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ENVIRONMENTAL NEGOTIATION UNDER INFORMATION
ASYMMETRY: A LABORATORY EXPERIMENT FOR COALITIONS
OF FOUR PARTIES

Negotiation between polluters and authorities under information asymmetry where econom-
ic instruments of environmental policies are applied belong to alternative mechanisms for solving
pollution reduction problems with a potential to achieve the solutions in a cost-effective way. The
paper brings the results of a laboratory testing of the situations where polluters can create coalitions
of 4 parties. The experiments concluded that even if the experimented situation created quite a
number of combinations, the subjects were able to find satisfactory results. It is promising for con-
tinuing experiments with a richer structure of coalitions with multiround negotiations and the intro-
duction of multicriteria evaluation of environmental and other effects.
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Ierpo Ilayep, ITerpo Piana, AnTonin /IBopax
EKOJIOTTYHI IIEPETOBOPU B YMOBAX THOOPMALINHOI
ACUMETPII: IABOPATOPHUY EKCIIEPUMEHT
JIJISI HOTUPHbOXCTOPOHHIX KOAJIIIIIN

Y cmammi noxazano, wo nepezosopu mixc 3a6pyoniosavamu cepedosuuia ma 61a0or 6
ymoeax ingpopmauiiinoi acumempii ma 3acmocy8aHHA EKOHOMIMHUX IHCHIPYMEHmI8 6naugy
MOJNCYMb  88ANCAMUCA AALMEPHAMUGHUM CHOCOOOM GUDIUWIEHHA NpoGAeMU 3HUNCEHHS
HPOMUCA06020 HABAHMAJNCEHHS HA HABKOAUWIHE cepedosuuie, i 3a605KU UbOMY CNOcoby €
nomenuiaa eupimuumu O0any npobaemy exoHomiuno egpexmuenum wuiaaxom. Ilpeocmasaeno
pesyabmamu 4a6opamoproz0 eKCnepuMenmy 045 2inomemu4Hux YomupooXcmopoHHIX Koaiyii.
Haeedeno nusky eapianmie pimens, 00 axux Moxcyms Oiiimu Koaaiyii é pezyabmami nepezo6opis.
Jlanuii excnepumenm naanyemocs poseueamu 0ati 04sa Giabut CKAAOHUX CHPYKMYp Koaaiuii,
0eKiabkox paynoie nepezoéopié ma wiAsAXom 66e0eHHs1 000AMKOGUX KPUmepiie 04 OUiHIOGAHHS
eK0A02IMHUX ma IHwux egpexmis 6i0 nepezosopis.

Karwwuosi caosa: naskoauwne cepedosuuje; eKOHOMIMHULI AAOOPAMOPHULL eKCnepUMeHm,
3a0pyoHI08ati; nepeogopu.
Puc. 1. Dopm. 4. Taba. 3. Jlim. 13.
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DKOJIOTMYECKUE IEPETOBOPHI B YCJIOBUSX
NH®OPMAIIMOHHON ACUMMETPUU: TABOPATOPHBIN
DKCHEPUMEHT JUUISI YETBIPEXCTOPOHHUX KOAJIUIINI

B cmamve nokazano, wmo nepez060pvl mexcoy 3azpA3HUMEAAMU CPeObl U BAACHMAMU 6
YCA08UAX UHPOPMAUUOHHOU ACUMMEMPUU U NPUMEHEHUS IKOHOMUHECKUX UHCHIPYMEHMOE
GAUAHUA MO2YM CHUMAMbCA AALMEPHAMUGHBIM CHOCOOOM DeuleHUst Rpobaembl CHUNCCHUS
NPOMBLULIEHHOU HAZPY3KU HA OKPYICAIOUYI0 CPedy, U 64az200aps 3momy cnocody ecmov nomenyual
pewtums 0annyro npob.aemy 3xonomuvecku 3gexmuenvim nymém. Ilpedcmas.aennt pezyivmaniot
4a60pamopHo20 3Kcnepumenma 048 2UNOMEMUMECKUX HeMbIPeXCMOPOHHUX KOAAuuuil.
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Ilpedaoscen ps0 eapuanmos pewienuii, Kk KOMOPbIM MO2YM RPUMU KOAAUUU € pe3yibmane
nepez060pos. Jlanuvli 3Kcnepumenm HAGHUPYEMCA Pa3eumv 045 6oaee CAONCHLIX CHPYKmyp
Koaauyuil, HeCKOAbKUX PAYHO08 Nepezoeopos u Nymém 66edeHuss 00NOAHUMENbHbIX Kpumepuee
04151 OUeHKU IK0A02UMeCKUX U Opyaux 3ghhekmoe om nepezoeopos.

Karuesvie caosa: okpyxcarnowas cpeda; 3KOHOMUYECKUL AAOOPAMOPHBLI IKCHEPUMEHM;
3a2pA3HUMeNnt; Nepecosopb.

1. Introduction

Solving environmental problems in a cost-effective way is an important task for
environmental economics and policy theory and practice. This paper presents such
an approach to achieving environmental policy goals where polluters and authorities
negotiate for financial support from a fund, while information asymmetry between
authorities and polluters is present. The authority distributes financial resources in a
one-round auction. Polluters know their individual abatement costs and try to maxi-
mize their surplus, which they can get if they apply for and negotiate higher support
from the authority than the minimum they need, so the projects are efficient for them
(for more details about understanding the minimum support see Sauer et al., 1998;
Sauer et al., 2003).

Compared to the model mentioned above, in the case described in this paper
subjects are also given a chance to establish coalitions to achieve goals in environ-
mental protection. After negotiating with coalition partner (s), the subjects apply for
financial support to the coalition project (s) together with their individual projects.

The research questions were formulated as follows. Let there be the possibility to
create coalitions with up to 4 parties/subjects: (1) to what extent can the negotiated
result be close to the computed optimum solution, and (2) how do the coalition sub-
jects distribute the "extra cake" from getting higher support than the minimum?

Economic laboratory experiments were used as the method to answer the
research questions. The use of this research methodology has had an increasing ten-
dency in both fundamental and applied studies. Arguments on the pros and cons of
the use of economic laboratory experiments are discussed, for instance, in Smith
(1976), Davis & Holt (1993), Roth (1995), Levitt & List (2007), and Falk &
Heckman (2009).

The paper is structured as follows: The model of combinatorial auctions for
coalitions of four subjects is described first. This model served as the theoretical basis
for the economic laboratory experiments presented in the second part of the paper.

2. Theoretical model for the experiment — reverse combinatorial auction

The model of combinatorial auction of indivisible items with one buyer (author-
ity) and several sellers (polluters in our case) serves as the theoretical basis in our
problem. This type of auction is typical for the supplier selection problem. For more
details, see Cramton et al. (2006), de Vries and Vohra (2003), or Pekec and Rothkopf
(2003).

In our case, we suppose that 4 potential sellers S,, S,, S;, S, offer a set B of items
(projects in our case) to one buyer B (authority) (see Figure 1).

A bid made by seller S,,, h = 1, 2, 3, 4, is defined as

b, ={C.c,C} (1)

where
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C 0O R is the combination of items,
¢,(C) is the price offered by seller S, for the combination of items C.

Figure 1. Reverse auction, developed by the authors

The objective is to minimize the buyer's cost given the bids made by the sellers.
Constraints establish that the procurement provides at least a set of all items.

Bivalent variables are introduced for model formulation:

y,(C) is the bivalent variable specifying whether the combination C is bought
from seller S,(y,(C) = 1).

The reverse combinatorial %uction can be formulated as follows:

;;ch(c)yh (C) > min Q)

subject to _4
;C;Yh(c) 21,0j0R 3)
y,(C)O{0,1}, OCOR, Oh, h=12,...,m. “4)

The objective function expresses the cost. The constraints ensure that the pro-
curement provides at least a set of all items. The CRAB (CombinatoRial Auction
Body) software system (Fiala et al., 2010) can be used for finding the best solutions
and evaluation of project proposals. The CRAB is a non-commercial software system
for generating, solving, and testing combinatorial auction problems.

3. Laboratory experiment design

The experiment was designed for the groups of 4 subjects-polluters. 4 groups of
4 (16 subjects) were grouped into cohorts representing polluters in a hypothetical ter-
ritory. In reality, we can imagine, for instance, there are 16 polluting subjects located
in a river basin. The background model consisted of the following
data/variables/information:

Pollution reduction (dP)

a) individual projects: dP(A), dP(B), dP(C), dP(D)

b) joint (coalition) projects: dP(A+B)=dP(A)+dP(B);
dP(A+C)=dP(A)+dP(C); dP(A+D)=dP(A)+dP(D); dP(B+C)=dP(B)+dP(C);
dP(B+D)=dP(B)+dP(D); dP(C+D)=dP(C)+dP(D)

dP(A+B+C)=dP(A)+dP(B)+dP(C); dP(A+B+D)=dP(A)+dP(B)+dP(D);
dP(A+C+D)=dP(A)+dP(C)+dP(D); dP(B+C+D)=dP(B)+dP(C)+dP(D)

dP(A+B+C+D)=dP(A)+dP(B)+dP(C)+dP(D)

Costs of projects (C)

a) individual projects: C(A), C(B), C(C), C(D)
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b) joint (coalition) projects: C(A+B); C(A+C); C(A+D); C(B+C); C(B+D);
C(C+D)

C(A+B+C); C(A+B+D); C(A+C+D); C(B+C+D)

C(A+B+C+D)

Minimum support (S,,,) that should be required by the subjects:

a) individual projects: S,,(A), Sy B), Smid C)s Smin( D)

b) joint (coalition) projects: S, (A+B); S, {A+C); S,.(A+D); S,{B+C);
Smin(B+D); Srnin(C+D)

Smin(A+B+C); Smin(A+B+D); Smin(A+C+D); Smin(B+C+D)

Smin(A+B+C+D)

Required support (Srq) — the subjects-polluters can decide to apply for a support
to all of the possible options (combinations) or only to some of them.

The best solutions

The theoretically best solutions were computed by the CRAB system mentioned
above.

The first best (optimal) solution:

Coalition structure (A+B+C; D), the minimum costs of the optimal solution:
80 + 20 = 100.

Second best solutions:

Coalition structure (A+B; C+ D), the costs of the second best solution:
35+ 70=105.

Coalition structure (A+B; C; D), the costs of the second best solution:
35+ 50 + 20 = 105.

Third best solutions:

Coalition structure (A+C; B+D), the costs of the solution: 70 + 40 = 110.

Coalition structure (A+D; B+C), the costs of the solution: 50 + 60 = 110.

Coalition structure (A+ B+D; C), the costs of the solution: 60 + 50 = 110.

Coalition structure (B+C; A; D), the costs of the solution: 60 + 30 + 20 = 110.

The subjects-polluters in the experiments were paid for showing up and 3 suc-
cessful groups in each of the cohorts were paid extra money at the amount of the sur-
plus they negotiated. A formula of Srg-S,,;,, was used for calculating the amount of
the extra fee paid to the participants. The subjects in the role of polluters-managers
were given the following materials (see attachment for more details):

— The situation (case) description;

— Training (2-subject case; non-confidential) data for better understanding the
experiment;

— Confidential data for the experiment (S);

— Application form for requesting financial support from the authority.

The subject playing the role of the authority (the authors of this paper) had the
same materials as the subjects-polluters plus the description of details of the experi-
mental process to keep the same conditions in all conducted experiments.

As for the experiment instruction and procedure, the subject playing the role of
the authority distributed the materials, made a picture of the situation on the black-
board and explained the case, demonstrated the managers' decision-making
process on the training data on 'hypothetical' polluters X and Y, gave about 20 min-
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utes for negotiations among the participants and collected the completed applica-
tion forms for financial support from the subjects at the end of the experiments. He
also informed the subjects that there is one round of application possible, that the
financial resources for financial support are limited (i.e., not all applications can be
supported) and that the subjects would be financially rewarded after the experi-
ments. He asked if the instruction was understandable and answered potential ques-
tions (in principle repeating the same instruction; if necessary using different
words/synonyms). He paid its subjects the experimental money shortly after the
experiment. The instruction (both written and oral) in the experiments conducted
in the Czech Republic was provided in Czech language. As for the experiment in
Ukraine, the written information was provided in English (see attachment), the oral
information was provided in Russian. There was no blackboard or similar equip-
ment in the room in Ukraine, so the oral instruction could not be supported with
the hand-made picture.

4. Experiment results and discussion

In total, 80 subjects playing the roles of managers-polluters took part in the
experiments: 48 bachelor and master students of UEP Prague (12 June 2013), 16
bachelor students of the College of Polytechnics Jihlava (22 April 2013) and 16 par-
ticipants of the XII™ International Research Seminar "Contemporary Issues of
Information Science in Management, Economics and Education” Svityaz (Volyn,
Ukraine) (3 July, 2013).

Table 1. Results for the cohorts from UEP Prague, calculated by the authors

Group \ Coalition structure \ Support

Cohort I

1 (A+B+C+D) 160

2 (A+D, B+C) 80 + 150 = 230

3 (A+C, B+D) 160 + 100 = 260

4 (A+D, B+C) 75 + 105 = 180
Cohort II

5 (A+B+C, D) 110 + 30 = 140

6 (A+B+C+D) 200

7 (ABCD) 40 + 45 + 80 + 45 = 210

8 (A+B, C,D) 80 + 70 + 40 = 190
Cohort III

9 (A+B+C+D) 1000 (?)

10 (A+C, B+D) 150 + 90 = 240

1 (A+B, C+D) 40 + 75 =115

12 (A+B, C+D) 45 + 78 =123

Table 1 shows the results for the 3 cohorts (12 groups) of UEP Prague. Of these
12 groups, one group formed the optimal coalition structure; 3 groups formed the
second-best structures and 4 groups formed the third-best structures. The extreme
financial support requirement of group no. 9 (1000 units) is the result (as mentioned
by the experiment participant in the follow-up discussion) of the subjects in this
group misunderstanding the instruction.

Table 2 shows the results for the 4 groups of subject at the Jihlava Polytechnics.
Of these 4 groups, 2 groups formed the optimal structures; one group formed the sec-
ond-best structure.
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Table 2. Results for the cohort from Jihlava, calculated by the authors

Group \ Coalition structure \ Support
Cohort IV
1 (A+C+D, B) 110 + 37 = 147
2 (A+B, C+D) 45 + 90 = 135
3 (A+B+C, D) 110 + 25 = 135
4 (A+B+C, D) 100 + 30 = 130

Table 3. Results for the cohort from workshop in Svityaz, calculated by the authors

Group \ Coalition structure \ Support
Cohort V
1 (A+B+C+D) 240
2 (A+B +D, C) 120 + 60 = 180
3 (A+C, B+D) 140 + 60 = 200
4 (A+B+C, D) 160 + 40 = 200

Table 3 shows the results of the 4 groups of the experiment organized at the
International Research Seminar in Svityaz. Of these 4 groups, 1 group formed the
optimal structure; 2 groups formed the third-best structures.

The participants at the experiment in Svityaz mentioned a language problem
when being explained the instruction and a relatively short time for the experi-
ment. This might also explain their higher average request for financial support —
205 in Svityaz compared to 186.2 at UEP (not including the extreme) and 136.8 in
Jihlava.

5. Conclusions

The comparison of the results at the 3 places where the experiment was organ-
ized shows no significant differences in the selection of good coalitions. The Jihlava
Polytechnics seems to be slightly better from this point of view. There are consider-
able deviations in the requested support. Here the subjects from Jihlava demanded by
far the lowest support with a strong awareness that not all requests would be accom-
modated. This can be explained by the fact that the subjects from Jihlava participat-
ed in similar experiments in the past.

The threat that the group, and thus all the subjects in it, would not be included
in the optimal program and would not receive the financial support most likely did
not always function though the subjects received a financial reward in the experiment.

It is possible to expect that multiround negotiation would work better, i.c., more
groups would find the first best solution and the required financial support would be
closer to the cost-effective solution, as happened in the experiments described in
Sauer et al. (2003). The other question for future experiments is whether and how to
provide the participants with feedbacks in the auctions (see Katuscak et al., 2013).

The results inspire us to continue experiments with a richer structure of coali-
tions with multiround negotiations under pressure and the introduction of multicri-
teria evaluation of environmental and other effects performed by authorities when
solving the problem of how to reduce pollution in a region cost-effectively.
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