2975 4763 1134
2005 8 371 2 826 5 545 1580
2006 9 051 2995 6 056 2 392
2007 8 466 4 357 4109 1724
2008 6 078 2595 3483 2 060
2009 6 892 2051 4841 1825
2010 7 455 1188 6 267 2172
2011 11 302 2270 9 032 1777
2012 7 332 1583 5749 1946
2013 8 063 1526 6 537 2 086
2014 7 163 1184 5979 2544
2015 9228 906 8 322 2945
2016 10 113 1416 8 697 1776

Source: own processing according to SVZ (2017)

Table 33: Bee colonies in Switzerland (2000 — 2016)

Year 2000 2001 2002 2003 2004
Bee colonies 235 801 221573 211 780 208 008 207 945
Year 2005 2006 2007 2008 2009 2010
Bee colonies | 208 091 202 839 193 355 180 026 173 814 165 (45
Year 2011 2012 2013 2014 2015 2016
Bee colonies | 169 391 161 447 169 391 168 416 168 965 169 916

Source: own processing according to Agristat (20@017)
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Table 34: VDRB Beekeepers (2002 — 2011)

Year 2002 2003 2004 2005 2006
VDRB Beekeepers [ 16 055 15 747 15 387 15 196 15 11y
Year 2007 2008 2009 2010 2011

VDRB Beekeepers 14 177 14 201 14 128 14 096 14 081

Source: own processing according to VDRB (Kollegrgonal communication, March 17,
2017)

Table 35: Honey supply in Switzerland (2000 — 201@) tons

vear | progugion(y | BP0 | s eor | ot
2000 2834 442 2392 6 784
2001 4 288 431 3 857 6921
2002 2692 317 2375 6 747
2003 4 157 312 3 845 6 790
2004 4077 367 3710 6129
2005 3223 340 2 883 6 324
2006 3 656 481 3175 6 415
2007 3917 537 3380 7 058
2008 2 803 554 2 249 7 244
2009 3135 509 2626 7576
2010 3316 651 2 665 7 893
2011 4677 558 4119 7 434
2012 2145 530 1615 7825
2013 3 826 539 3 287 8 169
2014 2419 632 1787 7 686
2015 4 602 703 3899 8170
2016 2384 648 1736 7 884

Source: own processing according to Agristat (20@017)
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Table 36: Original dataset — Czech honey prices timseries (1995 — 2018)

CZ-PRICE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1995 80,34 81,51 81,9 82,34 83,23 83,31 83,33 83,79 183,0 82,98 83,19 83,07
1996 84,49 86,12 85,45 85,39 85,71 87,81 89,39 91,3 44,7 99,55 102,98 103,62
1997 105,92 112,42 115,25 121,37 120,77 123,05 121,0 0,962 124,4 127,73 128,76 133,1
1998 1344 136,55 1375 138,06 139,49 138,69 138,01 3937, 137,11 134,37 131,37 131,18
1999 131,55 129,47 129,61 127,76 129,48 130,74 129,5 0,633 130,99 131,02 130,1 129,43
2000 128,77 128,70 128,34 126,73 126,88 128,38 129,0 9,432 128,58 129,33 128,96 128,57
2001 127,26 124,63 125,93 126,82 126,82 126,32 124,2 3,342 122,57 123,35 123,19 122,61
2002 123,01 123,95 125,95 126,43 127,09 126,49 126,2 6,862 126,21 125,51 125,33 125,61
2003 128,47 128,62 129,44 132,64 133,75 134,99 135,9 5,203 134,52 134,51 136,04 137,50
2004 137,66 138,14 139,77 139,98 139,53 139,22 138,1 8,483 138,57 138,54 136,87 136,79
2005 137,43 138,31 137,79 138,23 138,68 138,8 138,4 ,5837 136,84 136,1 136,44 136,11
2006 135,29 133,34 135,34 132,11 131,08 132,65 133,7 2,713 126,06 126,64 126,6 125,57
2007 123,67 123,47 123,78 124,11 122,97 122,6 1216 ,8821 120,92 120,7 119,09 117,44
2008 120,01 121,07 123,63 122,87 122,12 124,19 120,5 3,712 125,66 125,68 125,06 125,32
2009 125,75 127,2 127,52 126,92 124,36 121,88 121,3 9620, 123,8 124,02 122,99 123,4
2010 125,72 126,34 125,35 126,63 126,11 127,53 130,5 8,052 129,58 130,36 128,63 129,73
2011 129,71 128,94 128,20 129,31 130,27 131,59 131,6 2,383 133,58 134,91 133,36 134,19
2012 134,32 133,12 134,57 132,67 137,34 135,55 138,0 8,123 141,58 140,58 142,01 143,07
2013 143,81 145,48 143,90 148,85 151,08 150,48 151,20 2,085 152,04 150,77 152,17 156,74
2014 157,20 160,80 165,45 163,56 168,50 165,88 167,28 9,136 169,18 170,62 176,44 178,33
2015 176,79 180,93 182,07 186,11 187,94 182,89 187,15 5,938 191,02 186,57 186,56 202,45
2016 205,79 204,92 209,37 214,63 216,36 216,71 214,76 5,420 203,12 205,92 203,58 207,15
2017 211,32 207,69 212,31 202,84 210,62 211,61 210,78 9,920 207,14 207,49 206,02 205,38
2018 211,18 208,24 204,73 207,77 208,96 207,97 206,12 4,480 199,09 200,66 202,24 202,3

Source: own processing according to CZSO (2019)
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Figure 39: Sequence plot of differenced time serieta (2 difference)
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Source: own processing in IBM® SPSS Statistics

Table 37: Descriptive statistics on differenced tira series data (¢ difference)

MEAN
TIME SERIES
N STD. DEVIATION VARIANCE
DIFFERENCE
STATISTIC | STD. ERROR
2ND ORDER 286 - 0.0039 0.19935 3.37132 11.366

Source: own processing in IBM® SPSS Statistics
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Figure 40: ACF of the original time series data (% difference)
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Source: own processing in IBM® SPSS Statistics

Given sequence is considered a white noise, evargththe correlogram shows that some of
the values slightly overlap upper 95 % confidenuerval. Table 38 (below) presents the
autocorrelation results in detail. In addition katt according to Ramik (2007), the random

walk can be transformed from the white noise thitoagcumulating the white noise data.
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Figure 41: PACF of the original time series data (1 difference)
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Source: own processing in IBM® SPSS Statistics
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Table 38: ACF of differenced random walk — results

AUTOCORRELATIONS

Lag | Autocorrelation Sl & Box-Ljung Staistic
Error™ | value | df Sig?®
1 -0,014 0,059 0,054 1 0,817
2 0,073 0,059 1,614 2 0,446
3 0,142 0,059 7,52 3 0,057
4 0,033 0,058 7,843 4 0,098
5 0,157 0,058 | 15,056 5 0,01
6 -0,037 0,058 15,45 6 0,017
7 0,053 0,058 | 16,271 7 0,023
8 0,055 0,058 | 17,161 8 0,028
9 0,012 0,058 | 17,204 9 0,046
10 0,126 0,058 | 21,932 10 0,015
11 0,035 0,058 | 22,298 11 0,022
12 0,133 0,058 | 27,635 12 0,006
13 0,158 0,057 35,19 13 0,001
14 0,036 0,057 | 35,575 14 0,001
15 0,081 0,057 37,57 15 0,001
16 -0,064 0,057 | 38,809 16 0,001

a. The underlying process assumed is independe&iitte (hoise).

b. Based on the asymptotic chi-square approximation

Source: own processing in IBM® SPSS Statistics
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Table 39: ACF and PACF residuals

RESIDUAL ACF RESIDUAL PACF
LAG MEAN LAG MEAN
Lag 1 -0,02695 Lag 1 -0,0269"
Lag 2 0,058123 Lag 2 0,05743
Lag 3 0,107961 Lag 3 0,11143
Lag 4 0,020243 Lag 4 0,02356
Lag 5 0,138938 Lag 5 0,12959
Lag 6 -0,05773 Lag 6 -0,06502
Lag 7 0,032737 Lag 7 0,01030
Lag 8 0,039486 Lag 8 0,01801
Lag 9 -0,00596 Lag 9 0,00030%
Lag 10| 0,086974| Lag10 0,067473
Lag 11| 0,017601| Lag1l 0,032464
Lag 12| 0,104286| Lag12 0,092528
Lag 13| 0,119478| Lag13 0,108235

A

A

Lag 14| 0,008596| Lag14 0,00343
Lag 15| 0,069542| Lag1lb 0,02041
Lag16| -0,07679| Lagl6 -0,10636
Lag17| 0,035069| Lagly -0,0072b
Lag18| -0,02869| Lagl1l8 -0,05448
Lag19| -0,01323| Lag19 0,00816p
Lag 20| 0,006027| Lag?20 -0,0100%
Lag21| -0,12724| Lag2] -0,1059%
Lag22| 0,140312| Lag?22 0,118407
Lag23| -0,09633| Lag23 -0,09625%
Lag24| -0,00089| Lag 24 -0,0062

Source: own processing in IBM® SPSS Statistics
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Table 40: Time series model algorithms in IBM® SPSStatistics

TIME SERIES MODEL ALGORITHMS IN IBM® SPSS STATISTIC S

1 —
MAE (Mean Absolute Error, 2013) MAE = _z Yoy — Yoo
n
MAPE (Mean Absolute Percent 100~ Y — Yoo
MAPE = Z
Error, 2013) n Yo

XY — Ye)

MSE (Mean Squared Error, 2013) MSE = P
n—

Normalized BIC (Normalized

Bayesian Information Criterion, | Normalized BIC = In(MSE) + k@
2013)
Yoo — Yip))?
R? (R-Squared, 2013) g2 =1 - 200 (_”1
XY —Y)
Stationary R (Stationary R- Ziey — Zpy)?
Stationary R* =1 — 2 Q)z
Squared, 2013) 2t(AZy — AZ)

Source: own processing according to IBM® SPSS Siwzdi
}7(;) are deviations of model values from real values

AZ is the simple mean model for modified (differencegquence, which is analogue of

ARIMA (0,d,0)(0,D,0)
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Table 41: Comparison of the ARIMA (1,1,1) forecastvith real data (1995 — 2018)

YEAR | MONTH | REALITY |FORECAST | LCL UCL
1995 JAN 80,34 N/A N/A N/A
1995 FEB 81,51 80,75 77,49 84,06
1995 MAR 81,9 81,95 78,61 85,28
1995 APR 82,34 82,34 79,00 85,688
1995 MAY 83,23 82,78 79,48 86,12
1995 JUN 83,31 83,68 80,3 87,05
1995 JUL 83,33 83,75 80,44 87,11
1995 AUG 83,79 83,76 80,44 87,12
1995 SEP 83,01 84,22 80,9 87,%9
1995 OCT 82,98 83,4 80,1 86,75
1995 NOV 83,19 83,36 80,06 86,71
1995 DEC 83,07 83,57 80,26 86,92
1996 JAN 84,49 83,43 80,18 86,79
1996 FEB 86,12 84,89 81,5 88,27
1996 MAR 85,45 86,55 83,19 89,97
1996 APR 85,39 85,85 82,5 89,25
1996 MAY 85,71 85,78 82,43 89,18
1996 JUN 87,81 86,1 82,74 89,5
1996 JUL 89,39 88,25 84,85 91,y
1996 AUG 91,3 89,86 86,44 93,34
1996 SEP 94,74 91,82 88,35 95,33
1996 OCT 99,55 95,34 91,81 98,92
1996 NOV 102,98 100,27 96,6p 103,p4
1996 DEC 103,62 103,77 100,09 107/51
1997 JAN 105,92 104,4 100,y 108,14
1997 FEB 112,42 106,73 102,99 11052
1997 MAR 115,25 113,39 109,54 117,p9
1997 APR 121,37 116,26 112,36 12021
1997 MAY 120,77 122,52 118,52 126,58
1997 JUN 123,05 121,84 117,85 12589
1997 JUL 121,04 124,14 120,11 128,22
1997 AUG 120,96 122,02 118,02 126,06
1997 SEP 1244 121,89 117,89 125|93
1997 OCT 127,73 125,39 121,834 12949
1997 NOV 128,76 128,77 124,67 132,93
1997 DEC 133,1 129,78 125,66 133,96

224



YEAR | MONTH | REALITY |FORECAST | LCL UCL
1998 JAN 134,4 134,2 130,01 138,45
1998 FEB 136,55 135,49 131,28 139(75
1998 MAR 137,5 137,65 133,41 141,895
1998 APR 138,06 138,58 134,82 14289
1998 MAY 139,49 139,1 134,88 143,42
1998 JUN 138,69 140,53 136,23 144,87
1998 JUL 138,01 139,65 135,37 143,98
1998 AUG 137,39 138,91 134,64 1432
1998 SEP 137,11 138,23 133,07 142,54
1998 OCT 134,37 137,91 133,66 14221
1998 NOV 131,37 135,05 130,85 139,81
1998 DEC 131,18 131,94 127,79 136)15
1999 JAN 131,55 131,73 127,58 135,93
1999 FEB 129,47 132,09 127,93 136,3
1999 MAR 129,61 129,94 125,81 134,11
1999 APR 127,76 130,07 125,94 134)25
1999 MAY 129,48 128,16 124,06 1323
1999 JUN 130,74 129,92 125,79 134)09
1999 JUL 129,52 131,2 127,06 135/4
1999 AUG 130,63 129,94 125,81 134411
1999 SEP 130,99 131,07 126,93 135/26
1999 OoCT 131,02 131,43 127,28 135)63
1999 NOV 130,1 131,45 127,83 135,65
1999 DEC 129,43 130,5 126,36 134,68
2000 JAN 128,77 129,8 125,68 133,97
2000 FEB 128,7 129,12 125,01 133,28
2000 MAR 128,34 129,04 124,93 133|2
2000 APR 126,73 128,67 124,56 132)82
2000 MAY 126,88 127,01 122,93 131,14
2000 JUN 128,38 127,17 123,08 1313
2000 JUL 129,01 128,71 1246 132,86
2000 AUG 129,43 129,35 125,23 133,52
2000 SEP 128,58 129,78 125,66 133}95
2000 OoCT 129,33 128,9 124,79 133,06
2000 NOV 128,96 129,67 125,55 133,84
2000 DEC 128,57 129,29 125,17 133)45
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YEAR | MONTH | REALITY |FORECAST | LCL UCL
2001 JAN 127,26 128,88 124,77 133)04
2001 FEB 124,63 127,53 123,45 131)67
2001 MAR 125,93 124,83 120,79 128,03
2001 APR 126,82 126,17 122,11 130429
2001 MAY 126,82 127,09 123,01 131,22
2001 JUN 126,32 127,09 123,01 131,22
2001 JUL 124,28 126,58 122,51 130,7
2001 AUG 123,34 124,48 120,45 128,67
2001 SEP 122,57 123,52 119(5 127|59
2001 OCT 123,35 122,74 118,73 126,8
2001 NOV 123,19 123,55 119,53 127,62
2001 DEC 122,61 123,39 119,37 127)46
2002 JAN 123,01 122,8 118,79 126,86
2002 FEB 123,95 123,21 1192 127,28
2002 MAR 125,95 124,18 120,15 128,p7
2002 APR 126,43 126,24 122,17 130,36
2002 MAY 127,09 126,73 122,66 130,86
2002 JUN 126,49 127,41 123,32 131)54
2002 JUL 126,28 126,79 122,71 130,91
2002 AUG 126,86 126,57 122,p 130,69
2002 SEP 126,21 127,17 123,09 1313
2002 OoCT 125,51 126,5 122,43 130,62
2002 NOV 125,33 125,78 121,72 129,88
2002 DEC 125,61 125,59 121,54 1297
2003 JAN 128,47 125,88 121,82 129,99
2003 FEB 128,62 128,82 124,71 132)97
2003 MAR 129,44 128,97 124,86 133,13
2003 APR 132,64 129,8 125,68 133,98
2003 MAY 133,75 133,09 128,91 137,81
2003 JUN 134,99 134,22 130,02 138)46
2003 JUL 135,9 135,48 131,26 139,/4
2003 AUG 135,2 136,4 132,17 140,68
2003 SEP 134,52 135,66 131,45 13993
2003 OoCT 134,51 134,95 130,75 139,21
2003 NOV 136,04 134,93 130,73 139,49
2003 DEC 137,5 136,49 132,27 140,77
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YEAR | MONTH | REALITY |FORECAST | LCL UCL
2004 JAN 137,66 137,98 133,73 142,28
2004 FEB 138,14 138,13 133,88 14244
2004 MAR 139,77 138,61 134,35 142,02
2004 APR 139,98 140,28 135,99 14461
2004 MAY 139,53 140,48 136,19 144,82
2004 JUN 139,22 140 135,72 144,33
2004 JUL 138,13 139,67 135,39 144
2004 AUG 138,48 138,54 134,28 142,85
2004 SEP 138,57 138,89 134,62 143,2
2004 OCT 138,54 138,97 1347 143,29
2004 NOV 136,87 138,93 134,67 1435
2004 DEC 136,79 137,21 132,97 1415
2005 JAN 137,43 137,12 132,88 14141
2005 FEB 138,31 137,78 133,53 142)07
2005 MAR 137,79 138,67 134,41 142,99
2005 APR 138,23 138,13 133,88 14244
2005 MAY 138,68 138,58 134,32 142,89
2005 JUN 138,8 139,04 134,77 143,36
2005 JUL 138,48 139,16 134,89 14348
2005 AUG 137,55 138,82 134,56 143,14
2005 SEP 136,84 137,86 133,61 142/16
2005 OoCT 136,1 137,13 132,89 14142
2005 NOV 136,44 136,37 132,14 140,64
2005 DEC 136,11 136,72 132,49 141
2006 JAN 135,29 136,38 132,15 140,65
2006 FEB 133,34 135,54 131,32 1398
2006 MAR 135,34 133,53 129,35 1377
2006 APR 132,11 135,59 131,38 139,86
2006 MAY 131,08 132,28 128,12 136,49
2006 JUN 132,65 131,23 127,08 135)42
2006 JUL 133,71 132,85 128,67 137,07
2006 AUG 132,71 133,94 129,75 138,18
2006 SEP 126,06 132,91 128,74 13714
2006 OoCT 126,64 126,09 122,03 130,2
2006 NOV 126,6 126,7 122,63 130,82
2006 DEC 125,57 126,67 1226 1308

227



YEAR | MONTH |REALITY |FORECAST | LCL UCL
2007 JAN 123,67 125,63 121,%7 129,73
2007 FEB 123,47 123,69 119,67 12777
2007 MAR 123,78 123,5 119,48 127,57
2007 APR 124,11 123,83 119,81 127/91
2007 MAY 122,97 124,19 120,15 128,27
2007 JUN 122,6 123,03 119,01 127,09
2007 JUL 121,67 122,66 118,65 126,72
2007 AUG 121,88 121,72 117,43 125,76
2007 SEP 120,92 121,95 117,05 125,99
2007 OCT 120,7 120,97 116,99 12%
2007 NOV 119,09 120,76 116,79 124,79
2007 DEC 117,44 119,12 115,17 123)12
2008 JAN 120,01 117,44 113,52 12141
2008 FEB 121,07 120,1 116,13 12411
2008 MAR 123,63 121,19 117,21 125,p3
2008 APR 122,87 123,83 119,8 12791
2008 MAY 122,12 123,05 119,04 127,12
2008 JUN 124,19 122,29 118,29 126,34
2008 JUL 120,55 124,42 120,38 1285
2008 AUG 123,7 120,68 116,41 124,71
2008 SEP 125,66 123,92 119,89 128
2008 OoCT 125,68 125,94 121,88 130)05
2008 NOV 125,06 125,96 121,89 130,07
2008 DEC 125,32 125,32 121,27 129)42
2009 JAN 125,75 125,58 121,53 129,69
2009 FEB 127,2 126,02 121,96 130,13
2009 MAR 127,52 127,51 123,42 131,65
2009 APR 126,92 127,83 123,74 131)98
2009 MAY 124,36 127,21 123,13 131,84
2009 JUN 121,88 124,58 120,54 128)67
2009 JUL 121,3 122,04 118,04 126,08
2009 AUG 120,96 121,45 117,46 12548
2009 SEP 123,8 121,1 117,12 125/13
2009 OoCT 124,02 124,03 120 128|1
2009 NOV 122,99 124,25 120,22 128,33
2009 DEC 123,4 123,19 119,18 127,26
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YEAR | MONTH |REALITY |FORECAST | LCL UCL
2010 JAN 125,72 123,62 119,59 127,69
2010 FEB 126,34 126 121,94 130,11
2010 MAR 125,35 126,64 122,56 130,76
2010 APR 126,63 125,61 121,56 12972
2010 MAY 126,11 126,93 122,85 131,05
2010 JUN 127,53 126,39 122,32 13051
2010 JUL 130,58 127,85 123,75 131,99
2010 AUG 128,05 130,97 126,83 135,16
2010 SEP 129,58 128,36 124,p6 132,51
2010 OCT 130,36 129,93 125,81 13411
2010 NOV 128,63 130,72 126,59 134,901
2010 DEC 129,73 128,94 124,83 1331
2011 JAN 129,71 130,06 125,94 134,24
2011 FEB 128,94 130,04 125,91 134)21
2011 MAR 128,2 129,24 125,13 133/4
2011 APR 129,31 128,48 124,37 132)63
2011 MAY 130,27 129,61 125,49 133,Y8
2011 JUN 131,59 130,59 126,46 13478
2011 JUL 131,6 131,94 127,79 136,45
2011 AUG 132,38 131,95 127,79 136,45
2011 SEP 133,58 132,74 128,67 136}96
2011 OoCT 134,91 133,97 129,78 138,2
2011 NOV 133,36 135,32 131,71 139,58
2011 DEC 134,19 133,72 129,53 137)95
2012 JAN 134,32 134,56 130,36 138,81
2012 FEB 133,12 134,69 130,49 138)94
2012 MAR 134,57 133,45 129,26 137,68
2012 APR 132,67 134,93 130,73 13918
2012 MAY 137,34 132,97 128,8 137,19
2012 JUN 135,55 137,76 133,51 142)06
2012 JUL 138,09 135,91 131,69 140,18
2012 AUG 138,12 138,51 134,25 142,82
2012 SEP 141,58 138,53 134,27 142,84
2012 OoCT 140,58 142,07 137,76 14644
2012 NOV 142,01 141,03 136,13 145,38
2012 DEC 143,07 142,49 138,16 146,86

229



YEAR | MONTH |REALITY |FORECAST | LCL UCL
2013 JAN 143,81 143,56 139,22 147,95
2013 FEB 145,48 1443 139,95 1487
2013 MAR 143,9 146 141,68 150,43
2013 APR 148,85 144,36 140,01 14876
2013 MAY 151,08 149,43 145,01 153,91
2013 JUN 150,48 1517 147,24 156,21
2013 JUL 151,2 151,06 146,61 155,66
2013 AUG 152,09 151,78 147,32 156,R9
2013 SEP 152,04 152,67 148{2 157|19
2013 OCT 150,77 152,6 148,12 157,12
2013 NOV 152,17 151,27 146,82 155,77
2013 DEC 156,74 152,69 148,22 157)21
2014 JAN 157,2 157,37 152,83 161,96
2014 FEB 160,8 157,82 153,27 16241
2014 MAR 165,45 161,49 156,89 166,14
2014 APR 163,56 166,24 161,57 170)96
2014 MAY 168,5 164,26 159,62 168,95
2014 JUN 165,88 169,31 1646 174,08
2014 JUL 167,28 166,58 161,91 17131
2014 AUG 169,13 167,99 163,38 172,73
2014 SEP 169,18 169,86 165,14 174,63
2014 OoCT 170,62 169,88 165,16 174)65
2014 NOV 176,44 171,33 166,59 176,02
2014 DEC 178,33 177,28 172,46 182]16
2015 JAN 176,79 179,19 174,34 184,09
2015 FEB 180,93 177,56 172,74 18244
2015 MAR 182,07 181,79 176,9 186,f2
2015 APR 186,11 182,92 178,02 187,87
2015 MAY 187,94 187,03 182,08 192,04
2015 JUN 182,89 188,87 183,89 1939
2015 JUL 187,15 183,63 178,73 188,59
2015 AUG 185,93 187,98 183,01 193
2015 SEP 191,02 186,69 181,74 191169
2015 OoCT 186,57 191,89 186,87 196)96
2015 NOV 186,56 187,27 182,32 1928
2015 DEC 202,45 187,23 182,28 192)24
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YEAR | MONTH |REALITY |FORECAST | LCL UCL
2016 JAN 205,79 203,54 198,37 208,76
2016 FEB 204,92 206,92 201,71 212)19
2016 MAR 209,37 205,97 200,17 211,p2
2016 APR 214,63 210,5 205,24 215,8
2016 MAY 216,36 215,85 210,53 221,22
2016 JUN 216,71 217,57 212,22 222)96
2016 JUL 214,76 217,86 212,%1 223,26
2016 AUG 205,41 215,8 210,48 221,17
2016 SEP 203,12 206,13 200,03 211,39
2016 OCT 205,92 203,75 198,58 208,97
2016 NOV 203,58 206,6 2014 211,86
2016 DEC 207,15 204,17 198,99 2094
2017 JAN 211,32 207,82 202,59 213)09
2017 FEB 207,69 212,08 206,8 2174
2017 MAR 212,31 208,31 203,08 213,p9
2017 APR 202,84 213,04 207,15 21837
2017 MAY 210,62 203,28 198,11 208,49
2017 JUN 211,61 211,26 205,99 216/57
2017 JUL 210,78 212,25 206,97 217,58
2017 AUG 209,93 211,37 206,01 216,69
2017 SEP 207,14 210,48 205,22 215,78
2017 OoCT 207,49 207,59 202,37 21286
2017 NOV 206,02 207,94 202,71 213p1
2017 DEC 205,38 206,41 201,21 211)67
2018 JAN 211,18 205,75 200,55 210,99
2018 FEB 208,24 211,7 206,43 217)02
2018 MAR 204,73 208,66 203,43 213,p4
2018 APR 207,77 205,05 199,86 210,28
2018 MAY 208,96 208,16 202,93 213,44
2018 JUN 207,97 209,38 204,13 21467
2018 JUL 206,12 208,35 203,12 213,63
2018 AUG 204,46 206,44 201,23 2117
2018 SEP 199,09 204,73 199,65 209,97
2018 OoCT 200,66 199,22 1941 204,38
2018 NOV 202,24 200,84 195,y 206,02
2018 DEC 202,3 202,46 197,31 207,67

Source: own processing according to IBM® SPSS Siediand CZSO (2019, internal data)
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